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Although a general understanding persists that the
human brain functions similarly in women and in men,
an increasing body of knowledge indicates that neuronal
connectivity, recruitment, and disease patterns exhibit
gender differences.  Imaging techniques such as positron
emission computerized tomography (PET) and single
photon emission computerized tomography (SPECT)
have highlighted some gender-based differences in human
brain function.

Clear gender differences are present in genetic
expression, physiologic function, metabolism, hormonal
makeup, and psychosocial profile, which often modify the
clinical expression of neurologic and other diseases. In
addition, ethnic, cultural, and economic factors are fre-
quently overlooked in dealing with the health problems
of women, even though they undoubtedly have a strong
influence on the clinical course of the illness. The World
Health Organization (WHO) has highlighted a number
of relevant factors, including women’s lower social and
economic status that adversely affect health in early child-
hood; in many countries girls receive less food, education,
and health care than do boys. Each year, half a million
women die from causes related to pregnancy and child-
birth; 90% of them are in poorer countries. Women carry
the burden of care within the family, and their health has
a strong generational impact on the children they bear
and rear, and hence on society. 

We now have many clinical studies demonstrating
gender differences in disease prevalence, clinical features,
and response to treatment, yet many studies propose sim-
ilar management and medication guidelines for both
sexes. Furthermore, for various reasons, drug trials have
often avoided including women and children and, in so
doing, have generated data that fail to enlighten us on

important medical issues relating to these populations. Of
particular concern is the situation of the pregnant woman,
for whom the treating physician is often uncertain about
how to proceed and is in need of information regarding
conditions, diseases, and their treatment—as, for exam-
ple, in migraine, epilepsy, depression, autoimmune dis-
ease, and other neurologic disorders. Finally, there is the
elderly woman, whose longer life expectancy now renders
her more vulnerable to dementia and many other medical
problems that may give rise to a condition of physical
and/or mental “frailty.” The need for special attention is
intensified by the aging of this population and the atten-
dant problems such as increasing instability of gait, mul-
tiple falls, and reliance on supportive care. Much new
data have appeared on the risks and benefits of hormone
replacement therapy (HRT) in postmenopausal women.

This second edition of Neurologic Disease in
Women was designed to help physicians and other med-
ical personnel seeking information relevant to patient
care, and to this end is divided into three sections. The
first addresses general anatomic, hormonal, epidemio-
logic, and drug aspects of women’s health. The second
relates to neurologic conditions that arise during child-
hood, pregnancy, adulthood, and old age. The third cov-
ers specific neurologic conditions that present differently
or predominantly in females. Because this book is orga-
nized by subject, with the authors’ particular viewpoints,
some overlap occurs in areas common to several chapters.
For example, each chapter may discuss medications use-
ful in particular disorders, but will also address these
issues in chapters on pregnancy and drug treatment tri-
als in women. Similarly, particular diseases or gender
issues may arise in several chapters, but are further
focused in the chapter on genetics. I believe that this cross-
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PREFACE

referencing of subject and chapter will permit the reader
to pursue the breadth and depth of neurologic issues in
women. 

Important advances in several areas led to the inclu-
sion of new chapters, new approaches, and additional
information provided in the chapters on hormonal effects
in women and the use of HRT; the adverse effects of
antiepileptic drugs on hormonal homeostasis, weight, and
bone health; and cardiovascular diseases in women. New

chapters include reproductive and metabolic disorders
with antiepileptic drug use and movement disorders. Other
chapters remain relatively unchanged, for example, regard-
ing women, law, and neurologic disease, and the effects
of menstruation and pregnancy on neurologic disease.

The authors and I hope that this reference text will
help in a more directed approach to understanding and
treating neurologic diseases in women.
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GENERAL ISSUES 
IN WOMEN

I

        





he emphasis on women’s issues in
neurology and other health fields
represents a trend that reflects the
awareness that a particular disease

may affect women in a way different from men and that
diseases predominantly affecting women have been
understudied. Although the management of conditions
may vary by gender for biologic and sociologic reasons,
more basic questions of epidemiologic interest arise. Are
there conditions that are differentially distributed in pop-
ulations by gender, and how do we interpret the differ-
ences in distribution to develop meaningful interventions
that might be gender-specific?

CLUES TO OVERALL ETIOLOGY

Despite the difficulties in interpretation, basic descrip-
tive epidemiologic data are important in hypothesis devel-
opment, both to understand disease processes and
develop interventions. Conditions that universally affect
one gender with greater or lesser frequency suggest that
some universal biologic factor associated with gender
functions as a modifier of disease susceptibility or expres-
sion. A variation in frequency by gender across studies
suggests that gender-specific environmental factors are
important in the underlying disease mechanisms.

SPECIFICITY FOR WOMEN’S ISSUES

The identification of conditions that differentially affect
one gender can alert the provider to altered risk and thus
earlier intervention or therapy. This identification not
only allows for the development of gender-specific pre-
ventive strategies, but also the development of gender-
specific therapeutic interventions. Although recent
emphasis in this area has been on the uniqueness of the
female gender, the better understanding of factors such
as hormonal influences on the disease process will be of
universal benefit.

A number of strategies have been used to identify
differential disease frequency by gender. None is perfect,
and all are open to some criticism. Various levels of cer-
tainty of difference are based upon data source.

CLINICAL IMPRESSION

We all have impressions of the differential frequency of
disease based upon our clinical perceptions. This may be
driven by the most recent cases that have been evaluated,
or, for specialists, may be driven by referral patterns.
Although such data are important for hypothesis gener-
ation, such data must be considered anecdotal unless con-
firmed by other strategies.

3

Gender Differences 
in Disease of the 
Nervous System

Joan Amatniek, Lauren Frey, and W. Allen Hauser
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NEUROLOGIC DISEASE IN WOMEN4

CLINICAL SERIES

Collections of cases from individual clinicians, referral
centers, or hospitals may provide somewhat better infor-
mation regarding gender specificity. Despite substantial
numbers, conclusions regarding the ratio of male to
female cases from such collections of cases can be con-
siderably flawed. One seldom is aware of the general
referral base, much less its distribution by gender. Other
important considerations may bias the impressions
derived from such series.

Problems of Referral Bias in the 
Interpretation of Clinical Series

Several examples exist of neurologic conditions for which
specific patterns of referral are influenced by gender. Table
1.1 lists the studies reviewed in this chapter.

Referral Bias: Parkinson Disease or 
Epilepsy in the Elderly

A difference clearly exists in health-seeking behavior in
terms of referral between the elderly and the young.
Younger individuals are much more likely to be referred

for medical care than the elderly. For example, the age
distribution of patients with Parkinson disease reported
from clinical series from referral centers underenumerates
the proportion in the oldest age groups. This is related
to referral patterns and the tendency in the elderly not to
seek specialized medical care (1). In this same situation,
in many societies, elderly men are more likely to be
referred than women.

Many studies of people with epilepsy depend upon
the identification of cases through clinical neurophysiol-
ogy laboratories. The elderly are much less frequently
referred for such testing (2). Failure to take these referral
patterns into account may in part explain differences in
the frequency and gender distribution of epilepsy cases
in some studies within the same region (3,4). Thus, an
inappropriate perception of both age and gender distrib-
ution may occur in clinical series or epidemiologic stud-
ies if incomplete methods of ascertainment are used.

Self-Selection for Medical Care: 
The Young with Headache

Studies of headache identifying differences in health-seek-
ing behavior between men and women. Women are more
likely to seek medical care for this condition than men (5).

TABLE 1.1
Age/Gender Adjusted Incidence (per 100,000 Population) 

Age Adjusted to the 1990 U.S. Population Unless Otherwise States

LOCATION DURATION MALE FEMALE AGE COMMENTS

STROKE: TOTAL
Shiga, Japan (15) 1989–93 189.9 94.1 35 to 85+ *1980 Japanese population
Southern Greece (16) 1994–95 362.4 276.1 18 to 85+ *European population
Lund–Orup, Sweden (17) 1993–95 194.2 126.2 15 to 85+ *European population
Melbourne, Australia (18) 1996–97 153 117 0 to 85+ *“World” population of Segi
Hisayama, Japan (19) 1961–93 640 340 40+ *Unidentified “standard” population
Bavaria, Germany (20) 1994–98 129.6 101.4 0 to 85+ *WHO standard European population
Vittoria, Italy (21) 1991 200.9 194.7 0 to 85+
No. Manhattan, N.Y. (22) 1993–96 204.5 143.8 20 to 85+
No. Manhattan, N.Y. (22) 1993–96 259 222 20 to 85+ Black *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 118 80 20 to 85+ White *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 232 172 20 to 85+ Hispanic *1990 US census for No.

Manhattan
Belluno, Italy (23) 1992–93 208.2 166.2 <35 to 85+
Shibata, Japan (24) 1977–92 849.3 680.3 40 to 70+
Warsaw, Poland (25) 1991–92 169.2 125.1 <30 to 85+
Malmo, Sweden (26) 1989 165.3 110.8 <45 to 85+
Valle d’Asota (27) 1989 228.6 180.2 <55 to 85+
Fredericksburg, Denmark (28) 1989–90 224.5 132.2 <55 to 85+
Fredericksburg, Denmark (28) 1972–74 164.5 121.4 <55 to 85+

(continued on next page)
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TABLE 1.1
Age/Gender Adjusted Incidence (per 100,000 Population) 

Age Adjusted to the 1990 U.S. Population Unless Otherwise States (continued)

LOCATION DURATION MALE FEMALE AGE COMMENTS

Umbria, Italy (29) 1986–89 193.2 147.8 <55 to 85+
Dijon, France (30) 1985–86 188.5 101.7 <15 to 85+
Perth, Australia (31) 1986 349.8 164.4 30 to 85+
Soderham, Sweden (32) 1983–86 429.7 395.3 25 to 85+
Soderham, Sweden (32) 1975–78 392.8 285.9 25 to 85+
Auckland, New Zealand (33) 1981–82 204.3 178.7 15 to 85+
Oxfordshire, England (34) 1981–82 177 162 <55 to 75+

STROKE: SUBARACHNOID HEMORRHAGE
Shiga, Japan (15) 1989–93 18.0 22.6 35 to 85+ *1980 Japanese population
Sweden (35) 1996 6.4 13.5 0 to 85+ ICH and *Swedish population

SAH
No. Manhattan, N.Y. (22) 1993–96 26.2 3.2 20 to 85+ Black *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 4.9 11.9 20 to 85+ White *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 6.3 15.6 20 to 85+ Hispanic *1990 US census for No.

Manhattan
Belluno, Italy (23) 1992–93 5.5 4.7 <35 to 85+
Shibata, Japan (24) 1977–92 34.7 42.7 40 to 70+
Valle d’Asota (27) 1989 5.0 5.0 <55 to 85+ *1988 Italian working population

STROKE: INTRACEREBRAL HEMORRHAGE
Shiga, Japan (15) 1989–93 58.0 47.5 35 to 85+ *1980 Japanese population
No. Manhattan, N.Y. (22) 1993–96 37.2 34.9 20 to 85+ Black *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 15.3 10.8 20 to 85+ White *1990 US census for No.

Manhattan
No. Manhattan, N.Y. (22) 1993–96 44.2 22.0 20 to 85+ Hispanic *1990 US census for No.

Manhattan
Belluno, Italy (23) 1992–93 33.9 34.8 <35 to 85+
Shibata, Japan (24) 1977–92 94.1 15.9 40 to 70+
Valle d’Asota (27) 1989 22.0 36.0 <55 to 85+ *1988 Italian working population

EPILEPSY AND SEIZURES
Martinique (36) 1994–95 109.2 57.6 0 to 70+ Provoked and unprovoked seizures
Houston, Texas (37) 1988–1994 30.0 30.3 0 to 75+ Epilepsy
Umea, Sweden (4) 1992–94 54.1 51.3 17 to 80+ Unprovoked seizures
Umea, Sweden (38) 1985–87 67.7 89.7 0 to 15 Unprovoked seizures
Rural Iceland (39) 1993 55.2 35 0 to 85+ Epilepsy
Geneva, Switzerland (40) 1990–91 90.2 51.9 0 to 80+ Provoked and unprovoked seizures
Rural central Ethiopia (41) 1986–90 54.5 41 0 to 70+ Epilepsy
El Salvador, Chile (42) 1984–88 101.4 89.7 0 to 60+ Epilepsy
Rochester, Minn. (43) 1935–84 49.6 41.5 0 to 85+ Eepilepsy
Rochester, Minn. (43) 1975–84 53.3 45.2 0 to 85+ Epilepsy
Rochester, Minn. (43) 1935–44 46.9 40.3 0 to 85+ Epilepsy
Rochester, Minn. (43) 1935–84 30.4 26.5 0 to 85+ Epilepsy of unknown cause
Rochester, Minn. (43) 1935–84 68.6 56.2 0 to 85+ All unprovoked seizures
Rochester, Minn. (44) 1935–84 45 27 0 to 75+ Acute *1970 US population

Symptomatic 
seizures

Rochester, Minn. (43) 1955–84 53.8 30 0 to 75+
(continued on next page)
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TABLE 1.1
Age/Gender Adjusted Incidence (per 100,000 Population) 

Age Adjusted to the 1990 U.S. Population Unless Otherwise States (continued)

LOCATION DURATION MALE FEMALE AGE COMMENTS

STATUS EPILEPTICUS
Rochester, Minn. (45) 1965–84 23.2 13.1 0 to 80+ *1980 US population
Western Switzerland (46) 1997–98 12.1 7.8 0 to 75+ *1980 US population
Hessen, Germany (47) 1997–99 26.1 13.7 18 to 60+ * German census data

SUDEP
Midwestern US (48) 1991–96 79.5 108 0 to 80+ * Compared to full cohort population

VASCULAR DEMENTIA
Canada (49) 1991–96 331.6 111.7 *Compared to undemented cohort 

population
Rochester, Minn. (50) 1985–89 21.7 34.1 50 to 85+
EURODEM (51) 1992–97 31.0 37.4 65–85+

ALZHEIMER DISEASE
EURODEM (51) 1992–97 60.7 189.7 65–85+
Rochester, Minn. (52) 1985–89 77.1 155.1 50–85+
Seattle, WA (53) 1994–2002 89.6 193.8 65–85+
Baltimore, MD (54) 1985–98 1000 2200 55–85+
Rural India (55) 1991–99 41.0 86.4 55 to 85+
Stockholm, Sweden (56) 1990–92 912 1943.2 75 to 84
Rochester, Minn. (57) 1980–84 95.7 103.5 0 to 85+
Rochester, Minn. (57) 1975–79 85.3 96.6 0 to 85+
Rochester, Minn. (57) 1970–74 60.6 91.2 0 to 85+
Rochester, Minn. (57) 1965–69 66.8 60 0 to 85+
Rochester, Minn. (57) 1960–64 76.7 78.5 0 to 85+
Cambridge, England (58) Unspecified 1483 3134.9 75 to 85+ Mild + Alzheimer disease
Cambridge, England (58) Unspecified 6139 9039.1 75 to 85+ Minimal + Alzheimer disease

MILD COGNITIVE IMPAIRMENT
Southwest France (59) 1988–98 57.9 37.4 70–85+

MULTIPLE SCLEROSIS
Bagheria City, Sicily (60) 1985–94 3.55 5.85 0 to 45+
Catania, Sicily (61) 1975–94 2.31 2.73 0 to 75+
Enna, Italy (62) 1986–95 5.46 6.25 0 to 45+
Sassari, Sardinia, Italy (63) 1965–85 3.6 7.3 10 to 54
Olmsted County, Minn (13) 1905–84 2.8 6.8 0 to 65+ *1950 US white population
Rochester, Minn (13) 1905–84 3.4 7.7 0 to 65+ *1950 US white population
Perth, Australia (64) 1961–81 0.6 2.2 0 to 85+
New Castle, Australia (64) 1961–81 2.2 2.6 0 to 85+
Hobart, Australia (64) 1961–81 3.5 4.1 0 to 85+
Barbagia, Sardinia, Italy (65) 1961–80 5.4 6.6 10 to 49

PARKINSON DISEASE
Ilan County, Taiwan (66) 1993–95 11.1 9.8 40 to 80+ *1970 US census 

population
Washington Heights, N.Y. (67) 1989–91 31.9 10.3 45 to 85+ Black *1990 US census for 

Washington Heights
Washington Heights, N.Y. (67) 1989–91 13.3 11.8 45 to 85+ White *1990 US census for 

Washington Heights
Washington Heights, N.Y. (67) 1989–91 12.2 11.3 45 to 85+ Other *1990 US census for 

Washington Heights

(continued on next page)
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TABLE 1.1
Age/Gender Adjusted Incidence (per 100,000 Population) 

Age Adjusted to the 1990 U.S. Population Unless Otherwise States (continued)

LOCATION DURATION MALE FEMALE AGE COMMENTS

Ferrara, Italy (68) 1962–87 9.3 10.7 *Italian standard working population
Pozan, Poland (69,70) 1985–86 13 10 0 to 85+ *1970 US population
Rochester, Minn. (68,71) 1967–79 25 16 0 to 85+ *1970 US population
Turku, Finland (68,72) 1968–70 13 12 0 to 895+ *1970 US population
Yonago, Japan (73) 1975–79 159.1 181.3 30 to 80+

MIGRAINE
Olmsted County, Minn. (74) 1989–90 192.1 466.9 0 to 85+
Washington County, Md. (75) 1986–87 285.9 1047.6 10 to 21 Migraine with aura
Washington County, Md. (75) 1986–87 782.4 1659.5 10 to 21 Migraine without aura
Olmsted County, Minn. (76) 1979–81 137.3 284.6 0 to 60+ Migraine

PRIMARY INTRACRANIAL TUMORS
New York state (77) 1976–1995 0.28 0.18 AA *1970 US census population
New York state (77) 1976–1995 1.48 1.05 ANOS *1970 US census population
New York state (77) 1976–1995 3.49 2.27 GBM *1970 US census population
Valle d’Aosta, Italy (78) 1992–99 17.3 18.5 0 to 85+
Valle d’Aosta, Italy (79) 1986–91 21.62 28.09 0 to 75+ *1988 Italian population

AMYOTROPHIC LATERAL SCLEROSIS
Western Washington state (80) 1990–95 2.1 1.9 0 to 85+
Parma, Italy (81) 1960–90 0.9 0.6 0 to 70+
Sardinnia, Italy (82) 1971–80 0.6 0.4 0 to 80 +
Sardinnia, Italy (82) 1981–90 0.9 0.5 0 to 80+
Harris County, Texas (10) 1985–88 1.8 1.5 15 to 75+
Messina, Italy (10,83) 1976–85 0.9 0.22 0 to 85+ *1970 US population
Palermo, Italy (84) 1973–84 0.7 0.4 20 to 79
Minnesota (10,85) 1925–84 2.9 1.9 0 to 85+ *1970 US population
Ferrara (110,86) 1964–82 0.6 0.3 0 to 85+ *1970 US population
Middle Finland (87) 1976–81 5.7 6.4 40 to 79
Florence, Italy (10,88) 1967–76 0.7 0.5 0 to 85+ *1970 US population
Israel (10,89) 1959–74 0.9 0.6 0 to 85+ *1970 US population
Mexico (10,90) 1962–69 0.3 0.5 0 to 85+ *1970 US population

GUILLAIN–BARRE SYNDROME
Harbin, China (91) 1997–98 0.74 0.57 0 to 60+
Emilia–Romagna, Italy (92) 1992–93 1.4 0.7 0 to 70+
Ferrara, Italy (93) 1981–93 2 1.3 0 to 70+
Stockholm County, Sweden (94) 1973–91 1.6 1.4 0 to 80+
Benghazi, Libya (95) 1983–85 2.2 2.5 0 to 60+

PSEUDOTUMOR CEREBRI
Rochester, Minn. (96) 1976–90 0.2 1.6 0 to 45+
Benghazi, Libya (97) 1982–89 0.2 6.3 0 to 60+

BELL PALSY
Laredo, Texas (98) 1974–82 31.5 37.7 0 to 70+
Rochester, Minn. (99) 1968–82 26.3 28.1 0 to 70+
Rochester, Minn.  (100) 1955–67 25 27.6 0 to 70+

Supported in part by NINDS grants.
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Thus, if one bases perceptions on data based upon med-
ical contact alone, an erroneous perception of frequency
and conceivably age distribution may occur.

EPIDEMIOLOGIC CONSIDERATIONS

All the potential biases associated with clinical series can
also influence epidemiologic studies. Hopefully, some of
these factors are considered in the study design by the epi-
demiologic investigator. The availability of a denomina-
tor based upon population surveys may provide some
reassurance of the validity of gender-specific comparisons,
but this may not be the case for all comparisons.

Gender and Prevalence

Prevalence studies exist for most neurologic conditions,
but for several reasons, these studies may provide inap-
propriate conclusions if one wishes to compare gender-
specific disease frequency. Despite the obvious problems
of need for age adjustment (seldom performed even in the
most sophisticated studies), many other problems arise in
the interpretation of gender-specific prevalence.

Differential Mortality

Prevalence is a complex measure driven by the influence
of incidence and duration of illness. If there is differen-
tial survivorship by gender [as may exist for amyotrophic
lateral sclerosis (6) or for epilepsy (7,8), for example], one
may come to erroneous conclusions about gender-specific
frequency.

Differential Remission

Not all diseases are life-long. An example of this is
epilepsy, in which 65% to 70% of all cases go into remis-
sion (9). Differential remission by gender could again pro-
vide misleading perceptions of the true frequency of the
condition in the sexes.

Incidence

A much better perception of gender-specific frequency is
provided through the study of newly identified (or inci-
dence) cases. These cases eliminate the potential biases
associated with differential mortality or disease duration,
although they are subject to the same problems of patient
identification that can cause difficulty in the interpreta-
tion of clinical series. For conditions that would invari-
ably require medical attention (amyotrophic lateral scle-
rosis, for example), identification through hospital or
medical referrals may be adequate (10). For conditions
for which medical care may not be sought, such as

headache or movement disorders, population surveys
may be necessary. The use of these strategies must be
taken into account when interpreting studies. Unfortu-
nately, because of considerations of the expense and time
required, few incidence studies of neurologic conditions
exist. Those that do exist have been done predominately
in developed countries. This may lead to some bias in
interpretation if the age or gender distributions underly-
ing developed populations in some way differ systemati-
cally from those underlying other populations.

Several design strategies are used in those incidence
studies providing gender-specific data. Each has advan-
tages and disadvantages.

Historical Cohort Studies

The determination of incidence through the retrospec-
tive review of medical records for a defined community
has represented a successful strategy for the determina-
tion of incidence. This strategy has been used successfully
in studies of neurologic disease from Rochester, Min-
nesota. These studies require medical records from the
entire population at risk, preferably both inpatient and
outpatient. They provide reliable data for conditions
likely to require medical attention. Thus, conditions such
as stroke or epilepsy can be successfully studied in such
populations, whereas data may be unreliable for condi-
tions such as migraine. The advantage of these studies is
the ability to document occurrence and associated factors.
The disadvantage is the lack of ability to ask contempo-
rary questions. The influence of these studies on changes
in diagnostic criteria and in disease perception may need
to be taken into account if the data cover a long interval.
The possibility of time trends in disease frequency unre-
lated to technology advancement is also important. This
could be gender specific.

Reconstructed Cohorts

A variation on the historical cohort study is the recon-
struction of incidence through interview of prevalence
cases. For nonfatal conditions, this could be a successful
strategy, although one is also at the mercy of recall bias
and inability to verify the condition. These strategies have
been used in the study of migraine incidence.

Cross-Sectional Surveys that Provide Incidence

Incidence has been determined in cross-sectional studies
associated with community-based prevalence surveys. Inci-
dent cases are those with “recent” onset of symptoms.
These surveys offer the advantage of case verification and
can be successful in conditions not rapidly fatal, but most
neurologic conditions require huge populations to provide
useful information, thus making these studies expensive.
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Prospective Studies

Prospectively followed cohorts can provide detailed infor-
mation not only on incidence but also on factors associ-
ated with onset, which may modify interpretation of inci-
dence, because targeted data can be collected at the time
of onset or of diagnosis of the disease in question. Exam-
ples of these studies include the Framingham studies, lim-
ited by a small population, and studies by health main-
tenance organizations. The latter studies may cause
difficulties in interpretation because of the selection of
those included. Data are, in all likelihood, reliable for con-
ditions affecting healthy young individuals, but unreliable
for disease associated with poverty or with highest fre-
quency in the elderly.

Need for Age Adjustment

Regardless of the method of incidence determination, the
need for age adjustment should be obvious, but it is sel-
dom done. If wide variation occurs in the age distribution
by gender, crude incidence may be misleading. An exam-
ple is the frequency of Parkinson disease in Rochester,
Minnesota (11). Crude incidence was equal for males and
females, but age-adjusted incidence was 60% higher in
males compared with females. Age adjustment is also
needed to compare disease frequency across populations,
although this is not the objective of this chapter.

Cumulative Incidence

Cumulative incidence may also be used to compare gen-
der differences. This may offer some statistical advan-
tages, but may also be more difficult to interpret, and may
be misleading if applied to restricted age groups.

Gender as a Risk Factor in 
Case Control and Cohort Studies

Gender may be assessed as a variable in either case con-
trol studies or in cohort studies. The advantage of using
gender in this fashion is the ability to control for other
factors to establish an idea about the independent con-
tribution of gender, if any. For example, the age-adjusted
incidence of stroke was 10% higher for men compared
with women in the Cardiovascular Health Study (12). In
proportional hazards analysis, the adjusted risk for male
sex was 0.97, suggesting that other factors measured were
responsible for differences in incidence.

GENDER-SPECIFIC FREQUENCY OF
SELECTED NEUROLOGIC DISEASES

For reasons discussed above, we limit our discussion to
data provided by incidence studies. Further, age- and gen-

der-specific incidence must be provided to allow age
adjustment to a standard population, or the authors must
have done such an adjustment. If not specified, age adjust-
ment to the 1990 U.S. population has been performed by
us using only the age groups presented by the author. For
studies that have provided an age-adjusted incidence, we
have tried to designate the standard population and the
age groups used for adjustment. All comparisons should
be made across gender within studies. Comparisons
across studies may be made, but the varying age groups
included in different studies make such comparisons dif-
ficult, and these are not the purpose of this paper. Further,
definitions of the disease of interest may vary across stud-
ies and require more interpolation. We do not include
conditions that are determined through modification of
the X or Y chromosomes.

Stroke

The age-adjusted incidence of all cerebrovascular disease
is substantially higher in men compared with women
across all studies. This finding holds true across racial
lines in the one study that examined age, sex, and race
together. A review of gender-specific incidence within age
strata, however, suggests a substantially higher incidence
in women in the oldest age group (85+). This is true for
many but not all studies. The comparatively small popu-
lation of that age makes the contribution to the overall
age-adjusted figure low.

For stroke subtypes other than ischemic, the case for
gender specificity is less clear. For both intracerebral and
subarachnoid hemorrhage, studies vary in regard to gen-
der predominance. For the Northern Manhattan study,
which examined age, race, and sex, a male excess of
intracerebral hemorrhage existed for each racial group,
while a female excess of subarachnoid hemorrhage
existed for whites and Hispanics only.

Convulsive Disorders and Epilepsy

Regardless of the definitions used, seizures occur more
frequently in men than women. This is true for epilepsy,
status epilepticus, all unprovoked seizures, and sympto-
matic seizures. The higher incidence of acute symptomatic
seizures in men is not surprising, since most of the con-
ditions associated with this class of seizure are more fre-
quent in men. The male predominance persists after an
exclusion of cases of epilepsy of presumed cause.

A single study has been done to determine the gen-
der-specific incidence of sudden unexplained death in
epilepsy patients (SUDEP). This study showed a female
predominance, a finding that should be confirmed with
additional studies.

The cumulative incidence of epilepsy through age 85
in Rochester, Minnesota was 5% in men compared to 4%
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in women. A reversal in epilepsy risk by gender may occur
in the oldest age groups (over age 75).

Alzheimer Disease

The age-adjusted incidence of Alzheimer disease is sub-
stantially higher in women compared with men across
all studies. A review of gender-specific incidence within
age strata in some studies suggests a slightly higher inci-
dence in men in the younger age groups (65 to 70). The
overall differences are, therefore, likely driven by a dra-
matically higher female incidence with advancing age.

Other Dementias

Increasing clinical attention has been focused on two other
subtypes of cognitive dysfunction: vascular dementia and
mild cognitive impairment. Two studies have now sug-
gested that the incidence of vascular dementia may be
higher in women, an unexpected finding given the male
predominance of cerebrovascular disease. One additional
study from Canada showed a clear male excess in the inci-
dence of vascular dementia, although, in multivariate
analysis, gender was not a significant predictor of disease.
The one study that has been done on mild cognitive impair-
ment suggests a male predominance, although, clearly,
additional studies are needed to confirm this finding.

Multiple Sclerosis

Data on the gender-specific incidence of multiple sclero-
sis (MS) are consistent with clinical series and with preva-
lence studies. A consistently higher incidence of MS
occurs in women than men. This is consistent across age
groups.

Migraine

Migraine is a condition that is universally believed to have
a female excess. The incidence studies seem to confirm
this perception. In addition to the studies cited, an inci-
dence study in an HMO reported the cumulative inci-
dence between the third and fourth decades of life to be
10% in women and 3% in men. When age-specific inci-
dence is evaluated however, incidence is higher in men
than women in the youngest age groups. The female
excess is not evident until the teenage years.

Amyotrophic Lateral Sclerosis

Studies are consistent in showing a male excess; this is
true for age-adjusted incidence and for incidence within
age groups. The sole exception is a study from Mexico,
performed some 30 years ago, in which incidence was
substantially lower in men than in the other studies.

Parkinson Disease

Incidence studies of Parkinson disease generally suggest a
slight male excess, but this is by no means consistent across
all studies. In Italy, a slight female excess occurs, and in
Japan, the female preponderance is substantial. Differences
in Washington Heights are mainly attributable to the sub-
stantially greater incidence in black men. The substantial
male excess for “parkinsonism” noted in Rochester, Min-
nesota may be misleading, because it includes cases with
“arteriosclerotic” and “postencephalitic” features.

Pseudotumor Cerebri

Studies of the incidence of pseudotumor cerebri are few
but show a consistent female excess.

Guillain-Barré Syndrome

Several studies of Guillain-Barré syndrome provide gen-
der-specific incidence. There seems to be a slight male
excess in these studies.

Bell Palsy

Few incidence studies of peripheral nerve dysfunction
exist. Bell palsy is the only condition for which incidence
has been systematically studied and for which gender-spe-
cific incidence is available. A slight but consistent female
excess is noted. The difference may be greater in younger
age groups.

Brain Tumor

A number of studies of brain tumor incidence using
national registries have suggested that brain tumor inci-
dence may be increasing, although this may be a reflec-
tion of the greater use of imaging procedures. Detailed sta-
tistical evaluation fails to confirm this observation—at
least in the United States (13). In studies in Rochester, Min-
nesota, almost 35% of brain tumors are noted incidentally
at autopsy. The majority of these incidental tumors were
meningiomas (14). No statistically significant increase in
total incidence over time has occurred in Rochester, Min-
nesota. The gender-specific differences in incidence of pri-
mary brain tumors varies by tumor type, with a slightly
higher incidence of gliomas and astrocytomas in men. The
incidence of mengiomas is consistently higher in women.
The age-adjusted incidence of symptomatic brain tumors
was higher in women in this community.

Other Conditions

Other conditions seem to have a definite gender pre-
ponderance, such as myasthenia gravis (female excess),
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although there are no studies that allow age adjustment.
There may be an increased risk for females in the
younger age groups and a male excess in older age
groups.

SUMMARY

Women clearly are more frequently affected by MS,
migraine, meningioma, Alzheimer disease, pseudotumor
cerebri, and possibly some conditions of the peripheral
nervous system (such as Bell palsy). For cerebrovascular
disease, generally a male excess exists, although this is
not consistent for subarachnoid or intracerebral hemor-
rhage. For Parkinson disease, there is a slight but con-
sistent male excess. For epilepsy, amyotrophic lateral scle-
rosis, and Guillain-Barré syndrome, a definite male excess
occurs. These gender-specific differences must be further
explored to better understand the underlying patho-
physiologic mechanisms associated with gender and its
effect on disease susceptibility or expression.
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ex differences in human behavior
have led to the hypothesis that sex
differences in brain anatomy and
physiology contribute to these

behavioral differences. Behavioral measures for which sex
differences have been reported include some aspects of cog-
nition and memory (1). For example, men, on average,
achieve higher scores on some tests of mathematical rea-
soning ability (2,3) and spatial ability, particularly spatial
rotation, the ability to mentally rotate an object in two-
or three-dimensional space (4). Conversely, average scores
for women are higher on some language tests, such as ver-
bal fluency (1), on some measures of verbal memory (5,6),
on tests of verbal articulation (1), and on tests that assess
attention to detail or perceptual speed and accuracy (1,7).
Sex differences in hemispheric specialization have also
been reported, with men showing greater asymmetry for
both verbal and nonverbal material (8–10). Early studies
suggest that sex differences in brain lateralization become
manifest in certain neurologic disorders, particularly
stroke, with men exhibiting more frequent and severe
aphasias following left hemisphere stroke (8,11). However,
more recent studies using these indirect approaches to
examine brain sex differences offer no consistent evidence
of sex differences in the incidence, severity, or type of lan-
guage disturbance following stroke (12–14).

By offering a direct approach to the study of sex dif-
ferences in the brain, neuroimaging technology holds the

promise of elucidating the neuroanatomic and neurophys-
iologic correlates of behavioral differences. A greater under-
standing of sex differences in brain structure and function
is important in defining brain–behavior associations and
how they are affected by normal aging and disease. In this
chapter, we examine the evidence for morphologic and
physiologic sex differences in animal models and in the
brains of neurologically normal individuals to provide a
foundation for understanding the impact of neurologic dis-
ease on brain and behavior in women.

NEUROANATOMIC SEX DIFFERENCES

Songbirds and Rodents

From songbirds to humans, morphologic sex differences
exist in the brain. In songbirds, the sex difference in the
brain is lateralized and has been linked to a specific behav-
ior: the capacity of males to learn a species-specific song
(15). The anatomic sex difference and the singing behav-
ior are influenced by both hormonal factors, as shown by
experimental studies in which hormones are manipulated
(16), and by seasonal factors, as indicated by cyclical sea-
sonal variation in brain morphology and singing behav-
ior (17). Interestingly, recent studies have demonstrated
that testosterone implants in the brain can actually induce
the seasonal-like growth in the neural circuitry underly-
ing singing behavior (18).
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Similarly, a number of sex differences have been doc-
umented in rodent brains, most often in regions thought
to be directly involved in rodent sexual behavior and neu-
roendocrine regulation, such as the preoptic area of the
hypothalamus. Morphologic and behavioral sex differ-
ences in rats, mice, guinea pigs, and other rodents are
highly influenced by neonatal hormones (19–21). The
neonatal administration of testosterone to female rats
masculinizes brain morphology and increases the proba-
bility that females will display male-typical sexual behav-
ior as adults (19). Gonadal steroids also influence a num-
ber of nonsexual behaviors, including maternal behavior,
activity levels, aggression, juvenile play, and learning and
memory. For example, early androgen treatment increases
aggression and activity levels in female rodents. Con-
versely, neonatal castration of male rats demasculinizes
behavior (21).

In addition to morphologic sex differences in brain
regions mediating sexual behavior, rodent studies of the
corpus callosum indicate differences between male and
female rats that are influenced by early hormonal manip-
ulation (22,23). Subtle sex differences in the hippocam-
pus have also been reported that may influence spatial
learning and memory [see McEwen and Alves for more
detailed review (24)]. Male rats have a larger dentate
gyrus than females and a greater number of mossy fiber
synapses from granule neurons in the dentate gyrus. Sex
differences are apparent also in the density and branch-
ing of dendrites of CA3 pyramidal neurons, with male
rats having more excrescences for CA3 mossy fiber con-
tacts and females having greater branching of CA3 api-
cal dendrites. Some of these anatomic differences can be
modulated by neonatal hormonal manipulation or
changes in the rearing environment. In addition, hor-
monal manipulations influence sex differences in spatial
learning ability using a Morris water maze. Neonatal
testosterone administration to female rats improved spa-
tial learning performance, whereas neonatal castration of
male rats produced female typical spatial learning.
Because testosterone is aromatized to estradiol in the
brain, testosterone’s effects on behavior may reflect either
androgen or estrogen effects on spatial learning.

Nonhuman Primates

Sex differences have been demonstrated in the brains of
nonhuman primates. Sex differences exist in the dendritic
structure of the preoptic area of juvenile macaque mon-
keys (25) and in the maturation of the orbital frontal cor-
tex (26) and temporal lobe of rhesus monkeys (27). At 75
days of age, males, but not females, with orbital frontal
lesions showed deficits on an object discrimination rever-
sal task, sensitive to damage in this region. These sex dif-
ferences were dependent on perinatal androgen exposure
(26) and were not evident in monkeys tested after 18

months of age (28,29). Developmental sex differences in
learning abilities (30) and in the effects of selective tem-
poral lobe lesions on visual discrimination tasks have also
been reported in the rhesus monkey (27). Three-month-
old female monkeys with neonatal lesions show greater
deficits on these tasks than males. This sex difference in
3-month-old monkeys is influenced by neonatal andro-
gen exposure (31). The same lesions in adult monkeys
produce severe deficits in both males and females (27).
These results are consistent with sex differences in the rate
of maturation and vulnerability to damage of cortical
regions associated with specific behaviors. In addition to
sex differences in cortical regions, one MRI-based study
of rhesus monkeys showed a larger splenial area in female
compared to male animals (32), but another postmortem
study found no consistent evidence of sex differences for
the corpus callosum in New and Old World monkeys
(33).

Humans

Given the frequency with which morphologic sex differ-
ences are observed in the brains of many species, it is not
surprising that morphologic sex differences in the human
brain have also been reported. Early studies of neu-
roanatomic sex differences in humans were based on
postmortem examination of gross anatomic differences.
Men were reported to have a larger preoptic area of the
hypothalamus (34,35). Men were also more likely to be
missing the massa intermedia, a midline structure
between the right and left thalamus that is not present
in all individuals (36). Table 2.1 lists general sex-related
differences between men and women, in brain structure
and function.

More recently, advances in neuroimaging techniques
have allowed the noninvasive study of the human brain
in vivo, initially using computed tomography (CT) and
later magnetic resonance imaging (MRI). MRI provides
excellent resolution and high contrast among gray mat-
ter, white matter, and cerebrospinal fluid (CSF), thus per-
mitting the quantification of increasing numbers of brain
regions as both image acquisition and processing tech-
niques advance. In fact, current advances in automated
image analysis provide the capability for quantitative
MRI studies in large epidemiologic investigations.

To date, a number of sex differences in brain struc-
ture have been reported through the quantification of a
limited number of brain areas, although several recent
studies have examined differences throughout the brain.
In this section, we focus primarily on sex differences in
the adult brain [see Durston (37) for a comprehensive
review of sex differences earlier in development]. Earlier
studies of structural differences between the male and
female brain focused on more global regions or specific
brain structures through the manual or semiautomated
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TABLE 2.1
Sex Differences in Brain Structure and Function: Selected Findings in Humans*

Brain structure:
Cerebrum Larger in males
Cerebellum Larger in males*
Preoptic area of hypothalamus Larger in males
Massa intermedia More likely to be missing in males
Corpus callosum Splenium larger in females*
Corpus callosum Isthmus larger in females*
Planum temporale Greater asymmetry in males*
Ventricular volume Relative size larger in men, particularly in elderly*
Sulcal volume Relative size larger in men, particularly in elderly

Brain Function:
EEG:

Beta and theta activity Higher in females
Alpha activity Higher in males

ERP:
P300 Shorter latency and greater amplitude in females

PET, SPECT, and 133Xenon techniques:
Global cerebral blood flow Higher in females
Global cerebral glucose metabolism Higher in females*
Regional distribution of glucose Higher relative activity in males in lateral and ventro-medial temporal 
metabolism and CBF lobe, hippocampus, inferior frontal regions, and cerebellum

Higher relative activity in females in posterior and middle cingulate 
and parietal regions

Higher absolute glucose metabolic rates in males in hippocampus but 
lower absolute rates in thalamus#

Functional MRI (most based on single study):
Phonological processing Greater left hemisphere lateralization in males and more symmetric 

activation in females
Passive listening Greater asymmetric activation of anterior and posterior temporal 

regions in men
Lexical visual field task Greater left-lateralized activation in inferior frontal and fusiform gyrus 

in men and more symmetric activation in language areas in women
Working memory Women show greater left lateralization and men more bilateral or right-

lateralized
Odor identification Greater activation of frontal and perisylvian regions in women
Mood induction negative affect Right-lateralized amygdala activation in men but not women

Neuroreceptor systems (most findings based on single study):
Dopamine Greater decline of striatal D2-dopamine receptors with age in women

Greater striatal uptake of 18F-fluorodopa in women
Greater striatal dopamine transporter availability in women
Higher binding potentials for D2-like receptors in the frontal cortex for 
women

Serotonin Greater 5HT2 receptor binding in men than women, most pronounced 
for frontal and cingulate cortex

Greater binding in women for the 5HT1A receptor in the dorsal raphe, 
amygdala, cingulate gyrus and prefrontal cortex

Higher rates of serotonin synthesis in men than women
Mu opioid system Men had greater activation in anterior thalamus, ventral striatum, and 

amygdala in response to sustained pain

*Findings are often inconsistent, but summary statement reflects the direction of effect in studies reporting sex differences
#Results of a single study
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definition of specific regions of interest (ROIs). Evidence
exists that both younger (38) and older men (39) have
larger brains than women of comparable ages, even after
adjusting for variability in height. Although Nopoulous
and colleagues reported similar sex differences for frontal,
parietal, temporal, and occipital lobes in younger indi-
viduals, Resnick and colleagues found that sex differences
in older adults were greater for frontal and temporal than
parietal and occipital regions. Sex differences in brain vol-
ume are apparent for the cerebrum, but are inconsistent
for the cerebellum (38,40).

Sex differences have also been reported for more
specific regions. Gur and colleagues (41) found larger vol-
umes of orbital frontal regions in young women com-
pared with men, but similar volumes of hippocampus,
amygdala, and dorsal frontal prefrontal cortex. Pujol and
colleagues (42) reported that young men had a larger
anterior but not posterior cingulate cortex on the right.

Several recent studies have used voxel-based analy-
sis to investigate sex differences throughout the brain. In
this approach, each individual MRI is elastically
deformed (through expansion and contraction) to a stan-
dard template MRI or average MRI, transforming all
brains to a standard stereotaxic coordinate space. Using
software, such as Statistical Parametric Mapping (43), dif-
ferences between groups of subjects can be investigated
for each voxel in the standardized space. In a large study
of 465 normal adults, ranging from 18 to 79 years of age,
Good and colleagues (44) used voxel-based morphome-
try (VBM) to examine sex differences throughout the
brain. Adjusting for global volumes, they found greater
gray matter volumes for women compared with men in
the regions adjacent to the banks of the central sulci, in
the right Heschl’s gyrus and planum temporale, in right
inferior frontal and frontomarginal gyrus and in the cin-
gulate gyrus, and greater white matter volumes bilater-
ally in the posterior frontal regions and in the right tem-
poral stem. Conversely, men had increased gray matter
volumes bilaterally in the mesial temporal lobes, entorhi-
nal and perirhinal regions, and in the anterior lobes of the
cerebellum, and greater white matter volumes bilaterally
in the anterior temporal white matter extending into the
internal capsules.

One region that has received much attention in
investigations of morphologic sex differences in the
human brain is the corpus callosum, perhaps due to impli-
cations of callosal size for interhemispheric transfer of
information and hemispheric specialization. In 1982,
DeLacoste-Utamsing and Holloway (45) reported that
adult women had a more bulbous splenium—the poste-
rior portion of the corpus callosum—in a study based on
post-mortem samples of 14 brains. While the finding of
a larger splenial area in females was replicated (46) and
extended to the fetal corpus callosum (47) by the same
research group, other investigators have been unable to

replicate these results in post-mortem investigations of
adults (48,49) and children (50).

The capacity for detailed in vivo visualization of the
corpus callosum has led to many more recent studies of
sex differences in size of the corpus callosum, with incon-
sistent findings across studies (46,51). For example, a
larger callosal isthmus in females but no sex difference
in splenial area was reported in autopsy (52) and MRI
(53) studies. Similarly, findings from studies of the effects
of sex on the association between age and callosal size are
inconsistent. In an autopsy sample, Witelson (54)
reported significant negative correlations between age and
total callosal area in 23 men aged between 26 and 69
years old but no significant association in 39 women aged
35 to 68 years. In contrast, other investigators have not
found sex differences in the association between age and
MRI-assessed callosal size in adults (51,55–57). In an
MRI study of children aged 4 to 18 years, callosal size
increased with age, but there were no differences between
males and females (58).

It has been suggested that the varied findings across
studies may reflect the way in which sections of the cal-
losum are divided for measurement (36,59) and that there
may be sex differences in the shape but not size of the cor-
pus callosum (36). Another issue is that some authors
examine sex differences in callosal regions, adjusted for
brain volume. Because males have larger brains than
females, it is important to investigate whether sex differ-
ences occur in the relative size of callosal subunits after
adjusting for variability in total brain or callosal volume.

Davatzikos and colleagues (60) applied an earlier
version of voxel-based morphometry to the analysis of
sex differences in corpus callosum morphology. This
deformation-based method avoids many of the draw-
backs of previous methods and allows the examination
of size and shape differences, separately. Using an elastic
deformation, each point on an individual’s corpus callo-
sum is mapped with reference to a standard atlas of the
callosum, and a coefficient—the deformation function—
is calculated for each point. The deformation function for
each point describes the relative shrinkage or expansion
of the structure for that point; that is, how much each
individual’s corpus callosum must be warped to move into
spatial registration with the corpus callosum of the atlas.
The deformation functions can then be averaged for
groups of subjects, and differences between groups can
be calculated to reflect average differences in the shrink-
age or expansion at each point of the structure. Illustrat-
ing this technique on MRIs from eight men and eight
women, who are participants aged 60 to 85 years in the
Baltimore Longitudinal Study of Aging (BLSA), we found
significantly larger splenial size in women as well as sex
differences in average callosal shape. This finding was
extended and confirmed in a larger sample of 114 right-
handed participants in the longitudinal neuroimaging
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study of the BLSA (61). In the larger sample, we also
found significant positive associations between cognitive
performance and splenial size in women, but no such
associations for men (Figure 2.1). Greater interhemi-
spheric connectivity may be more essential to perfor-
mance in women than men due to their greater reliance
on the bilateral processing of information.

Sex differences have also been reported in other
types of MRI-based measures. A greater percentage of
gray matter compared with white matter was found in
one study of young women compared with men (using
proton density/T2-weighted images) (62), but higher con-
trast volumetric images did not support this finding in
other samples (39,63). Sex differences have also been
found in tissue contrast and signal intensities on MRI
(64), thus reflecting qualitative differences in tissue com-
position. In two large samples of older adults, women had
more extensive evidence of white matter signal abnor-
malities (65) and nonsignificant trends toward more fre-
quent subcortical and periventricular white matter lesions
(66). A study of chemical shift imaging in a large sample
of elderly individuals revealed sex differences in levels of
creatine, N-acetylaspartate, and choline in some brain
regions (67).

CT and MRI have also allowed the investigation of
sex differences in age-associated brain changes (68). The
majority of studies of the influence of sex on brain aging
have been cross-sectional, although as noted above, our
group at the National Institute on Aging is conducting a

longitudinal investigation of brain changes in the BLSA.
Sex differences in brain aging have been reported
throughout the lifespan. In an MRI study of children and
adolescents aged 4 to 18 years, Giedd and colleagues (69)
reported larger cerebral and cerebellar volumes, even after
adjusting for height and weight, in males compared with
females. In addition, after adjusting for cerebral volume,
the putamen and globus pallidus were larger in males than
females, whereas the volume of the caudate nucleus was
larger in females. In males only, the regression of brain
volumes on age revealed a significant positive slope for
the lateral ventricles, suggesting increases with age, and
negative slopes for the caudate and putamen, suggesting
decreases with age.

Early cross-sectional CT (70) and MRI (71,72) stud-
ies of adults aged 20 to 80 years indicated greater brain
atrophy, as indexed by increased CSF volumes, in older
compared with younger individuals. Although these early
studies suggested the possibility of greater and earlier
increases in atrophy in men compared with women, sex
differences in age-associated increases in ventricular
and/or sulcal volumes were not significant. More recent
MRI and CT studies have shown significant sex differ-
ences in the effects of age on brain atrophy. Gur and col-
leagues (73) reported a significant influence of sex on age
differences in MRI-assessed CSF volumes. Older individ-
uals (aged 55–80 years) had more CSF than younger indi-
viduals (aged 18–54 years), and this difference was
greater for men, particularly for sulcal CSF. In a CT study

FIGURE 2.1

A. Sex differences in corpus callosum morphology. Regions in white depict areas of the corpus callosum that are larger in
women than men, p<0.0001. B. Correlations between the deformation functions and five neuropsychologic tests for women
(top row) and men (bottom row). White regions show points of significant positive correlations, p<0.05. The five tests are: Card
Rotations (CR), Figural Recognition Memory (FRM), Verbal Recognition Memory (VRM), Boston Naming Test (BNT), and Let-
ter Fluency (LF). Greater callosal size, particularly in the splenial region, is associated with better cognitive performance in women
only. Effects are adjusted for sex differences in total callosal size. Adapted from Davatzikos and Resnick (61).
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of ventricular volumes, sex differences in lateral ventric-
ular volume, adjusted for cranial volume, were demon-
strated for each decade from the 20s to the 80s (74). MRI-
based ratings of ventricular and sulcal atrophy on 3,660
community-dwelling individuals aged 65 years and older
(65) in the Cardiovascular Health Study are consistent
with greater atrophy in older men compared with women.
Greater age differences for men compared with women
were also reported for quantitative volumes of sulcal and
Sylvian fissure CSF in a subgroup of this elderly sample
(68). In summary, most CT and MRI studies examining
CSF as an index of brain atrophy have found greater age
effects on CSF volumes in men than women.

Sex differences in the effects of age on other brain
regions have also been explored. Cowell and colleagues
(75) quantified frontal and temporal volumes from MRI
images of 96 younger (aged 18–40 years) and 34 older
(aged 41–80 years) adults. These investigators reported
greater differences between age groups for men than
women, with older individuals having lower volumes in
both regions. Murphy and colleagues (76) reported sex
effects on age differences in frontal, parietal, temporal,
and hippocampal volumes. Consistent with the findings
of Cowell and colleagues, decreases in frontal and tem-
poral volumes in older, compared with younger, subjects
were greater in men than women. Conversely, decreases
in parietal and hippocampal volumes in older subjects
were greater in women. However, it is important to note
that hippocampal volumes were actually greater in
younger women than younger men and were not signifi-
cantly different among older men and women. In a large
sample of Japanese subjects, men showed greater age-
related decreases in tissue volume than women in the pos-
terior right frontal lobe, right temporal lobe, left basal
ganglia, and bilaterally in the parietal lobe and the cere-
bellum (77). More recently, Gur and colleagues (78)
showed that sex differences in age effects on some brain
regions may emerge early in adulthood. In a sample rang-
ing in age from 18 to 49 years, they found greater age
effects in men than women for cortical gray matter, most
pronounced for dorsolateral prefrontal regions. Further
delineation of sex differences in age effects on specific
regional brain volumes awaits further investigation in
larger samples with more sophisticated image processing
methods.

In addition to the investigation of morphologic sex
differences in specific brain volumes, sex differences in
neural asymmetry have also been reported in animals and
humans (79,80). For example, the planum temporale, a
superior temporal brain region involved in language func-
tion, is thought to be greater on the left than right side
of the human brain in right-handed individuals (81,82).
It has been reported that this asymmetry may depend on
sex (83,84). In one MRI study of 24 adults (12 men, 12
women), men typically had greater left than right areas

for the planum temporale, whereas women showed a
more symmetric and less consistent pattern (85). This
finding was not replicated in one study of 40 post-mortem
brains (20 men, 20 women) (86), which reported sex dif-
ferences in the bifurcation patterns of the sylvian fissure.
The availability of high-resolution MRI and new image
processing techniques has facilitated the investigation of
larger samples to clarify sex differences in brain asym-
metries. Applying voxel-based analysis to a large sample
of subjects (described above), Good and colleagues (44)
replicated the greater leftward asymmetry of tissue vol-
ume in the region of Heschl’s gyrus and the planum tem-
porale for men versus women. 

SEX DIFFERENCES IN REGIONAL 
BRAIN PHYSIOLOGY

A number of physiologic techniques have been employed
to assess sex differences in brain function. These include
electroencephalography (EEG) and evoked potentials,
133Xenon inhalation and single photon emission com-
puted tomography (SPECT) measures of regional cerebral
blood flow (rCBF), and positron emission tomography
(PET) to measure regional cerebral glucose metabolism,
rCBF, and neuroreceptor distribution, and functional
MRI (fMRI) to measure blood volume and oxygenation
changes.

EEG

Sex differences in some EEG parameters have been
described in young (87) and elderly (88) individuals. The
most consistent findings in the literature are greater spec-
tral power and increased beta and theta activity in
women, and increased alpha activity in men (88,89). In
studies of healthy elderly adults, these sex differences are
consistent across different age groups (88). Sex differ-
ences are commonly found in sensory evoked potentials
(ERPs), with women showing shorter latencies (90–92).
Similar findings have been reported in event-related
potential studies involving simple attentional activation
tasks. Although sex effects are not commonly analyzed,
a number of studies reported sex differences in the ampli-
tude and latency of the P300, with women showing
greater amplitude and shorter latency than men (93,94).
It has been argued that sex differences in skull thickness
or myogenic activity (95), head size or core body tem-
perature (91), and limb and trunk size could account for
these sex-related effects in evoked potentials.

Sex differences in EEG activity elicited by more com-
plex activational tasks have also been reported. In a study
of continuous recognition performance, Erwin and col-
leagues found that women showed greater hemispheric
asymmetry of activation than men did, in both verbal and
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spatial tasks (95). Interestingly, these results paralleled
findings of sex differences in rCBF in a study involving a
similar activation task (96). Others, however, have failed
to find hemispheric differences in similar activation tasks,
and instead have found sex differences in the effects of
test material (i.e., figural or spatial) on the spatial topog-
raphy of brain activity (94). Overall, sex differences in
EEG during the performance of complex cognitive tasks
are less consistent than those focusing on baseline sex dif-
ferences.

Global Cerebral Blood Flow and 
Glucose Metabolism

Higher CBF throughout the gray matter in females com-
pared with males has been a consistent finding in
133Xenon topographic studies (96,97) and SPECT (98,99)
studies of rCBF. Findings of increased levels of global
brain activity in females also received support from two
studies examining gender differences in regional cerebral
glucose metabolism, using 18F-fluorodeoxyglucose (FDG)
and PET. Baxter et al. (100) and Yoshii et al. (101) found
higher cerebral metabolic rates for glucose in females
compared with males, although the latter authors argued
that differences in brain volume accounted for the sex dif-
ferences in metabolism. Other investigators have reported
no significant sex differences in global cerebral glucose
metabolism (76,102–104) or nonsignificant trends to
higher metabolism in women (105).

PET/SPECT Studies of Regional Distribution of
Brain Activity during a Resting Condition

Gur and colleagues (103) reported sex differences in the
regional distribution of cerebral metabolic activity dur-
ing a resting state in a sample of 61 younger individuals
(mean ages: 27.3 6 6.5 and 27.7 6 7.4 years for 37 men
and 24 women, respectively). Relative metabolism
(regional radioactivity count rates divided by counts for
the whole brain) did not differ between men and women
for nonlimbic frontal, parietal, and occipital regions. In
contrast, men had higher relative metabolism in tempo-
ral cortex, hippocampus, parahippocampal gyrus, insula,
inferior frontal regions, the putamen, and the cerebellum,
whereas women had higher relative metabolism in the
middle and posterior cingulate gyrus. Conversely, in a
sample of 55 men and 65 women over a broader age
range (mean 54 6 22 years for men and 52 6 23 years
for women), Murphy and colleagues (76) found greater
hippocampal metabolism in old but not young men com-
pared with women, suggesting sex differences in the effect
of age on hippocampal glucose metabolism.

Studies using SPECT and 99mTc-ECD or 99mTc-
HMPAO to measure regional perfusion have also demon-
strated sex differences in the regional pattern of cerebral

perfusion. In a sample of adults ranging in age from 20
to 81 years, voxel-based analysis demonstrated signifi-
cantly greater perfusion for women in the right parietal
lobe and for men in anterior temporal, inferior frontal,
and cerebellar regions (106). Using a different approach
to image analysis in a study of individuals between the
ages of 50 and 92 years, women were found to have
higher regional perfusion in the mid-cingulate/corpus cal-
losum, inferior temporal, and inferior parietal areas
(107).

In addition to sex differences in regional metabo-
lism, sex differences in interregional correlations have also
been reported (104), suggesting different patterns of
neural connectivity during a resting state for men and
women.

Brain Activation in Response to 
Cognitive Challenge

The examination of sex differences in regional brain activ-
ity during the performance of specific cognitive tasks has
been facilitated by PET studies using oxygen-15-labeled
water to measure rCBF and developments in fMRI imag-
ing, which allow the measurement of changes in blood
oxygenation as an index of changes in brain activity. In
an early study using the 133Xenon clearance technique to
measure cortical blood flow, Gur and colleagues found
sex differences in hemispheric activation patterns during
the performance of verbal analogies and spatial judgment
of line orientation tasks (96). Applying an adapted ver-
sion of these tasks for use in an fMRI paradigm, this
group reported sex differences in hemispheric lateraliza-
tion in response to the spatial but not verbal task (108).
The expected left hemispheric lateralization for the ver-
bal task was found in the inferior parietal and planum
temporale regions in both men and women, but only men
showed the right lateralized increase for these regions dur-
ing the spatial task. These findings contrasted somewhat
with an earlier fMRI study demonstrating greater hemi-
spheric specialization for language in a group of young
men compared with women (109). Although men showed
highly lateralized increases in activity in the left inferior
frontal gyrus during phonologic processing, women
showed bilateral activation of this region during task per-
formance. The phonologic processing and verbal analo-
gies tasks employed in the two studies, however, involved
different task demands and brain regions responsive to
these tasks.

Other sex differences in the aspects of language 
processing include more asymmetric activation of the
anterior and posterior temporal region (110,111) in men
versus women during passive listening tasks, greater left-
lateralized activation in inferior frontal and fusiform
gyrus in men, and more symmetric patterns in language-
related areas in women during a lexical visual field task
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(112). Sex differences have also been reported in the func-
tional organization of the brain for working memory
(women show left lateralization across a number of tasks
and men show more bilateral or right-sided activation)
(113); spatial navigation (activation of the left hip-
pocampus in males and right parietal and prefrontal cor-
tex in females) (114); odor identification (greater spatial
extent of activation of frontal and perisylvian regions in
women) (115), and primary visual cortex response to red
and blue light (116).

The use of neuroimaging techniques to investigate
sex differences in brain activation patterns has yielded a
variety of often conflicting findings. The results of these
studies must be interpreted within the context of the spe-
cific samples studied (e.g., young versus older) and the
particular task demands of the activation and control
tasks employed in each paradigm. Because the statistical
analysis of these studies is typically based on image sub-
traction or another form of direct comparison between
activation and control tasks, the demands of the latter are
as critical in determining the result as the particular acti-
vation task.

Brain Activation in Response to 
Emotional Stimuli

Sex differences have also been reported in neural activity
during receptive and expressive emotion. Using a mood
induction paradigm and fMRI, Schneider and colleagues
(117) found increased right amygdala activity in men but
not women during negative affect. Different patterns of
brain activation for men and women have also been
reported for tasks tapping receptive emotions, with sex
differences in activation during the discrimination of
happy, sad, and neutral faces (118,119). Sex differences
in activation patterns have also been observed during the
retrieval of emotional words (120) and during the encod-
ing of emotional pictures (121).

Neurotransmission

Few in vivo studies have been done of sex differences in
brain neurotransmitter levels and receptor binding dis-
tributions. In an early study using PET and 11CN-methyl-
spiperone (11C-NMSP) as a radiotracer, Wong and col-
leagues (122) reported sex differences in the rate of
decline with age in D2-dopamine receptor binding. Males
had a steeper slope or decline with age than females for
D2 dopamine receptor binding, but no sex differences
occurred in association with age for serotonin binding
using this tracer. Preliminary PET 11C-NMSP studies of
D2 dopamine receptor binding in women over the men-
strual cycle suggested cyclic variation in dopamine bind-
ing (123). In a small sample of six women, dopamine
receptor binding tended to increase from the follicular to

the luteal phase. Nordstrom and colleagues, however,
found no differences in raclopride binding to striatal D2-
dopamine receptors across the menstrual cycle (124).
Menstrual cycle variation in neurotransmitter receptor
binding characteristics, an area that has received little
attention, has important implications for the efficacy of
pharmacotherapies in women.

More recently, additional sex differences in the
dopamine system have been described. In a PET study
using 18F-fluorodopa as a radiotracer, women had sig-
nificantly higher striatal uptake of fluorodopa than men,
with the difference more pronounced in the caudate than
putamen (125). Using SPECT and a technetium99m

labeled analog of cocaine (TRODAT-1) to measure the
availability of the dopamine transporter, women had
higher availability than men in the caudate nucleus (126).
Furthermore, dopamine transporter availability was asso-
ciated with executive and motor functioning in women
but not men. In another study of the dopamine trans-
porter (using 123IB-CIT and SPECT), women had higher
uptake than men in the striatum, diencephalon, and
brainstem (127). New radiotracers also allow the inves-
tigation of extrastriatal dopamine receptor activity. Using
11C-FLB475, women had higher D2-like receptor bind-
ing potentials than men in the frontal cortex, most pro-
nounced in bilateral anterior cingulate cortex (128). Thus,
a number of studies support greater dopaminergic activ-
ity in both striatal and extrastriatal cortical regions in
women, and these sex differences in neurotransmitter
activity in healthy individuals may have important impli-
cations for the pathophysiology and treatment of neu-
ropsychiatric diseases involving the dopamine system.

Although sex differences in dopaminergic activity
have been the most widely studied in humans, several
recent studies suggest that there may also be sex differ-
ences in other neurotransmitter systems. Using PET and
18F-altanserin, Biver and colleagues found greater 5HT2
receptor binding in men than women in a number of cor-
tical regions, most pronounced in frontal and cingulate
cortex. However, using PET and 11C-WAY-100635 to
measure serotonin 5-HT1A binding potential, Parsey and
colleagues reported greater binding in women compared
with men in the dorsal raphe, amygdala, cingulate gyrus,
and prefrontal cortex (129). The rates of serotonin syn-
thesis, measured with PET and alpha-11C-methyl-trypot-
phan, were higher in men than women (130). Sex differ-
ences in the regional activation of the mu opioid system
in response to sustained pain have also been observed
(131). Men had greater activation than women (during
follicular phase) in the anterior thalamus, ventral basal
ganglia, and amygdala, whereas women showed reduced
activation in the nucleus accumbens in a basal state dur-
ing pain. For comparable levels of pain intensity, men and
women differed in the response of the mu opioid system
in specific brain regions. The majority of in vivo studies
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of neurotransmission have been performed in younger
individuals and do not address sex differences in neuro-
transmitter systems in older adults or differential aging
for men and women.

CONCLUSION

The present overview of sex differences in brain neu-
roanatomy and neurophysiology highlights recent find-
ings from the nascent field of neuroimaging. Although we
have only begun to appreciate the effects of sex, age, and
individual differences on brain structure, this direct
approach to the investigation of brain sex differences pro-
vides a useful method for testing those hypotheses gen-
erated from more indirect approaches and from studies
on animals. Advances in image acquisition and process-
ing now allow a more detailed investigation of morpho-
metric and functional differences in the human brain. It
is critical to consider potential sex effects on brain and
cognitive aging throughout the lifespan, because different
maturational rates for men and women may lead to age-
specific findings of sex differences in brain structure and
function. As we advance our understanding of sex dif-
ferences in the human brain across the lifespan, the poten-
tial contributions of organizational hormones early in
development and activational hormones throughout mat-
uration should also be investigated.

It is important to emphasize that sex differences in
brain and behavior refer to average differences between
men and women and that differences between individu-
als within each sex are much greater than the average dif-
ferences between sexes. Given that scores for men and
women largely overlap, one cannot predict an individual’s
score on a cognitive test or the volume of a particular
brain structure on the basis of her sex any more than one
can predict a particular blood assay level from group
averages. Nonetheless, just as normative values for labo-
ratory tests provide useful clinical guidelines for evaluat-
ing patients, sex- and age-specific normative values for
brain imaging measures may be indicated. As neuro-
physiologic techniques assume an increasingly important
role in neuroscience and clinical investigations, it is crit-
ical to understand the effects of sex on these measures as
they relate to the correct interpretation and application
to clinical practice.
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omen’s health is inextricably
related to women’s lives. What
women do in everyday life, the
resources available to them, and

notions of what a woman “should be” converge to cre-
ate the social context in which women experience health
and illness. A woman’s own personal development is
shaped not only by that social context, but also by her
personal development, which contributes to the context
in which she lives her life. “Social causation” is an impor-
tant determinant of how biology interacts with sociocul-
tural factors to produce differences in women’s health (1).
It is unlikely that a health care clinician can understand
fully how women experience health or illness without
understanding the context of their lives. This chapter
examines how the context of women’s lives and their per-
sonal development influence their health and their expe-
riences with health care.

GENDER

Gender influences people’s lives in multiple, complex
ways. Gender refers to the social experience and self-
expression of being a woman or man, whereas sex refers
to the biological dimensions of being female or male,
based on chromosomal assignment. Gender, as a social
category, organizes people’s lives and ultimately influences

health and disease through social structures that encom-
pass socially assigned life roles, access to resources such
as money and power, and the society’s image of what it is
to be female or male (2,3). Indeed, gender and sex differ-
ences have been increasingly incorporated into research
design, public policy, and clinical practice as the impetus
to improve the health of and health care services for
women has gained momentum over the past 15 years.
Understanding gender influences attributed to economic,
social, cultural, geographic, and behavioral factors, as
well as unique sex-based biologic differences, will better
shape health care and health care services in the future (4).

Economically, a gender-based division of labor is
reflected in the allocation of work both outside and inside
the home. Segregation within the labor market is preva-
lent in the United States despite laws to the contrary,
resulting in inequality of wages for men and women. In
2002, the median income for women was 75 percent of
the median income of men (5). Women are over-repre-
sented in the lower paying occupations, such as clerical
or service workers. In addition, subtle (and not so sub-
tle) discrimination remains in skills training that influ-
ences who gets trained for better paying jobs and who
experiences discrimination in promotions—the so-called
“glass ceiling” for women. The appropriation of gender-
based work is further reflected in the design of work and
tools to perform work. For example, household appli-
ances are sized to women’s hands, whereas most tools
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used in certain types of manufacturing have been sized
to fit men’s hands.

Women disproportionately assume the allocation of
childrearing responsibilities, with few men undertaking
primary parental responsibility. Approximately 40% of
women in the U.S. workforce have children younger than
18 years of age (6). In addition, some working women
also have caregiving responsibilities for mentally or phys-
ically disabled or aging family members (7). In 1998, 9%
of women were caring for a sick or disabled relative. Of
those women, 43% provided more than 20 hours of care
per week, and a majority (53%) had annual household
incomes of $35,000 or less (8). Caregivers also report that
they are in poorer health than noncaregivers.

As a result of the allocation of labor market oppor-
tunities and women’s disproportionate responsibility for
childrearing and/or caregiving in the United States,
women are more frequently poor than men. Not surpris-
ingly, poverty is one of the major social issues affecting
women’s lives and their health. In 2000, 11.9 million
women aged 18 and older were living with incomes below
the federal poverty level, when compared with 7.6 mil-
lion men of similar age (9). Single women with young chil-
dren or who are elderly are most likely to live in poverty,
and they remain poor for longer periods than do men.
Indeed, 29% more women than men live in poverty (10).
Women heads of households are five times more likely
to be poor than men; teen mothers and residents of rural
areas are especially at risk of being poor (11,12).Recently,
26.4% of all female-headed families were poor compared
to 4.9% of families in which males were present (13).
Poverty is particularly acute among older women, and
health care costs are often responsible for older women’s
poverty.

Acute care health services are supported through
entitlement programs such as Medicare, but the services
women need as they age without a spouse or children to
care for them, such as home care services and nursing
home care, have limited coverage through Medicare.
Thus, women must spend down their savings and apply
for Medicaid to finance caregiving for themselves.

A substantial decrease in health insurance coverage
for American women occurred during the last decade of
the twentieth century. The proportion of uninsured
women increased by 16.8%, whereas the total uninsured
population rose by 11.5%, and the proportion of men
who were uninsured rose by 7.1%. Approximately one
in five working-age women (17.7%) is uninsured.
Between 1990 and 1999, the number of uninsured Amer-
icans reached 43 million, including over 20 million unin-
sured women, despite a national focus on the uninsured
and the unparalled economic prosperity over the previ-
ous nine years (14).

As a result of this inequity, uninsured women are
more likely to be disenfranchised from the health care sys-

tem; women are up to five times more likely to report no
usual source of care and twice as likely to report no recent
physician visit. A lack of coverage limits access to essen-
tial preventive care, reproductive health care, and both
acute and chronic care needs. Without adequate insur-
ance, women are five times more likely to report unmet
health needs and nearly six times more likely to use the
emergency room as their only source of health care. Unin-
sured women experience higher mortality and nearly
twice the risk of avoidable hospitalizations for conditions
that could have been treated as outpatient care or pre-
vented altogether (14).

Power is also allocated according to gender. This
gender-related disparity is reflected in the dynamics of
domestic relationships, including the control of money
and other resources and the tacit approval of violence
against women, in particular, domestic violence. In the
United States, one woman is beaten in her home by some-
one she knows every 14 seconds (15). Nearly 45% of
women aged 18 to 64 years report having experienced
one or more forms of violence, including child abuse
(17.8%), physical assault (19.1%), rape (20.4%), and
intimate partner violence (34.6%) during the course of
their lifetime (16). Hierarchies of state and business reflect
the gender order of the society; therefore, the subordina-
tion of women to men is assured through rules that make
change difficult.

Cathexis refers to ideas about gender, including the
ideology governing the social patterning of relationships
or links to one another. The image of a woman as a repro-
ductive or sexual object constrains what women can
aspire to be in a society. Sexism pervades Western soci-
eties in subtle as well as overt ways (17). Sexual harass-
ment of women in the workplace, sexual discrimination
in hiring and promotion practices, and differential access
to education persist despite changes in the law. Incest, sex-
ual abuse, unwanted sex or “date rape,” homicide, and
violent acts against women such as rape and battery, are
increasingly recognized and reflect both the image of
women as objects and gender differences in power. Taken
together, the division of labor, power, and imagery about
women shape contemporary women’s lives.

CONTEMPORARY WOMEN’S LIVES

The lives of women from different birth cohorts vary
considerably. The unique experiences of different birth
cohorts are exemplified by comparing the lives of women
born in the two decades following World War II (1946
to 1964), referred to as the Baby Boomers, with their
mothers. The large postwar population surge that pro-
duced the Baby Boomers has had a dramatic impact on
U.S. society as a whole. The mothers of the Baby
Boomers were unusual in that they had larger families,
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less formal education, and married at younger ages than
their own mothers. The Baby Boomer generation of
women has differentiated itself from women of previ-
ous generations in that many have fashioned their lives
as individuals. Whereas past generations of women orga-
nized their life roles and goals around their family’s
objectives, women now spend more of their lives as sin-
gle, independent adults, organizing their lives to meet
their personal and work objectives. The Baby Boomer
woman is better educated, lives alone longer than her
mother’s generation, and participates in the labor force
throughout her life regardless of her marital status and
the ages of her children. She experiences greater finan-
cial independence and fertility control than her mother.
Marriage and family are no longer the single control-
ling institutions around which the Baby Boomer gener-
ation of women organized their lives. Moreover, it is
likely that daughters of the Baby Boomers will be pro-
foundly influenced by these changing norms and that
their lives will be more similar to their mothers’ lives
than those of their grandmothers (18).

Employment

Since the late 1960s a profound shift has occurred in the
relationship of women to the family and economic sys-
tem, most evident in the integration of work and family
roles. The next generation of women is a product of the
transition made by Baby Boomer women who entered
adulthood with work and family attitudes similar to those
of their mothers, but who underwent dramatic transi-
tions. These changes have been reflected in women’s roles,
particularly those of educational attainment and paid
employment, along with parenting, partnerships, and
caregiving, which remain significant components of
women’s work.

Data from the U.S. Bureau of Labor (19) reveal that
58% of all women aged 16 and older are employed out-
side of their homes for pay. Motherhood is an important
component of many—but not all—women’s work lives.
Nearly three-quarters (71%) of married women with chil-
dren under age 18 were employed in 1997, whereas the
rate of labor participation of single mothers was 68%
(20). In 1998, among women with infants under the age
of one year, 36% were working full-time, 17% were
working part-time, and 6% were actively seeking employ-
ment—representing a record high of almost 60% of new
mothers participating in the labor force (21). An esti-
mated two-thirds of preschool children in the United
States have mothers who are employed. Only 20% of
mothers of preschoolers in the United States are full-time
homemakers. Most women are employed because their
incomes are essential to their family’s well-being. This is
so for over 70% of black married women and 50% of
white married women in the United States (22).

Women have worked throughout U.S. history, but
much of women’s work has been unpaid work performed
in the home and invisible to the larger society. Contem-
porary women have experienced an increase in their paid
work without a compensatory decrease in the responsi-
bilities for the unpaid work benefiting their families. As
a result, many experience conflicts among their complex
multiple roles and report feeling overloaded.

Adult Partnerships

Although over 51% of U.S. women are married (21), the
proportion of women who are single heads of households,
assuming responsibility for their children, has grown dra-
matically since the 1950s. This change is largely attrib-
utable to U.S. divorce rates escalating, but to some extent
women choosing not to marry but live with a male part-
ner or a series of partners. As women have been able to
provide financial support for themselves, the financial
necessity to marry has been reduced. Estimates are that
12% of 25- to 29-year-old women may never marry.
Median age at first marriage is now approximately 25
years (23) and duration of marriages is about 23 years.
About half of all divorces occur within the first seven
years of marriage (18).

Parenting

As women’s labor market participation has increased dra-
matically, their childbearing and childrearing activities
have slowed somewhat. Currently, women have an aver-
age of 1.9 children, but estimates are that now one of
five women will have no children during her lifetime.
Median age at first birth is 23 years, but 11% of women
have their first birth after age 30. Both education and
employment opportunities for women have slowed the
birth rate in the United States. Indeed, only 30% of col-
lege educated women have had their first child by age 25
years (18).

Estimates are that employed women work another
11 or more hours more each week at home than employed
men. Employed women with young children are among
the most overloaded. In the United States, on-site child
care for employed women has begun to be available, but
it is not the norm. When child care is available, child care
workers (most of whom are women) are not well remu-
nerated. Indeed, most child care workers (94%) in the
United States earn wages below the poverty level (24).

Some women with children have pursued employ-
ment by working at home. Over 11.2 million women in
the United States are self-employed, working in their
homes (8). Although it would seem that women with
young children might welcome some assistance by cutting
back on employment, the concept of a “mommy track,”
a slower career progression than that typifying men, has
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met with criticism from women in the United States. Per-
haps more assistance with work at home and with child
care would be the preferable solution for many women.

Caregiving

In addition to caring for their children, women in the
United States contribute disproportionately to caring for
their elderly parents and other family members during
times of sickness. Informal or unpaid family care is often
an overlooked yet essential component of the U.S. health
care system for the nation’s sick, disabled, frail, and ter-
minally ill (25). The fastest growing portion of the pop-
ulation in the United States is the group between 75 and
85 years of age. U.S. estimates are that women consti-
tute 72% of the 2.2 million people caring for 1.2 million
elderly living at home (26). Often these women are elderly
themselves, but many are midlife women who also have
children at home. This situation is so common in the
United States that women with responsibilities to multi-
ple generations are described as the “sandwich genera-
tion.” Women are sandwiched into caregiving roles by
their children and adolescents on one hand and by care-
giving responsibilities for their elderly parents and
spouses’ parents. These responsibilities add about 20 to
28 hours to women’s work weeks, in some cases causing
then to leave employed positions, reduce hours in the
workplace, and lose benefits such as health insurance and
pensions. A growing body of scientific evidence exists
about these financial, emotional, physical, or familial
threats that face caregivers (both women and men) (25).

U.S. women have an estimated average lifespan of
nearly 80 years. This fact should alert us to an increas-
ing number of elderly in our society who will need care.
As the lifespan increases, so does the necessity for family
caregiving by future generations. Indeed, Baby Boomer
women will soon require the supportive caregiving of
their children, who will also be involved in paid labor,
childrearing, and their own life partnerships.

Multiple Roles

The challenges of balancing multiple roles have become
commonplace for the Baby Boomer generation of women.
Although work generally has been shown to have posi-
tive effects on women’s health, and studies of women per-
forming multiple roles reveal health benefits (27), other
situations may be health-damaging for women. In the
United States, an estimated 55% of women return to
work within 1 year of the birth of their children (28). This
fact may reflect women’s satisfaction with their work as
well as concern about continuing their employment due
to economic necessity, because health care benefits are
linked to employment in the United States. Work that is
physically demanding, coupled with heavy responsibili-

ties for child care and home maintenance, may have neg-
ative health effects. Moreover, the combination of long
stressful hours at poorly paid, unrewarding, physically
exhausting work that includes exposure to toxic sub-
stances or illnesses may combine to produce health prob-
lems.

The Framingham Heart study (29) revealed some
interesting findings about women who did not seem to
benefit from employment. Data from a birth cohort a gen-
eration older than the Baby Boomers indicated that
women who worked at home had the lowest incidence
of heart disease, whereas women who were currently
employed and those who had been employed previously
had higher rates of disease. The incidence of heart disease
was highest among women who were clerical workers,
who were married to blue collar (working class) hus-
bands, and who had three or more children. Clerical
workers with blue collar husbands were likely to be work-
ing due to economic necessity and were likely to receive
little spousal support for their employment. Moreover,
aspects of their work situation also influenced women’s
health. Clerical workers who had remained in jobs with
a nonsupportive boss and who were unable to express
their anger experience a higher incidence of heart disease
than do other women (29).

Later studies show that employment has the most
beneficial health effects for women without an alterna-
tive source of social integration and self-esteem. Women
who were not married, did not have children, and were
not well educated, benefited the most from being
employed (30).

More recent research has focused on the conse-
quences of combining work and family responsibilities.
Workplace exposure to stressors was studied among
women employed as managers in a Swedish manufactur-
ing industry using norepinephrine levels as an indicator
of stress. During the day, women’s norepinephrine levels
resembled those of male managers. When women went
home from work, however, their norepinephrine levels
rose. Their male counterparts’ norepinephrine levels fell;
suggesting that going home was a relaxing part of their
daily experiences, unlike women’s experiences of going
home (31). A study of U.S. partnered women and men
who were both employed documented that women work
a second shift when they come home from their paid
employment (32). Women, more than men, continue to
participate in unpaid work as well as their paid labor.

U.S. studies show that young adult women who
were employed and had children and who received both
emotional support and help with the work from their hus-
bands had better mental health than those who did not
receive this type of support. Moreover, when women jug-
gling multiple responsibilities were convinced that it was
appropriate for women to be involved in nontraditional
roles, their mental health was better than for those with
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more traditional norms (33). When women had partners
who did not assume an equitable load of the work at
home, they became depressed. This was most pronounced
when the women felt overloaded (34). For women who
were working at home, emotional support and positive
affirmation from their spouses were most important (33).

The profile of a woman’s life course is shaped in
large part by the constellation of her roles. The shape of
the Baby Boomer’s life course differs from that of her
mother’s in two significant ways: the continuity of
employment throughout her reproductive years and the
discontinuities in adult life partnerships due to divorce
and remarriage. What remains similar in the life course
of Baby Boomers and their mothers is parenting. Those
women who become parents remain parents—usually
developing adult relationships with their children that
persist throughout the life course (35). As the nature of
work is changing in U.S. society, another dimension of
women’s lives is also changing—education. Women once
completed their formal education before entering the
labor force, but now increasingly punctuate their lives
with educational episodes geared toward re-training, as
the labor market requires it.

WOMEN’S ADULT DEVELOPMENT

The current concepts of women’s adult development
emphasize women’s relational nexus and interdependence
in contrast to accounts of men’s lives that emphasize indi-
viduation and independence. The use of the concept “self-
in-relation” has revolutionized the concepts of women’s
adult development. Seeking an identity as being in a rela-
tionship with others implies developing all aspects of one-
self in increasingly complex ways, in the context of
increasingly intricate relationships. When the nature of
those relationships is suppressive or oppressive, women’s
development is thwarted (36). Instead of emphasizing sep-
aration-individuation, the self-in-relation theorists pro-
posed that relationship-differentiation is central to
women’s development.

The basic elements of women’s core self, then, are:
i) interest in and attention to the other person, forming
the basis for emotional connection and empathy; ii) the
expectation of a mutual empathic process in which the
sharing of experience enhances development of oneself
and another; and iii) the expectation of interaction and
relationships as a process of mutual sensitivity and
responsibility that stimulates the growth of empowerment
and self knowledge (37).

In the context of self-in-relation theory, relationship
has a specific meaning. Relationship means the “experi-
ence of emotional and cognitive intersubjectivity: the
ongoing, intrinsic inner awareness and responsiveness to
the continuous existence of the other or others and the

expectation of mutuality in this regard” (37, p. 59). One
comes to know oneself and others in the context of
mutual relational interaction and in the continuity of
emotional-cognitive dialog. Communication is interac-
tion rather than debate.

Power, in the context of self-in-relation theory, is the
capacity to move or produce changes. This definition is
in contrast to power as dominion, control, or mastery.
Power is not seen as “power over” but “power with”
(37). The contrast to empowerment is disempowerment,
which makes it difficult to create or sustain a healthy rela-
tional context. As one develops “power with,” one has a
sense of being part of the growth and empowerment of
others. One develops while seeing another become more
of who she is as one does the same. The “power over”
model limits growth because it limits the relational con-
text (37).

Female Friendships

Women have overlapping relational networks that span
many domains of life, including their personal, educa-
tional, work, and political involvements (38). Although
women’s networks provide a great deal of support, par-
ticularly in times of crisis, little is known about these
structures and their development across a woman’s life-
span. Female friendship provides a unique context in
which women can experience happiness in relation to
women’s lives, not defined in relation to men’s lives.
Importantly, female friendship makes women visible to
one another. The dual vision of what is and what can be
includes making women visible to themselves and to one
another in a world that frequently keeps women and
women’s doings invisible by design (39).

Cognitive Development and Moral Reasoning

The new accounts of women’s development have also
examined women’s cognitive development and women’s
moral reasoning. Relational experiences may contribute
to a special style of knowing for women. Belenky and col-
leagues (40) have proposed that connected learning, tak-
ing the views of others and connecting them to one’s own
knowledge, contributes to a larger understanding of
human experience. This approach discourages a split
between thinking and feeling. In addition, their work
illustrates how differential access to social resources and
definitions of self have kept some women silent rather
than promoted their ability to construct knowledge.

Carol Gilligan’s works (41) illustrate how women’s
ethical development differs from men’s by evolving
around an ethic of caring versus an orientation of enti-
tlement. Gilligan found that women live in networks or
webs of attraction, a fact that influences the development
of an ethic of caring. Women make decisions about moral
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acts using the criterion of caring or responsibility versus
an orientation of rights or privilege.

One important caveat in considering adult develop-
ment and research on women’s roles and their health is
that most work has involved white women who have
above-average economic resources. Studies often do not
reflect the reality of poor women’s lives, and women of
color are disproportionately poor.

WOMEN’S EXPERIENCES 
OF HEALTH CARE

Women have well established themselves as expert con-
sumers of health care services in the United States and as
a primary resource for their family’s health care decisions
(1,42). Recent innovations in the field of information
technology are greatly increasing the access to knowledge
of health maintenance and health care, including the
expanding interactive capacities of the Internet, electronic
mail (e-mail), handheld computers, and cellular tele-
phones. The Science Panel on Interactive Communication
and Health (43) defines these tools of communication
technology or interactive health communications (IHC)
as “the interaction of individuals—consumer, patient,
caregiver, or professionals—with or through an electronic
device or communication technology to access or trans-
mit health information or to receive guidance and sup-
port on a health related issue” (43, p. 1264). The con-
vergence of rapidly developing scientific advances and
IHC is changing the nature of contemporary health care
experiences and health care communications. The acces-
sibility of up-to-date medical information through the
Internet adds another dimension to the consumer power
held by women, one which potentially fosters more active
participation in health, health care decisions, and confi-
dence in obtaining appropriate health care for themselves
and their families (44).

Equally important to an understanding of women’s
experiences of health care are the effects that sociocul-
tural influences have. Acknowledging and sensitively
addressing the cultural characteristics and needs of
diverse groups during the provision of health care will
reduce existing socioeconomic, ethnic, and racial dispar-
ities, stereotyping, and gender bias.

Women as Health Care Consumers

Women represent the largest proportion of health services
consumers at all ages in the United States (even after
adjusting for childbearing) (45). American women make
three-fourths of the health care decisions in their house-
holds and spend nearly two of every three health care dol-
lars. More than 61% of physician visits are made by
women, 59% of prescription drugs are purchased by

women, and 75% of nursing home residents over 75 years
of age are women (46). Increasingly savvy regarding their
health and well-being, women want to be taken seriously
during visits with their health care clinicians and yet, fre-
quently find themselves frustrated and dissatisfied when
they feel they are not being listened to (47–49).

Women regularly express a longing to be more com-
fortable asking questions and getting clearer answers
from their physicians, despite the pressures of today’s
managed care environment, in which time efficiency is
at a premium during the medical encounter (47). The
advent of IHC holds great promise for enhancing
women’s focused interactions with their clinicians, and
results in better informed decision-making and greater
patient satisfaction.

The Influence of Telecommunications 
on Health Care

In 2002, the adoption of Internet use in the United States
was at a rate of 2 million new Internet users per month.
Over half the nation is now online, and overall Internet
use is steadily increasing, regardless of income, education,
age, race, ethnicity, or gender. Low family incomes, low
levels of overall education, and English as a second lan-
guage are still the strongest predictors of those within the
“unconnected” population (50). Yet, the exponential
growth rate in the Internet’s user base, with the greatest
increase occurring among younger, school-aged user
groups, is rapidly narrowing the “digital divide” (44,51).

Women and men demonstrate equal rates of com-
puter utilization. Not surprising, women go online to find
information on health services or practices more fre-
quently than men (39.8% of female computer users con-
trasted with 29.6% of male computer users). Regular e-
mail use was reported by 85.1% of female users versus
82.8% of male users. Routine computer use and Inter-
net access at work, school, or libraries is substantially nar-
rowing the “unconnected population” in computer appli-
cations nationwide, which subsequently influences
increased household usage (50).

As the Internet becomes a more conventional infor-
mation tool, expectations have increased about the reli-
ability of health or medical information found online.
According to the Pew Internet & American Life Project
(52), 67% of Americans believe that health care infor-
mation found online is reliable, which explains why such
information plays an increasing role in people’s interac-
tions with their health care providers and in their more
active participation in decision-making.

Most Internet “health seekers” are women, who say
that they are still careful to consult with a medical pro-
fessional before acting on online medical advice. Fifty-
eight percent of Internet health seekers predict that they
will first go online when next they need reliable health
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care information versus 35% who say that their first
move will be to contact a health care professional (52).

In an exploratory study to determine the motiva-
tions of women who use the Internet to obtain health
information, health consciousness as well as health needs
and cost-effectiveness were each significant (44). In par-
ticular, the efficiency of Internet searching was premium
for women whose full daily schedules included manag-
ing child care, elder care, and/or personal health issues.

Advances in telecommunications and interactive
media offer both advantages and potential risks in health
communication. The Science Panel on Interactive Com-
munication and Health (43) found that the benefits of
IHC include enhanced opportunities for the provision of
information “tailored” to the specific needs or charac-
teristics of those searching the Web; increased access to
information and support at the user’s convenience; greater
opportunities for interaction with clinical experts as well
as obtaining support from others with similar conditions
through e-mail or chat rooms; and enhanced abilities for
the widespread dissemination and currency of content.

Potential problems with direct Internet access also
exist, including the lack of regulation on the quality of the
health information presented, which potentially com-
promises the accuracy and appropriateness of the mate-
rial online. This can result in patients obtaining inappro-
priate treatment or delay in seeking necessary medical
care. Further, greater reliance on IHC can erode people’s
trust in their health care professionals and prescribed ther-
apies if there are substantial differences of opinion. Pri-
vacy and confidentiality may be violated (43).

E-mail is also becoming a useful adjunct to
patient–clinician communications, replacing the tele-
phone in efficiency and provider accessibility. Typically,
important aspects of health care take place via tele-
phone—patients call to ask advice, get prescription refills,
and give feedback on previously prescribed therapies,
whereas providers call to discuss lab results or follow a
patient’s progress. Problems encountered with this tech-
nology include missed telephone calls in either direction,
lines that are often busy, or interruptions to the recipient’s
activity. Misunderstanding or misinterpretation is com-
mon over the phone and can lead to poor compliance
with medical advice. The documentation of these calls is
often incomplete, which makes the subsequent decision-
making process challenging and increases the clinician’s
legal liability (53).

For nonemergent medical issues, e-mail has the
potential to improve patient–clinician communications.
For the patient, e-mail can reduce the inconvenience of
waiting for call-backs; questions can be formulated more
purposefully; the clinician’s instructions can be read,
saved, and later reread; sensitive questions may be easier
to ask electronically; and the ability to ask quick ques-
tions between visits gives a sense of greater access to med-

ical care. For the professional, unsuccessful calls are min-
imized, messages can be read and responded to at more
convenient times, medical advice can be carefully worded
before it is provided, communications can be saved in
print form for the patient’s record, and easy references
to other sources of information can be provided either in
hand-outs or web-links (53,54).

As with any new technology, potential problems
exist with “digital doctoring” through electronic com-
munications, including concerns over privacy issues;
uncertainty as to the reception of the message; nonuni-
versal access, especially for those more vulnerable and
already underserved populations (55,56); the potential
for managing staggering e-mail volume; or an inability
to respond in an efficient manner, which could create
increasing patient dissatisfaction or enhance the imper-
sonal nature of medical encounters (56,53). Specific rec-
ommendations for clinical e-mail and medicolegal and
administrative e-mail guidelines have been developed to
enhance the use of this technology in positive and pro-
ductive ways (54).

These technologies can have a democratizing effect
on access to and control of information between health
care professionals and laypersons. These types of inter-
actions have the potential for increased availability, a bet-
ter understanding of various aspects of the diagnosis or
management of a health condition, and better prepara-
tion for health care visits (44).

Despite all its potential, it is equally important to
recognize that these newest information technologies con-
tinue to emphasize the gaps between the privileged and
the less fortunate of our society (55). Whether the issues
are access to obtaining health care, health insurance, or
health information, the largest barrier for a substantial
portion of women remains the acquisition of adequate
education and income to afford these essentials. A major
challenge of the future will include finding solutions to
bridge the “digital divide” to improve health care services
for all.

Traditional Communication within Health Care

A fundamental component of effective health care is the
dialog that occurs between patients and their clinicians.
The communication that is exchanged between women
and their physicians is central to the quality of the ther-
apeutic alliance that they establish. It is through talk that
unique interpersonal relationships are shaped, essential
medical information is exchanged, health problems or
risks are identified, health education and counseling is dis-
cussed, and decisions about treatment options or pre-
vention measures are negotiated and carried out.

Widely studied, the significant benefits of proficient
communication between patients and clinicians include
reduced patient anxiety, enhanced patient understanding
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and recall, increased perceptions of personal control over
one’s health, satisfaction with medical care, adherence to
medical therapeutics, and subsequent improved health
status (57–65).

Yet, women’s experiences of the health care system
often reflect a less than courteous climate. Women
patients may encounter a physician’s inappropriate use of
familiar forms of address (i.e., using the patient’s first
name), disparagement of their abilities to use medical
information rationally, a condescending manner, or with-
holding technical information, such as the benefits and
risks of informed consent. These kinds of exchanges have
been described and interpreted as ways in which the
physician controls the medical visit and the patient’s
behavior (66–68).

The consequences of communication problems,
based on a review of studies on physician and patient rela-
tions by Stewart (69), include inaccurate medical diag-
noses, lack of patient participation in medical care dis-
cussions, or inadequate provision of information to the
patient.

Ineffective communication most commonly results
in patient dissatisfaction with a physician’s care and con-
sequently, the patient’s termination of their professional
relationship (57). From the Commonwealth Fund
women’s health survey data, women were approximately
twice as likely as men to have changed physicians due to
dissatisfaction. Women were also more likely to report
communication problems with their physicians, and this
issue was cited as the most important contributing fac-
tor for switching health care providers for both men and
women (70). Ineffective communication is also a major
source of stress and anxiety for the patient during the
medical encounter (71).

Social Context

The social context of the medical encounter also influ-
ences patient–provider interaction. The dialog between
women and their physicians occurs in a variety of clini-
cal settings, between individuals of unequal power,
involving issues of vital importance that are both cultur-
ally and emotionally laden and thus, necessitate joint
cooperation. The ideal patient–provider relationship in
which mutual trust exists, communication is reciprocal,
and therapeutic goals and decisions are agreed upon, is
not easily achieved (64).

Communication Styles

Communication style differences between genders
account for the distinct ways in which men and women
use questions, volume and pitch, indirectness, interrup-
tions, silence, or polite refusals. From birth, women and
men are treated differently, related to differently, and they

talk differently as a result. Girls and boys grow up in dif-
ferent worlds, even when they grow up in the same house-
holds. These differences continue into adulthood and
reinforce communication patterns established in child-
hood (72, p. 133). Recognizing these gender differences,
which include differing expectations about the role of talk
in relationships, is essential to the provision of quality
health care to women.

In studies of patient–provider communication,
women are more likely to recognize and report symptoms
as well as be more articulate and knowledgeable when
talking with their physicians during annual medical vis-
its (73). Perhaps because they are more familiar and com-
fortable with health system utilization, women talk more
and offer more complaints during medical visits
(74,61,62); ask more questions (756–77); receive more
information and a greater number of explanations from
both male and female physicians (78–80), and generally
have longer medical visits than men (61,77,62) (as
reviewed in 70,81). Among patients with chronic disease,
women are more likely to prefer an active role in decision-
making that males (82).

Hooper and colleagues (78) determined that female
patients got more information and empathy from their
doctors as well as fewer physician-initiated disruptions
during their visits. Findings by Stewart (83) revealed that
physicians demonstrated more tension release (e.g., laugh-
ter) with female patients and were more likely to solicit
their feelings and opinions (81).

Power

Studies of interactions between physicians and patients,
however, have also described the constrained structure
of typical medical encounters and the use of power or
domination to limit and control medical dialog. The use
of interruption and the amount of talk or words, ques-
tion-asking, information-giving, and adversativeness are
examples of methods that physicians employ to control
the course of the medical interview (84–88). One study
(89) revealed that physicians interrupt patients an aver-
age of 18 seconds into the patient’s opening remarks. The
patient was only able to complete her primary complaint
or concern 23% of the time. But, as Allen and colleagues
(90) suggest, perhaps it is not the interruption, but the
missed opportunity to disclose information about them-
selves and their situation that leaves patients feeling that
they have not been taken seriously.

Meaning

Patients must be able to tell their stories, but may be con-
fronted with their clinicians’ incompatible frame of ref-
erence as to what information should be shared during
medical visits (91). Physicians may not be aware of or
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understand women’s “explanatory models” of their
health concerns or their attitudes, values, and beliefs as
related to illness and health care (92,93). These models
are the patient’s underlying assumptions about their med-
ical condition and its related therapies, which often
explain the types of questions that the patient asks about
their condition’s etiology, symptoms, the degree of sever-
ity, the type of sick role (chronic or acute) they assume,
and various treatment options (94). These beliefs are
directly influenced by one’s cultural groups and social
class (93,95).

In analyzing medical discourse, Mischler (96) iden-
tifies two opposing voices: the voice of medicine (reflect-
ing a scientific, detached attitude) and the voice of the
“lifeworld” (patient’s meaning of illness and how this dis-
rupts the achievement of personal goals). He sees the med-
ical encounter as a situation of conflict between two dis-
tinct efforts to construct meaning (97, p. 81). As
Kleinman (92) suggests, the effectiveness of professional
communication and health care outcomes is a function of
the agreement between the patient’s and clinician’s
explanatory models.

Understanding the patient’s perspective of her con-
dition is a prerequisite for successful clinician–patient dia-
logue. It is also important to recognize how frequently this
perspective differs (93). Studies that have explored issues
of potential patient–provider conflict include the degree
to which physicians meet patient expectations (98), how
often physicians are aware of patients’ concerns (99,100),
the rate of agreement between patients and physicians
about those problems that require follow-up visits (101),
and levels of agreement between patients and their physi-
cians regarding the patient’s health status (102).

Implications of Cultural Diversity

Racial, ethnic and social disparities exist in U.S. health
care and have become the focus of a recent Institute of
Medicine report uncovering “unequal treatment” (103).
Even after controlling for age, insurance status, income,
comorbid conditions, and symptom expression, racial
and ethnic groups are more likely to experience a sub-
standard quality of health care. Explanations for this dis-
parity in health care, embedded in historic and contem-
porary socioeconomic inequalities, are complex.
Accountabilities exist on many levels: health systems,
administrative and bureaucratic policies, utilization man-
agers, and clinicians and patients (103).

As the growth of ethnic populations currently
referred to as minorities continues, they will comprise
40% of the U.S. population by 2035, and 47% by 2050
(104). The health care needs of an increasingly diverse
U.S. population are now established as a goal of public
health, thus cultural, linguistic, and literacy differences
must addressed (105,106).

Clinicians are challenged to examine the part they
play in creating these disparities: their expressions of bias
(or discrimination), greater clinical uncertainty when inter-
acting with minority patients, and the beliefs (or stereo-
types) held by professionals about the behavior or health
of minorities. In response, patients may contribute to these
dynamics through mistrust, treatment refusal, or poor
compliance with prescribed therapies. Additional barri-
ers to health care access for minorities can include lan-
guage, geography, and cultural familiarity. Health systems
may also contribute to these inequities because of heavy
time pressures, cognitive complexities within the clinical
encounter, and the push for cost containment (103).

As one example, a study by Rivadeneyra and col-
leagues (107) revealed that Spanish-speaking patients
experience a double disadvantage when receiving medical
care from English-speaking physicians. Primary care
patients who spoke through an interpreter made markedly
fewer comments than did patients speaking directly with
clinicians. Due to time consumed by the interpretation
process, these patients had fewer opportunities to explain
their symptoms or raise concerns. Further, when they did
offer comments, they were more likely to be ignored than
the English-speaking patients. These findings illustrate that
non-English speaking patients have communication bar-
riers beyond just difficulties with translation. Rivadeneyra
and associates suggest that both physician and patient may
change their behavior in subtle ways that may compromise
the development of mutual trust, increase the likelihood of
physician misunderstanding of the complexity associated
with the patient’s symptoms, and decrease the possibility
of patient compliance with medical advice (107).

Other studies have also found that clinicians deliver
less information, less supportive remarks, and less profi-
cient clinical performance to black and Hispanic patients
and patients from lower economic status than they do to
more advantaged patients, even in the same setting
(78,80,108).

The ability to establish effective interpersonal and
working relationships that transcend cultural differences
defines “cultural competence.” Within health care, cul-
tural competence describes the process by which a clini-
cian continuously attempts to be effective within the cul-
tural context of a patient, who may be an individual,
family, or community (109,106).

Strategies to bridge the sociocultural inequities in
health care include providing interpreters as well as lin-
guistic competency to health education materials, the
incorporation of clinical staff who share similar cultural
backgrounds in addition to the inclusion of family or
community health workers, and clinic accommodations
that adjust hours of operation and physical environment,
and increasing the ability of professionals to interact effec-
tively within the culture of the patient population through
regular continuing education (110,106).
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Gender Bias

Research has also investigated gender bias in the deliv-
ery of health care—that is, if and how female patients
are treated and perceived in a way different from male
patients by physicians. Twenty years ago, McCranie,
Horowitz, and Martin (111) reported no evidence that
physicians attribute psychogenic illness more frequently
to women than men or recommend psychological treat-
ments more to women. Verbrugge and Steiner (112) also
failed to identify any significant gender differences in tests
and procedures in their analyses of National Ambulatory
Medical Care Survey data.

More recent research in coronary artery disease, kid-
ney dialysis and transplantation, and the diagnosis of lung
cancer (113–115) provides convincing evidence that dif-
ferences in the quality of the technical care received by
women cannot be explained by other factors, such as
poorer health status (116).

Bernstein and Kane (117) investigated the relative
impact of patient gender and expressivity on attitudes of
primary care physicians toward patients. Their research
determined that physicians believed that women were
more likely to make excessive demands as compared to
men, women’s health complaints were assessed as more
likely to be influenced by emotional factors, and women
were identified more frequently with psychosomatic com-
plaints than men. Their results supported their hypothe-
ses that physicians have preconceptions about female
patients. They also argue, however, that differences in
physicians’ responses are not simply due to bias against
women, but may be a complex response to the open and
expressive behavioral style more frequently identified in
women. They suggest that their findings underline the
necessity for physicians to rise above stereotypes and treat
each patient as an individual, instead of a member of a
group (118, p. 607).

Collaboration

Increasing evidence exists for the value of a collabora-
tive model of communication that promotes mutual inter-
action between patients and providers. Roter and Hall
(87) offer a framework for understanding patient–
provider communication as a partnership, each having
certain responsibilities to contribute to the quality of their
exchange. This model suggests associations between the
patient’s question-asking (and the information that is sub-
sequently offered by the provider) with the patient’s over-
all comprehension, agreement with treatment, and con-
tinuance with prescribed therapies.

The value of patient involvement during the medical
encounter is revealed through enhanced patient satisfac-
tion and loyalty to the clinician (70); among patients with
chronic diseases, active patient participation is associated

with better health outcomes (116). Patients are also most
satisfied by interactions with physicians who encourage
them to talk about psychosocial issues in an atmosphere
that is characterized by the absence of domination by the
physician (118).

In summary, women’s experiences of health care ser-
vices and physician interactions are different from those
of their male patient counterparts. The role of commu-
nication is paramount to ensuring maximal health out-
comes. As information technology becomes more acces-
sible and more widely utilized, the nature of this
communication will change. Yet, interpersonal interac-
tions are essential to health care provision. A mutual
appreciation and respect for the expertise that each indi-
vidual (patient or clinician) brings to the medical
encounter will facilitate more substantive dialog. Assim-
ilating the principles of cultural competence enhances the
interactions and significantly influences the outcomes of
care. Just as physicians are technical experts in medical
science and therapeutic options, so women are experts
in how they feel, both physically and emotionally. Women
can usually talk about how their health or illness affects
the complexity of their lives, their careers, and families or
relationships. Women must be listened to without inter-
ruption and believed by their care providers. Physicians
must attempt to integrate the complex, contextual aspects
of women’s health or illness and not focus solely on the
pathology of their medical condition and its treatment.
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rugs are usually developed and
tested in young to middle-aged
adults despite the fact that age and
gender differences exist in pharma-

cokinetics (how individuals handle drugs) and pharma-
codynamics (how individuals respond to drugs) (1).
Drugs are not usually developed for or specifically eval-
uated in children, and the adult drug dose cannot always
be safely converted to its pediatric equivalent (1). Phar-
macodynamic differences can lead to unexpected out-
comes and adverse effects. For example, antihistamines
and barbiturates, which generally sedate adults, often
cause children to become hyperactive. Chronic pheno-
barbital therapy can affect learning and behavior in chil-
dren (1). In infants, pharmacokinetic differences may
affect drug bioavailability. Low gastric acidity, slower
absorption rates, and a difference in gastric emptying time
may influence the absorption of orally administered drugs
in the neonate.

Pregnant women are often excluded from drug tri-
als, despite the fact that they may metabolize drugs in a
way different from nonpregnant women. Differences
between breast-feeding mothers and other women of the
same age could cause changes in drug distribution. Fat
accumulated during pregnancy is still present in the nurs-
ing mother and may affect the distribution of fat-soluble
drugs. Sex bias may result in the perception that women
have a higher biologic vulnerability than do men. For

example, the belief that reproduction and fetal health are
exclusively women’s health issues has resulted in a lack of
investigation of male-mediated reproductive toxicity (2).

GENDER DIFFERENCES

Gender can lead to differences in pharmacokinetics.
Women often have higher plasma drug concentrations
than men receiving the same dose; for example, lidocaine
and chlordiazepoxide levels are higher in women because
of longer elimination half-life (3). Oral contraceptive
(OC) use, sex differences in basal metabolism, and hor-
mone and enzyme levels all influence drug metabolism.
OCs can prolong the elimination half-life of drugs that
are metabolized by hepatic oxidation. Differences in vas-
cular resistance, muscle mass, and muscle composition
may cause a variation in absorption from intramuscular
injections. Differences in gastric motility and secretion
and metabolic rate may influence plasma levels of orally
administered drugs (3).

Gender differences may be present in psychotropic
drugs. In one study, male schizophrenic patients required
less medication and had a more favorable outcome than
female patients (3). Findings from a more recent study
by Yonkers and coworkers (4), however, indicate that
antipsychotic agents have greater efficacy in women as
well as greater likelihood of adverse reactions.
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Gender differences depend in part on which sex hor-
mone milestone a woman has passed. Menarche marks
the onset of the cyclic ovarian function that spans the time
between puberty and menopause, which themselves are
transitional periods of increasing or decreasing ovarian
activity. Menses are a peripheral marker of steroid hor-
mone withdrawal that bridges smooth changes in hor-
mone levels: Follicular growth with rising estrogen lev-
els is followed by ovulation and rising progesterone levels.
Other sex hormone milestones include pregnancy, OC
use, and estrogen replacement therapy. Differences in sex
hormone levels can influence drug metabolism, and drugs
can influence sex hormone levels (5).

The phase of the menstrual cycle can affect alcohol
metabolism. Decreased elimination times, reduced area
under the curves (AUCs; a measure of bioavailability),
and faster disappearance rates occur during the midluteal
phase compared with the early follicular and ovulatory
phases. The midluteal phase is associated with higher
progesterone levels, elevated progesterone-estradiol
ratios, and lower follicle-stimulating hormone (FSH) lev-
els (6).

When postmenopausal women take oral replace-
ment estrogen, alcohol ingestion can lead to a threefold
increase in circulating estradiol levels, similar to the
changes that occur when women use transdermal estro-
gen. Estrone levels decrease after alcohol ingestion, per-
haps due to decreased conversion from estradiol.
Increased oxidation of sulfated estrogen precursor andro-
gens to estradiol occurs in rats in response to alcohol and
may account in part for higher estradiol levels (7).

Gender differences can also be caused by nonhor-
monal factors, such as (i) poverty and socioeconomic sta-
tus; (ii) nutritional deficits related to poverty or to eat-
ing behavior, such as cyclical dieting; and (iii)
occupational selection biases that favor women, as in
nursing or housecleaning. Each of these factors can affect
a woman’s metabolism, and some can increase her expo-
sure to toxins (2).

Gender, disease state, and drugs can interact. Poly-
cystic ovarian syndrome (PCOS), characterized clinically
by hirsutism and menstrual irregularities, is frequently (30
to 50%) associated with obesity. Multiple follicular cysts
and increased stroma in the ovaries may be found on
ultrasonography. Hyperandrogenism is caused by ele-
vated serum levels of testosterone, androstenedione, or
dehydroepiandrosterone sulfate. Elevated luteinizing hor-
mone (LH), FSH, and prolactin levels are common.

Menstrual disorders, altered pulsatile secretion of
LH, and PCOS are common among women with epilepsy.
Herzog and colleagues found a 60% frequency of men-
strual disorders and a 30% frequency of PCOS among 20
women with untreated complex partial seizures (8),
whereas another group (9) found higher LH pulse fre-
quency in untreated epileptics compared with controls

(increased LH pulse frequency promotes the development
of PCOS).

Valproate use in women with epilepsy is associated
with a higher incidence of PCOS (10,11) than other
antiepileptic drugs (AEDs). Isojärvi and coworkers (11)
have suggested that this is due to valproate-induced
weight gain and induced insulin resistance. PCOS, how-
ever, is more common in valproate-treated obese women
with epilepsy than in obese normal control subjects. Her-
zog (12) has speculated that the fundamental problem is
epilepsy itself, which is associated with PCOS, and that
the other AEDS induce cytochrome P450 and accelerate
the biotransformation of testosterone, whereas valproate
does not. This association occurs only in women with
epilepsy treated with valproate and has not been shown
to occur with increased frequency in women with other
disorders, such as mania or migraine. Women with
epilepsy can be treated with valproate, but they should be
followed up for menstrual irregularities. If irregularities
occur, ultrasound may be indicated.

RISK OF DRUG TREATMENT

A teratogen is usually defined as any agent, physical force,
or other factor that can induce a congenital anomaly
through the alteration of normal development during any
stage of embryogenesis (8).

The recognition of the teratogenicity of aminopterin
and thalidomide and the rubella epidemic of 1963–1964,
resulted in extremely conservative drug use during preg-
nancy. In 1977, the Food and Drug Administration (FDA)
developed a policy against phase I and early phase II test-
ing for pregnant women or women of childbearing poten-
tial, and many practitioners now avoid drug treatment
in pregnancy even when it is indicated. More than 2,500
agents are listed in Shepard’s catalog of teratogenic
agents. About 1,200 can produce congenital anomalies in
experimental animals, but only about 40 of these are
known to cause defects in the human (8). Insufficient
knowledge exists about the birth defect risks from drug
exposure, despite the fact that 67% of women take drugs
during pregnancy, and 50% take them during the first
trimester (9).

Most drugs cross the placenta and have the poten-
tial to adversely affect the fetus, and although studies have
not absolutely established the safety of any medication
during pregnancy, some drugs are believed to be relatively
safe (see Tables 4.7 through 4.21) (10–13).

In 1966, the FDA replaced the Multigeneration
Continuous Feeding Reproductive Study with a three-seg-
ment design, identified as Segment I (Fertility and Gen-
eral Reproductive Performance), Segment II (Teratology),
and Segment III (Perinatal and Postnatal Evaluations), for
testing drugs. These studies were designed to detect agents
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that specifically interrupt reproduction. More than 3,300
chemicals have been tested; of these, 37% are teratogenic.
These studies frequently used very high doses of drugs,
which then produced maternal toxicity, not fetal terato-
genicity. Currently 19 drugs, or drug groups, and two
chemicals have been established as human teratogens.
Negative results in other species cannot predict a lack of
teratogenicity in humans, and drugs that are teratogenic
at high doses in these species may not be teratogenic in
humans at lower doses (14). Thalidomide, which has no
teratogenic effect in mice and rats, has profound terato-
genic effects in humans (10,15).

WOMEN AND DRUG TRIALS

A negative pregnancy test is often a condition of enroll-
ment in a study, and postenrollment pregnancy can lead
to the termination of participation. This poses a prob-
lem for pregnant women who are sick and in need of
treatment. If the drug has not been tested in pregnant
women during the research phase, information is lack-
ing about the safety and efficacy of the drug for the
woman as well as for the fetus (16). The Institute of Med-
icine Committee on Research in Women made the con-
troversial recommendation that pregnant and lactating
women should be considered eligible for enrollment in
clinical studies on a routine basis (16). This report
reversed the existing exclusion of pregnant women and
the severely restricted enrollment of women of “child-
bearing potential” in most clinical studies. With regard
to enrollment, the Committee recommended that women
who are or may become pregnant during the course of a
study should be viewed as any other potential research
subject.

With more women of childbearing age participating
in clinical trials, more information will be gained about
the risks of birth defects, but uncertainty will still per-
sist. If the medication is associated with a very high level
of birth defects (e.g., thalidomide), however, very few
exposures need to be followed to detect this risk; if the
medication is associated with a slight increase in the over-
all occurrence of birth defects, approximately 300
exposed pregnancies need to be followed up to detect a
doubling of risk; and if the medication is associated with
a rare increase of a specific defect (e.g., 1 in 1,000),
approximately 10,000 exposed pregnancies need to be
followed up to detect a doubling of risk (17).

DRUG USE DURING PREGNANCY

The World Health Organization (WHO) completed an
international survey of 14,778 pregnant women on pre-
scription drug utilization during pregnancy. Eighty-six

percent of the subjects took medication, each receiving an
average of 2.9 prescriptions. Of a total of 37,309 pre-
scriptions, 73% were given by obstetricians, 12% by gen-
eral practitioners, and 5% by midwives (11). In a survey
of pregnant women at Parkland Memorial Hospital in
Dallas, 40% took some type of medication other than
iron or vitamin supplements, and up to 20% used an illicit
drug or alcohol (18). In contrast, in England only 35%
of pregnant women took drugs or medications during
pregnancy, and only 6% used medications other than vit-
amin or iron supplements during the first trimester.
Among 18,886 Medicaid patients in Michigan, women
received an average of 3.1 prescriptions for medications
other than vitamins or iron during their pregnancies (19).
Approximately 70% of pregnant women in the United
States took prescribed drugs, according to two surveys
(20,21). The National Hospital Discharge Survey found
a 576% increase in discharges of drug-using parturient
women and a 456% increase in discharges of drug-
affected newborns in the United States between 1979 and
1990.

Adverse Effects

Adverse drug effects depend on the dose and route of
administration, concomitant exposures, and timing of the
exposure relative to the period of development, which
consist of the preimplantation period, embryogenesis, and
fetal development. The preimplantation period lasts from
conception to 1 week postconception, during which time
the conceptus is relatively protected from drugs (18).
Embryogenesis is the time of organogenesis, which occurs
from the time of implantation to 58 to 60 days postcon-
ception (18). Most congenital malformations arise dur-
ing this time. Placental transport is not well established
until the fifth week after conception. This may protect the
embryo from maternal drugs. The final phase, fetal devel-
opment, follows embryogenesis. The fetus grows mainly
in size, although structural changes such as neuronal
arrangement also occur. Malformations can develop at
this time in normally formed organs due to their necro-
sis and reabsorption (18).

Death to the conceptus, teratogenicity, fetal growth
abnormalities, perinatal effects, postnatal developmen-
tal abnormalities, delayed oncogenesis, and functional
and behavioral changes can result from drugs or other
agents (Table 4.1) (10). According to the Perinatal Col-
laborative Project, a prospective and concurrent epi-
demiologic study of more than 50,000 pregnancies, many
drugs have little or no human teratogenic risk (10,22).

Spontaneous Abortion

Nearly one-half of early pregnancies (0 to 58 days) spon-
taneously abort, most due to chromosomal abnormalities.
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Before the time of organogenesis, exposure to a potential
teratogen or toxic drug has an all-or-none effect. An expo-
sure around the time of conception or implantation may
kill the conceptus, but if the pregnancy continues, there is
no increased risk of congenital anomalies (10).

Developmental Defects

Developmental defects may result from genetic or envi-
ronmental causes, or from interactions between them.
Teratogenic drug effects are generally visible anatomic
malformations; they are defined as the production of a
permanent alteration of an organ’s structure or function
due to intrauterine exposure. These effects are dose- and
time-related, with the fetus at greatest risk during the first
trimester of pregnancy. Drug exposure accounts for only
2 to 3% of birth defects; approximately 25% are genetic,
and the causes of the remainder are unknown (10). The
incidence of major malformations either incompatible
with survival (e.g., anencephaly) or requiring major
surgery (e.g., cleft palate or congenital heart disease) is
approximately 2 to 3% in the general population. If all
minor malformations are included (ear tags or extra dig-
its), the rate may be as high as 7 to 10%. The risk of mal-
formation after drug exposure must be compared with

this background rate.
Birth defects are more common in the children of

epileptics, even those who are not taking drugs. The risk
is further increased if AEDs are used. Treatment with mul-
tiple AEDs increases the teratogenic risk; therefore,
monotherapy is advocated (23,24). Overlapping drugs
during AED change may expose the fetus to higher con-
centrations of toxic metabolites and is relatively con-
traindicated.

The classic teratogenic period in the human is a crit-
ical 6 weeks, lasting from approximately 31 days through
10 weeks from the last menstrual period. A teratogenic
effect depends on the timing of the exposure as well as
on the nature of the teratogen. Exposure early in the preg-
nancy, when the heart and central nervous system are
forming, may result in an anomaly such as congenital
heart disease or neural tube defect, whereas later expo-
sure may result in malformation of the palate or ear (10).
After the teratogenic period has passed, the major risk
of congenital anomaly is gone, but other abnormalities
can occur. These include fetal effects, neonatal effects, and
postnatal effects.

Fetal Effects

Fetal effects include damage to normally formed organs,
damage to systems undergoing histogenesis, growth retar-
dation, or fetal death. Growth retardation is the most
common of these.

Neonatal and Postnatal Effects

Certain drugs are associated with adverse neonatal
effects, such as drug withdrawal and neonatal hypo-
glycemia, or adverse maternal effects, such as hemosta-
sis and uterine contracture disorders. Chronic exposure
to psychoactive medications, such as alcohol, during the
second and third trimesters may cause mental retardation,
which may not be recognized until later in life (10). Devel-
opmental delay and long-term cognitive dysfunction have
been reported in children born to mothers who took
AEDs during pregnancy.

Delayed Oncogenesis

Exposure to diethylstilbestrol as late as 20 weeks’ gesta-
tion may cause reproductive organ anomalies that are not
recognized until after puberty.

Drug Risk Categories

The FDA lists five categories of labeling for drug use in
pregnancy (Table 4.2) (11,25). These categories are
intended to provide therapeutic guidance, weighing the
risks as well as the benefits of the drug. Although this sys-

TABLE 4.1
Definitions and Drug Effects (10)

Spontaneous Death of the conceptus. Most due
abortion: to chromosomal abnormality.

Embryotoxicity: The ability of drugs to kill the 
anomalies: developing embryo.

Congenital Deviation from normal morphol-
ogy or function.

Teratogenicity: The ability of an exogenous agent
to produce a permanent abnor-
mality of structure or function in
an organism exposed during
embryogenesis or fetal life.

Fetal effects: Growth retardation, abnormal
histogenesis (also congenital
abnormalities and fetal death).
The main outcome of fetal drug
toxicity during the second and
third trimesters of pregnancy.

Perinatal effects: Effects on uterine contraction,
neonatal withdrawal, or 
hemostasis.

Postnatal effects: Drugs may have delayed long-
term effects: delayed oncogenesis,
and functional and behavioral
abnormalities.
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tem is an improvement over previous labeling, it is not
ideal. An alternate system is TERIS, an automated ter-
atogen information resource wherein the rating for each
drug or agent is based on a consensus of expert opinion
and on the literature (Table 4.3) (26). It was designed to
assess the teratogenic risk to the fetus from a drug expo-
sure. The FDA categories have little if any correlation to
the TERIS teratogenic risk. This discrepancy results in
part from the fact that the FDA categories were designed
to provide therapeutic guidance, and the TERIS ratings
are useful for estimating the teratogenic risks of a drug
and not vice versa (27).

Prevention

A woman’s risk of having a child with a neural tube defect
is associated with early pregnancy red cell folate levels in
a continuous dose–response relationship (28). Low serum
and red blood cell folate levels are associated with spon-
taneous abortion and fetal malformations in animals and
in humans (29–32). Treatment with some drugs, includ-
ing phenytoin, carbamazepine, and barbiturates, can
impair folate absorption. Valproic acid does not produce
folate deficiency, but it may interfere with the produc-
tion of folinic acid by inhibiting glutamate formyl trans-
ferase (33). In a small study, women with epilepsy who

were taking phenytoin needed 1 mg of folate supple-
mentation a day to maintain a normal serum level (34).
Some suggest increasing folic acid intake by 4 mg, which
might result in a 48% reduction in neural tube defects
(28). Supplementing this by fortifying food with folate
benefits all women.

Drug Exposure

During pregnancy, the patient’s neurologist and obstetri-
cian should work together. If a woman inadvertently takes
a drug when she is pregnant or becomes pregnant while
taking a drug, determine the dosage, timing, and duration
of the exposure(s). Ascertain the patient’s past and pre-
sent state of health and the presence of mental retarda-
tion or chromosomal abnormalities in the family. Using
a reliable source of information (such as TERIS), deter-
mine whether the drug is a known teratogen (although
for many drugs, this is not possible) (8,10,11,18,26).

If the drug is teratogenic or the risk is unknown, have
the obstetrician confirm the gestational age by ultrasound.
If the exposure occurred during embryogenesis, then high-
resolution ultrasound can be performed to determine
whether damage to specific organ systems or structures
has occurred. If the high-resolution ultrasound is normal,
it is reasonable to reassure the patient that the gross fetal
structure is normal (within the 90% sensitivity of the
study) (18). Fetal ultrasound, however, cannot exclude
minor anomalies or guarantee the birth of a normal child.
Delay in achieving developmental milestones, including
cognitive development, are potential risks, especially for
children born to epileptics, that cannot be predicted or
diagnosed prenatally (35). Maternal serum alpha-feto-
protein (MSAFP) can be used to screen pregnancies for
open neural tube defects. Amniocentesis can also be used
to assess an abnormal alpha-fetoprotein level (18). Have
the obstetrician discuss the results of these studies with
the mother and the significant other; formal prenatal
counseling may be helpful in uncertain cases (18).

Maternal Physiology

Profound structural and physiologic changes occur dur-
ing pregnancy (Table 4.4) (36). The uterus rapidly
increases in size, transformed from an almost solid struc-
ture weighing 70 g into a relatively thin-walled, muscu-
lar organ large enough to accommodate the fetus, pla-
centa, and amniotic fluid (37). Uterine growth depends
on estrogen and, to a lesser extent, on progesterone dur-
ing the first few months of pregnancy. After 12 weeks,
growth results from the pressure exerted by the expand-
ing products of conception. Cell and tissue growth is
dependent on the increased synthesis of polyamines
(including spermidine and spermine and their immediate
precursor, putrescine) (37).

TABLE 4.2
FDA Risk Categories

Category A: Controlled human studies show no risk

Category B: No evidence of risk in humans, but there
are no controlled human studies

Category C: Risk to humans has not been ruled out

Category D: Positive evidence of risk to humans from
human and/or animal studies

Category X: Contraindicated in pregnancy

TABLE 4.3
TERIS Risk Rating

N — None (A)
UN — Unlikely
N-Min — None, minimal (A)
Min — Minimal (B)
Min-S — Minimal-small (D)
S — Small
S-Mod — Small-Moderate
Mod — Moderate
H — High (X)
U — Undetermined (C)

Equivalent FDA ratings in parentheses.
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Metabolic changes occur in response to the rapidly
growing fetus and placenta. Weight gain, due to the
increase in the uterus and its contents, the breasts, the
blood volume, and the extravascular extracellular fluid,
averages approximately 11 kg, with approximately 1 kg
occurring during the first trimester (37). Water retention
(approximately 6.5 L by term) is a normal occurrence,
mediated in part by a fall in plasma osmolality of 10
mOsm/kg, due to a resetting of the osmoreceptor. The
fetus, placenta, and amniotic fluid contain approxi-
mately 3.5 L of water. Another 3.0 L of water results
from increased maternal blood volume and the increase
in uterine and breast size. Near term, blood volume is
approximately 45% above baseline. Weight loss during
the first 10 days postpartum averages approximately 2
kg (37).

Although pregnancy is potentially diabetogenic, in
healthy pregnant women, the fasting plasma glucose con-
centration may fall due to increased plasma insulin lev-
els. Progesterone, when administered to a nonpregnant
adult in an amount similar to that which is produced dur-
ing pregnancy, results in an increased basal insulin con-
centration and response to an oral glucose challenge sim-
ilar to that of a normal pregnant woman. Additionally,
estradiol induces hyperinsulinism in both control and
ovariectomized rats (37).

Lipid, lipoprotein, and apolipoprotein plasma con-
centrations increase during pregnancy. A positive corre-
lation exists between lipid concentrations and levels of
estradiol, progesterone, and human placental lactogen.

The kidneys barely increase in size during pregnancy
(38). Early in pregnancy, at the beginning of the second
trimester, the glomerular filtration rate and renal plasma
flow increase by approximately 50% (39,40). The elevated
glomerular filtration rate persists to term, whereas the renal
plasma flow decreases during late pregnancy (40). The
human liver does not increase in size during pregnancy, and
we are not certain whether hepatic blood flow increases.

The profound physiologic changes that occur dur-
ing pregnancy can alter drug pharmacokinetics: Plasma
volume increases by half, cardiac output increases by 30
to 50%, and renal plasma flow and glomerular filtration
rate increase by 40 to 50%. Serum albumin decreases by
20 to 30%, resulting in decreased drug binding and
increased drug clearance. Increased extracellular fluid and
adipose tissue increases the volume of drug distribution.
Drug metabolism may also be increased, modulated in
part by the high concentration of sex hormones (41).

Seizure frequency can increase during pregnancy due
to changes in AED concentration. Total concentrations of
carbamazepine, phenytoin, phenobarbital, and valproic
acid fall due to decreased plasma protein binding, whereas
free or unbound drug concentrations of only phenobarbi-
tal fall significantly. Valproate free concentrations actually
increase by 25% by the time of delivery (42).

The placenta is a lipid membrane barrier that sepa-
rates the maternal and fetal circulation. Most drugs cross
this barrier by simple diffusion. The rate of transfer is
dependent on the drug’s molecular size, lipid solubility,
and protein binding. Drugs with a very high molecular

TABLE 4.4
Physiologic Changes during Pregnancy

PARAMETER CHANGE POTENTIAL IMPLICATIONS FOR TOXICOLOGY

Extracellular volume 4–6 L Dilution of substances in circulation
Plasma volume by 40% Same
Plasma renin/aldosterone Renal retention/excretion
Renal blood flow 30–50% Same
Glomerular filtration rate 30–50% Same
Sodium and calcium retention Retention of other divalent cations
Cardiac output by 40% Increased sensitivity to cardiotoxins (?)
Increased blood flow to skin Dermal uptake
Food intake 70 kcal/day (average) Increased
Energy demand* ~300 kcal/day Increased dose and metabolic shift
Lipid stores* ~3–4 kg over pregnancy Same
Oxygen consumption* 51 mL O2/min Metabolic shift (?)
Basal metabolic rate 13% Metabolic shifts
Hepatic triglyceride synthesis Redistribution

*Depends on nutrition, activity levels, and gestational state.
Adapted from Metcalfe et al. (36).
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weight, such as heparin, do not cross the placenta easily,
whereas drugs with a low molecular weight (<6,000 dal-
tons) cross it easily. Most drugs have steady-state levels
at or near maternal levels, although some drugs may be
trapped with fetal levels two to three times maternal lev-
els (43,44).

Breast-Feeding

Milk is a suspension of fat and protein in a carbohydrate-
mineral solution. A nursing mother secretes 600 mL of
milk a day that contains sufficient protein, fat, and car-
bohydrate to meet the nutritional demands of the grow-
ing and developing infant (11). The transport of a drug
into breast milk depends on its lipid solubility, molecu-
lar weight, degree of ionization, protein binding (inversely
proportional), and the presence or absence of active secre-
tion (12). Species differences in the composition of milk
can result in differences in drug transfer. Because human
milk (pH usually .7.0) has a much higher pH than cow’s
milk (pH usually ,6.8), bovine drug transfer data may
not be accurate in humans (11).

Many drugs can be detected in breast milk at levels
that are not clinically significant to the infant. The con-
centration of a drug in breast milk is a variable fraction
of the maternal blood level. The infant dose is usually 1
to 2% of the maternal dose, which is usually trivial. How-
ever, any exposure to a toxic drug or potential allergen
may be inappropriate (12).

Drug concentration in breast milk depends on
drug characteristics (pKa, lipid solubility, molecular
weight, protein binding) and breast milk characteristics
(composition and volume). Breast milk is given its
unique physicochemical properties by the active trans-
port of electrolytes and the formation and excretion of
lactose and proteins by glandular epithelial cells in the
breast through the passive diffusion of water. The vol-
ume produced depends on nutritional factors, the
amount of milk removed by the suckling infant, and the
increase in mammary blood flow that occurs with
breast-feeding. Volume production slowly increases
from an average of 600 mL a day to 800 mL a day by
the time the infant is 6 months old, and undergoes a
diurnal variation, with the greatest quantity occurring
in the morning. For the first 10 days of production,
milk composition is characterized by a gradual increase
in fat and lactose from a milk that is higher in protein
content (colostrum).

Because most drugs are either weak acids or bases,
the transfer across a biologic membrane is greatly influ-
enced by the ionization characteristics (pKa) and pH dif-
ferences across the membrane. Because the pH of breast
milk (7.0) is slightly lower than that of plasma (7.4),
there is a tendency toward ion trapping of basic com-
pounds.

Classification of Drugs Used during Lactation

The American Academy of Pediatrics Committee on
Drugs has reviewed and categorized drugs for use in lac-
tating women (Table 4.5) (12,45). The following pre-
scribing guidelines should be followed (45):

• Is the drug necessary? If so:
• Use the safest drug (e.g., acetaminophen instead of

aspirin).
• If there is a possibility that a drug may present a risk

to the infant (e.g., phenytoin, phenobarbital), con-
sider measuring the blood level in the nursing infant.

• Minimize the nursing infant’s drug exposure by hav-
ing the mother take the medication just after com-
pleting a breast-feeding.

CONTRACEPTION

Women of reproductive potential who have neurologic
disease, especially if they are taking medications, require
contraceptive counseling. Hormonal contraceptive fail-
ure can occur with drug use, especially with AEDs. More
than one-fourth of the neurologists (27%) and 21% of
the obstetricians among 307 responders to a Johns Hop-
kins survey reported contraceptive failure (46). The AEDs

TABLE 4.6
Relationship between Antiepileptic Drugs and

Liver Microsomal Cytochrome P450

INDUCERS NONINDUCERS

Carbamazepine Benzodiazepines
Phenobarbital Gabapentin
Phenytoin Lamotrigine
Felbamate Levetiracetam
Primidone

PARTIAL INDUCERS INHIBITORS

Oxcarbazepine Valproic acid
Tiagabine
Topiramate

TABLE 4.5
Drug Use during Lactation

(1) — Contraindicated
(2) — Requires temporary cessation of breast-feeding
(3) — Effects unknown but may be of concern
(4) — Use with caution
(5) — Usually compatible
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phenobarbital, primidone, phenytoin, and carbamazepine
induce the hepatic cytochrome P450 system of mixed
function oxidases, resulting in a reduction of exogenous
estradiol and progesterone levels (Table 4.6). Steroid hor-
mone binding globulins may also be increased, resulting
in a decrease in free hormone levels.

The failure rate of OCs is 0.7 per 100 women
years. This rate is increased to 3.1 per 100 women years
in women who use high-dose estrogen-containing OCs
(50 µg or more) and enzyme-inducing anticonvulsants
(47). Because the failure rate is higher when more com-
monly used, lower estrogen-dose OCs are used, an OC
containing 50 µg or more of ethinyl estradiol or mes-
tranol is recommended (48). In contrast, valproic acid
inhibits the hepatic microsomal enzyme system, and
gabapentin, vigabatrin, levetiracetam, and lamotrigine
have no effect. Because these AEDs have not been
reported to result in hormonal contraceptive failure,
they could be used if oral contraception is desired (49).
Topiramate, in high (.200 mg/day) but not in low
doses, may compromise the efficacy of OCs by decreas-
ing estrogen exposure (25).

Intramuscular medroxyprogesterone (Depo-Provera®)
and levonorgestrel implants (Norplant®) are not viable alter-
natives. Both are progestins whose efficacy is reduced by
AEDs (50).

DRUGS AND THE ELDERLY

Many elderly patients fail to take their medicine as pre-
scribed. More than half make at least one drug error, and
more than 25% make potentially serious medication
errors (51), perhaps because they cannot afford their
medicines, their treatment schedules are too complicated
(52), or they do not understand the need for and uses of
the drug (53). Changes in drug pharmacokinetics and
pharmacodynamics that occur with age may result in
variable drug plasma levels.

Pharmacokinetics

The rate of gastric emptying is delayed, gastrointestinal
motility is decreased, gastric pH levels rise, and active drug
transport is reduced in the elderly (54). Most drugs are
absorbed by passive diffusion, and xylose absorption,
which reflects the passive transport ability, is reduced by
40 to 50%. When transport is not rate-limiting, absorp-
tion is not affected. The rate and extent of acetaminophen,
phenylbutazone, and sulfamethizole absorption are sim-
ilar in elderly and young patients (53), whereas galactose,
thiamine, calcium, and dextrose absorption, which
depends on active transport, is reduced (54).

Pharmacokinetic changes result from changes in
body composition and drug-eliminating organ function.

The reduction in lean body mass, serum albumin, and
total body water, and the increase in body fat percent-
age that occur in the elderly produce changes in drug
distribution. Cardiac output and kidney blood flow
decrease, whereas cerebral, coronary, and skeletal mus-
cle blood flow are unchanged. Hepatic blood flow is
reduced. Altered blood flow has a major impact on drug
elimination by the liver and kidney and may alter tis-
sue distribution. Renal function declines to approxi-
mately half that of the young adult. Hepatic cytochrome
P450 enzymes are reduced, whereas conjugation mech-
anisms are relatively well preserved. Other factors that
affect metabolic activity include (i) enzyme-inducing
drugs; (ii) disease states, such as hyperthyroidism and
osteomalacia; and (iii) exogenous factors, such as bed
rest, cigarette smoking, and certain diets. The clearance
of drugs that undergo hepatic metabolism is often
reduced in the elderly.

The elderly have a decrease in both lean body mass
and total body water. The total body fat percentage
increases with age in both sexes, increasing from 18 to 36%
in men and from 33 to 48% in women between 18 and 85
years of age (55). Drugs that distribute through the total
body weight, such as ethanol, have a decreased volume of
distribution. Drugs that are primarily distributed through
the extracellular fluid show little change in their volume
of distribution. In contrast, lipid-soluble drugs (e.g., the
benzodiazepines) have larger volumes of distribution due
to the greater percentage of fat in elderly persons.

The elimination half-life of lipid-soluble drugs is
increased because of a larger volume of distribution. Elim-
ination half-life may decrease because of decreased renal
or metabolic clearance. A low plasma albumin level often
results in decreased drug binding. The increased free drug
fraction results in (i) an enhanced pharmacologic effect;
(ii) an increase in the volume of distribution; and (iii) an
alteration in the elimination rate.

Pharmacodynamics

The effect of a drug depends on the interaction between
it and its receptors. Although pharmacokinetic changes
may result in an increased or decreased quantity of drug
reaching the receptor, the drug’s action depends on how
it interacts with its receptors. Central nervous system
(CNS) depressant drugs are more potent in the elderly.
This is important because psychotherapeutic drugs are
the second most commonly prescribed category of drugs
for elderly persons. In one study, 32% of all people aged
60 to 70 had used a psychotropic drug within the previ-
ous year (56,57). Increased sensitivity to adverse effects,
such as hypotension from psychotropic medications and
hemorrhage from anticoagulants, can occur even if the
dosage is appropriately adjusted (1).
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INDIVIDUAL CLASSES OF DRUGS

The use of various medications is reviewed in pregnancy,
during lactation, and in the elderly (11).

Acute Specific Antimigraine Drugs

Ergotamine

The use of ergot alkaloids during pregnancy is con-
traindicated (58,59) (Table 4.7). The abortifacient action
of uterotonic ergots in humans has been known for years,
but the teratogenic effects of ergotamine and DHE are
uncertain. Attempted (but failed) abortion has rarely been
associated with certain congenital defects. The Collabo-
rative Perinatal Project (22) reported on 25 exposures to
ergotamine and 32 exposures to other ergot derivatives,
with the relative risk of malformation being 1 in 24 and
1 in 45, respectively.

Wainscott (60) believed that it was unlikely that
ergotamine tartrate posed any teratogenic hazard, but
Hughes (61) thought that, because the actual number of
exposed women and the severity of exposure were
unknown, no definite conclusion could be drawn. Ergot
alkaloids, which are frequently present in medication for
migraine headaches, enter breast milk and have been
reported to cause vomiting, diarrhea, and convulsions in
nursing infants.

SUMATRIPTAN. This is a selective serotonin agonist
that is safe and effective in the treatment of the
nonpregnant migraineur. Sumatriptan at very high doses
(three times higher than human plasma concentration
after a recommended 6 mg subcutaneous dose) caused
embryo lethality in rabbits but not in rats, even when

given at higher doses. There is no evidence that
sumatriptan is a human teratogen, but no adequate, well-
controlled studies have been done in pregnant women.

Sumatriptan is excreted in breast milk in animals.
No data exist in humans. Use with caution in nursing
women.

NARATRIPTAN. Naratriptan is used for the acute
treatment of migraine headaches. It is not an animal
teratogen, but it does produce dose-related embryo and
fetal developmental toxicity. Human pregnancy
experience is too limited to assess the safety of the drug
or its teratogenic potential. It is excreted in the milk of
nursing rats but there are no reports describing the use
of naratriptan during human lactation. The molecular
weight of the hydrochloride salt (about 372) is low
enough, however, that passage into the milk should be
expected. The effects of this exposure, if any, on a nursing
infant are unknown (11).

RIZATRIPTAN. Rizatriptan is indicated for the
treatment of acute migraine attacks with or without aura
in adults. The Merck Pregnancy Registry program has
data on 24 pregnancies exposed to rizatriptan. No
adverse outcomes were observed in liveborn offspring,
but the limited number of exposures studied are not
sufficient to detect a risk of rare disorders such as birth
defects. No reports describe the use of rizatriptan in

TABLE 4.7
Ergots and Serotonin Agonists

FETAL RISK

FDA TERIS BREAST-FEEDING

Ergotamine X Min Contraindicated
Dihydroergotamine X U Contraindicated
Methylergonovine C U Caution
Methysergide D U Caution
Almotriptan C U Caution
Eletriptan C U Caution
Frovatriptan C U Caution
Naratriptan C U Caution
Rizatriptan C U Caution
Sumatriptan C U Caution
Zolmitriptan C U Caution

TABLE 4.8
Analgesics

FETAL RISK

FDA TERIS BREAST-FEEDING

Simple Analgesics
Aspirin C* N-Min Caution
Acetaminophen B N Compatible
Caffeine B N-Min Compatible
NSAIDs
Fenoprofen B* U Compatible
Ibuprofen B* N-Min Compatible
Indomethacin B* N Compatible
Ketorolac B* U Caution
Meclofenamate B* U Compatible
Naproxen B* U Compatible
Sulindac B* U Compatible
Tolmetin B* U Compatible
COX-2
Celecoxib C* U Concern
Rofecoxib C* U Concern

*D if third trimester



NEUROLOGIC DISEASE IN WOMEN50

human lactation. The relatively low molecular weight of
free base (about 269) suggests that the drug will be
excreted into breast milk. The effects of this exposure
on a nursing infant are unknown (11).

ASPIRIN (11,62). Concerns about the safety of
aspirin in pregnancy came from earlier data (63,64), when
aspirin was used in therapeutic doses for analgesic or
antipyretic purposes. There is no evidence that aspirin has
any teratogenic effect. Although three retrospective
epidemiologic trials looking at aspirin consumption
among mothers of children with malformations have
found higher consumption in patients than in controls,
these studies suffer from memory bias or a possible
coincident teratogen for which the aspirin was taken. A
large prospective study of 50,282 pregnancies found no
evidence of aspirin teratogenicity in humans (22,62).
Aspirin in analgesic doses does have perinatal effects. It
can inhibit uterine contraction and result in narrowing
of the ductus arteriosus and increased maternal and
newborn bleeding. Aspirin users have longer gestations
and labors than control patients (11).

Increased teratogenic risks, as well as disturbances
of platelet function with the risk of hemorrhage in the
mother and infant, have been reported. Based on exten-
sive clinical experience, none of these side effects has been
seen at low dose; however, it is generally recommended
not to start treatment before 15 weeks of pregnancy and
to stop it 7 to 10 days before delivery. Aspirin has a clear-
cut effect on the hemostasis of the newborn and should
not be used in late pregnancy. It can also cause hyper-
bilirubinemia. Low-dose aspirin, however, may help pre-
vent preeclampsia or the fetal wastage associated with
autoimmune diseases.

BREAST-FEEDING. Aspirin is excreted in moderate
amounts in breast milk. Occasional aspirin use during
lactation appears to be safe, but studies have not been
performed on infants of nursing mothers who ingest high
doses of aspirin over long periods of time. It should be
used cautiously during breast-feeding.

ELDERLY. Aspirin may produce serious problems
in the elderly. Even in small doses, aspirin may prolong
bleeding time and cause gastric erosions with bleeding.

ACETAMINOPHEN. Acetaminophen is the drug
most commonly taken during pregnancy. Its mean half-
life (3.7 hours) is not significantly different from the
nonpregnant value. Its absorption, metabolism, and renal
clearance are unchanged. The decrease in the mean AUC
during pregnancy may be due to its increased volume of
distribution. Potentially hepatotoxic metabolites were
not found in maternal serum. The absorption and
disposition of a standard oral dose is not affected by

pregnancy (65). There is no evidence of any teratogenic
effect. Its use is compatible with breast-feeding (11).

ELDERLY. Acetaminophen metabolism is not
affected by age (66).

CAFFEINE (11,62). In moderate amounts (<300
mg a day), caffeine consumption in pregnancy does not
pose a measurable risk to the fetus. High doses may be
associated with spontaneous abortion, infertility, or low
birth weight. Moderate caffeine use is compatible with
breast-feeding. Accumulation may occur in infants whose
mothers use excessive amounts of caffeine, however.

Nonsteroidal Antiinflammatory Drugs (11,62)

PREGNANCY. None of the NSAIDs in Table 4.8
has been shown to have a teratogenic effect. Their use
should be limited during the third trimester because they
inhibit labor, prolong the length of pregnancy, and
decrease amniotic fluid volume. A combined 2001
population-based observational cohort study and a case-
control study estimated the risk of adverse pregnancy
outcome from the use of NSAIDs. The use of NSAIDs
during pregnancy was not associated with congenital
malformations, preterm delivery, or low birth weight, but
a positive association was discovered with spontaneous
abortions. NSAID use is compatible with breast-feeding.

The use of indomethacin, which successfully sup-
presses uterine contractions even after the failure of other
tocolytics, has been extensively reviewed (67).
Indomethacin crosses the human placenta and has mul-
tiple effects on the fetus, including constriction of the duc-
tus arteriosus and reduction of urine production. The risk
of ductus arteriosus constriction depends on the gesta-
tional age, with a dramatic increase at 32 weeks, when
almost 50% of cases show a significantly increased blood
flow through the ductus. Because of this high incidence,
indomethacin should not be used beyond 32 weeks.

ELDERLY. Adverse reactions in the elderly are
similar to those of salicylates, but some are unique to this
group of drugs. Gastrointestinal side effects with
dyspepsia, nausea, diarrhea, ulcers, and hemorrhage may
occur. CNS symptoms of somnolence, dizziness, tinnitus,
tremor, and confusion may occur, but these are usually
mild. Cognitive dysfunction, manifested by memory loss,
inability to concentrate, confusion, and personality
change, has been reported in patients over age 65 who
have received either naproxen or ibuprofen (68).

Second-Generation NSAIDs

Rofecoxib and celecoxib are second-generation NSAIDs
that inhibit prostaglandin synthesis via the inhibition of
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cyclooxygenase-2 (COX-2). In animal reproduction stud-
ies with rats and rabbits, rofecoxib caused peri- and
postimplantation losses and reduced embryo and fetal
survival at doses approximately nine and two times,
respectively. No teratogenicity was observed in rats. In
rabbits, a slight, nonstatistically significant increase in the
incidence of vertebral malformations was seen. Data from
the Merck Pregnancy Registry for Vioxx® (rofecoxib),
as of July 31, 2000, include eleven exposed pregnancies.
The outcomes in these cases were two normal live-born
infants, one lost to follow-up, and three ongoing preg-
nancies. Constriction of the ductus arteriosus in utero is
a pharmacologic consequence arising from the use of
prostaglandin synthesis inhibitors during pregnancy.
Although animal studies with rofecoxib did not show this
effect, it is not known if humans would be similarly unaf-
fected. There are no reports describing the use of rofe-
coxib during human lactation. The drug is excreted in the
milk of lactating rats at concentrations similar to those
in the plasma. The relatively long adult serum half-life
of rofecoxib (about 17 hours) and the absence of clinical
pharmacologic data in infants suggest that this agent
should be avoided during nursing (11).

Celecoxib is in the same NSAID subclass (COX-2
inhibitors) as rofecoxib. Teratogenicity studies have been
conducted in rats and rabbits. In pregnant rats, a dose-
related increase in diaphragmatic hernias was observed
in one of two studies at doses of 30 mg/kg/day (about six
times the MRHD). No teratogenic effects occurred in
pregnant rabbits. The use of first-generation NSAIDs dur-
ing the latter half of pregnancy has been associated with
oligohydramnios and premature closure of the ductus
arteriosus. Similar effects should be expected if celecoxib
is used during the third trimester or close to delivery. No
reports describing the use of celecoxib during human lac-
tation have been located. The drug is excreted in the milk
of lactating rats in concentrations similar to those mea-

sured in plasma. The relatively long adult serum half-life
of celecoxib (11.2 hours) and the absence of clinical phar-
macologic data in infants suggest that this agent should
be avoided during nursing (11).

All opioids can produce maternal and neonatal
addiction. Their use for prolonged periods and in high
doses at term is contraindicated. The amount of morphine
and meperidine excreted in breast milk is small, and these
medications may be used safely in therapeutic doses.
Addicts, however, may excrete significant amounts of
morphine and heroin, and symptoms of withdrawal can
be prevented by allowing their infants to breast-feed. Nar-
cotic use is compatible with breast-feeding (11,12,62).

CODEINE (11,62). Indiscriminate codeine use
may present a risk to the fetus during the first or second
trimester. Cleft lip, cleft palate, dislocated hips, inguinal
hernia, and cardiac and respiratory system defects have
been reported. Codeine passes into breast milk in very
small amounts.

PROPOXYPHENE (11,62). Three case reports have
linked propoxyphene use to congenital abnormalities,
but because other drugs were also used, the association
may be coincidental. The Collaborative Perinatal Project
found no evidence of increased malformations among
2,914 exposures (22).

OTHER DRUGS. Butorphanol, hydromorphone,
meperidine, methadone, and morphine are probably not
teratogenic (11,62).

ELDERLY. The acute analgesic effect of narcotics is
enhanced in the elderly (66).

Anticoagulants

Heparin is a relatively large molecule with a molecular
weight of approximately 20,000. It is highly charged and
fails to cross the placenta in any detectable amount.TABLE 4.9

Opioids

FETAL RISK

FDA TERIS BREAST-FEEDING

Butorphanol B** N-Min Compatible
Codeine C** N-Min Compatible
Hydromorphone B** N-Min Compatible
Meperidine B** N-Min Compatible
Methadone B** N-Min Compatible
Morphine B** N-Min Compatible
Propoxyphene C** N-Min Compatible

**D if prolonged or at term

TABLE 4.10
Anticoagulant and Antiplatelet Drugs

FETAL RISK

FDA TERIS BREAST-FEEDING

Heparin C N-M Safe
Low molecular C N-M Safe

weight heparin
Warfarin X S-M Compatible
Pentoxifylline C U Not 

recommended
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Although the protracted use of heparin may result in
osteoporosis and thrombocytopenia in the mother, there
has been no evidence that heparin is teratogenic, because
it does not cross the placenta. Heparin is not excreted in
breast milk, and mothers who use heparin may breast-
feed safely (69). Low-molecular-weight heparin has a
molecular weight of approximately 4,000 to 6,000 and
does not cross the placenta. Omri and associates (70)
reported on the use of low-molecular-weight heparin in
17 women without adverse effects, and Gillis and asso-
ciates (71) reported on its use in six pregnant women
without apparent adverse effects. Dulitzki and associates
(72) recently reported their experience with low-molecu-
lar-weight heparin in 41 pregnancies from 34 women and
found it to be both safe and efficacious (69).

Pentoxifylline is a synthetic xanthine derivative used
as a vasodilator and to lower blood viscosity in periph-
eral vascular and cerebrovascular disease. No epidemio-
logic studies of pentoxifylline use during either the first
trimester or the later stages of pregnancy are available (69).

Warfarin is a coumarin derivative that produces its
anticoagulant effect by interfering with clotting factors II,
VII, IX, and X. This anticoagulant and its derivatives are
relatively low in molecular weight and cross the placenta
readily, thus resulting in significant fetal levels. The pat-
tern of anomalies called the warfarin embryopathy or fetal
warfarin syndrome, includes nasal hypoplasia, stippled epi-
physes on radiographs, and growth retardation, and occurs
in approximately 10% of exposed infants. The period of
greatest susceptibility is between the sixth and ninth post-
menstrual weeks of gestation. Adverse outcomes, such as
fetal effects, neonatal deaths, stillbirths, spontaneous abor-
tions, and premature births, occur in 31% of treated preg-
nancies. Warfarin therapy during the second and third

trimesters can produce CNS and eye anomalies in approx-
imately 3% of children. Warfarin use in late pregnancy
causes fetal, placental, or neonatal hemorrhage (69).

BREAST-FEEDING. Although many review articles
state that oral anticoagulants are contraindicated in
nursing mothers, recent evidence indicates that warfarin
and dicumarol may be used safely. LeOrme and
coworkers (73) measured warfarin levels in the breast
milk of 13 mothers who were receiving therapeutic doses
of warfarin. They found a concentration of less than 25
mg/ml.

ELDERLY. Patients over 70 years of age are more
sensitive to the anticoagulation effect of warfarin and
frequently require lower doses. Older persons who are
receiving several drugs are at greater risk for drug
interactions that may lead to enhanced or diminished
effects of warfarin (Table 4.11).

Thrombolytics

The major thrombolytics include streptokinase, uroki-
nase, and tissue plasminogen activator. There are no large
randomized studies regarding their use during pregnancy.
Turrentine and colleagues (74) recently reviewed 36
reports involving 172 pregnant women treated with
thrombolytics for a variety of thromboembolic condi-
tions. A summary of the results revealed maternal mor-
tality in 1.2%, hemorrhagic complications in 8.1%, and
pregnancy loss in 5.8%. Pregnancy is considered to be a
relative contraindication to thrombolytic therapy, but it
would appear that it may be of benefit in some cases and
is relatively safe (69,74).

TABLE 4.11
Oral Anticoagulant Drug Interactions

INCREASED EFFECT DECREASED EFFECT

DRUG MECHANISM DRUG MECHANISM

Nortriptyline Absorption Cholestyramine Absorption
Allopurinol Metabolism Barbiturates Metabolism
Cimetidine
Disulfiram
Alcohol
Sulfonamides Protein-binding Alcohol (chronic) Metabolism
Phenylbutazone
Salicylates >3g/day
Antibiotics Protein-binding, vitamin K 

synthesis by bacteria
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Anticonvulsants (11,75,76)

Most AEDs (Table 4.12) have teratogenic potential; mech-
anisms include induced folate deficiency, interference with
folate metabolism, and the production of teratogenic inter-
mediary metabolites such as free radicals. One biologically
active metabolite, epoxide, is metabolized by the enzyme
epoxide hydrolase. Reduced amniocyte activity correlates
with the occurrence of congenital anomalies (77).

BREAST-FEEDING. The major AEDs currently in
use are usually compatible with breast-feeding. In
women with epilepsy who are taking sedating AEDs,
close monitoring of the newborn for sedation is
necessary. Levels of phenytoin, carbamazepine, and
valproic acid in breast milk represent a small fraction
of the dose that would produce therapeutic levels in the
infant. Sedating AEDs, such as benzodiazepines,
primidone, and phenobarbital, should not preclude a
trial of breast-feeding, although close monitoring of the
newborn is necessary. If the infant becomes sedated, it
is advisable to discontinue breast-feeding (78).

CARBAMAZEPINE (13,78). Carbamazepine is
probably a human teratogen, having a pattern of
congenital malformation whose principal features consist
of minor craniofacial defects, fingernail hypoplasia, and
developmental delay (similar to the fetal hydantoin
syndrome). There may also be a ninefold risk of neural
tube defects (0.6% incidence).

GABAPENTIN. It is not known whether gabapentin
crosses the human placenta. Because of its lack of protein

binding and low molecular weight (about 171), however,
transfer to the fetus should be expected. A 1996 review
reported 16 pregnancies exposed to gabapentin from
preclinical trials and postmarketing surveillance. The
outcomes of these pregnancies included five elective
abortions, one ongoing pregnancy, seven normal infants,
and three infants with birth defects. No specific
information was provided on the defects other than the
fact that there was no pattern of malformation, and all
were receiving polytherapy for epilepsy. The limited
human data do not allow an assessment of gabapentin’s
safety in pregnancy. No reports describing the use of
gabapentin during human lactation have been located.
Because of its low molecular weight (about 171), transfer
into milk should be expected. The effects of this exposure
on a nursing infant are unknown (11).

LAMOTRIGINE. Lamotrigine was not teratogenic
in animal reproductive studies involving mice, rats, and
rabbits using oral doses that were 1.2, 0.5, and 1.1 times,
respectively, the highest usual human maintenance dose.
Lamotrigine crosses the human placenta. An interim
report of the Lamotrigine Pregnancy Registry, an
ongoing project conducted by the manufacturer, was
issued in 2000. A total of 362 prospective pregnancies
(reported before the pregnancy outcome was known)
have been enrolled in the Registry. Of these, 66 outcomes
are pending and 52 have been lost to follow-up.
Outcomes are known for 244 pregnancies. The earliest
exposure to lamotrigine occurred in the first trimester
in 235 pregnancies, three in the second trimester, two in
the third trimester, and four with an unspecified time of
earliest exposure. Lamotrigine monotherapy was used in
98 outcomes with earliest exposure in the first trimester,
two outcomes with earliest exposure in the second
trimester, and five outcomes (one set of triplets) with
unspecified exposure timing. For first trimester
exposures, the outcomes were nine spontaneous
pregnancy losses (,20 weeks gestation), 27 elective
abortions (two with birth defects), one fetal death (<20
weeks), 14 live infants with birth defects, and 186 live
infants without birth defects (includes two sets of twins).
When the earliest exposure was in the second or third
trimesters, or the exposure timing was unspecified, the
outcomes were three, two, and six live-born infants,
respectively, without birth defects. Lamotrigine
monotherapy during the first trimester is associated with
esophageal malformation, cleft soft palate, and right club
foot. The animal and human data do not appear to
indicate a major risk for congenital malformations or
fetal loss following first trimester exposure to
lamotrigine. At least two reviews have concluded that
this anticonvulsant may be associated with a lower risk
of teratogenicity. Lamotrigine is excreted into breast
milk. No adverse effects have been seen in nursing

TABLE 4.12
Antiepileptic Drug Classification

FETAL RISK

FDA TERIS BREAST-FEEDING

Carbamazepine C S Compatible
Gabapentin C U Uncertain
Lamotrigine C U Not recom-

mended
Levetiracetam C U Caution
Oxcarbazepine C U Caution
Phenobarbital D M-S Compatible
Phenytoin D S-Mod Compatible
Primidone D S-Mod Caution
Tiagabine C U Caution
Topiramate C U Uncertain
Valproic Acid D S-Mod Compatible
Vigabatrin — U Uncertain
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infants of mothers taking lamotrigine, but the number of
known cases is too small to adequately assess the safety
of this drug during lactation. Monitoring infant serum
levels of lamotrigine may be required (11).

PHENOBARBITAL (11,12,76). Phenobarbital has
been in use since 1912, and phenytoin has been used
since 1938. It was not until the early 1960s that case
reports began to appear suggesting that phenytoin was
associated with the development of birth defects. In the
late 1960s, phenytoin was demonstrated to be a
teratogen in rodents, with the subsequent recognition of
a pattern of abnormalities in infants exposed to the drug
in utero.

Phenobarbital therapy in the pregnant woman with
epilepsy presents to the fetus a risk of minor congenital
abnormalities, hemorrhage at birth, and withdrawal. The
pregnant woman with epilepsy who is taking phenobar-
bital in combination with other AEDs has a two- to three-
fold increased risk of having a child with a congenital mal-
formation. It is not known if this is due to the drug, the
disease, or a combination of these factors. Barbiturates
have been demonstrated in breast milk, but therapeutic
doses appear to have little or no effect on the infant. A
greater amount of phenobarbital was transmitted when
a single dose of 1.5 g was administered than when the
same amount was given in divided doses throughout the
day (76). Phenobarbital may cause sedation in nursing
infants, and it should be used with caution in nursing
mothers.

PHENYTOIN (11,76). The use of phenytoin
during pregnancy involves significant risk (10%) to the
fetus in terms of major and minor congenital anomalies
and hemorrhage at birth.

TOPIRAMATE (25). There are no studies of
topiramate use in pregnant women. Topiramate should
be used during pregnancy only if the potential benefit
outweighs the potential risk to the fetus. Topiramate is
excreted in the milk of lactating rats. It is not known
whether topiramate is excreted in human milk. Because
many drugs are excreted in human milk, the potential for
serious adverse reactions in nursing infants is unknown.

VALPROIC ACID (11,76). Valproic acid is a
human teratogen. The absolute risk of producing a child
with a neural tube defect when used between day 17 and
day 30 after fertilization is 1 to 2%. A characteristic
pattern of facial defects is apparently also associated with
valproic acid (79–81). Valproic acid may also result in
impaired cognition in children born to mothers with
epilepsy (35).

The teratogenic potential of the new AEDs (vigaba-
trin, felbamate, tiagabine, and topiramate) is uncertain.

Antidepressants

In utero exposure to either tricyclic antidepressant drugs
or fluoxetine does not affect global intelligence quota, lan-
guage development, or behavioral development in
preschool children (82). Antidepressant use may be a con-
cern during breast-feeding. The exception is fluoxetine,
which should be used with caution. Its specific use dur-
ing pregnancy is described subsequently. The American
Academy of Pediatrics classifies all antidepressants as
drugs whose effect on the nursing infant may be of con-
cern (11) (Table 4.13).

Tricyclics

• Amitriptyline (11). Limb reduction anomalies have
been reported but not confirmed. Other malforma-
tions have been reported.

• Amoxapine (11). No case reports of teratogenicity.
• Desipramine (11). No case reports of teratogenicity.

Neonatal withdrawal symptoms reported.
• Doxepin (11). No case reports of teratogenicity. One

serious adverse reaction has been reported in a nurs-
ing infant.

• Imipramine (11). Malformations have been reported
but are rare. Neonatal withdrawal symptoms have
been reported.

TABLE 4.13
Antidepressants

FETAL RISK

FDA TERIS BREAST-FEEDING

Tricyclics
Amitriptyline D N-Min Concern
Amoxapine C U Concern
Desipramine C U Concern
Doxepin C U Concern
Imipramine D N-Min Concern
Nortriptyline D U Concern
Protriptyline C U Concern
SSRIs
Citalopram C N Concern
Fluoxetine B N Concern
Paroxetine C U Concern
Sertraline B U Concern
MAOIs
Phenelzine C U Concern
Others
Bupropion B U Concern
Venlafaxine C U Concern
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• Nortriptyline (11). See amitriptyline.
• Phenelzine (11). Increased risk found.
• Protriptyline (11). No data available.

ELDERLY. All tricyclic antidepressants exert both
central and peripheral anticholinergic activities and block
the histamine H-1 and H-2 receptors (which may be
responsible for weight gain) (83). Elderly persons are
especially sensitive to these side effects. The patient’s
tolerance of a tricyclic is often determined by a patient’s
ability to tolerate these effects.

Selective Serotonin Reuptake Inhibitors (SSRIs)

CITALOPRAM. Citalopram does not appear to be
a major human teratogen, although the data are still
limited. Citalopram is excreted into human milk. In their
product information, the manufacturer describes two
infants whose mothers were receiving citalopram and
who had excessive somnolence, decreased feeding, and
weight loss associated with nursing.

FLUOXETINE (25). There is no evidence of
teratogenicity in animals. Chambers and colleagues (84)
concluded that women who take fluoxetine during
pregnancy do not have an increased risk of spontaneous
pregnancy loss or major fetal anomalies, but that they
are at increased risk for minor anomalies, indicating a
teratogenic effect. Women who are exposed during the
third trimester are at increased risk for premature
delivery, poor neonatal adaptation, cyanosis on feeding,
and jitteriness (84). In contrast to these results, five
cohort studies, which included approximately 450
pregnancies and focused on the relationship between
fluoxetine and developmental effects, suggested that
children exposed in utero, whether early or late in
gestation, do not have an increased risk of birth defects,
poor perinatal condition, or neurodevelopmental delay
(85). Maternal age was higher in the fluoxetine group
in the study of Chambers and coworkers (84), which may
partly explain the observed excess of poor perinatal
outcomes. Prematurity, admission to a special-care
nursery, and poor neonatal adaptation are also associated
with maternal psychiatric disorders. The comparison
between the early-exposure and late-exposure groups led
the authors to conclude that exposure to fluoxetine in
late pregnancy increases the risk of perinatal problems.
This finding might also be explained by the fact that
patients with severe depressive illness need treatment
throughout pregnancy, whereas those with mild forms of
the illness do not.

PAROXETINE. The animal reproductive data and
limited human pregnancy experience does not appear to
indicate that paroxetine poses a major teratogenic risk.

However, the available human studies lack the sensitivity
to identify minor anomalies because of the absence of
standardized examinations. Late-appearing major defects
may also have been missed in at least two of the studies
because of the short time frame. Withdrawal symptoms
were reported in four infants exposed to paroxetine
during gestation, but other drug exposures may have
contributed to the conditions. Paroxetine is excreted into
human breast milk. Its effect on the infant is unknown,
thus the mother should be given this information so that
she can actively participate in any decision (11).

SERTRALINE. Sertraline is an SSRI. The limited
animal and human data do not support a major
teratogenic risk from sertraline use during pregnancy. In
a 1998 study, the mean milk:plasma ratios of sertraline
and the metabolite in eight lactating women (mean dose
1.05 mg/kg/day) were 1.93 and 1.64, respectively. The
estimated infant doses were 0.2% and 0.3%, respectively,
of the weight-adjusted maternal dose. No adverse effects
from the drug exposure were noted in the infants. All had
achieved normal development milestones.

Other Antidepressants

BUPROPION. Bupropion is a unique antidepressant
of the aminoketone class. After reviewing the 90
prospectively reported pregnancy outcomes, the
Bupropion Pregnancy Registry Advisory Committee
concludes that this sample is insufficient to reliably
compute a birth defect risk, and no conclusions can be
made regarding the possible teratogenic risk of bupropion.
Bupropion is excreted into human breast milk.

VENLAFAXINE. Reproduction studies in rats and
rabbits at doses up to 2.5 and 4 times the maximum
recommended human daily dose based on body surface
area (MRHD), respectively, did not reveal teratogenicity.
A 1994 review of venlafaxine included citations of data
from the clinical trials of this drug involving its use during
gestation in 10 women for periods ranging from 10 to 60
days, apparently during the first trimester. No adverse
effects of the exposure were observed in four of the infants
(information was not provided for the other six exposed
pregnancies). The FDA has not received any reports of
adverse pregnancy outcomes involving the use of the drug
during gestation. Venlafaxine is excreted into human breast
milk. The American Academy of Pediatrics considers the
effects of other antidepressants on the nursing infant to
be unknown, although they may be of concern.

Antihypertensives

BETA-BLOCKERS (11,12,86–88). There is no
evidence of human teratogenicity of the beta-blockers,
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but fetal and neonatal toxicity may occur. A 1988 review
of beta-blocker use during pregnancy concluded that
these drugs are relatively safe. Newborn infants, however,
should be observed for bradycardia, hypoglycemia, and
other symptoms of beta-blockage (87).

BREAST-FEEDING. Beta-blocker use is compatible
with breast-feeding.

• Atenolol (11). No fetal malformations have been
reported. Reduced birth weight and perinatal beta-
blockade in the newborn have been reported.

• Metoprolol (11). No fetal malformations reported.

• Nadolol (11). One case report of growth retardation
and beta-blockade.

• Propranolol (11,12,86) (Table 4.15).

A number of fetal and/or neonatal adverse effects
have been reported (61,87,88). Whether these are due
to propranolol, maternal disease, or other drugs is not
clear. Daily doses of 160 mg or higher seem to produce
more serious complications. Most case reports show
intrauterine growth retardation, hypoglycemia, brady-
cardia, and respiratory depression. Propranolol is prob-
ably not a teratogen, but fetal and neonatal toxicity may
occur.

ELDERLY. Propranolol is cleared by the liver; its
half-life in plasma lengthens with age, from
approximately 3 hours in young adults to 6 to 8 hours
in elderly persons (89). The tissue distribution slows,
while an increase in bioavailability secondary to
decreased metabolism occurs. Metoprolol’s first-pass
metabolism decreases with age, which leads to increased
bioavailability (90), but this produces no change in its
half-life or metabolite accumulation (91). There is
decreased beta-adrenoceptor sensitivity to both agonists
(isoproterenol) and antagonists (propranolol) (92).

Adrenergic Blockers

• Clonidine (11). There are no reports of teratogenic-
ity, but experience is limited.

Calcium Channel Blockers (Table 4.14)

• Cardizem (11). No studies or reports in pregnant
women.

• Nifedipine (11). Experience is limited. Adverse reac-
tions have occurred when the drug is combined with
magnesium sulfate.

TABLE 4.15
Beta-Blockers in the Elderly

CARDIO- ACTIVE ROUTE OF

DRUG HALF-LIFE SELECTIVE METABOLITES EXCRETION STARTING DOSE

Propranolol 3 hours (young adults) No Yes Hepatic and renal 10 mg bid qid
6 to 8 hours (elderly)

Metoprolol 3 to 6 hours Yes No Hepatic 25 mg bid
Timolol 3 to 4 hours No No Hepatic 5 mg bid
Nadolol 24 hours (young adults) No No Renal 20 mg qd

30 to 72 hours (elderly)
Atenolol 6 to 9 hours (young adults) Yes No Renal 25 mg qd

16 to 27 hours (elderly)

TABLE 4.14
Antihypertensives

FETAL RISK

FDA TERIS BREAST-FEEDING

Beta-Blockers
Atenolol C U Compatible
Metoprolol B U Compatible
Nadolol C U Compatible
Propranolol C U Compatible
Timolol C U Compatible
Adrenergic Blockers
Clonidine C U Compatible
Calcium Channel Blockers
Diltiazem C U Compatible
Nifedipine C U Compatible
Nimodipine C U Uncertain
Verapamil C U Compatible
Ace Inhibitors
Enalapril D Mod Compatible
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• Verapamil (11). There is no evidence of terato-
genicity in animals. There are no adequate, well-con-
trolled studies in women.

ELDERLY. The side effects of calcium channel
blockers may be particularly troublesome in the elderly.
Verapamil may cause headaches, hypotension, flushing,
dizziness, constipation, and nausea. High-grade heart
block and congestive heart failure occur, but these
complications are rare. Noncardiogenic pedal edema
occurs in approximately 25% of all patients.

Antiparkinsonian Drugs

BROMOCRIPTINE (11). Bromocriptine does not
pose a significant risk to the fetus. The pattern and
incidence of anomalies is similar to those expected in a
nonexposed population. Because bromocriptine suppresses
lactation, its use is contraindicated during breast-feeding.

ELDERLY. Levodopa clearance is reduced, and side
effects such as postural hypotension and confusion are
aggravated. Bromocriptine and pergolide are not better
tolerated in patients who become confused.
Anticholinergic agents should be avoided.

Antiviral Drugs

Most pediatric HIV cases result from vertical transmis-
sion of the virus from the mother to the infant during
pregnancy or at the time of labor and delivery. Anti-HIV
nucleoside drugs (Table 4.17) are used in pregnancy and
have two objectives: (i) to reduce progression of the dis-
ease in the mother, and (ii) to reduce transmission of the
virus from the mother to the infant or modify the sever-
ity of the transmitted infection.

ACYCLOVIR. Acyclovir is the most commonly used
antiviral drug for the treatment of herpes simplex virus

and varicella zoster virus infections. No placental tissue
metabolism can be shown (93). Cord blood levels are
close to maternal blood levels, whereas amniotic fluid
levels are three to six times the corresponding cord
plasma levels.

ZIDOVUDINE. When zidovudine was given during
the third trimester of pregnancy to HIV-infected
asymptomatic pregnant women, it was well tolerated and
appeared safe for both mother and infant (94).

Corticosteroids (11)

Cortisone

Reports of congenital defects reflect greater cortisone use
and do not necessarily suggest that it is a more potent ter-
atogen than other glucocorticoids. The Collaborative
Perinatal Project found no relationship between cortisone
and congenital malformations (22). Some concern regard-
ing neonatal adrenal hyperplasia or insufficiency from
maternal corticosteroid administration has been raised.

Dexamethasone

No reports link the use of dexamethasone to congenital
defects. Leukocytosis has been observed in mothers and
in newborn infants. Animal studies have been associated

TABLE 4.16
Antiparkinsonian Drugs

FETAL RISK

FDA TERIS BREAST-FEEDING

Dopaminergic
Bromocriptine C U Contraindicated
Pergolide B U Unknown
Levodopa C U Unknown
Carbidopa C U Unknown
Amantadine C U Not 

recommended

TABLE 4.17
Antiviral Drugs

FETAL RISK

FDA TERIS BREAST-FEEDING

Amantadine C U Not 
recommended

Acyclovir C U Caution
Zidovudine C U Unknown
Famciclovir B U Not 

recommended

TABLE 4.18
Corticosteroids

FETAL RISK

FDA TERIS BREAST-FEEDING

Cortisone D N-Min Compatible
Dexamethasone C N-Min Compatible
Prednisone B N-Min Compatible
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with toxic effects, including increased fetal liver weight,
reduced fetal head circumference, and reduced adrenal,
thymus, and placental weight. These effects have not been
observed in humans.

Prednisone

Along with prednisolone, prednisone poses a very small
risk to the developing fetus. The drugs do not cross the
placenta easily, except in large doses. Their use is com-
patible with breast-feeding.

Neuroleptics and Antiemetics

Neuroleptics

CHLORPROMAZINE (11,95). One survey found an
increased incidence of defects, and there is one report of
ectromelia (gross hypoplasia or aplasia of one or more
long bones or limbs). Most studies, however, have found
chlorpromazine to be safe for both mother and fetus if
used occasionally in low doses. Its effect on the nursing

infant is unknown, but it may cause drowsiness or
galactorrhea in the infant.

HALOPERIDOL (11,95). Haloperidol has been
associated with two case reports of limb malformation.
Other investigators have not found these defects. Its effect
on the nursing infant is unknown, but may be of concern.

METOCLOPRAMIDE (11). No congenital
malformations have been reported. Normal infant
development for up to 4 years following the use of
metoclopramide has been reported. Despite theoretic
concerns, there is no evidence that metoclopramide in
moderate doses of 45 mg or less presents a risk to the
nursing infant.

PROCHLORPERAZINE (11,95). Despite occasional
reports of congenital defects in children exposed to
prochlorperazine, the majority of evidence indicates that
the drug and the general class of phenothiazines
(promethazine, promazine) are safe for mother and fetus
if used occasionally and in low doses.

Antiemetics

DOXYLAMINE (95). Doxylamine alone, or in
combination with vitamin B6 (Bendectin®), is not associated
with an increased risk of congenital malformations.

EMETROL (95). Emetrol is a phosphorylated
carbohydrate solution that acts locally on the wall of the
gastrointestinal tract.

TRIMETHOBENZAMIDE (95). Trimethobenzamide
has been associated with a low risk of congenital
malformations.

Sedatives, Hypnotics, and Antihistamines 

Barbiturates

BUTALBITAL (11). Butalbital is a short-acting
barbiturate that has not been found to be associated with
malformations. Severe neonatal withdrawal can occur
from prolonged overuse. Data relating to breast-feeding
are not available.

Benzodiazepines (11,62)

CHLORDIAZEPOXIDE (11). Chlordiazepoxide has
been associated with an increased risk of congenital
malformation in some, but not all, studies. Neonatal
withdrawal can occur when chlordiazepoxide is given
at term.

TABLE 4.19
Neuroleptics/Antiemetics

FETAL RISK

FDA TERIS BREAST-FEEDING

Other
Emetrol B U Compatible
Doxylamine and B N NA

Vitamin B6
Trimethobenzamide C N-Min NA
Neuroleptics
Phenothiazines

Chlorpromazine C N-Min Concern
Prochlorperazine C N Compatible
Promethazine C N NA
Promazine C U NA

Butyrophenones
Haloperidol C N-Min Concern

Thioxanthenes
Thiothixene C U NA

Other
Metoclopramide B N-Min Concern
Olanzapine C U Not 

recommended
Risperdal C U Not 

recommended
Quetiapine C U Not 

recommended
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DIAZEPAM (11). Diazepam has been associated
with congenital abnormalities, including inguinal hernia,
cardiac defects, and pyloric stenosis. Small doses during
labor are not harmful to the mother or her infant.
Diazepam and its active metabolite, desmethyldiazepam,
are excreted in breast milk in measurable quantities, even
though the drug is highly protein bound. Therefore, there
is a risk of accumulation if this drug is used in lactating
women. The effect of diazepam on the nursing infant is
unknown, but it may be of concern because of its
potential for sedation.

Recently it has been suggested that the high rate of
teratogenicity after heavy maternal benzodiazepine use
may be a result of coincident alcohol and substance abuse
and not due solely to benzodiazepine exposure.

LORAZEPAM (11). No reports linking lorazepam
with congenital defects have been located. It is excreted
in breast milk and may be of concern because of its
potential for sedation.

ELDERLY. Toxic effects arise from both an
increased sensitivity to central nervous system effects and
alterations in pharmacokinetics. The benzodiazepines
that rely on hepatic oxidative metabolism (diazepam,
flurazepam, nitrazepam, and chlordiazepoxide) have an
increased elimination half-life, with higher plasma levels
of both the drug and its active metabolites. This may
produce lethargy, excessive sedation, confusion,
orthostatic hypotension, and ataxia. Benzodiazepines

that are metabolized by conjugation with glucuronic acid
(temazepam, oxazepam, and lorazepam) do not have
significant metabolic changes in the elderly (96).

Antihistamines (11,12,95)

Meclizine, cyclizine, and dimenhydrinate are probably
not associated with an increased risk of malformations.

CYPROHEPTADINE (11). There is no evidence of
fetal abnormalities. Contraindicated for nursing mothers
because of sedation of the infant.

ZOLPIDEM (25). No teratogenic effects have been
reported in animals. No studies in humans. Risk for
withdrawal in neonates exists. Not recommended in
nursing mothers because of sedation of the infant.

Other Drugs

Diphenoxylate (11) (in combination with atropine)

One case of an infant with multiple defects, including
Ebstein’s anomaly, has been reported.

Lidocaine (11)

There is no evidence of an association with large cate-
gories of major or minor malformations or individual
defects.

Lithium (11)

Lithium should be avoided during pregnancy if possible,
especially during the first trimester. Infants with cardio-
vascular defects, including the rare Ebstein’s anomaly,
have been reported, but this association may be less fre-
quent than previously thought (97). Lithium use near
term may produce severe, usually reversible, toxicity in

TABLE 4.20
Sedatives, Hypnotics, and Antihistamines

FETAL RISK

FDA TERIS BREAST-FEEDING

Antihistamines
Cyclizine B U NA
Cyproheptadine B U Contraindicated
Dimenhydrinate B U NA
Meclizine B N-Min NA
Barbiturates
Butalbital C N-Min Caution
Phenobarbital D N-Min Caution
Benzodiazepam
Chlordiazepoxide D N-Min Concern
Clonazepam D U Concern
Diazepam D N-Min Concern
Lorazepam D U Concern
OTHER
Zolpidem B U Not 

recommended

TABLE 4.21
Other Drugs

FETAL RISK

FDA TERIS BREAST-FEEDING

Diphenoxylate C U Compatible
Lidocaine C None* NA
Lithium C Small Contraindicated
Paregoric B U Compatible

*As local anesthetic
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the newborn. Lithium is excreted in breast milk and
results in serum levels in nursing infants of approxi-
mately one-third to one-half the maternal serum levels.
Several authors (98) have reported toxic effects of
lithium in neonates born to women who received lithium
during pregnancy. Lithium is contraindicated during
breast-feeding.

Paregoric (11)

Paregoric is a mixture of opium powder, anise oil, ben-
zoic acid, campho, glycerin, and ethanol. No evidence has
been found to suggest a relationship to any major or
minor malformation or to individual defects.
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ntiepileptic drugs (AEDs) represent
a rapidly growing pharmaceutical
class with efficacy in a number of
neurological and psychiatric disor-

ders, including epilepsy, pain, migraine, depression, bipo-
lar disorder, and social anxiety disorders. Maintaining
familiarity with the efficacy and tolerability profiles of
individual agents, as well as the pharmacokinetics pro-
files, is challenging. In addition, the long-term health con-
sequences of taking AEDs must be considered for the
many patients who must take these agents for years or
even a lifetime. This chapter focuses on AED use in
women. Relevant information is also contained in Chap-
ter 15, Seizures and Epilepsy in Women, including infor-
mation about the dosing and pharmacokinetics charac-
teristics of each AED.

CONTRACEPTION IN WOMEN 
WITH EPILEPSY

Women taking cytochrome P450 (CYP450)
enzyme–inducing AEDs have perhaps a fivefold increase
in the failure rate of oral contraceptive agents (1,2)
because the metabolism of the contraceptive steroid is
increased. The hormone dosage, particularly with low-
dose hormone pills (the minipill), may not be sufficient to
be effective. Phenytoin, carbamazepine, and the barbitu-

rates phenobarbital and primidone, induce CYP450
enzymes, increase steroid hormone metabolism, and bind
to sex hormone binding globulin (SHBG) (Table 5.1).
Both mechanisms reduce the bioavailable concentration
of steroid hormone. Oxcarbazepine at doses in excess of
1,200 mg per day also induces cytochrome P450 enzymes,
as does topiramate at dosages in excess of 200 mg per day.
Valproate effectively inhibits this enzyme system, thereby
slowing the metabolism of contraceptive hormones.
Gabapentin, lamotrigine, levetiracetam, and zonisamide
do not alter steroid hormone metabolism and thus do not
interfere with hormonal contraceptives.

Women taking CYP450 enzyme–inducing AEDs
who wish to use oral hormonal contraception should con-
sider using a product containing at least 50 µg of the
estrogen product (3) to regulate menstrual bleeding,
rather than the commonly used minipill, which contains
35 µg of estrogen or less. Other forms of hormonal con-
traception, such as subdermal levonorgestrel (Norplant®),
a slow-release contraceptive containing only proges-
terone, also carry a higher risk for failure (4,5).

EFFECTS OF AEDs ON PHYSIOLOGICAL 
SEX STEROID HORMONES

Just as the AEDs alter concentrations of sex steroid hor-
mones used for contraception, so they alter concentrations
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of endogenous ovarian and adrenal steroid hormones. This
subject is reviewed in more detail in Chapter 6. In brief,
CYP450 enzyme–inducing AEDs reduce the concentra-
tions of ovarian estradiol and testosterone, as well as
adrenal androgens such as androstenedione and DHEAS.
Some authors have associated these reductions in andro-
gens with sexual dysfunction in women using AEDs. Val-
proate, as a CYP450 enzyme inhibitor, is associated with
elevations in ovarian and adrenal androgens. The clinical
implications of this are discussed in the sections on poly-
cystic ovary syndrome and carbohydrate metabolism.
AEDs that have no effect of CYP450 enzymes probably do
not change steroid hormone concentrations. This has been
studied directly for gabapentin and lamotrigine. Women
receiving either of these AEDs in monotherapy for epilepsy
had no difference from nonepileptic untreated controls in
concentrations of any steroid hormone (6).

EFFECTS OF AEDs ON BONE HEALTH

Some AEDs alter bone mineral metabolism and compro-
mise bone health, especially in women who have smaller
bone mass. Women using phenytoin, phenobarbital, and
perhaps carbamazepine and valproate, are at higher risk
for bone disorders such as osteopenia, osteoporosis,
osteomalacia, and fractures (7–9). A prospective study
evaluating the risk of hip fractures in women older than
65 years found that women taking AEDs were twice as
likely to have a hip fracture (10).

AED associated bone disease is the consequence of
a number of biochemical abnormalities of bone metabo-

lism (11). AEDs may alter bone mineral metabolism by
decreasing calcium and increasing bone turnover. AEDs
that interfere with intestinal calcium absorption could
directly affect bone cell function, possibly through the
inhibition of cellular responses to phenytoin (8,12), but
this cannot be the only mechanism. Whereas reproduc-
tive-age women taking carbamazepine, phenytoin, and
valproate had significantly reduced calcium levels com-
pared with women receiving lamotrigine, only phenytoin
was associated with increased bone turnover (13), as mea-
sured by metabolic markers indicating enhanced
osteoblast and osteoclast activity. Valproate was associ-
ated with impaired osteoblastic differentiation but not
with a change in osteoclast activity. Women receiving lam-
otrigine showed no abnormalities in any marker of bone
metabolism.

Given the available data, women with epilepsy
receiving AEDs should engage in good bone health prac-
tices, including adequate daily calcium (1,200 mg/day)
and vitamin D, and gravity-resisting exercise. Bone den-
sity scans should be obtained after treatment with pheny-
toin, carbamazepine, or valproate for 5 or more years,
although it seems reasonable to consider this after 3 years.
Treatment with bisphosphonates, calcitonin, estrogen, or
testosterone may be recommended for women with bone
loss.  Individuals with bone loss by density scan should
be monitored with density scans yearly, or until bone loss
begins to reverse.

AEDs AND POLYCYSTIC OVARY SYNDROME

The neurology community has been concerned about the
increased prevalence of polycystic appearing ovaries and
anovulatory menstrual cycles in women with epilepsy
receiving AEDs (see Chapter 15 for detail). One question
has been whether these observations imply that women
with epilepsy are at greater risk for polycystic ovary syn-
drome and if such risk applies to women using AEDs for
other indications.

Polycystic ovary syndrome is a gynecological syn-
drome affecting 7% of reproductive-aged women. Poly-
cystic ovaries are found in 15% to 20% of reproductive-
aged women and are not a component of the diagnostic
criteria for polycystic ovary syndrome. The syndrome
diagnosis requires frequent anovulatory cycles and phe-
notypic or serologic evidence for hyperandrogenism. This
may present as centripetal obesity, hirsuitism with
increased facial and body hair and loss of scalp hair over
the crown and temporal recession, and acne. Serum
androgens may be elevated, and there is often an eleva-
tion in the ratio of luteinizing hormone (LH) to follicle
stimulating hormone (FSH). The metabolic defect under-
lying the syndrome is believed to be related to insulin
insensitivity, perhaps because of a genetically determined

TABLE 5.1
Antiepileptic Drug Effects on Oral 

Hormonal Contraception

AEDs that induce liver enzymes and may compromise
OC efficacy

Carbamazepine (Tegretol®, Carbatrol®)
Phenytoin (Dilantin®)
Phenobarbital®
Mysoline (Primidone®)
Oxcarbazepine (Trileptal®)1

Topiramate (Topamax®)2

AEDs that do not compromise OC efficacy
Gabapentin (Neurontin®)
Levetiracetam (Keppra®)
Lamotrigine (Lamictal®)
Valproate (Depakote®, Depakene®)
Zonisamide (Zonegran®)

1At dosages above 1,200 mg/day
2At dosages above 200 mg/day
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abnormality in the insulin receptor. The importance of
diagnosis comes from concerns about the long-term
health risks associated with the syndrome. These risks
include infertility, carbohydrate intolerance and diabetes,
dyslipedemia with accelerated atherosclerosis, and
endometrial carcinoma. Therefore, treatment is advo-
cated, even for women not actively trying to conceive.
Treatment includes dietary alterations, regulation of pitu-
itary and gonadal hormones with oral contraceptives, and
even hypoglycemic and lipid-lowering agents (14).

Women with epilepsy and women with bipolar dis-
ease have a high frequency of menstrual cycles that are
abnormally long and thus suggestive of anovulatory cycles
(see Chapter 15). In studies of women with epilepsy, 25%
to 50% of cycles are anovulatory, depending on the
epilepsy syndrome. A similar prevalence of anovulatory
cycles is believed to affect women with bipolar disorder.
Although epilepsy and bipolar disorder appear to be one
variable associated with this polycystic-ovary-like syn-
drome, valproate—an AED that is an effective treatment
for both disorders—seems to promote weight gain, car-
bohydrate intolerance, and elevated androgens in some
women. Therefore, some women with these disorders
who are receiving valproate present with a physical
appearance, endocrinopathy, and cycle disturbance that
very much resembles polycystic ovary syndrome. It is not
known, however, whether this phenomenon has long-term
health consequences similar to polycystic ovary syndrome.

Given present knowledge, the strategy is to watch
closely for weight gain, cycle lengths shorter than 23 days
or longer than 35 days (which is suggestive of anovula-
tion), and query regarding changes in body or facial hair,
as well as acne. This topic is discussed in detail with rel-
evant references in Chapter 15.

AEDs AND LIPID, INSULIN, AND
CARBOHYDRATE METABOLISM

Changes in lipid metabolism and body weight are asso-
ciated with use of some AEDs and may cause long-term
adverse health effects. Carbamazepine, phenytoin, and
phenobarbital increase high-density lipoproteins (HDLs)
and may have cholesterol-lowering effects (15–18). Car-
bamazepine does not alter trigycerides (19). Counteract-
ing these favorable lipid trends, carbamazepine and
phenytoin elevate low-density lipoproteins (LDLs). Val-
proate increases triglycerides, LDLs as well as HDLs,
leading to an unfavorable lipid profile (20). Valproate-
associated dyslipidemia may be a consequence of val-
proate-associated obesity and hyperinsulinemia (21).
Until the nature and mechanisms of AED-associated alter-
ations in lipid metabolism are better understood, clini-
cians should monitor cholesterol and lipid profiles in per-
sons receiving AEDs.

Changes in carbohydrate metabolism induced by
some AEDs are associated with a change in body mass
index. Carbamazepine, gabapentin, and valproate are asso-
ciated with weight gain in some patients, whereas felba-
mate, topiramate, and zonisamide are associated with
weight loss. Levetiracetam, lamotrigine, and oxcarbazepine
are weight neutral and do not change fasting or postpran-
dial insulin levels (21,22). Lamotrigine is not associated
with changes in weight in adults (21) or adolescents (23).

Approximately 50% of persons taking valproate for
epilepsy experience significant weight gain, defined as
more than 4 kg  (24–26). Significant weight gain affects
children and adolescents, as well as adults (23,27–29), and
is usually evident early in therapy (within 3 to 6 months).

The mechanism for weight gain with valproate
appears related to changes in lipid and carbohydrate
metabolism, so may be relatively resistant to dietary
manipulations. Valproate inhibits mitochondrial beta-
oxidation and impairs the utilization of free fatty acids,
which are then stored as fat (26). Increased free fatty acids
increase insulin production and appetite. Valproate also
increases GABA, an inhibitory neurotransmitter that
increases appetite. Leptin, which also mediates appetite,
is elevated in persons gaining weight on valproate (23,30).

Individuals gaining weight on valproate may have
some degree of underlying insulin resistance. This hypoth-
esis is supported by observations that fasting and post-
prandial insulin and proinsulin levels are elevated in obese
adolescents and in adults taking valproate (19,20,22). Per-
sons who gain weight on valproate have higher insulin lev-
els than those who do not gain weight (30).

Topiramate is associated with weight loss in persons
with epilepsy and in nonepileptic patients. Persons with
weight gain associated with use of serotonin reuptake
inhibitors lose weight when treated with topiramate
(31,32). Glycemic control is improved in persons with
type II diabetes taking topiramate (33). Topiramate is also
associated with a reduction in the number of binge eat-
ing episodes and weight loss in persons with eating dis-
orders (34).

The mechanism of topiramate associated weight loss
is not known. In rodents, topiramate decreases lipopro-
tein lipase and inhibits fat deposition, reduces food intake,
and enhances thermogenesis. Weight loss may be medi-
ated through first- and second-messenger systems and
augmentation of serotonin receptors, or through the
antagonism of glutamate (35). Topiramate may also
increase insulin sensitivity, thus reducing insulin levels.

AED USE IN PREGNANCY

Women taking AEDs are understandably concerned that
these agents will compromise pregnancy and harm the
fetus. Accumulating data allow health care providers to
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better counsel women receiving AEDs about pregnancy
and fetal risks.

AEDs taken by the mother pass the placenta and
enter the fetal circulation. Significant concentrations of
the total and nonprotein-bound (free) AEDs are detected
in the newborn (36). As shown in Table 5.2, the individ-
ual fetal-to-maternal total AED concentration is inversely
correlated with the fetal to maternal free fraction ratios
for carbamazepine, phenobarbital, and phenytoin. The
maternal free fraction of valproate is much higher in the
mother than the fetus because the increase in free fatty
acids during later pregnancy increases the free fraction
of valproate. Data are not available for all the newer
AEDs.

AED concentrations may change during pregnancy.
Changes in total AED concentrations are related to an
increase in plasma volume of 40% to 50%, and an
increase in renal clearance and hepatic metabolism. The
pharmacokinetics of some AEDs are more profoundly
affected than that of others, probably because of preg-
nancy-related differential effects on CYP450 enzymes
(Table 5.3). Although the total concentration falls for
many AEDs, there tends to be an increase in the percent-
age of the nonprotein bound fraction of drug because of
a reduction in albumin and, thus, in protein binding (37).
Therefore, it is necessary to follow the non–protein-

bound drug concentration, especially for AEDs that are
highly protein bound, such as carbamazepine, phenytoin,
and valproate. Dose adjustments should aim to maintain
a stable nonprotein-bound fraction. Significant preg-
nancy-related reductions can be anticipated in concen-
trations of carbamazepine, phenytoin, phenobarbital,
lamotrigine, and sometimes valproate (see Chapter 15 for
more information).

AED-ASSOCIATED BIRTH DEFECTS

The older AEDs (benzodiazepines, phenytoin, carba-
mazepine, phenobarbital, and valproate) are associated
with a higher risk of fetal major malformations, includ-
ing cleft lip and palate and cardiac defects (atrial septal
defect, tetralogy of Fallot, ventricular septal defect, coarc-
tation of the aorta, patent ductus arteriosus, and pul-
monary stenosis) (38–40). Cleft lip and palate are
increased by a factor of 4.7 in children of AED treated
mothers with epilepsy compared to the background rate
(40). Carbamazepine and valproate are also associated
with neural tube defects (NTDs) such as spina bifida
(41,42). Exposure to AEDs, rather than the maternal trait
of epilepsy, appears to be the cause of malformations.
This suggests that women taking AEDs during pregnancy
for indications other than epilepsy will have similar risks
for birth defects.

The incidence of major malformations in infants
born to mothers with epilepsy taking carbamazepine or
phenytoin is believed to be 4% to 6%, compared with
2% to 4% for the general population. Neural tube defects
(spina bifida and anencephaly) occur in 0.5% to 1% of
infants exposed to carbamazepine (42) and 1% to 2%
of infants exposed to valproate during the first month of
gestation (41). Minor congenital anomalies associated
with AED exposure include facial dysmorphism and dig-
ital anomalies, which arise in 6% to 20% of infants
exposed in utero to the older AEDs (43). This represents

TABLE 5.2
FDA Use-in-Pregnancy Risk Categories

Category C
Animal studies have shown no adverse effect on the
fetus (teratogenic, embryocidal, or other) but there are
no adequate studies in humans. The benefit from the
use of the drug in pregnant women may be acceptable
despite its potential risks.

Gabapentin
Felbamate
Lamotrigine
Levetiracetam
Oxcarbazepine
Tiagabine
Zonisamide

Category D
Positive evidence of human fetal risk exists, but the
potential benefits of the drug in pregnant women may
be acceptable despite its potential risks (e.g., for a life-
threatening condition or a serious disease for which
safer drugs cannot be used or are ineffective).

Carbamazepine
Phenobarbital
Phenytoin
Valproate (valproic acid, divalproex sodium)

TABLE 5.3
Maternal and Fetal AED Concentrations

FETAL-TO- FETAL-TO-
MATERNAL TOTAL MATERNAL FREE

AED CONCENTRATION CONCENTRATION

Phenobarbital 0.86 1.13
Phenytoin 0.91 1.10
Carbamazepine 0.73 1.42
Valproate 1.59 0.50
Lamotrigine 1.02 to 1.55 —

Reproduced with permission from Myllyne, et al.
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a twofold increase over the general population. Minor
anomalies in infants of epileptic mothers taking carba-
mazepine, phenobarbital, phenytoin, or valproate include
ocular hypertelorism, epicanthal folds, nasal growth defi-
ciency, abnormal ears, low hairline, distal digital hypopla-
sia, nail hypoplasia, and low arched fingertip dermoto-
glyphic patterns (44).These dysmorphisms are essentially
identical to those seen with fetal alcohol syndrome and
may be outgrown in the first several years of life (38).

The risk of teratogenicity is partly related to the
extent of fetal exposure to the AED (45). The risk of birth
defects increases significantly with AED polytherapy
(38,45) and with higher daily doses (41,46). In one study
in Japan (45), the risk of malformation after exposure to
a single AED was 2% to 4%, whereas the risk had
increased to more than 20% after exposure to four or
more AEDs. Some investigators have suggested that it is
the peak dose to which the fetus is exposed rather than
the cumulative dose exposure that determines teratogenic
risk (Morrell, 1997). This concern has led some clinicians
to divide the total AED dose into more frequent intervals,
particularly for women who require a higher daily dose.
Please see Chapter 4 for further review of drug safety.

Children born to women with a history of seizures
on and off AEDs, delivering at one of five maternity hos-
pitals in the Boston area, were examined for birth defects
(47). Identified mother–infant pairs were compared with
control pairs of nonepileptic mothers and infants. Con-
sidering major malformations alone, 4.5% of women
with epilepsy taking a single AED gave birth to a child
with a major malformation, whereas 8.6% of women tak-
ing two or more AEDs had a child with a major malfor-
mation. No women with a history of seizures not taking
an AED gave birth to a child with a major malformation.
Major malformations were detected in 1.8% of infants
born to controls. When major malformations, growth
retardation, microcephaly, and hypoplasia of the midface
and fingers were considered, 20.6% of the infants born
to mothers with epilepsy taking AEDs had one or more
of these birth defects, in contrast to 28% of the infants
born to mothers taking two or more AEDs, 6.1% of the
infants born to mothers with a history of seizures but not
taking AEDs, and 8.5% of controls.

Prospective registries have been established to learn
more about pregnancy and fetal outcome in women using
AEDs. The North American Antiepileptic Drug Preg-
nancy Registry was established in 1997 to ascertain the
fetal effects of AEDs taken during the first trimester of
pregnancy. This is a purely prospective registry with
women identified in the first trimester, before pregnancy
outcome is known. Although most pregnancies represent
women with epilepsy, the registry is open to pregnant
women using AEDs for any indication. At the time that
this chapter was written, the registry had released data on
only two AEDs. The registry reports that malformations

were present in only 1.62% of pregnancies with no AED
exposure. There was evidence of increased risk of birth
defects in offspring of women exposed to phenobarbital.
Major malformations were seen in 7.8% of 65 pregnan-
cies exposed to phenobarbital in monotherapy and
enrolled in the first trimester (48). Major malformations
were heart defects in four and cleft lip and palate in one.
There were 123 completed pregnancies in which the fetus
was exposed during the first trimester to valproate in
monotherapy. Major birth defects were seen in 8.9% of
these pregnancies (49). Anomalies included heart defects
in four, NTDs in two, and one each of hypospadias, poly-
dactyly, bilateral inguinal hernia, dysplastic kidneys, and
clubfoot.

Since 1993, a number of new AEDs have been intro-
duced. Little information exists regarding the effects of
some of these drugs on the developing human fetus. Ani-
mal reproductive toxicology studies for AEDs provide
some useful information, but may not be specifically pre-
dictive of the human experience. Data from the U.S. Food
and Drug Association (FDA) on fetal outcome in animals
exposed to the newer AEDs are favorable.

Data are available for lamotrigine through a drug-
specific prospective pregnancy registry established by the
manufacturer, GlaxoSmithKline (50). As of March 2003,
the registry accumulated prospective data on 302 preg-
nancies resulting in a live birth, in which the fetus was
exposed to lamotrigine during the first trimester in
monotherapy. Nine pregnancies resulted in a child with
a major malformation (3.0%; 95% confidence interval
1.5–5.8%). The 95% confidence interval indicates that
the incidence of major malformations is no more than a
twofold increase over the background population, and
this may be similar to the background malformation rate.

Data are also available for outcomes after first-
trimester exposure to lamotrigine in polytherapy. Twelve
of 215 pregnancies with known outcomes resulted in a
child with a major defect (5.6%). There were 67 prospec-
tively identified pregnancies in which the polytherapy
included valproate. Malformations occurred in seven chil-
dren (10.4%; 95% confidence interval 4.7–20.9%). AED
polytherapy that did not include valproate resulted in
major malformations in 5 of 148 outcomes (3.4%; 95%
CI 1.3–1.8%). No specific patterns of malformation were
seen in the registry as a whole or in any subgroup.

Although the sample sizes for the individual regi-
mens are too small for small frequencies of major mal-
formations or large frequencies of very rare malformation
to be ruled out, this experience is thus far reassuring. Con-
firmation of these findings comes from experience in a
registry maintained in the United Kingdom (51).

Pregnancy experience with oxcarbazepine has been
reported in several single-center studies. A report from
Argentina on 42 pregnancy exposures to oxcarbazepine
(25 in monotherapy and 17 in combination with other
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AEDs) found no malformations in the monotherapy
group and one ventricular septal defect in an infant also
exposed to phenobarbital (52). A Finnish series that
included 740 pregnancies exposed to AEDs during the
first trimester found that the occurrence of major mal-
formations was independently associated with use of
oxcarbazepine [odds ratio (OR) 10.8%; 95% CI
1.1–106], as well as with caramazepine [OR 2.5; 95% CI
1–6], and valproate (4.1; 95% CI 1.6–11] (53). The wide
confidence intervals indicate that these data should not
be considered conclusive.

Presently, the European Registry (EURAP) is
enrolling actively across the globe, while the North Amer-
ican Antiepileptic Drug Registry and pharmaceutical
company registries continue to gather data. A registry
should be contacted regarding any woman who becomes
pregnant while taking AEDs.

Mechanisms for AED-Mediated Teratogenesis

Several biochemical and molecular mechanisms are likely
for AED mediated teratogenicity, including interference
with the folate and methionine metabolic pathways (54),
alteration of gene expression (55), generation of reactive
metabolites via epoxidation or the prostaglandin co-oxi-
dation pathway (56), and interference with endogenous
retinoid metabolism (57). The embryotoxicity associated
with folate deficiency and exposure to epoxide intermedi-
ates can be minimized through simple treatment strategies.

The teratogenicity of some AEDs (carbamazepine,
phenobarbital, phenytoin) may be mediated in part by
oxidative (free radical) metabolites generated by the
bioactivation of the parent compound by the hepatic
CYP450 enzymes. These intermediates may be inacti-
vated by one of several biochemical pathways. Free rad-
ical scavenging enzymes, such as glutathione, bind with
and disable these reactive intermediates and may be cyto-
protective. When glutathione is inhibited, phenytoin
embryotoxicity is enhanced (56). These intermediates are
also metabolized by the enzyme epoxide hydrolase to a
nonreactive dihydrodiol. The activity of this enzyme is
genetically mediated, and fetuses with low levels of
enzyme activity appear to be at the highest risk for birth
defects (55,58,59). The CYP450 enzyme-inducing AEDs
accelerate the formation of epoxide derivatives, and val-
proate inhibits epoxide metabolism by inhibiting the
enzyme epoxide hydrolase. Polytherapy with an enzyme
inducer and valporate may promote epoxide production
and inhibit epoxide metabolism.

Vitamin A (retinol) and its oxidative metabolite, all-
trans-retinoic acid, mediate embryonic growth, differenti-
ation, and morphological development. Vitamin excess and
deficiency, and low doses of retinoic acid, are associated
with birth defects in animals (57). In a study of 75 patients
with epilepsy and 29 healthy untreated controls, patients

with epilepsy receiving valproate alone or in combination
had increased levels of retinol (vitamin A) and decreased
levels of retinoic acid (57).

Folic acid deficiency has been identified as a con-
tributing factor to the development of NTDs and other
nongenetic malformations, and folate supplementation
has been conclusively shown to have a beneficial effect
in reducing this risk. Women with epilepsy appear to be
at especially high risk for folate deficiency (60). Serum
folate is reduced in up to 90% of patients receiving pheny-
toin, carbamazepine, or barbiturates (61). Valproate does
not cause a reduction in folate levels but does interfere
with folate and methionine metabolism (62). In mice, val-
proate reduces levels of 5-formyl- and 10-formyl-tetrahy-
drofolates and increases the level of tetrahydrofolate,
apparently by inhibiting the transfer of the formyl group
via glutamate formyltransferase (63). Lamotrigine, an
AED that has weak folate properties in vitro, had no
effects on serum or red blood cell folate in a small num-
ber of patients (64).

Low serum and red blood cell folate levels are asso-
ciated with an increased incidence of spontaneous abor-
tions and malformations in animals and in women with
epilepsy (61,65). Folate supplementation significantly
reduces the risk of occurrent and recurrent NTDs in
nonepileptic women (66–71). The presumption has been
that folic acid supplementation will also reduce the risk
of major malformations after fetal exposure to AEDs.
There is, however, no proof that this is so. In fact, at least
one report exists of a child born with a NTD after in utero
exposure to valproate despite folic acid supplementation
(72).

The best method to determine folate status has not
been established, because serum folate appears to be a rel-
atively insensitive indicator of functional folate status.
Red blood cell folate levels more accurately reflect chronic
folate status than do serum levels. In one study, women
who had given birth to two or more children with NTDs
had lower red cell folate levels than did controls (178
ng/mL versus 268 ng/mL). Serum folate, however, was
equivalent between the two groups (73). A vulnerability
to develop malformations may be associated with defec-
tive folate metabolism rather than folate deficiency (74).
Results from one recent study suggest that the neurotoxic
effects of valproate are mediated by disruption of folate-
mediated biochemical processes rather than by causing a
folate deficiency (63).

In addition, vitamin B12 deficiency, either related to
insufficient dietary intake or abnormalities of the B12
binding proteins (apotranscobalamins), could contribute
to AED-mediated teratogenesis by impairing folate
metabolism. Mills et al. (75) found higher homocysteine
values in mothers of children born with NTDs than in
controls. Elevated homocysteine levels are also found in
persons taking AEDs, particularly valproate (76,77). This
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could be explained by reduced activity of the enzyme
methionine synthetase, which requires both folate and
B12 as cofactors. One assessment of women who had pre-
viously given birth to a child with a NTD found evidence
of intolerance to methionine loading that was consistent
with pathologic homocysteinemia. This response is usu-
ally a consequence of heterozygosity for homocysteine-
mia (78). Carriers for inborn errors of homocysteine
metabolism might be identified antenatally, and when
possible, exposure to AEDs associated with neural tube
abnormalities could be avoided. In women receiving
drugs associated with elevated risk for neural tube abnor-
malities, pathological homocysteinemia could be cor-
rected with high doses of pyridoxine or folic acid.

PRENATAL CARE AND DIAGNOSTIC TESTING

The American Academy of Neurology recommends that,
in order to reduce pregnancy risks, treatment consist of
a single AED at the lowest effective dose (79). Of course,
this is not always possible, but it remains a worthwhile
goal.

The malformations associated with AED exposure
are readily detected by modern diagnostic testing (80).
Neural tube defects can be detected by week 16 of fetal
gestation with more than 95% sensitivity by obtaining a
maternal serum alpha-fetoprotein (elevated with neural
tube abnormalities) and a level II ultrasound  to detect
neural tube or cardiac malformations. In women who
have independent risk factors for malformation, such as
advanced maternal age, amniocentesis may be indicated.
Amniocentesis to obtain fetal alpha feto-protein (elevated
with NTDs) is also recommended if maternal serum
alpha-fetoprotein is elevated or if the spinal cord cannot
be adequately visualized by ultrasound. Women with
fetuses having significant neural tube abnormalities or
other major malformations may be given the option of a
first-trimester termination.

The optimal concentration of folate to prevent
NTDs has not been established for women with epilepsy
on AEDs. Data regarding folate dosage comes entirely
from populations of medically well women. In nonepilep-
tic women, red blood cell folate levels higher than 906
nmol/l (400 ng/mL) may be optimal for the prevention
of folate-responsive NTDs (81). In nonepileptic women
who are users of folic acid supplements, dietary folate
intakes of greater than or equal to 450 µg/day achieved
levels of red blood cell folate in excess of 906 nmol/l. In
nonepileptic women who did not use folate supplements,
dietary intake of folate needed to exceed 500 µg/day to
attain desirable red blood cell folate levels (82). In one
evaluation of nonepileptic, healthy, well-educated, mid-
dle-income women, one in eight had folate levels indica-
tive of a negative balance and 44% had red blood cell

folate levels that were lower than optimal (less than 680
nmol/l). Only one in four had red blood cell folate levels
that exceeded the optimal 906 nmol/l.

The United States Public Health Service recom-
mends that all women of childbearing age in the United
States who are capable of becoming pregnant consume
0.4 mg/day of folic acid for the purpose of reducing their
risk of having a child affected with a NTD (83). Women
who have already had a child with a NTD are referred
to a 1991 CDC guideline suggesting a dosage of 4 mg/day,
based on the Medical Research Council recurrent risk
study (68). The Canadian College of Medical Geneticists
recommend that 0.8 to 5.0 mg/day of folic acid be given
to women who are at increased risk of having offspring
with NTDs and who are planning a pregnancy (84).
Whether women with epilepsy require a dosage higher
than 0.4 mg/day is not known.

To protect against NTDs, folate supplementation
must be provided during the first 28 days of fetal gesta-
tion. In the United States, 40% of pregnancies are not
planned, and of planned pregnancies, 50% do not con-
sult a health care provider during the first trimester (85).
The wide availability of reliable home pregnancy testing
kits may further reduce preconceptional and first-trimester
physician contacts. Therefore, folate supplementation
should be considered in anticipation of conception.

Neonatal Hemorrhage

Neonates of mothers with epilepsy are at risk for early
hemorrhage, which is believed to be a consequence of a
coagulopathy caused by AED interference with vitamin
K metabolism. Vitamin K–dependent proteins include the
clotting factors II, VII, IX, and X and the anticoagulant
proteins, protein C and protein S. Two forms of vitamin
K occur naturally—vitamin K1 (phylloquinone), which is
found in green plants and is the major dietary form of vit-
amin K, and vitamin K2 (menaquinone), which is syn-
thesized by intestinal bacteria. Although vitamin K nutri-
tional deficiency is rare in otherwise healthy populations,
vitamin K levels in the cord blood of unsupplemented
neonates exposed in utero to AEDs are reported to be
below detection (86,87). In addition, assays for protein
induced by vitamin K absence (PIVKAs), nonfunctional
procoagulants that appear in blood when vitamin K is
deficient, are elevated in neonates exposed to AEDs. The
assay for PIVKAII is the most sensitive assay for vitamin
K deficiency. How AEDs cause vitamin K deficiency in
the fetus is not known, but may be a consequence of
maternal and fetal induction of CYP450 liver enzymes by
AEDs, which increases the rate of oxidative degradation
of vitamin K. Therapeutically, this deficiency can be cor-
rected by supplying vitamin K1 at a dose of 10 mg/day
to the mother during the last month of gestation. Pla-
cental transfer of vitamin K to the fetus occurs, although
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slowly. Supplying the neonate with vitamin K at birth is
safe and has been shown to be efficacious in preventing
neonatal hemorrhage. The neonate receives vitamin K at
a dose of 1 mg, intramuscular. Cord-blood specimens can
be submitted for immediate clotting studies. If a reduc-
tion in vitamin K-dependent clotting factors is detected,
then fresh frozen plasma can be administered at 20 mL/kg
over 1 to 2 hours (88).

BREAST-FEEDING

Breast-feeding is strongly recommended by most health
organizations to promote mother–child bonding and
reduce the risk of infection and later-life immunologic dis-
orders (89). AEDs cross into breast milk to variable
extents. Passage is usually through simple diffusion, and
the ratio is determined by the drug’s molecular weight,
pKa, lipophilicity, and, most important, the extent of pro-
tein binding (36,90,91). For phenytoin, carbamazepine,
valproate, and tiggabine, the concentration in breast milk
is negligible because of their high protein binding. Etho-
suximide, phenobarbital, and PRM result in measurable
concentrations. Lamotrigine reaches approximately 30%
of the maternal serum concentration (92). Topiramate,
oxcarbazepine, and oxcarbazepine metabolite levels are
similar in maternal serum, cord blood, and placental tis-
sue (93,94), indicating extensive transplacental passage.
However, this does not necessarily indicate the ultimate
exposure for breastfed infants. For topiramate, the milk-
to-maternal-plasma ratio is 0.69 at 3 months, and breast-
fed infants have concentrations below the limit of quan-
tification (93). 

For most women, the best advice is to seriously con-
sider breast-feeding. Once started, the infant can be
observed for proper weight gain and sleep cycles. The
mother must also be advised that AED metabolism and
clearance will remain elevated as long as breast-feeding
continues. When breast-feeding stops, the mother may
experience an increase in serum AED concentrations that
requires a dosage adjustment.

CONCLUSION

Clinicians selecting an AED should consider its potential
impact on reproductive and metabolic health. CYP450
enzyme–inducing AEDs reduce concentrations of
bioavailable sex steroid hormones, thus affecting oral
contraceptive regulation of the menstrual cycle and con-
traceptive efficacy. These agents also reduce endogenous
sex steroid hormones, which may contribute to sexual
dysfunction.

AED-related reproductive endocrine disorders and
ovarian dysfunction may present as an alteration in the

length or regularity of the menstrual cycle. Development
of male pattern hair growth, obesity, or acne is a sign of
elevated androgens and/or androgen hypersensitivity.
Lipid abnormalities and glucose intolerance may accom-
pany hyperandrogenism and confer significant long-term
health risks.

AEDs may also affect bone health. Although mech-
anisms of bone loss and resultant osteopenia and osteo-
porosis are not elucidated, compelling data implicate the
enzyme–inducing AEDs, particularly phenytoin and phe-
nobarbital. Bone density should be monitored, and all
women receiving AEDs should be strongly encouraged to
observe good bone health practices, including gravity-
resisting exercise, calcium (at least 1,200 mg/day) and vit-
amin D supplementation, and periodic bone density
scans.

The rates of major morphologic abnormalities after
fetal exposure to the older AEDs are presently believed to
be 4% to 6% for carbamazepine and phenytoin respec-
tively, 8.9% for valproate, and 7.8% for phenobarbital.
Information regarding lamotrigine suggests a low risk for
major malformations after monotherapy exposure. Data
regarding risks for the other new-generation AEDs are
pending. In the meantime, limiting exposure to high AED
dosages and AED polytherapy, supplementing with peri-
conceptional folic acid, and ensuring rigorous prenatal
diagnostic testing with an anatomic ultrasound can
enhance the odds for a normal pregnancy outcome.

Health care providers for women receiving AEDs for
epilepsy and other indications can benefit from the mass
of new information coming from the work of a number
of investigators, including those involved in the prospec-
tive pregnancy registries. The detection of AED-associ-
ated reproductive and metabolic health disturbances can
be accomplished easily, and reasonably simple and effec-
tive interventions can be readily incorporated into clini-
cal practice. The sophisticated treatment of the woman
receiving AEDs provides treatment for the disease state
and also optimizes overall health.
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ormones play an important role in
the expression of many neurologic
conditions. In some of these disor-
ders, endocrine abnormalities are an

integral part of the disease process, for example, the
abnormal insulin response to a glucose load seen in
myotonic dystrophy. In other disorders, the endocrino-
logic abnormality produces the neurologic disorder, such
as the peripheral neuropathy of chronic diabetes mellitus.
In other endocrinologic disorders such as primary
hypothyroidism, Cushing, or Addison disease, neurologic
dysfunction can be more subtle and manifest itself as an
alteration in cognition or a change in personality. In all
these conditions, men and women can be similarly
affected. In women, the cyclical alterations of the ovar-
ian hormones and related endocrine factors can have very
particular effects. These effects are the subjects of this
chapter.

To best approach this subject, the development,
anatomic substrates, and physiologic function of the
female endocrine reproductive axis are reviewed. We out-
line how steroid hormones affect nervous system func-
tion, with brief examples of how ovarian and other
steroid hormones affect neurologic diseases. In the last
section, we illustrate how ovarian and other steroid hor-
mones affect neurologic functioning and diseases. Many
of the neurologic disorders are dealt with in far greater
detail in other chapters in this book; here we discuss a

couple of well-known genetically based diseases. We also
discuss in detail how partial epilepsy, an intermittent
physiologically based disorder, may be influenced by and,
in turn, influence normal cycling behavior. This will serve
as a model for how a disease process can interact in a
complex way with neuroendocrinologic control mecha-
nisms.

ANATOMICAL, DEVELOPMENTAL, AND
PHYSIOLOGICAL CONSIDERATIONS

The cells of the ventromedial and arcuate nuclei and of
the preoptic area of the hypothalamus are responsible for
the production of the decapeptide hormone
gonadotrophin releasing hormone (GnRH), also known
as luteinizing hormone releasing hormone (LHRH) (1,2).
This hormone controls the release of the anterior pitu-
itary–derived hormones follicle stimulating hormone
(FSH) and luteinizing hormone (LH), collectively referred
to as gonadotrophins. The cyclical changes in FSH and
LH regulate the ovarian cycle, which includes follicular
development, ovulation, and corpus luteum maturation.
These stages are associated with the variable production
of estrogen, progesterone, and testosterone which, in
turn, have pleuripotent effects on numerous organs and
feedback to hypothalamic and cortical areas related to
their own regulation.
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The GnRH-containing neurons, estimated at 1,000
to 3,000 total, project their axons to the median eminence
at the base of the hypothalamus (2). They release GnRH
into the hypothalamic-portal circulation, which delivers
it to the LH- and FSH-containing cells (gonadotrophs)
in the anterior pituitary. There, GnRH induces the secre-
tion and release of LH and FSH. The GnRH neurons
release GnRH in rhythmic synchronized bursts, or pulses,
which, in turn, cause pulsatile secretion of LH and FSH.
The pulsatile nature of LH and FSH release by the pitu-
itary gland is an essential feature of the gonadotropic con-
trol of ovarian function.

LH and FSH are glycoproteins composed of two dif-
ferent carbohydrate-containing protein subunits called a
and b. The a subunit is identical in LH and FSH. The b
subunit differs in its protein sequence in the two hor-
mones and confers specific activity on each hormone. A
higher frequency of GnRH pulses induces the preferen-
tial formation of LH and high LH pulse frequency, which
leads to ovarian hypersecretion of androgens and poly-
cystic ovarian syndrome. Slower frequency (e.g., every 2
to 3 hours) increases FSH production, lowers LH/FSH
pulse frequency, and causes anovulation or amenorrhea.

GnRH secretion begins at 20 to 30 weeks of gesta-
tion, following the migration of GnRH neurons from the
olfactory placode to the hypothalamus. Fetal FSH and LH
secretion is high: Fetal FSH and LH levels reach
menopausal concentrations. Their secretion subsides after
the first postnatal year and stays low until puberty. The
reason for this is not well understood, but is likely due
to the active suppression of GnRH neurons by the central
nervous system (CNS). Puberty is initiated by a resump-
tion of the pulsatile release of GnRH (Figure 6.1). At first,
this occurs only at night and causes predominantly FSH
secretion. Later, daytime GnRH secretion and LH respon-
siveness occur coincident with the onset of menarche.

During the menstrual cycle, the pulsatile secretion
of LH and FSH changes through the cycle (2). During
the first (follicular) half of the menstrual cycle, FSH and
LH pulses occur every 1 to 1.5 hours. During the second
(luteal) half of the cycle, LH/FSH pulses occur every 3 to
6 hours, as a result of the inhibitory effect of progesterone
and inhibin A. During perimenopause and menopause, a
decline in the ovarian secretion of inhibin, progesterone,
and, eventually, estrogen leads to the disinhibition of pitu-
itary production of FSH and LH, resulting in an elevation
of the gonadotropins.

The intrinsic rhythmicity of the GnRH neurons is
modulated by gonadal steroids and by the hypothala-
mic and extrahypothalamic nervous system, including
the limbic system (2,3). GnRH neurons receive
inhibitory GABA-ergic input from the estrogen and
progesterone receptor–containing neurons in the pre-
optic area and the ventromedial nucleus of the hypo-
thalamus. The steroids thus exert a negative feedback

onto the GnRH neurons as well as, more potently, on
the gonadotrophs. GnRH neurons are also inhibited by
opioidergic neurons from the central gray matter of the
pons and by the corticotrophin releasing hormone
(CRH)–containing neurons in the paraventricular
hypothalamic nucleus. Glutamate stimulates GnRH
neurons. The onset of this stimulation occurs at the
beginning of puberty, for which it is critical. GnRH
release is further stimulated by input from noradren-
ergic (b1-receptor mediated) and dopaminergic (DA 1-
receptor mediated) brain stem nuclei and from the
NPY-containing neurons in the arcuate nucleus.
Through these inputs, neural factors mediating stress,
pain, energy balance, reward, and other functions mod-
ulate reproductive endocrine function.

The GnRH neurons receive both direct and multi-
synaptic modulatory input from limbic structures, most
notably from the corticomedial amygdaloid nuclei, from
the bed nucleus of the stria terminalis, and from the hip-
pocampus (4,5). The input from the amygdala is partic-
ularly important for reproductive endocrine function. The
amygdala has reciprocal relationships with the hypo-
thalamus. The amygdala has two distinctive subnuclear
regions that are, at least partially, distinguished by their
outflow pathway (4). The corticomedial region has as its
output—the stria terminalis—and the basolateral region
has output through the ventral amygdalofugal pathway.
Both of these projections are reciprocal to and from the
hypothalamus, particularly to those regions high in
GnRH-containing cells. Stimulation and ablation stud-
ies in the amygdala and in the output pathways have pro-
duced consistent but often species-specific changes in the
output of LH and FSH. The effects produced have
included the following observations:

• Simulation of the corticomedial nuclei induces ovu-
lation and uterine contractions.

• Stimulation of the basolateral nuclei inhibits sexu-
ally orienting behavior in an ovulating female.
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FIGURE 6.1

Ontogeny of GnRH secretion from fetal life to adolescence.
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• Sectioning of the stria terminalis (cortico-
medial outflow tract) blocks ovulation.

• Sectioning of the ventral amygdalofugal
pathway (basolateral nuclei outflow tract)
has no effect, but lesions bilaterally in the
basolateral nuclei blocks ovulation (4,6).

The pulsatile secretion of LH and FSH
from pituicytes controls follicular development,
ovulation, luteal development, and the associ-
ated hormonal production. The menstrual cycle
can be divided into four phases: follicular
(early, mid-, and late), ovulatory, luteal (early,
mid-, and late), and menstrual (2). The ovar-
ian life cycle is schematically illustrated in Fig-
ure 6.2. The associated pattern of hormonal
changes is shown in Figure 6.3.

About 2 days before menstruation, the
falling ovarian production of progesterone,
estradiol, and a glycoprotein secreted by the
corpus luteum, inhibin A, disinhibit FSH secre-
tion and FSH levels rise. This leads to follicu-
lar recruitment for the next cycle, which con-
tinues during the first 4 to 5 days of the follicular phase.
It is followed by the selection of a single dominant folli-
cle from a cohort of follicles (menstrual cycle days 5 to
7), maturation of the follicle (days 8 to 12), ovulation
(days 13 to 15), and formation of the corpus luteum. FSH
secretion is suppressed during the luteal phase by prog-
esterone, estradiol, and inhibin A. The demise of corpus
luteum at the end of the cycle (days 26–30) results in a
decline in levels of progesterone, estradiol, and inhibin A,
and in initiation of a new cycle.

All ovarian steroids are synthesized from serum-
derived cholesterol. Cholesterol is converted to preg-
nenolone, then to progesterone or dehydroepiandros-
terone (DHEA). These are made into the respective
androgens—testosterone or androstenedione—which are
aromatized to the estrogens, estradiol, and estrone (Fig-
ure 6.4).

The steroidogenic enzymes are regulated by LH and
FSH. The two rate-limiting enzymes are cholesterol side
chain cleavage enzyme, or CYP450-scc, which catalyzes
the conversion of cholesterol to pregnenolone, and the
other, aromatase, which catalyzes the conversion (arom-
atization) of androgens to estrogens.

The follicle is composed of three parts: The oocyte
in the center is surrounded by granulosa cells which, in
turn, are separated by a basement membrane from the
interstitial or thecal cells. The theca cells have LH recep-
tors that, when activated by LH, induce the synthesis and
release of androgens. Androgens diffuse into the neigh-
boring granulosa cells. Granulosa cells have FSH (as well
as LH) receptors. The activation of FSH receptors by FSH
induces aromatase, the enzyme that converts androgens

FIGURE 6.2

The life cycle of the human ovary.

Reproduced with permission from Yen SC, Jaffe RB, Barbieri RL (eds.) Repro-
ductive Endocrinology, 4th ed. Philadelphia, Pa: WB Saunders, 1999.
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to estrogens. Thus, activation of the granulosa cells in
response to FSH results in estrogen secretion. The folli-
cle thus consists of two functionally distinct compart-
ments, the theca cells, which secrete androgens in
response to LH, and the granulosa cells, which secrete

estrogens in response to FSH (the two compartment
hypothesis, Figure 6.5).

Steroid synthesis differs during different cycle
phases. During the early follicular phase, pituitary FSH
secretion drives the production of estrogen, which grad-
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FIGURE 6.4

Biosynthetic pathways of steroid hormone production. Steroids with a double bond between the carbon 5 and 6 positions are
shown on the left; those with a double bond between the 4 and 5 positions are shown on the right.
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ually increases throughout the follicular phase. Just
before ovulation, a negative feedback of estrogen on pitu-
itary LH/FSH changes to a positive feedback, with a
resulting LH surge, a surge of estradiol secretion, and a
release of the oocyte from the follicle in the ovary into
the fallopian tubes (ovulation). The granulosa cell rem-
nants of the follicle form the corpus luteum, which
secretes progesterone in large quantities in response to
LH stimulation (Figure 6.3). Estrogen secretion initially
falls after ovulation, but then rises again. The high mid-
luteal concentrations of progesterone and estradiol pre-
pare the endometrium for the implantation of the fertil-
ized egg. The secretion of progesterone, estradiol, and
inhibin A inhibits pituitary FSH and LH production dur-
ing the luteal phase of the menstrual cycle. Towards the
end of the luteal phase, luteolysis occurs and ovarian
secretion of progesterone fails, followed shortly by fail-
ure of estrogen secretion. Pituitary FSH production is dis-
inhibited, new follicles begin to grow again, and the cycle
repeats itself.

During an anovulatory cycle, the periovulatory
estradiol surge does not occur. Otherwise, estrogen secre-
tion occurs the same as during an ovulatory cycle. Because
no follicle is released and corpus luteum is not formed,
there is little production of progesterone. The absence of
progesterone secretion is the endocrine difference between
ovulatory and anovulatory cycles. It may contribute to
differences in neurologic symptoms in ovulating versus
nonovulating women in diseases such as epilepsy or affec-
tive disorders.

EFFECTS OF OVARIAN STEROIDS 
ON THE NERVOUS SYSTEM

Ovarian steroids have a wide-ranging influence upon neu-
ronal activity, neuronal survival, and neuronal differen-
tiation and growth. During embryogenesis, they regulate
the formation of parts of the nervous system. Later dur-
ing life, they alter neuronal response to injury, including
trauma and stroke. They affect neuronal excitability by
modulating the synthesis, release, and catabolism of neu-
rotransmitters and the sensitivity of neurotransmitter
receptors. They affect neuronal plasticity throughout life
by affecting synaptogenesis and neurite growth. These
actions affect reproductive endocrine function, but also
behavior, mood, memory and cognition, and a number of
major neurologic and psychiatric diseases.

Ovarian steroid effects on the CNS occur by both
receptor-mediated (genomic) and membrane-related
(nongenomic) mechanisms (7). In the classic steroid hor-
mone action, the hormone diffuses into the cell, binds to
an intracellular receptor, travels in the receptor-bound
complex to the nucleus, binds to a specific DNA recog-
nition sequence (the hormone-response element), and ini-

tiates a particular mRNA transcription and protein syn-
thesis. The latency of this action is in hours to days. It
affects processes related to neuronal survival and growth,
and to neurotransmitter synthesis and receptor function.

In addition, certain steroids, including progesterone
and estrogen, have a direct, nongenomic effect on neu-
ronal membrane (7). Latency of this action is within sec-
onds to minutes. The main effects are the modulation of
transmission of the two main CNS neurotransmitters,
glutamate and g-aminobutyric acid (GABA), and of neu-
ronal membrane excitability.

The effects of the ovarian hormones on the structure
of the CNS are sometimes thought of as “organizational”;
that is, affecting the hard wiring of the CNS during its for-
mation. The effects on the CNS that occur after comple-
tion of the network hard wiring are thought of as “acti-
vational.”

Organizational and Structural Effects

In most vertebrate species, structural differences are pres-
ent in certain parts of the brains of males and females.
Structures that show such differences are termed sexually
dimorphic (8,9). In rodents, parts of the hypothalamus
and the limbic system are sexually dimorphic. For
instance, the medial preoptic nucleus of the hypothala-
mus has a sexually dimorphic part (SD-MPN) that is four
times larger in males than in females. SD-MPN mediates
sexual behavior, including mounting and intromission, a
male reproductive behavior. Conversely, another hypo-
thalamic area, the anteroventral preoptic nucleus
(AVPNv), is several times larger in the female compared
to the male. The AVPNv regulates the reproductive
endocrine events related to ovulation, a female-specific
activity. Examples of other sexually dimorphic areas
include the corticomedial amygdala and the bed nucleus
of the stria terminalis in the limbic system, structures that
modulate reproductive and aggressive behaviors, among
others (8,9). (See also Chapter 2 for further information
on gender-based brain anatomic differences.)

This difference is determined by pre- and perinatal
exposure to sex steroids. Nature’s default blueprint for
the development of both genitalia and the brain appears
to be female. In the absence of perinatal androgens, a
female pattern of sexually dimorphic brain structures and
a female pattern of GnRH secretion and sexual behavior
occur. Pre- and perinatal exposure of the brain to andro-
gens induces the development of a male pattern of CNS
structure and function. For instance, even a single andro-
gen injection to a genetic female rat during the first week
after birth inhibits the development of the ovulatory trig-
ger mechanism in the preoptic area of the hypothalamus
(POA) and the loss of female reproductive behavior, lor-
dosis. This is due to the perinatal induction by andro-
gens of an inhibitory neural circuit between the POA and



NEUROLOGIC DISEASE IN WOMEN80

the septum. If this connection is severed in an adult
genetic male, female sexual behavior, lordosis, occurs
(8,9).

The size differences of the sexually dimorphic struc-
tures are due to differences in the number of neurons and
of dendritic branches. During the second half of gesta-
tion, the testis secrete large amounts of androgens (while
the ovary is inactive). Androgens are taken up by the
developing neurons and the supporting glia. Paradoxi-
cally, the masculinizing effects of pre- and perinatal
androgens are in many instances due to their conversion
to estrogens in the CNS. Androgen and estrogen recep-
tors are expressed in neurons, astrocytes, and oligoden-
drocytes in different regions of both the developing and
adult CNS (Figure 6.6) (10). Aromatase is present in neu-
rons in some areas such as the preoptic-hypothalamic and
the limbic areas, particularly in the developing brain, and
particularly in the male (11). Those neurons convert
androgens to estrogens, such as testosterone to estradiol.

Estrogens inhibit apoptosis perinatally in the SD-
MPN via estrogen receptor–mediated mechanisms (8,9).
Estradiol also causes neuronal differentiation and neurite
growth. Perinatal exposure to androgens or estradiol
therefore increases the number of neurons and the den-
sity of dendritic branching in the SD-MPN, thus account-
ing for the greater size of this nucleus in the males com-
pared to the females. The apoptotic effect is
region-specific. In the AVPN, by contrast, estradiol (or
testosterone) promotes apoptosis.

In humans, the homologous structure of SD-MPN
is the interstitial nucleus of the anterior hypothalamus
(INAH). Two subdivisions of this nucleus, INAH-2 and
INAH-3, are two to three times larger in men than in
women. Furthermore, INAH-3 is larger in heterosexual
men than in homosexual men (8,9,12,13). Similarly, in
the limbic structure, bed nucleus of the stria terminalis
(BNST), which is an outflow relay station from the amyg-
dala and regulates both sexual and aggressive behavior,
is also bigger in men than in women, and in heterosex-
ual than in homosexual men. Thus, it is possible that pre-
or perinatal sex steroid–induced changes in CNS struc-
tures underlie gender-specific differences in reproductive
behavior and aggression in humans as well as in nonhu-
man mammals (8).

Sexual dimorphism of brain structures may also
underlie gender differences in nonreproductive behavior.
For instance, women are better than men in verbal flu-
ency and other language-related tasks (Chapter X). The
language areas, Broca’s and Wernicke’s areas and the
planum temporale, are 20% to 30% larger in women
than in men (14), and neuronal and dendritic density in
Wernicke’s area is greater in women than in men (14,15).
It is not known, however, at what time of development
the morphologic differences in the language areas become
established.

These effects on the CNS are referred to as organi-
zational because they determine the organization or the
hard wiring of the CNS. Steroids also have an activational
effect—they modulate which parts of the formed CNS
structure will be used, or activated, and how. The admin-
istration of testosterone to adult women, for instance, can
induce aggression. More subtly, male- and female-specific
cognitive patterns can be induced in adults by the admin-
istration of androgens and estrogens, respectively. In
transsexual men receiving estrogens prior to sex-change
surgery, estrogens enhance verbal skills. In transsexual
women, treatment with testosterone before sex change
surgery enhances visuospatial ability.

It is well known that certain psychiatric and neuro-
logic diseases have different prevalence in men and
women. Depression, for instance, is two times more com-
mon in women than in men, anxiety four times, anorexia
nervosa nine times, migraine four times, and benign
intracranial hypertension between four and eight times
more common. Aggression and Tourette disease, by con-
trast, are eight to ten times more common in males (16).
What is striking is that the incidence and prevalence of
many of these diseases is the same in men and women
until puberty, when the difference emerges. The possible
activational effects of gonadal steroids on the CNS at the
time of puberty that might underlie these clinical phe-
nomena are unknown.

Effects on Neurotransmitter Systems: 
Genomic Effects

The genomic mechanisms of ovarian steroids are medi-
ated by cytosolic neuronal estrogen, progesterone, and
androgen receptors (ER, PR, AR). Estrogen receptors
(a,b) and progesterone receptors are distributed in dif-
ferent parts of the brain, including outside of the hypo-
thalamic areas involved in the regulation of endocrine and
behavioral aspects of reproduction (10,17).

These receptors are found in great density in the cor-
tical and medial amygdaloid nuclei, and in lesser numbers
in the hippocampus and neocortex (10,17). Estrogen and
progesterone receptors are present in similar areas. ER-con-
taining neurons colocalize with other neurotransmitters,
including GABA, acetylcholine (Ach), 5-hydroxytrypta-
mine (5HT), and dopamine (DA) (1,7,18,19). By regulat-
ing the expression of genes affecting the activity, release,
and postsynaptic action of different neurotransmitters and
neuromodulators, estrogens and progesterone may affect
the function of the neurons that take them up. For instance,
E2 reduces GABA synthesis in the corticomedial amygdala
and in the hippocampus by decreasing the activity of glu-
tamic acid decarboxylase (19). This affects the excitability
of hippocampal and amygdaloid neurons.

As another instance, ER and PR colocalize with tryp-
tophan hydroxylase (TH) in the dorsal raphe nucleus, the
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source of the ascending serotonergic innervation of the lim-
bic and neocortical structures (20). TH is the rate-limit-
ing enzyme in the synthesis of 5-hydroxytryptamine. Estro-
gen induces tryptophan hydroxylase activity and 5HT
synthesis, whereas progesterone counters that effect. In this
way, estrogen contributes to upregulation of mood, while
progesterone mitigates that effect. This may relate to mood
changes during the menstrual cycle, such as late luteal dys-
phoria (premenstrual syndrome), or to depression during
the menopause. Estrogen also inhibits noradrenaline
catabolism by inhibiting monoamine oxidase, which
catabolizes noradrenaline, and by initiating the competi-
tion of estrogen metabolites (catecholestrogens) for the
other noradrenergic catabolic enzyme, catechol-O-methyl-
transferase. These actions result in fluctuations of nora-
drenaline levels through the menstrual cycle that occur
inversely with estrogen levels (21,22) and may similarly
contribute to a fluctuation in the levels of arousal and
mood during the menstrual cycle and during menopause.

Estradiol also promotes the synthesis of choline-
acetyl transferase (ChAT), the rate limiting enzyme of
acetylcholine synthesis (23). Levels of ChAT and acetyl-
choline synthesis and release from cholinergic nerve ter-
minals in the forebrain and in the hippocampus fluctu-
ate across the estrous cycle in rats, being highest during
proestrus when estrogen secretion is high (24). Ovariec-
tomy decreases and estrogen replacement increases by
20% to 80% ChAT activity in the basal forebrain neu-
rons and acetylcholine release in target areas of the basal
forebrain’s cholinergic projections, such as the hip-
pocampus and the frontal cortex (23,25). This effect is
magnified when estradiol administration is followed by
progesterone. This may explain the clinical findings of
cognitive fluctuation during the menstrual cycle, when
verbal memory and creativity are highest during the ovu-
latory and midluteal menstrual cycle phases, when estra-
diol levels are correspondingly highest. It may also
explain the decline in verbal memory seen in post-
menopausal women and the observation that in surgical
menopause, such decline is seen in untreated but not in
estrogen-treated women (26).

Effect of Ovarian Steroids 
on Neuronal Excitability

Gonadal steroid hormones have a profound influence upon
neuronal excitability. Generally, estrogens increase neu-
ronal excitability and facilitate seizure occurrence and
epileptogenesis. Progesterone has the opposite effect: It
inhibits neuronal excitability, seizures, and epileptogenesis.

Estrogens

In adult female rats, the seizure threshold fluctuates dur-
ing the estrous cycle. Susceptibility to seizures is highest

during proestrus, when serum estrogen levels are highest
(27). Estrogens activate spike discharges, lower seizure
threshold, and promote epileptogenesis in different ani-
mal models (28,29). Ovariectomy in adult rats, however,
does not alter the seizure threshold (30). Thus, a lack of
estrogen may not protect against seizures, whereas an
excess of estrogen promotes them.

Estrogens affect neuronal excitability by genomi-
cally dependent mechanisms, by nongenomic, direct effect
on neuronal membrane, and by affecting neuronal plas-
ticity and the number of excitatory synapses. As noted
earlier, the genomic mechanisms include a reduction of
GABA synthesis through the inhibition of the GABA-syn-
thesizing enzyme glutamic acid decarboxylase in the
estrogen-containing inhibitory interneurons of the hip-
pocampus and in the amygdala, structures critical in the
generation and propagation of temporolimbic seizures
(7,18,19,28).

Estrogens also exert a direct excitatory effect at the
neuronal membrane, where estradiol (E2) augments both
the n-methyl-d-aspartate (NMDA) and non-NMDA glu-
tamate receptor activity (31,32). This increases neuronal
excitability, for example of the hippocampal CA1 pyra-
midal neurons, thus facilitating seizure generation and
spread.

Finally, estrogens potentiate neuronal excitability by
regulating neuronal plasticity and synaptogenesis. E2
increases the density of the dendritic spines carrying exci-
tatory, NMDA-receptor–containing synapses on hip-
pocampal CA1 pyramidal neurons (33,34). In rats, the
density of the excitatory synapses fluctuates during the
estrous cycle. It is highest by about one-third during the
proestrus—the equivalent to human ovulatory phase—
when estrogen levels are highest, compared to diestrus,
when they are low. It decreases markedly following
oophorectomy (33). This estrogen-driven increase in exci-
tatory synapses results in an enhanced excitatory input to
the CA1 neurons and in the synchronization of neuronal
outflow that promotes seizure genesis and propagation
(34). The increase in excitatory synapses may also
enhance memory and learning.

Progestins

Progesterone depresses neuronal firing, lessens epilepti-
form discharges, and inhibits seizures and epileptogene-
sis in animal models of epilepsy (28–30,35). The seizure
threshold during the rat estrous cycle is high during
diestrus, when the serum progesterone level is high. The
same occurs in women with epilepsy, in whom seizures
are least likely to occur during the lutal phase, when
serum progesterone levels are high (36), thus suggesting
a protective effect of progesterone against seizures.

Like estrogens, progesterone affects neuronal
excitability by genomic and nongenomic mechanisms.
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Progesterone genomically influences the enzymatic activ-
ity controlling the synthesis and release of various neu-
rotransmitters and neuromodulators (7). Progesterone
decreases the number of dendritic spines and synapses
on hippocampal CA1 pyramidal neurons, thus counter-
acting the stimulatory effects of E2 (33). It has inhibitory
direct membrane effects, described in the next section.

Neuroactive Steroids

The anticonvulsant effect of progesterone is largely medi-
ated by its 3a-hydroxylated metabolite, 3-a-hydroxy-5-a-
pregnan-20-one or allopregnanolone (AP) (37,38). Allo-
pregnanolone and the 3a,5a-hydroxylated natural
metabolite of the mineralocorticoid deoxycorticosterone,
allotetrahydro-deoxycorticosterone (allo-THDOC), are
the two most potent of a number of endogenous neu-
roactive steroids with a direct membrane effect on neu-
ronal excitability (37,39). Allopregnanolone is devoid of
hormonal effects. It may be thought of as an endogenous
regulator of brain excitability with anxiolytic, anticon-
vulsant, and sedative-hypnotic properties (37). Allopreg-
nanolone and allo-THDOC hyperpolarize hippocampal
and other neurons by potentiating GABA-mediated synap-
tic inhibition. They act as positive allosteric modulators of
the GABA-A receptor, interacting with a steroid-specific
site near the receptor to facilitate chloride (Cl) channel
opening and prolong the inhibitory action of GABA on
neurons (7,37,39). Allopregnanolone is one of the most
potent ligands of GABA-A receptors in the CNS, with
affinities similar to the potent benzodiazepines and
approximately a thousand times higher than pentobarbi-
tal (37,39). Progesterone by itself enhances GABA-induced
Cl- currents only weakly and only in high concentrations
(37). Plasma and brain levels of allopregnanolone paral-
lel those of progesterone, and plasma levels of AP corre-
late with progesterone levels during the menstrual cycle
and pregnancy (37). Brain activity of progesterone and AP,
however, is not dependent solely on ovarian and adrenal
production, because they are both synthesized de novo in
the brain (40). Their synthesis is region-specific and
includes the cortex and the hippocampus.

Allopregnanolone and allo-THDOC have potent
anticonvulsant effects in animal seizure models and in sta-
tus epilepticus (37,38,41). Allopregnanolone’s anticon-
vulsant properties resemble those of clonazepam, but with
lower relative toxicity and with little habituation to its
anticonvulsant effect (42). The abrupt withdrawal of allo-
pregnanolone induces seizures, possibly by a modulation
of the a-4 GABA-A receptor subunit that confers GABA-
insensitivity on the GABA-A receptor. This may be a
mechanism of the perimenstrual seizure exacerbation seen
in some women with epilepsy (43).

Although the 3- and 5-a-reduced steroids potentiate
GABA-A receptor activity and enhance neuronal inhibi-

tion, some of the sulfated neuroactive steroids have neu-
roexcitatory effects. These include pregnenolone sulfate
and DHEAS, the naturally occurring sulfated esters of the
progesterone precursor pregnenolone and of the proges-
terone metabolite DHEA (Figure 6.4; 37,44). These
steroids increase neuronal firing when directly applied to
neurons by antagonizing GABA action at the GABA-A
receptor and by facilitating glutamate-induced excitation
at the NMDA receptor (45). In animals, pregnenolone
sulfate and DHEAS have a proconvulsant effect that is
prevented by chronic pretreatment with progesterone
(37,45).

These neurosteroids may also affect cognition and
memory (46). Pregnenolone sulfate stimulates ACh
release as well as glutamatergic activity in adult rat hipp-
pocampus. DHEAS and PS improve memory and learn-
ing in aging mice. In humans, DHEA has been reported
to have mood elevating and memory-enhancing effects
in middle-aged healthy men and women and in patients
with depression (47,48).

Trophic Effects

In addition to their neuromodulatory effect on neuronal
excitability, gonadal steroids also exert a trophic effect
on neurons and glial cells. Estrogen is an important
neural trophic factor throughout life, with influences on
neuronal differentiation, survival, and plasticity (49–51).
The trophic effects of estrogen may ameliorate the
degeneration of neurons in diseases such as Alzheimer
disease (see also Chapter 30), reduce apoptotic neuronal
death in ischemic and traumatic brain injury, and pro-
mote neuronal regeneration and growth following such
injuries.

Trophic Effects and Cholinergic Function 
in Basal Forebrain and Cortex

Estrogen plays an important role in the function of the
basal forebrain cholinergic system involved in memory
and cognition. In ovariectomized rats, estradiol replace-
ment improves spatial memory and maze learning (52).
The basal forebrain cholinergic neurons of the nucleus
basalis myenert (NBM) and of the diagonal band of Broca
(DBB) innervate the forebrain and the hippocampus,
areas important in cognition, learning, and memory.
Their degeneration is a key feature of Alzheimer disease.

Estradiol protects cholinergic neurons against exci-
totoxic neuronal damage (53). It does so by potentiating
the endogenous trophic effects of the neurotrophins,
nerve growth factor (NGF), and brain-derived neu-
rotrophic factor (BDNF). These trophins are produced
in the target areas of basal forebrain cholinergic projec-
tions and exert a trophic effect on cholinergic neurons
by binding with specific tyrosine kinase receptors, tyro-
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sine kinases A and B (trkA and trkB). TrkA and BDNF
mRNA levels in the cholinergic neurons fluctuate across
the estrous cycle in parallel with estrogen levels (54).
Estradiol and estradiol with progesterone increase trkA
and trkB levels in the basal forebrain cholinergic neurons
and BDNF in the hippocampus (55). The protective
effects of estrogen on cholinergic neurons may underlie
the observed protective effect of postmenopausal estro-
gen replacement therapy against the development of
Alzheimer disease (26,56,57).

Role in Neuronal Injury and Neuroprotection

Estradiol protects neurons against a wide variety of neu-
rotoxic stimuli, including ischemic CNS injury, oxidative
stress, excitotoxic insults, and b-amyloid-induced toxic-
ity (49,50,58).

In the middle cerebral artery (MCA) occlusion animal
model of cerebrovascular accident (CVA), low levels of
estradiol replacement reduce infarct size by 50%. The treat-
ment must precede ischemia by several days (59). Low-dose
estradiol pretreatment has a similar neuroprotective effect
on the pyramidal CA1 neurons of the hippocampus in sta-
tus epilepticus in rats (60) and protects explant cultures of
both neurons and astrocytes against cell death.

The mechanism of this neuroprotection may include
the estrogen receptor–mediated inhibition of the apop-
totic signaling pathways (58), regulation of growth fac-
tor genes and their receptors, and modulation of neurite
outgrowth and plasticity (51). In the neocortex, estrogen
a receptor (ER-a) is expressed at high levels only during
development, when neocortical differentiation occurs,
thus suggesting a developmental role (10). Neocortical
estrogen b receptor (ER-b), by contrast, is expressed
throughout life. In adulthood, ER-a is expressed in the
cortex only after neuronal injury such as CVA. In ER-a
knockout rats, estradiol has no protective effect against
CVA (58). Thus, ischemia or injury induces the expres-
sion of ER-a, the activation of which by estradiol protects
against ensuing neuronal injury. Recently, another mem-
brane-associated estrogen receptor (ER-X) has been iden-
tified; ER-X is also expressed perinatally and is only
expressed in adulthood following neuronal injury such as
stroke. Its activation may also be involved in injury-
related neuroprotection (49–51).

Pregnenolone also may be important in neuropro-
tection. It reduces the degree of the histopathological
injury and increases the recovery of motor function in rats
after traumatic spinal cord injury (61). The mechanism
is unclear.

Other poorly understood, potentially neuroprotec-
tive effects include a reduction of cerebral edema by prog-
esterone following cortical contusion, first suggested by
the observations that males have more edema after simi-
lar degrees of cortical contusion than females (61).

Myelination

Finally, gonadal steroids may play a hitherto little appre-
ciated role in myelination.

Oligodendrocytes and Schwann cells express estro-
gen and progesterone receptors. Estradiol increases the
proliferation of Schwann cells. This finding may relate
to the exacerbation of neurofibromatosis during perime-
narche (62).

Schwann cell synthesize progesterone from preg-
nenolone. Progesterone synthesis may be important in
myelin formation. Expression of the synthesizing enzyme,
3-b-hydroxysteroid dehydrogenase (3bHSD) and prog-
esterone synthesis increase in Schwann cells during myelin
formation. Progesterone, in turn, promotes myelin for-
mation by Schwann cells. Following cryolesion of the sci-
atic nerve, progesterone concentrations in the regenerat-
ing nerve are about sixfold higher than in plasma.
Blocking progesterone synthesis or receptor inhibits the
formation of new myelin. Conversely, local application
of progesterone or pregnenolone accelerates remyelina-
tion (61,63).

Oligodendrocytes also express progesterone recep-
tors and 3bHSD, and progesterone may also promote
myelination in the CNS.

CLINICAL IMPLICATIONS

Genetically Based Disorders

Disorders that have a genetic basis may encompass an
altered ovarian hormonal production, which may affect
neurologic function and may affect those neurologic dis-
orders that have a recognized relationship to fluctuations
in cyclical hormones. Most of these disorders are dealt
with in a more detailed fashion in other chapters of this
book, but a few of these conditions deserve additional
comments here.

Turner syndrome is an example of a chromosomal
deletion. About 1 in every 5,000 live-born females has 45
chromosomes plus a single X chromosome; that is, there
is a deletion of one X chromosome. Girls have ovarian
dysgenesis, absence of ovarian hormonal secretion, high
FSH levels, and delayed adolescence as well as a number
of associated somatic developmental anomalies. When
sexual maturation is desired, patients must be treated
with exogenous hormone replacement. Women with
Turner syndrome exhibit male cognitive patterns—they
perform better on visuospatial tasks than on verbal tasks.
When untreated with estrogen, patients with Turner syn-
drome have memory, attention, and spatial performance
impairment and hippocampal volume loss on magnetic
resonance imaging (MRI) (64).

Another genetically based disorder is congenital
adrenal hyperplasia (CAH). This autosomal recessive dis-
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order can be caused by a defect in one of six recognized
steroid synthesizing enzymes. It affects both men and
women. In three forms, only the adrenal gland is affected.
In the other three, both the adrenal gland and the ovary
are affected. The enzymatic deficiency (e.g., of the
CYP450-c21 hydroxylase) results in impaired adrenal
synthesis of cortisol, reduced inhibitory feedback of
ACTH, and increased adrenal synthesis of the cortisol
precursors that can be converted to androgens. Clinically,
women with this condition have mild to moderate viril-
ization that manifests itself early in life, and that is occa-
sionally associated with a delay in the onset of sexual
development. Two clinical forms of the disease present
neonatally, one in late childhood, adolescence, or adult-
hood. In the neonatal forms, there is an increased prena-
tal production of androgens. The classic form of CAH
due to 21-hydroxylase deficiency is a rare disorder of
adrenal steroid synthesis that affects approximately 1 in
15,000 live births as a result of a gene mutation on the
short arm of chromosome 6. Males or females with CAH
are exposed to high levels of androgens during gestation,
beginning in the third month of fetal life. As the disease
is now readily diagnosable and treatable at birth, the hor-
monal abnormalities are confined to prenatal and early
neonatal exposure. CAH has been associated with some
behavioral changes that have been attributed to intrauter-
ine exposure to increased androgen levels. Women with
CAH have an increased risk of gender identity disorder
(e.g., of adopting male sexual identity), increased inci-
dence (33%–45%) of homosexual tendencies, and show
masculine play behavior in childhood and male-typical
cognitive performance in adulthood (65). In addition,
women with CAH have a higher incidence of polycystic
ovarian syndrome, which may have neurologic conse-
quence (2).

Physiologic Disorders

Changes in the secretion of ovarian hormones associated
with menarche, menstrual cycles, pregnancy, and
menopause may all affect the clinical manifestation of a
number of disorders such as epilepsy, migraines, multi-
ple sclerosis, movement disorders, and pseudotumor cere-
bri during a woman’s life.

Partial Epilepsy

Several researchers have noted that epilepsy commonly
starts around the time of menarche (66,67). In one study,
seizures began at menarche in 19% of all adult women
with epilepsy. In another study, 35% of epilepsy that
began between the ages of 0.5 and 18 years began within
2 years of menarche. Epilepsy was much more likely to
start within 2 years of menarche (perimenarche) and dur-
ing the year of menarche than during any other postna-

tal childhood period (66). In girls with pre-existing
epilepsy, approximately one-third experience seizure
exacerbation during puberty (66–68). This is more likely
to occur in girls with focal epilepsies, refractory seizures,
evidence of CNS damage, and delayed menarche.

Changes in reproductive hormones may be respon-
sible for these observations. Sexual maturation begins
with adrenarche, which starts between the age of 8 and
10 with a marked increase in the secretion of DHEAS and
DHEA (69). This is followed by gonadarche, which starts
around the age of 10 with the secretion of estrogen, but
without the secretion of progesterone. The ovarian secre-
tion of estrogens gradually rises through menarche
(median age 12.8 years) until the onset of ovulation. In
the majority of girls, menstrual cycles are initially anovu-
latory. Ovulation only starts 12 to 18 months after menar-
che. It is only at this point that the ovarian secretion of
progesterone begins, with a parallel increase in serum
allopregnanolone levels in late puberty (70). Thus, the
secretion of the neuroexcitatory steroids, DHEAS and
estrogen, precedes the secretion of progesterone, the neu-
roinhibitory steroid, by several years. Continued expo-
sure of the brain during this time to the proconvulsant
effects of estrogen and DHEAS without the anticonvul-
sant effect of progesterone may facilitate the development
of epilepsy (epileptogenesis) in susceptible girls.

The cyclical pattern of estradiol and progesterone
secretion may influence the likelihood of seizures (36).
Catamenial seizures broadly refer to an identifiable and
predictable occurrence of seizures in relationship to the
menstrual cycle (28,71–73). Herzog et al. described three
patterns of catamenial seizure exacerbation (74). The two
more easily recognized patterns are (i) worsening of
seizures during the mid-cycle and (ii) perimenstrually in
women with normal ovulation. In the first case, the occur-
rences of seizures coincide with ovulation, whereas in the
second form, the occurrences happen 1 to 2 days before
the onset and 1 to 2 days after the onset of menstruation.
The third pattern occurs in women who fail to ovulate,
when seizures occur throughout the entire late stage of
the cycle, which may vary considerably in duration. It is
sometimes easier to note that seizures decrease in occur-
rence from day 2 through days 8 to 10, and then increase
until menstruation.

As mentioned earlier, estradiol has proconvulsant
effects on the brain, whereas progesterone has anticon-
vulsant effects. In women with ovulatory cycles, the surge
of ovarian secretion of estrogen before and during ovu-
lation may be responsible for the periovulatory seizure
exacerbation. During the luteal phase, the anticonvulsant
effect of progesterone secreted by the corpus luteum may
protect against seizures, resulting in lower seizure fre-
quency (71,72,74). Perimenstrual seizure exacerbation
may be due to the withdrawal of progesterone and its
GABA-mediated anticonvulsant effect, similar to the
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withdrawal seizures seen with a discontinuation of bar-
biturates, benzodiazepines, or alcohol (42,43). In women
with anovulatory cycles, the ovary secretes essentially
normal quantities of estrogen during the late follicular
and luteal phases (not the periovulatory phase) but does
not secrete progesterone. Thus, an elevated estrogen:prog-
esterone ratio occurs from late follicular phase until men-
struation. This may explain the unusual pattern of seizure
exacerbation, when seizures occur from about menstrual
cycle day 8 to 10 until menstruation. In essence, such
women are only protected against seizure exacerbation
when the ovary secretes very little estrogen during the
early and mid-follicular phase of the cycle.

Menopause may also affect epilepsy. The term
menopause refers to a complex process that encompasses
both menopause, cessation of all menstruation, and per-
imenopause, the preceding decline in reproductive
endocrine function. Perimenopause often extends for sev-
eral years. Early in perimenopause ovulatory cycles
change to anovulatory, and progesterone secretion
declines (75). By contrast, estrogen secretion remains nor-
mal through most of perimenopause and may even
increase episodically when, as a result of erratic follicu-
lar development, multiple follicles develop during some
menstrual cycles. Estrogen levels only drop consistently
late in the perimenopause, during the last few months
before cessation of menses, as the follicle pool becomes
exhausted. Thus, for a period of time that may last for
several years, there may be a relative excess ratio of estro-
gen to progesterone. Based on the pattern of hormonal
change, an evolving seizure pattern with seizure exacer-
bation during the perimenopause might be expected: ini-
tial seizure exacerbation when progesterone secretion
declines but estrogen secretion continues, followed by sta-
bilization or improvement after menopause, as estrogen
secretion ceases. This pattern did, in fact, occur in a recent
study (76). Sixty-four percent of women experienced
seizure exacerbation, and only 13% of women experi-
enced seizure improvement during the perimenopause. By
contrast, 43% of women had seizure improvement dur-
ing the menopause, with only 31% experiencing seizure
exacerbation. Partial epilepsy may also begin during the
climacteric, sometime without an apparent cause (77). It
is possible that the chronic exposure of the brain to estro-
gen without progesterone during the perimenopausal
years could “kindle” an occult nonepileptic CNS lesion
into an epileptic one, in a way similar to the suggested
epileptogenic effect of perimenarche. Estrogen replace-
ment therapy may also be associated with seizure exac-
erbation during the perimenopause and menopause (76).
We believe that if there is a clinically significant increase
in seizure frequency, hormonal replacement should
include both estrogen together with natural progesterone.

In addition, epilepsy, particularly temporal lobe
epilepsy, can influence the menstrual cycle. As mentioned,

the amygdala, a mesial temporal lobe structure, has 
reciprocal relationships with hypothalamic structures that
influence gonadotrophin secretion. In our study of 50
women with clinical and electroencephalographic evi-
dence of temporal lobe onset partial epilepsy, 38% had
significant reproductive abnormality (78). Approximately
20% had polycystic ovarian syndrome (PCOS), and 12%
had hypogonadotrophic hypogonadism (HH). Two of the
women had premature menopause, and one had hyper-
prolactinemia. An increased risk of premature menopause
among women with epilepsy was also observed in another
study (79). In humans, it appears that a significant right
temporal lobe versus left temporal lobe differential effect
occurs in the hypothalamic gonadotrophin response to
temporal lobe seizure activity. We first observed that the
LH levels in women with temporal lobe epilepsy varied
considerably compared to age-matched controls (80).
Women with left temporal seizures had more LH surges
during an 8-hour period than controls. These women all
had PCOS. In women with hypothalamic hypogonadism
(HH), there was a marked decrease in the number of LH
surges during an 8-hour period compared to controls, and
the seizure focus was more often right-sided. A possible
explanation for these findings may include a differential
effect of altered input from the right and left amygdala on
the hypothalamic GnRH neuronal pulsatile activity (80).

In addition to the above observations regarding the
complex interactions of seizure type and seizure location
on hormonal cyclicity and the hormonal effect on seizure
frequency, medications play an important and often con-
founding role. Similarly, pregnancy may have a major
effect on seizures through its effect on endogenous hor-
mone production and its effect on the metabolism of the
antiseizure medication. These effects are discussed in
more detail in a later chapter.

Migraine

Migraine is equally prevalent in boys and girls until ado-
lescence, when the ratio changes to 3:1 in favor of
women: 17.6% of women suffer from migraines com-
pared with 5.7% of males (81). In approximately 60% of
women, migraine attacks are linked to the menses, and in
approximately 15% of women with migraines, attacks
occur exclusively perimenstrually. The catamenial exac-
erbation of migraines begins at menarche in approxi-
mately 33% of women with menstrual migraines. During
pregnancy, migraines may worsen during the first
trimester and remit during the last two trimesters,
although the pattern of improvement or exacerbation is
highly variable and individual; approximately 25% of
women with migraines experience no change in their
headaches during pregnancy (82). Migraines may worsen
transiently, but at times markedly and for a prolonged
time, during perimenopause; migraines may improve after
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completion of menopause when the female:male ratio
drops to 2:1 (83).

The pathophysiologic underpinnings of these clini-
cal phenomena remain essentially obscure. A popular
hypothesis is that estrogen withdrawal perimenstrually
alters vascular tone, leading to vascular instability and a
greater susceptibility to cerebrovascular dilatation and
headache. Estrogen receptors are found on the media of
medium-size cerebral vessels. Estrogen stimulates the pro-
duction of nitric oxide and causes cerebrovascular dilata-
tion (84). Blood flow in the internal carotid artery
increases by 15% during the ovulatory phase of the men-
strual cycle in normal women (85). However, no differ-
ence has been found in the systemic levels of estrogens,
progesterone, androgens, LH, or FSH between women
with catamenial migraines and controls (86). No blood
hormone–blood flow correlation studies have been per-
formed in women with migraines. Progesterone has not
been thought to be a significant factor in migraine, but it
is noteworthy that in an animal model of migraine, pre-
treatment with both progesterone and the 3,5-a reduced
metabolites allopregnanolone and tetrahydrodeoxycorti-
costerone ameliorated plasma extravasation within the
meninges (87). This would suggest that progesterone—
via allopregnanolone—may play an anti-inflammatory
role in the CNS. Perimenstrual withdrawal of proges-
terone could thus theoretically contribute to an increase
in the vasogenic inflammation that may be part of the
pathophysiology of migraine.

Other possible mechanisms that have been sug-
gested include a perimenstrual reduction of hypothala-
mic opioid secretion, increased prostacyclin activity, and
prostacyclin-related vasodilation and modulation of pro-
lactin secretion (83). Of particular interest is the influ-
ence of estrogen on opioids. Estradiol colocalizes with
the opioids endorphins, encephalin, and dynorphin in
rat neurons of a number of brain regions, including the
hypothalamus and the dorsal spinal cord sensory neu-
rons. It induces the expression and release of the endoge-
nous opioid peptides and activate µ-pioid receptor acti-
vation in the hypothalamus and in the amygdala (88).
Expression of endorphin in hypothalamic neurons and
the release of opioids into the hypothalamic-portal cir-
culation fluctuates during the menstrual cycle. It is high-
est at the time of ovulation (estrus) and falls as serum
estrogen levels fall (89). Thus, estradiol potentiates the
analgesic effects of endogenous opioids. It may, possibly,
by its effect in the amygdala, even alter the subjective
perception or “emotional content” of painful stimuli. Its
withdrawal perimenstrually may contribute to the men-
strually related migraine. Conversely, its large rise dur-
ing the last two trimesters is associated with an elevation
of the pain threshold during gestation (90). Thus, it may
contribute to the alleviation of migraine during this part
of pregnancy.

These theories have led to limited therapeutic trials
with estrogen and, paradoxically, antiestrogen therapy,
for example, with tamoxifen, with androgens such as
danazol, and with dopamine agonists such as bromocrip-
tine and pergolide to suppress prolactin secretion (91).
These studies have been limited in scope and therapeutic
success, although anecdotal reports of success using all
these agents abound.

Multiple Sclerosis

Multiple sclerosis (MS) is also more common in women
than men, with approximately a 2.5:1 ratio. The onset
of the disease is also most common during the second and
third decades of life, although the incidence rises after
puberty, during the second half of the second decade.
Anecdotal reports of MS show perimenstrual exacerba-
tion (92), but also improvement with estrogen contra-
ceptive treatment (93). One of the most notable features
of MS, however, is the reduction of relapsing attacks in
remitting and relapsing MS during the last trimester of
pregnancy, with a subsequent rebound of attacks during
the postpartum period (94).

The relapse decrease of the last trimester may be
mediated by a shift in immune responses from the inflam-
matory response promoting T helper 1 lymphocytes (Th1
cells) to the inflammatory response dampening T helper
2 lymphocytes (Th 2 cells). A number of hormones rise
dramatically during the second half of pregnancy. The
serum levels of estradiol, estriol, progesterone, cortisol,
and 1,25-vitamin D, among others, rise tenfold during
this time, compared with their preconception levels. All
these hormones affect the immune system. Estradiol,
estriol, cortisol, and 1,25-vitamin D have been shown to
have an immunosupressant effect and a suppressant effect
on experimental allergic encephalomyelitis (EAE), the ani-
mal model of MS (95). Estrogens affect CD4+ T lym-
phocytes, with differential effects at low versus high dose.
High levels of estrogen favor T-2 anti-inflammatory
cytokine and humoral immune response (96). Proges-
terone also facilitates the T-2 profile, with the induction
of the messenger RNA of the anti-inflammatory inter-
leukin-4 (97).

Clinically, the number and volume of gadolinium-
enhancing MRI lesions in women with MS do not fluc-
tuate between the follicular and the luteal phases of the
menstrual cycle. A positive relationship, however, has
been demonstrated between MRI lesion number and vol-
ume and the serum progesterone:estradiol ratio (98).

Attempts at the therapeutic manipulation of repro-
ductive hormones other than in MS have not been system-
atic and have been largely unsuccessful. Bromocriptine,
which suppresses the secretion of prolactin, was found to
be very effective in suppressing EAE in animals when
administered both before and after the EAE-inducing agent
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(95). Attempts at human studies, however, were not
promising and have been abandoned (99). 1,25-vitamin D
was similarly promising in EAE models and disappointing
in limited human studies (100). Recently, the weak estro-
gen estriol, a major estrogen product of the second half of
human pregnancy, was found to suppress EAE and to
decrease delayed-type hypersensitivity responses in periph-
eral blood mononuclear cells and gadolinium-enhancing
MRI lesion number and volumes in nonpregnant women
with MS compared with pretreatment baseline. The bene-
ficial MRI effects receded when the treatment was stopped
and re-emerged when it was reinstituted (101). A placebo-
controlled study is being planned.

Neuropsychiatric Diseases

As already mentioned, most neuropsychiatric diseases are
“sexually dimorphic,” with a greater predilection for
women (depression, anxiety disorders, anorexia-bulimia)
or for men (aggression, schizophrenia) (16). The differ-
ences in incidence and prevalence of these disorders
between men and women emerges during puberty. Menar-
che has been aptly named “the forgotten milestone” of
female psychiatric diseases (16). Affective and anxiety dis-
orders are commonly affected by the menstrual cycle, and
commonly exacerbate or present de novo during the post-
partum period or during the perimenopause (22).

Both estrogens and progesterone have psychoactive
properties. Estrogens, via diverse mechanisms that may
include augmentation of NMDA and non-NMDA gluta-
matergic activity, serotonergic, noradrenergic, and opiate
activity, have an arousing, antidepressant, and potentially
anxiogenic effect (102). Progesterone and allopreg-
nanolone, by contrast, have anxiolytic, sedating and, in
higher doses, depressive and anesthetic effects similar to
those of the benzodiazepines, due to their potentiation of
GABA-ergic activity. Progesterone withdrawal may there-
fore be pathophysiologically important in the perimen-
strual exacerbation of anxiety disorders, and of rapid
cycling in bipolar affective disorders, and in premenstrual
dysphoric dysfunction (PMDD) or premenstrual syndrome
(PMS). PMDD women with greater levels of premenstrual
anxiety and irritability have significantly reduced allo-
pregnanolone levels in the luteal phase relative to less
symptomatic PMDD women (103). This suggests that a
dysfunction of metabolism of progesterone to allopreg-
nanolone may be one factor in the causation of PMDD.
The withdrawal of progesterone and low serum allopreg-
nanolone levels may also be implicated in postpartum
depression. Serum allopregnanolone levels were similarly
decreased after delivery in women with postpartum dys-
thymia compared to euhymic women (104), with a nega-
tive correlation between Hamilton Depression Rating
score and serum allopregnanolone level. A significant neg-
ative correlation was observed between the Hamilton score

and levels of serum allopregnanolone.

Movement Disorders

Parkinsonian symptoms can worsen perimenstrually in
women with Parkinson disease. In one large survey, 75%
of women with natural menstrual cycles noted a wors-
ening of symptoms before or during the period (105). The
pathophysiologic mechanisms have not been investigated.

In chorea gravidarum, chorea occurs during preg-
nancy, sometimes in patients with previous post-
rheumatic fever chorea (Sydenham chorea). Its patho-
genesis is unclear, but may be related to a
pregnancy-associated rise in gonadal hormones, partic-
ularly estrogens. This hypothesis is supported by the
observation that estrogen-containing oral contraceptive
may be a trigger for chorea, sometimes in a patient who
also suffers from chorea gravidarum (106). (See also
Chapter 24.)

CONCLUSION

The study of the effects of hormones on the nervous sys-
tem, mood, memory, cognition, and behavior in health
and in disease is beginning to receive the attention that it
deserves. Hopefully, over the next few years, the complex
interrelationships between hormonal fluctuations and the
various neurotransmitter systems and metabolic path-
ways, as well as neuronal survival, brain plasticity, neu-
ronal remodeling, and synaptogenesis will be more fully
understood so that we might predict and treat the normal
and pathologic conditions that arise from the cyclical
behavior of ovarian hormones.

On a final note, a word of caution. Although a good
deal is known about the effects of ovarian hormones on
the nervous system, very little is known about two aspects
that may be important. The first is the adaptive response
of the nervous system to the fluctuation levels of the
steroids. Serum steroid levels may change dramatically
without clinical effects. During the last trimester of the
pregnancy, for instance, serum levels of progesterone and
estradiol rise to approximately 10 times the level of the
luteal phase of the menstrual cycle and approximately
40 to 200 times the level of the early follicular phase.
Within 24 to 48 hours after delivery, the secretion returns
to the follicular phase level. Yet in the majority of women,
no neurologic complications occur during the last
trimester of the pregnancy or the puerperium (2). Thus,
adaptive changes must mitigate the effects of such large
fluctuations in serum levels on the nervous system.

Second, we know very little about the functional sig-
nificance of in situ synthesis of neurosteroids in the CNS.
This synthesis is larger than peripheral steroid synthesis
for several major gonadal and adrenal steroids such
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DHEA, DHEAS, and pregnenolone (brain levels of which
are up to 10 times higher than serum levels), as well as for
neuroactive progesterone metabolites such as allopreg-
nanolone and TH-DOC (105). Such knowledge will be
important in determining the overall role of steroids,
including ovarian steroids, in the healthy and diseased
functioning of the nervous system.
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or the most part, genetic diseases do
not discriminate between the sexes,
affecting both men and women with
equal severity and in a similar man-

ner. In a small number of heritable disorders, however,
special considerations arise in the clinical management of
women that differ considerably from those in men.

Uniquely, in genetics, the clinician is concerned
about manifestations not only in the patient but also in
her relatives, especially actual or potential offspring to
whom disease may be transmitted. Some genetic diseases
are different in women than in men. In others, the only
difference is in transmission; the offspring of an affected
woman being at different risk than those of an affected
man. In still others, notably the sex-linked disorders, both
the disease and transmission pattern are different in men
and women.

EXPRESSION OF GENETIC 
DISEASES IN WOMEN

Gender differences in disease phenotype are either sex-
linked, the underlying gene(s) being located on a sex chro-
mosome, or sex-limited autosomal disorders, such as
male-pattern baldness. In theory, sex-linked disorders
could result from alterations of either the X or the Y chro-
mosome. However, the Y chromosome is not only small

but also has a low density of genes (1). Its known con-
tribution to human neurogenetic disorders appears to be
limited to a behavioral and mildly dysmorphic phenotype,
the XYY syndrome (2). In practice, virtually all sex-linked
disorders are encoded by genes on the X chromosome.

Sex-Linked Disorders

Recognized X-linked disorders are slightly more frequent
than would be predicted by the ratio of one X chromo-
some to 22 autosomes. As of this writing, of the 14,561
entries in the catalog of human genes and genetic disor-
ders, Online Mendelian Inheritance in Man (OMIM), 810
(5.56% of the total) are in the X chromosome catalog (1).
Indeed, 101 of the 1,348 phenotype descriptions in
OMIM are in the X chromosome catalog, representing
7.49% of the total number of all phenotypic descriptions
in the entire catalog. This is a higher percentage than
would be expected from the relative size of the X chro-
mosome, the 151,567,156 base pairs (bp) of which rep-
resent only 4.67% of the 3,242,415,757 bp that consti-
tute the haploid human genome. Indeed, Ensembl, a joint
project between the European Bioinformatics Institute
and the Sanger Institute, currently predicts the existence
of 24,847 human genes, of which 869 (only 3.49%) are
on the X chromosome (3). Thus, there are roughly twice
as many known human X-linked traits as would be pre-
dicted by the proportion of human genes that is currently
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estimated to be located on this chromosome. This dis-
proportion is largely technical and historical. For almost
a century it has been known that X-linked inheritance can
be recognized by the simple inspection of a pedigree,
whereas a specific autosomal assignment requires linkage
analysis (4,5). Early studies of X-linked genes were also
facilitated by such useful generalizations as Ohno’s law:
If a gene were on the X chromosome in one species, it
would be X-linked in others (6).

X-linked disorders might be expected to be more
common in women, who have two X chromosomes and
are thus twice as likely to carry an X-linked mutation, than
in men, who have only one. The opposite is true, how-
ever. Most X-linked disorders are seen more often in men
than in women. This apparent paradox is resolved by con-
sideration of the protection afforded by having two allelic
copies of each gene, only one of which is likely to be
mutant. In classic mendelian theory, an individual with one
copy of a recessive mutation appears normal because of
compensation from the wild-type allele on the other chro-
mosome. Classic theory also has it that an individual with
one copy of a dominant mutation is affected as severely
as is an individual with both copies mutant. That is to say,
a dominant always completely trumps a recessive. Con-
trary to classical theory, no completely recessive or com-
pletely dominant alleles exist: Having a normal allele
always ameliorates the effect of a mutant allele, albeit often
very modestly. If phenotypes are examined with sufficient
precision, all mutations are thus semidominant. The only
known human exception is that of Huntington disease,
possibly the only human disorder dominant in Mendel’s
sense of the word; that is, the phenotype of the homozy-
gote is indistinguishable from that of the heterozygote for
the mutant allele (7). This having been said, recessive and
dominant remain very useful simplifications for physicians.
In clinical practice, the term recessive refers to a clinical
phenotype overtly detectable only when both alleles are
mutant; the term dominant refers to phenotypes detectable
when only one allele is mutant.

Furthermore, although Mendel recognized domi-
nant and recessive phenotypes, X-linked inheritance was
not recognized until half a century later, by Thomas Hunt
Morgan (5). Later, Mary Lyon discovered that women are
mosaics: In some cells, the paternal X chromosome is
active; in others, the maternal (8). This pattern of inacti-
vation of one of the X chromosomes—named lyonization
in her honor—is established approximately 5 to 6 days
after fertilization, when each somatic cell randomly inac-
tivates either the maternal or paternal X chromosome, a
pattern that is stably transmitted by each somatic cell to
its daughters and their progeny (8). Although each cell
expresses only one X chromosome or the other, compen-
sation is frequently possible. Most recessive mutations
encode soluble enzymes, normally synthesized in suffi-
cient excess to compensate for haploinsufficiency—that

is, deficiency of that half of gene product that should have
been contributed by the mutant allele. In certain meta-
bolic pathways, such compensation can only occur within
the same cell in which a block has occurred. In other dis-
eases, a cell that has lyonized (stably inactivated) an X
chromosome with a normal gene can be rescued by other
cells that have lyonized the X with the mutant gene—so-
called metabolic cooperation (9). In certain disorders,
there is selective pressure against those cells that have
lyonized the normal allele: As the heterozygote ages,
abnormal cells drop out of the mosaic (10). The strength
of this selective pressure can vary from tissue to tissue,
sometimes influencing the course of the disease and some-
times restricting biopsy choices for diagnostic testing.

From these basic considerations we can derive clin-
ically useful generalizations. The effects of X-linked muta-
tions are milder in women than in men, often negligible.
Furthermore, the degree of clinical and biochemical
involvement in heterozygote women can vary in space
and time, depending on the patch size of lyonized clones
and the degree of selection against one of the lyonized
populations. I will refrain from presenting a longer list
of dry generalities at this juncture lest we unnecessarily
try the patience of the reader. Instead, I will let other
potentially useful generalizations emerge in the discussion
of specific disorders.

Sex-Linked Disorders Seen (Almost) 
Exclusively in Females

Some X-linked disorders are seen only in female het-
erozygotes because they are lethal to hemizygous males in
utero. Spontaneous abortions of affected male fetuses can
occur early enough in pregnancy to be inapparent. A care-
ful analysis of multiple families segregating such mutations
discloses an excess of female births because of the failure
of male conceptuses with the mutation to come to term.
Given the small size of sibships in the industrialized world,
such distorted birth ratios may not be apparent in an indi-
vidual family. Such disorders are referred to as X-linked
dominant or semidominant, male-lethal.

In many of these disorders, affected females show
severe involvement of the nervous system with mental
retardation—a useful starting point for the construction
of a differential diagnosis, but a virtually worthless tool
for its advancement. Specific clinical diagnosis is permit-
ted by characteristic systemic findings. A striking exam-
ple is provided by what had been called incontinentia pig-
menti type II, considered by an increasing number of
investigators the classic and only authentic form of incon-
tentia pigmenti, not deserving the suffix “II” (11). This
disorder results from mutations of the gene on Xp28 (12)
encoding NEMO (13), a factor essential for the activa-
tion of the transcription factor, NF-kappa-B. Complete
absence of this critical factor in affected males leads to
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death in utero, presumably because all their cells are vul-
nerable to pro-apoptotic signals. In half of the cells of a
heterozygous female, however, intact NEMO is expressed
from the normal X chromosome, permitting her survival.
Shortly after birth, heterozygous females develop ery-
thema, vesicles, and pustules that become verrucous and
hypertrophic. In adolescence, these skin lesions become
atrophic, hypopigmented linear streaks. They disappear
by the age of 20 years, presumably because of selection
against cells expressing the mutant NEMO allele and sur-
vival of only those cells expressing the normal, wild-type
allele (14). Alopecia, retinal vascular changes with cica-
trization, peg-shaped teeth, unilateral breast aplasia, and
dystrophic nails have also been observed accompanying
the mental retardation, spastic tetraparesis, and micro-
cephaly. There are varying degrees of involvement, even
within the same pedigree, where all affected individuals
must have the same allele, presumably because of varia-
tions in the pattern of lyonization. The vast majority of
cases are in females, although incontinentia pigmenti type
II was once observed in an XX male (15) and was once
transmitted to paternal half sisters by an asymptomatic
father, presumably a gonadal mosaic (16).

Other syndromes of pigmentary cutaneous abnor-
malities and mental retardation can cause diagnostic con-
fusion. Chief among these are a sporadic Xp11-autoso-
mal translocation disorder, incorrectly named
incontinentia pigmenti type I (17), and hypomelanosis of
Ito, a syndrome associated with chromosomal mosaicism,
in which the hypopigmented skin lesions (best seen under
a Wood lamp) do not undergo a prodromal phase (18).

With rare exceptions, oral-facial-digital dysplasia
(OFD) type I (19) has only been observed in females. In
this disorder, malformation of the brain results in a sta-
tic encephalopathy with mental retardation, a nonspecific
neurologic finding. This results from a variety of muta-
tions in the previously uncharacterized chromosome X
open reading frame 5 (CXORF5) (20), thereby estab-
lishing the important role of this presumed microtubular
regulator in human development (21). Diagnosis is made
by recognition of characteristic facial and hand anom-
alies. There are abnormal oral frenulae, with clefting of
the jaw and tongue in the area of lateral incisors and
canines, as well as irregular, asymmetric clefts of the
palate. Hand abnormalities include syndactyly (incom-
pletely separated fingers), clinodactyly (curved fingers),
brachydactyly (short fingers), and occasional postaxial
polydactyly (extra fingers on the ulnar side). Radiographs
of hands and feet show irregular mineralization, distin-
guishing this disorder from OFD II (22), a disorder that
is also associated with heart defects. Later in life, some
individuals develop polycystic kidneys and renal failure
(23), an important consideration in the management of
these patients and a possible source of diagnostic confu-
sion with classic autosomal dominant polycystic kidney—

berry aneurysm disease, resulting from mutation in either
the membrane-bound polycystin I (24) or polycystin 2,
with which it heterodimerizes (25) to form an active sig-
nalling complex.

With rare exceptions, the CHILD syndrome (con-
genital hemidysplasia with ichthyosiform erythroderma
and limb defects) is seen only in females (26). This is one
of a growing list of developmental defects associated with
mutations affecting cholesterol synthesis, resulting from
mutations in the NSDHL gene at Xq28 (27). The hall-
mark of this X-linked disorder is an ichthyotic erythro-
derma with ipsilateral malformations, particularly
absence or dysplasia of a limb (28). The hemidysplasia
can affect not only the limbs but also parts of the central
nervous system (CNS)—brain stem, cerebellum, and
spinal cord, with unilateral absence of the trigeminal,
facial, auditory, glossopharyngeal, and vagus nerves (29).
As indicated by its name, a hallmark of CHILD syndrome
is its extreme lateralization.However, it may exception-
ally result in almost symmetric skin lesions (27). In one
reported case, there was also a myelomeningocele (30).

Another developmental disorder of cholesterol
metabolism is associated with a deficiency of 3-beta-
hydroxysteroid-delta(8), delta(7)-isomerase (31), the X-
linked dominant chondrodysplasia punctata 2 (Conradi-
Hunermann-Happle syndrome; CDPX2). CDPX2
accounts for about one-quarter of the cases of this group
of skeletal dysplasias associated with linear or whorled
pigmentary skin lesions. It is the only form that is X-
linked dominant, lethal in utero to males (32), with only
affected females surviving to manifest the syndrome.
Unlike the CHILD syndrome, CDPX2 typically shows
mild to moderate assymmetry, but occasionally may be
extremely lateralized. Another striking feature of
CDPX2 is anticipation, perhaps resulting from skewed
gene methylation rather than the more widely recognized
mechanism of triplet repeat expansion (33). Linear skin
defects are also seen in microphthalmia with linear skin
defects (MIDAS syndrome: microphthalmia, facial der-
mal hypoplasia, sclerocornea), a male-lethal disorder
associated with the absence of the Xp22 band, in which
is encoded mitochondrial holocytochrome c synthase
(34). In addition to the linear skin defects and microph-
thalmia with sclerocornea, agenesis of the corpus callo-
sum occurs. An exceptional case was reported in two
phenotypically male twins with an XX karyotype. The
male phenotype was conferred by the abnormal presence
of the Sry gene, the result of a subtle XY translocation
(35).

The best known X-linked male-lethal disorder asso-
ciated with agenesis of the corpus callosum is Aicardi syn-
drome (36), for which lacunar choreoretinopathy and
infantile spasms complete the diagnostic triad. Evidence
for X-linked inheritance comes from family studies that
show a high spontaneous abortion rate in mothers of
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affected girls, as well as a skewed ratio of unaffected male
to female siblings (37). Presumably, affected females result
from the new onset of an X-linked dominant mutation
that is lethal to male fetuses. After presentation with
infantile spasms, affected females continue with lifelong
mental subnormality and an epilepsy that is quite diffi-
cult to control. The characteristic anatomic findings are
agenesis (72%) or hypoplasia (28%) of the corpus callo-
sum (37) and chorioretinal lacunae in a highly specific
pattern. Costovertebral defects such as hemivertebrae,
scoliosis, and malformed or absent ribs are also common.
The degree of psychomotor retardation is variable, appar-
ently reflecting the pattern of lyonization (38), further evi-
dence for X-linked dominant inheritance. In addition to
brain heterotopias, there have been several reports of
Aicardi syndrome in association with benign or malig-
nant tumors of the CNS or periphery—choroid plexus
papilloma and gastric polyps (39) and scalp lipomas as
well as malignant cavernous hemangioma of the leg with
angiosarcomatous metastases (40).

Unlike the previously described X-linked male-lethal
disorders, in which characteristic systemic features per-
mit clinical diagnosis, abnormalities in periventricular
heterotopia are confined to the nervous system (41). Mul-
tiple uncalcified nodules appear on the lateral ventricu-
lar walls, sometimes causing diagnostic confusion with
tuberous sclerosis, which differs from this disorder by the
presence of depigmented ash-leaf spots, periungual fibro-
mas, and mental retardation. Some females with charac-
teristic MRI scans are asymptomatic, whereas others have
seizures, sometimes severe (42).

Several other disorders of girls appear in which X-
linked male-lethal inheritance had long been suggested
but in which proof of such a mechanism proved elusive.
The best known of these disorders is the Rett syndrome,
a distinctive progressive encephalopathy characterized by
autism, loss of purposeful hand movements, and an
acquired microcephaly (43). Characteristically, these girls
show normal development until 7 to 18 months of age,
an essential criterion for clinical diagnosis (44). Deceler-
ation of linear growth is the first sign of a 1.5-year period
of illness, during which time the affected girl develops
microcephaly, severe dementia, truncal ataxia, and pecu-
liar wringing hand movements. After this period of
decline, the course stabilizes, resulting in a profound but
subsequently nonprogressive encephalopathy. Other fea-
tures include seizures, spastic paraparesis, and vasomo-
tor abnormalities of the lower limbs. By analogy to the
Aicardi syndrome, it had been proposed that most girls
with Rett syndrome harbor new mutations of an unspec-
ified gene on the X-chromosome that is lethal to males
(43). A few instances of affected sisters in which inheri-
tance from a germinally mosaic mother could be posited
(43), and reports exist of two patients with a balanced
translocation involving the X chromosome (45,46). Other

pedigree and studies of lyonization, however, had argued
against a simple X-linked hypothesis (47).

The X-linked model was finally confirmed by
demonstrating pathogenic mutations in the gene in Xp28
encoding methyl-CpG-binding protein-2, a regulator of
chromatin structure. Mutations in the same gene have
been found responsible for about half the cases of the pre-
served speech variant (PSV) of Rett syndrome (48,49).
Further evidence for the importance of the MECP2 gene
is provided by independent reports of severe neurodevel-
opmental defects, including a case of otherwise typical
Rett syndrome in boys with normal karyotypes and
somatic mosaicism for MECP2 (50,51).

Sex-linked male-lethal inheritance has been pro-
posed for the Wildervanck cervicooculoacoustic syn-
drome, the juxtaposition of congenital perceptive deaf-
ness with bony abnormalities of the inner ear, the
Klippel-Feil anomaly, and Duane abducens palsy with
retractor bulbi (52). Abducens palsy appears to be the
most variable part of this syndrome, but Klippel-Feil cer-
vical vertebral anomalies are more common. Indeed, such
vertebral anomalies occur in 1% of deaf women. Similar
inheritance has been proposed for the less common
CODAS syndrome (cerebral, ocular, dental, auricular,
and skeletal anomalies), thus far reported in only two
unrelated females (53), a segregation pattern for which
autosomal inheritance is equally plausible. Further, but as
yet inconclusive, evidence against X-linked inheritance, is
provided by reports of typically affected males (54). A
slowly progressive limb-girdle form of muscular dystro-
phy limited to females has been reported in several fam-
ilies (55). The observed pattern of inheritance is compat-
ible with either X-linked male-lethal or a sex-limited
autosomal dominant trait.

Sex-Linked Disorders with Milder
Manifestations in Females

Most sex-linked disorders are present in men, with only
minor if any manifestations in females. In certain circum-
stances, however, the clinical phenotype in women can be
significant, sometimes differing from the classic phenotype
in males and thus causing diagnostic confusion.

Duchenne Muscular Dystrophy: 
The Best Studied Example

The most common X-linked single gene disorder in
humans is Duchenne muscular dystrophy (DMD). Boys
affected with DMD develop gait difficulty and calf hyper-
trophy as toddlers, need wheelchairs by the end of the first
decade of life, and succumb by the end of the second
decade. In the allelic disorder, Becker muscular dystrophy
(BMD), onset and progression of symptoms is signifi-
cantly delayed, and affected individuals survive into mid-
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dle age. The gene encoding dystrophin—mutant in
Duchenne and in Becker muscular dystrophy—enjoys
pride of place as the first gene discovered by the now com-
monplace process of positional cloning, then called
reverse genetics (56). For these two reasons, the expres-
sion of this gene in female heterozygotes has been stud-
ied more carefully than has that of any other. Lessons
learned from DMD and BMD illuminate our under-
standing of less well characterized X-linked diseases and
are considered in some depth.

Duchenne muscular dystrophy affects 1 in 3,300 live-
born males, most of whom neither have had, nor will have,
another case in their families (57). Because affected males
virtually never survive into reproductive years, the half-life
of a given DMD mutation is only one generation. The dis-
order remains common in all populations despite this
strong selection pressure only because of the high rate of
new mutations. DMD and BMD carrier females are more
common than are affected heterozygote males, but most
have no detectable muscle weakness. Thus, for women, the
most common clinical problem posed by DMD or its
milder allelic variant, BMD, is the birth of an affected son.
If the son represents a new mutation, the risk to future
pregnancies is negligible. If, however, the woman is an
unaffected carrier, half of her sons will be affected by this
devastating disorder. Determining carrier status is there-
fore a matter of considerable importance.

Approximately 70% of female heterozygotes for
DMD have an elevated level of creatine kinase in the
serum. The creatine kinase levels tend to be higher in
younger carriers and to decrease with age (58). Efforts
to improve the accuracy of carrier prediction have been
only partially successful. The most convenient of these
methods is DNA analysis, which demonstrates a
detectable deletion or insertion in the dystrophin gene in
90% of affected males (59). Once detected in an affected
hemizygous male, the deletion or insertion can be
searched for in female relatives, albeit often with con-
siderable technical difficulty because of the normal allele
present on the other X chromosome.

An alternative method, staining for dystrophin pro-
tein with antibodies in muscle biopsies of many het-
erozygote females, has demonstrated dystrophin-negative
myofiber segments (60). The majority of myofibers in het-
erozygotes, however, have no detectable deficiency of dys-
trophin. Each myofiber is a multinucleated syncytium
derived from the fusion of hundreds of mononuclear
myoblasts, some of which have lyonized the paternal X
chromosome, others the maternal. In the majority of
myofiber segments, dystrophin produced by normal
nuclei is sufficient to compensate for segments served by
mutant nuclei. Indeed, a mosaic of dystrophin-negative
myofibers has only been detected in those obligate carri-
ers who have an elevation of serum creatine kinase. Thus,
staining of muscle sections is no more sensitive than mea-

surement of creatine kinase in the serum. Improvement in
the accuracy of carrier detection is only afforded by the
clonal analysis of myoblasts cultured from biopsied mus-
cle from putative carriers (61). Although highly accurate,
this tissue culture procedure is very expensive.

In a small proportion of women, DMD not only poses
a concern for their offspring, but also affects their own
health. Approximately 2.5% of DMD heterozygotes have
symptoms, usually a limb-girdle weakness of later onset,
sometimes asymmetric and usually much milder than that
of affected boys (62). Although the proportion of mani-
festing heterozygotes is low, the frequency of DMD muta-
tions in most populations is much higher than that of auto-
somal recessive limb-girdle dystrophies. Thus, a girl with
a limb-girdle dystrophy is as likely to have DMD as an
autosomal recessive sarcoglycanopathy. In a large survey
of myopathic women with negative family history, elevated
levels of serum creatine kinase, and myopathic muscle
biopsy, 10% were found to have a dystrophinopathy (63).

Although most manifesting carriers have a mild
limb-girdle phenotype, a small proportion have a severe
progressive classic DMD phenotype. In all severely
affected females, there has been a radical departure from
the expected 50–50 pattern of lyonization. Typical DMD
has been described in a phenotypic female with Turner
syndrome, thus an XO hemizygote (64), and in approx-
imately a dozen women with X-autosomal translocations.
These translocations inactivated the dystrophin gene in
the Xp21 band of one of the X chromomes, but also stuck
on a piece of autosome that effectively required that the
derivative chromosome be expressed in order for the cell
to survive. Only the cells that lyonized the normal X chro-
mosome survived in the mosaic. Thus, the only X chro-
mosome active in these girls was the one that had dis-
rupted the dystrophin gene. Such translocation females
were instrumental in the search for the dystrophin gene
(65) because the translocation points proved easy targets
for molecular biologists.

More commonly, women with a typical severe DMD
phenotype are one of a pair of discordant monozygotic
twins. All monozygotic female twins heterozygous for a
DMD mutation are discordant—one twin severely
affected, the other one completely well. In all reported
cases, the manifesting twin has disproportionately
lyonized the normal X chromosome. The normal twin has
had skewed X-inactivation in the opposite direction (66)
or a normal pattern of inactivation (67). These findings
suggest that twinning takes place after lyonization, with
a small proportion of the inner cell mass breaking off and
then catching up with the normal twin, albeit with a skew
resulting from small initial sampling (68). Another pat-
tern of skewed X-inactivation appears to result not from
twinning, but from an as yet obscure mechanistic inter-
action between paternal inheritance and the development
of new dystrophin mutations (69).
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Another manifestation of DMD in females is car-
diomyopathy. Unlike the multinucleated myofibers of
skeletal muscle, cardiac myocytes are mononuclear; a car-
diac monocyte expressing mutant dystrophin from its
active X chromosome receives no protection from neigh-
bors that have lyonized in the opposite direction. From
6.6% to 16.4% of DMD carrier females have electro-
cardiographic abnormalities. A smaller proportion have
frank cardiomyopathy in the presence or absence of limb
weakness (70). Similarly, certain mutations affecting the
amino terminal end of the dystrophin molecule result in
X-linked dilated cardiomyopathy—congestive heart fail-
ure in teenaged males and older women (71).

Other X-Linked Myopathies

Similar patterns have been seen in other X-linked
myopathies not related to the dystrophin gene. Men
affected with Dreifuss-Emery muscular dystrophy
develop a characteristic syndrome of delayed weakness
with early contractures of the elbows, Achilles tendons,
and posterior cervical muscles (72). Additionally, the
men have pectus excavatum and a cardiomyopathy
beginning with atrioventricular block. In contrast, the
only manifestation in females is cardiac disease with
atrial arrhythmia, which is sometimes lethal (73). Car-
diac involvement had been thought to result from selec-
tive localization of emerin, the protein primarily affected
in this disorder, in the intercalated discs of cardiomy-
ocytes. Subsequent studies with better antibodies, how-
ever, demonstrated emerin only in the nuclear member
of cardiomyocytes (74).

A similar mechanism probably underlies selective
cardiac involvement in female carriers of yet another X-
linked disorder, the exceedingly rare syndrome of scapu-
loperoneal muscular dystrophy, mental retardation, and
lethal cardiomyopathy reported by Bergia. Affected boys
begin mental deterioration at the age of 5 years, followed
by humeroperoneal muscular dystrophy and lethal hyper-
trophic cardiomyopathy when they are teenagers. In con-
trast, the female carriers have a cardiomyopathy with-
out skeletal muscle involvement (75).

Another type of difference between multinucleated
skeletal myotubes and mononucleated cells is suggested
by the X-linked deficiency of phosphoglycerate kinase
(PGK1). Affected men have recurrent myoglobinuria
brought on by exercise-induced rhabdomyolysis, as well
as mental retardation, epilepsy, and hemolysis (76). In
contrast, reported women show only hemolytic anemia
(77). Alternatively, these differences may be attributed
to unique properties of individual PGK mutants. No
reports appear of clinical abnormalities in females het-
erozygous for mutations of the alpha subunit of phos-
phorylase kinase, responsible for a rare X-linked muscle
glycogenesis in hemizygous males (78).

A different pattern of mildly affected females is seen
in other X-linked muscle diseases. Myotubular or cen-
tronuclear myopathy exists in several different forms: a
very well documented X-linked recessive neonatal form
that is lethal in infancy, a less well documented mild auto-
somal dominant form, and an autosomal recessive form
of intermediate severity that begins in late infancy or early
childhood (79). Males affected with the X-linked type
[now known to result from a mutation affecting a puta-
tive tyrosine phosphatase, myotubularin (80)] are born as
floppy infants with polyhydramnios, external ophthal-
moplegia, weakness of facial and cervical muscles, and
respiratory insufficiency leading to death in infancy. The
clinical presentation is similar to that of neonatal
myotonic dystrophy. Unlike mothers with the autosomal
dominant myotonic dystrophy, however, mothers of male
infants with X-linked myotubular myopathy do not show
facial weakness, cataracts, or myotonia, although they
may show mild abnormalities on muscle biopsy (81). An
interesting possible exception to the general rule of non-
manifesting carriers was related by Torres, who reported
a mixed brain stem, peripheral nerve, and myopathic dis-
order in a mother of boys with neonatal lethal centronu-
clear myopathy (82).

In other X-linked myopathies, the only manifesta-
tion in female heterozygotes is minimal nonspecific
changes on muscle biopsy. Asymptomatic female carri-
ers of fingerprint myopathy have such changes rather than
the characteristic fingerprint bodies found in the periph-
ery of the sarcoplasm in hemizygote boys (83).

X-Linked Peripheral Neuropathies

Several forms of X-linked neuropathy exist, distinguish-
able by clinical features, map position, or both. Several of
these X-linked forms have been referred to as Charcot-
Marie-Tooth disease. Thus, just like myotubular myopa-
thy, spastic paraplegia, and retinitis pigmentosa, Charcot-
Marie-Tooth disease(s) can be either autosomal or
X-linked. In X-linked dominant Charcot-Marie-Tooth dis-
ease (CMTX1), women are affected less severely than are
men. Careful inspection of pedigrees demonstrates that this
is a true sex-linked disorder rather than a sex-limited
expression of an autosomal dominant Charcot-Marie-
Tooth disease. Affected men transmit the disorder to all
of their daughters but to none of their sons. Affected moth-
ers transmit to half of their sons and to half of their daugh-
ters, a classic pattern of X-linked transmission. This map
location has been confirmed and refined to Xq13 by link-
age studies using DNA markers. This is primarily an
axonal degeneration with secondary changes in peripheral
myelin, with some affected males showing deafness.
Affected women show mild clinical signs, including
decreased nerve conduction velocities but no functional
disability (84). In an exceptional family segregating a
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mutation in the same locus as CMTX1, episodes of tran-
sient paraparesis, monoparesis, tetraparesis, dysarthria,
aphasia, and cranial nerve palsies occured associated with
reversible white matter lesions on MRI (85). In addition
to this disorder, which is now demonstrated to be caused
by mutations affecting connexin-32 (86), there is also link-
age evidence for two separate loci—CMTX2 at Xp22.2
and CMTX3 at Xp26—encoding X-linked recessive forms
of Charcot-Marie-Tooth disease, so called because het-
erozygous women usually do not show signs of the disease
(87).

Unfortunately, Charcot-Marie-Tooth disease has also
been applied to several other more complex neurologic dis-
eases with severe involvement in men and mild involve-
ment in women. In the Cowchock variant of Charcot-
Marie-Tooth (CMT2D), male infants are severely weak
and most are either deaf or mentally retarded. Obligate
heterozygote females are asymptomatic, although some
show minor inconsistent alterations in hearing, on sensory
nerve conduction studies, and on electromyography (88).
Earlier speculations to the contrary, linkage studies clearly
demonstrate that the so-called Cowchock variant is not an
allelic variant of CMTX1 (89) because it maps to Xq24-
q26. In another so-called X-linked recessive CMT variant,
a Schwann-cell form of sensorimotor neuropathy associ-
ated with aplasia cutis congenita of the scalp, with under-
lying bony defects of the calvarium in affected males, but
only minor distal wasting and denervation in asympto-
matic female heterozygotes (90). In the Rosenberg-Chutor-
ian syndrome, affected males have a sensorimotor neu-
ropathy reminiscent of Charcot-Marie-Tooth disease as
well as sensorineural deafness and optic atrophy (91). In
contrast, heterozygous women show only slowly progres-
sive hearing loss (92).

A small-fiber neuropathy quite distinct from Char-
cot-Marie-Tooth disease is a cardinal manifestation of
Fabry disease, an X-linked multisystem disorder resulting
from a deficiency of ceramide trihexosidase (also known
as alpha-galactosidase) and the resultant vascular depo-
sition of lipid (93). In addition to a painful small-fiber
neuropathy with autonomic involvement and abdominal
crises, the full syndrome includes a characteristic whorl-
like corneal dystrophy, as well as infarctions in the retina
and in the kidney. Whereas renal failure had previously
led to death by the third decade, longer survival result-
ing from renal transplantation has permitted survival to
a later stage manifesting multiple large- and small-vessel
infarctions of the CNS. Affected males are easily recog-
nized by a purpuric skin rash for which the disorder was
given its other name, angiokeratoma diffusa. Corneal dys-
trophy is of similar severity in heterozygotes as in hem-
izygous males (94), but affected women almost never have
the characteristic skin rash. Without the rash, the diag-
nosis is frequently overlooked. Although women tend to
survive longer than do affected men, clinical involvement

can be very severe, including debilitating autonomic neu-
ropathy (95), renal failure, cardiomyopathy (96), and
involvement of the CNS (97). A study of 60 obligate car-
rier females demonstrated painful neuropathy in 70%
and other serious systemic manifestations in 30%, includ-
ing renal failure and stroke (98).

In other X-linked disorders, peripheral neuropathy
or sensory ganglionopathy may be the only manifestation
in female heterozygotes of a more complex multisystem
disorder in males. In the myopia-ophthalmoplegia syn-
drome, some carrier women have only areflexia, but not
the ophthalmoplegia, pupillary abnormalities, chori-
oretinal degeneration, and cardiac and spinal malforma-
tions that are seen in affected male relatives (99).

X-Linked Motor Neuron Disorders

The first motor neuron disease in which the underlying
biochemical defect was discovered genetically is X-linked
Kennedy spinobulbar atrophy, which is caused by expan-
sions of triplet repeats at one end of the gene encoding the
androgen receptor (100). This was also the first demon-
stration of expansions of triplet repeats as a pathogenic
mechanism, now demonstrated in half a dozen other
human disorders, all of which affect the nervous system.
Mutations at the other end of the androgen receptor cause
the distinct syndrome of testicular feminization—normal
female secondary sexual characteristics in XY males, who
are infertile but have no motor neuron disease. Men with
Kennedy syndrome develop gynecomastia in their teens
and are usually impotent, but sometimes are fertile (101).
Atrophy and fasciculations of the bulbar muscles begin
anywhere from the twenties to forties. We have seen one
phenotypic XY woman with testicular feminization and
a bulbar spinal muscular atrophy. There is an increased
frequency of the Kennedy triplet repeat expansion in
women with polycystic ovary syndrome as well as prefer-
ential expression of the expanded triplet repeat, compared
with that seen in the general population (102). [However,
there has been no report of clinical or subclinical neuro-
logic involvement in true female carriers in this disorder or
in the other X-linked motor neuron disease, lethal infan-
tile sex-linked spinal muscular atrophy (SMAX2) (103).]

Motor neuron disease may underly some forms of
distal infantile arthrogryposis, of which there may be as
many as three distinct X-linked types (104). In one such
family, the disease was transmitted to severely affected
male infants by female carriers, who themselves had
milder manifestations such as minimal muscle weakness,
kyphosis, contractures, and clubfoot (105).

X-Linked Spastic Parapareses

As in the case of Charcot-Marie-Tooth disease, myotubu-
lar myopathy, and retinitis pigmentosa, hereditary spastic
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paraparesis can segregate as either an autosomal domi-
nant, autosomal recessive, or X-linked trait. Three well-
characterized X-linked spastic parapareses exist, all of
which can have significant clinical impact on heterozygous
women. Adrenoleukodystrophy (ALD) and the milder
adrenomyeloneuropathy (AMN) are alternate manifesta-
tions of mutations affecting a recently discovered peroxi-
somal transport protein encoded by a gene near the distal
tip of the long arm of the X chromosome. The differences
between ALD and AMN—one a leukodystrophy of child-
hood, the other a neuronopathy of adults—are not man-
ifestations of different alleles at the same locus (106), but
of an epistatic interaction from an as yet unidentified auto-
somal modifier gene. In the presence of one form of this
putative modifier, affected boys develop rapidly progres-
sive ALD, which is lethal in mid-childhood, beginning with
markedly inflammatory demyelination, typically beginning
in the occipital corona radiata and advancing frontally. In
the absence of this modifier, a more slowly progressive
AMN develops in late adolescence and progresses over a
decade. Both disorders can coexist in the same pedigree,
indicating that the same allele at Xp28 can give rise to
either syndrome (106). In hemizygous males, adrenal insuf-
ficiency can occur as part of either syndrome, or as an iso-
lated Addisonism. Approximately 15% of female het-
erozygotes develop a moderately severe spastic paraparesis
(107), sometimes in association with a peripheral neu-
ropathy (108) and sphincter disturbance (109). As is the
case in all X-linked disorders, heterozygote females are
mosaics of cells that have lyonized either the normal or
mutant gene. Uniquely among X-linked disorders, there
is a selective advantage for cells expressing the mutant
ALD allele, resulting in their gradual outnumbering of
their normal fellows in the mosaic as she grows older.
Unlike affected men, heterozygous women are unlikely to
have severe adrenocortical insufficiency, but they may be
presdisposed to hypoaldosteronism when taking non-
steroidal anti-inflammatory drugs (110).

Certain mutations affecting proteolipid protein give
rise to a classic Pelizaeus-Merzbacher phenotype with a
leukodystrophy limited to the CNS, resulting in oculo-
motor apraxia, spastic ataxia, and parkinsonian features
that can present as early as 8 days of life and progress so
slowly as to permit survival into middle age (111). Other
mutations of the same X-linked gene give rise to a clas-
sic spastic paraparesis (X-linked, type 2, SPPX2) with-
out involvement of eye movements. Some of these segre-
gate as strict recessives; others are expressed frequently in
females (112).

Similarly, three disparate syndromes, MASA (men-
tal retardation, aphasia, shuffling gait, adducted thumbs),
X-linked aqueductal stenosis with hydrocephalus, and an
X-linked spastic paraplegia, can result from different
mutations in L1CAM gene, which encodes a neural cell
adhesion molecule (113). The clinical phenotype in het-

erozygous females from one such MASA family ranged
from adducted thumbs, learning abnormalities, or mild
mental retardation, to hydrocephalus that was lethal
shortly after birth (114).

In addition to these three well-characterized X-
linked spastic parapareses, there have been isolated
reports of possible others. Mild spastic paraparesis was
the only sign in a girl whose brothers also had Kallman
syndrome—hypogonadotrophic hypogonadism and
arrhinencephaly (115). The relevance of this isolated
report is not clear, however. In autosomal Kallman syn-
drome, associated with mutations in KAL1 of a secreted
protease inhibitor with repeats (116–117), no spastic
paraparesis occurs, but both transmitting females and
fully affected male heterozygotes have partial or complete
anosmia. In a study of X-linked Kallman syndrome that
was confirmed by a demonstration of mutations in anos-
min, a regulator of migration of GnRH neurons and
olfactory nerves to the hypothalamus, there was no dis-
cernible phenotype in female obligate carriers (118).

X-Linked Ataxias and Movement Disorders

Gene mutations do not always observe the tidy anatomic
categories favored by neurologists. Nowhere is this mud-
dle more evident than in those neurodegenerative disor-
ders in which pyramidal, extrapyramidal, and cerebellar
signs coexist, often with spectacularly different degrees of
relative severity, even within members of the same sibship.
For example, a rare X-linked neurodegenerative disor-
der described by Malamud and Cohen begins with cere-
bellar ataxia and is later characterized by extrapyramidal
signs (119). Both clincial and anatomic involvement of
the cerebellum and basal ganglia are evident in a recently
reported X-linked disorder with iron deposition in the
basal ganglia and neuroaxonal dystrophy similar to
Hallervorden-Spatz-Pettigrew syndrome (120). Hemizy-
gous boys show a Dandy-Walker malformation of the
cerebellum as well as choreoathetosis, severe mental retar-
dation with seizures, and marked hypotonia that evolves
into spasticity. Although autopsy studies in a female car-
rier have shown iron deposition and neuroaxonal dys-
trophy, the clinical manifestations were limited to a pre-
senile dementia in one woman and mild intellectual
impairment in others.

Pelizaeus-Merzbacher disease, which was discussed
in the previous section in relationship to mutations of the
proteolipid protein gene and a form of X-linked spastic
paraparesis, would actually fit as nicely into this section
as the previous one. Although Pelizaeus-Merzbacher dis-
ease is much more commonly observed in boys, an oth-
erwise typical case occurred in a girl with no obvious
chromosomal abnormality (121).

Similarly, Menkes kinky-hair disease typically spares
girls but affects hemizygous boys, with severe cerebellar



GENETIC DISORDERS IN WOMEN 99

and cerebral degeneration beginning in the first months
of life, with concomitant growth failure, and death by the
second year (122). The disease is named because of the
characteristic fragile, microscopically twisted and frac-
tured hair shafts of variable diameter—pili torti—present
in all affected boys and in 43% of carrier women (123),
usually the only clinical indicator of heterozygosity. A few
women, however, have had typical neurologic involve-
ment. Among these are girls with a balanced transloca-
tion X-autosomal translocation through Xp13
(124–126), the site of the gene encoding the alpha
polypeptide of an adenosine triphosphate–dependent cop-
per transporter, mutant in this disorder. Otherwise typi-
cal Menkes progressive encephalopathy was described in
three additional girls, one a Turner mosaic and the oth-
ers without demonstrable chromosomal alterations (127).
Mild manifestations of the cutis laxa/occipital horn syn-
drome, recently shown to be allellic to Menkes (128), are
frequently seen in female relatives (129) of males affected
with mild mental retardation, hyperelasticity of the skin,
and characterisitic bony projections of the occipital bone
pointing caudally from the foramen magnum.

Two X-linked neurodegenerative disorders are asso-
ciated with hyperuricemia: Lesch-Nyhan syndrome, a
movement and behavioral disorder resulting from inac-
tivation of hypoxanthine-guanine phosphoribosyl trans-
ferase (HGPRT), and a less well known ataxia syndrome
due to superactivity of phosphoribosylpyrophosphate
synthetase-I (PRPS). Some mutations of either enzyme
produce only gout and uric acid kidney stones, whereas
others produce a characteristic neurologic syndrome as
well. The well-known Lesch-Nyhan syndrome—choreoa-
thetosis, self-mutilation, mental retardation, and spastic-
ity—has been reported virtually exclusively in males
(130). Clinically unaffected heterozygous girls can be
shown to have two populations of red blood cells—one
defective in HGPRT, the other normal—but similar tests
of adult heterozygote women demonstrate only one pop-
ulation, with normal HGPRT activity, indicating posi-
tive selection for those red blood cell precursors that had
lyonized the mutant X chromosome (9,131). The one
exceptional case of a girl with a typical Lesch-Nyhan syn-
drome had a deletion of the entire HGPRT gene on the
maternally derived X chromosome and selective lyoniza-
tion of normal paternal X chromosome (132).

In contrast, full or partial clinically evident involve-
ment of women is more frequent in families segregating
an abnormality of PRPS. In addition to hyperuricemia,
affected boys in some sibships develop sensorineural high-
tone deafness, ataxia, peripheral neuropathy with axonal
and demyelinating features, as well as renal failure (inde-
pendent of hyperuricemia), sometimes leading to death in
early childhood (133). In some families, there are dis-
tinctive facial features—hypertelorism (widely spaced
eyes) with a prominent forehead, beaked nose, and broad

mouth (134). In some family members, there is only early-
onset gout, whereas others develop the full syndrome.
Curiously, heterozygous females are on average no less
severely affected than are hemizygous males (135).

The extent of clinical involvement of female het-
erozygotes differs in a variety of less well characterized
X-linked cerebellar ataxias. Cerebellar atrophy and self-
limited episodes of ataxia were observed in mothers of
boys with the ataxia-deafness syndrome: infantile hypo-
tonia, developmental delay, esotropia, optic atrophy, and
ataxia progressing to death in childhood (136). In con-
trast, clinical manifestations in women heterozygous for
Arts fatal X-linked ataxia and deafness appear to be lim-
ited to mild hearing impairment in adulthood (137). Even
less involvement of women is seen in the more commonly
observed X-linked cerebellar ataxia, for which the only
reported manifesting female was an XO Turner hemizy-
gote (138).

It is distinctly unusual for women to be affected by
X-linked extrapyramidal disorders. The rare exceptions
include cytogenetically normal, presumably heterozygote
females as well as two women with balanced X-autoso-
mal translocations (139), variably affected with the
Goeminne TKCR syndrome—torticollis, keloids, cryp-
torchidism, and renal dysplasia (140). No affected carri-
ers have been reported in the deafness-dystonia syndrome,
a progressive dystonia of boys with dysarthria and hyper-
activity that leads to severe disability and death in the
teenage years (141). Only one woman has been affected
with X-linked torsion-dystonia 3 (142), in which parkin-
sonian features are an early feature of a syndrome that
begins in the thirties, often with spasmodic eye blinking,
and evolves into generalized dystonia within seven years.
Two women were mildly affected in a family segregating
the X-linked Waisman early-onset parkinsonism with
mental retardation, a syndrome that includes persistent
frontal release signs as a large neurocranium with frontal
bossing and, in some individuals, strabismus or seizures
(143). Variable expression was seen in some female rela-
tives of men affected with congenital hemiparesis and
athetosis of the paretic upper extremity—hereditary hemi-
hypotrophy, hemiparesis, and hemiathetosis. It is not clear
from the single published pedigree if this is an X-linked
trait or a sex-modified expression of an autosomal trait,
as suggested by the authors (144).

X-Linked Metabolic Encephalopathies

As a general rule, metabolic disorders segregate as reces-
sive genetic traits, whether the gene encoding the relevant
enzyme lies on an autosome or on the X chromosome.
The reason for this pattern lies in the large margin of error
built into most metabolic pathways. The flux of metabo-
lites permitted by the half-normal amount encoded by the
unaffected allele on the other chromosome is usually suf-
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ficient for homeostasis. The exceptions to this remarkably
durable clinical rule of thumb are few: (i) mutations of
key regulatory enzymes and/or of enzymes normally
working near their maximum velocity; and (ii) allosteric
mutations affecting components of multisubunit enzyme
assemblies, in which a few mutant protein chains can
allosterically poison a disproportionate number of nor-
mal subunits.

In addition to the two relentlessly progressive dis-
orders of uric acid metabolism described in the previous
section, there are two major X-linked enzymopathies with
profound, but often intermittent, metabolic consequences
in women—pyruvate dehydrogenase (PDH) deficiency,
the most common form of primary lactic acidosis in either
sex, and ornithine transcarbamylase (OTC) deficiency,
the most commonly occurring disorder of the urea cycle.

PDH is a massive multimer, visible on electron
micrographs as a particle about the size of a ribosome,
containing multiple copies of three subunits, one of
which, the E1-alpha subunit, is encoded on the X chro-
mosome. The majority of cases of PDH deficiency result
from mutations of this X-linked subunit (145). This
enzyme is the gatekeeper for partially metabolized prod-
ucts of the cytoplasmic Embden-Meyerhoff pathway
seeking entry into mitochondria for completion of metab-
olism through the Krebs tricarboxylic acid cycle and sub-
sequently the electron transport chain. In the brain, PDH
typically is operating at approximately 75% capacity,
leaving little margin for error for such a key metabolic
step. Phenotypes resulting from mutation of the E1-alpha
subunit range from lactic acidosis that is lethal in infancy,
to a Leigh’s polioencephalopathy in toddlers, to inter-
mittent ataxia in adults, depending on the nature of the
mutation and the sex of the patient. Curiously, even
though PDH deficiency has been reported approximately
as often in boys as in girls, almost all reported girls have
had deletions or insertions, whereas most of the presum-
ably milder missense mutations were reported in males.
It seems likely that females with mild missense mutations
tend to be overlooked, whereas boys with more severe
deletion or insertion mutations die in utero (146). Unlike
many metabolic disorders, PDH deficiency can be asso-
ciated with malformations of the brain, ranging from cor-
tical heterotopias and partial agenesis of the posterior cor-
pus callosum to an olivopontocerebellar atrophy (147).

Although ornithine transcarbamylase (OTC) is not
present in the brain (it functions mostly in the liver to con-
vert waste nitrogen exported from the brain and else-
where into excretable urea), the clinical phenotype asso-
ciated with its deficiency is a profound encephalopathy
(148). The disease is usually recognized by neonatologists
in hemizygous males, who typically present in the first
days of life with an alkalotic hyperammonemia, which,
if left undiagnosed and untreated, leads to coma with
massive brain swelling and death over a period of days

(149). Many heterozygous girls are unaffected. Others
develop a lifelong habit of avoiding meat and other pro-
tein-rich foods. Some heterozygotes decompensate at
times of fasting, viral infections, or other catabolic stresses
into intermittent episodes of personality change and
ataxia that can evolve over hours into stupor or even
death from increased intracranial pressure. Initial
episodes of hyperammonemic coma can occur quite late
in life, as postpartum coma (150) and after initiation of
valproic acid therapy (151). More commonly, metabolic
decompensation in heterozygote females is self-limited.
There appears, however, to be a strong correlation
between long-term decrease in intellectual performance
in heterozygotes and the number of such spells of meta-
bolic decompensation that were left undiagnosed and
untreated (152). In a given sibship, the phenotype of
affected males can be so much more severe than that of
affected sisters that neither parents nor physicians appre-
ciate that they are suffering from the same disorder. The
availability of effective dietary and pharmacologic treat-
ment for this disorder makes failure of diagnosis partic-
ularly tragic (153,154), especially given a heterozygote
frequency of 1:25,000 that makes it at least as common
as Guillain-Barré syndrome. Metabolic competence of
female OTC heterozygotes can be assessed noninvasively,
without recourse to a liver biopsy (155).

In other X-linked enzymopathies, female involve-
ment has only been observed in exceptional circum-
stances. Hunter syndrome (MPS II), the only X-linked
mucopolysaccharidosis, is a dwarfing dysostosis with
atlantoaxial instability and hydrocephalus, coarse facies,
intimal cardiac defects, and deafness in hemizygous boys.
The full syndrome has been observed in a girl who was
one of a pair of discordant identical twins (156) [strongly
reminiscent of the assymetric lyonization seen in DMD
female twins, as discussed above (68)] and also in a girl
with a deletion of band Xq25, resulting in consistent
lyonization of that chromosome, with active expression
only from the other X chromosome, inherited from her
mother, a biochemically proven heterozygote for
iduronate 2-sulfatase (157).

X-Linked Nonprogressive Encephalopathies

A large number of disorders present with nonprogressive
mental retardation, either with or without obvious struc-
tural malformations of the nervous system. More males
are mentally retarded than are females (158). Although this
disproportion may result in part from sex-limited or sex-
modified expression of well-established autosomal traits,
it seems likely that much of it results from mutations of
an as yet unspecified number of genes located on the X
chromosome, which give rise to phenotypes that segregate
for the most part as recessives, with no detectable abnor-
mality in women. However, in a few of these disorders,
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phenotypic expression occurs in females, usually quite
minor compared with that of hemizygous males.

X-linked mental retardation can conveniently be
divided into two general classes: (i) syndromic mental
retardation, in which associated clinical or anatomic fea-
tures permit a specific diagnosis; and (ii) nonspecific men-
tal retardation syndromes, in which mental retardation
segregates through a pedigree in a sex-linked pattern, but
with no clinical features other than genetic linkage rela-
tionships to permit distinguishing one from another. There
are currently 105 such mental retardation syndromes,
which likely will collapse to 10 to 12 loci encoding multi-
ple allelic syndromes after all the relevant genes have been
identified and used to classify reported kinships (159).

The most common of the X-linked mental retarda-
tion syndromes is the Martin-Bell fragile X-A syndrome,
representing 560 cases in a survey of 682 cases of syn-
dromic X-linked mental retardation made by Fryns (1).
FRAX-A is a syndrome of mental retardation, mild facial
dysmorphism, and testicular enlargement, associated with
expansions of an extragenic triplet repeat that leads to
fragility of the chromosome in folate-deficient tissue cul-
ture medium. This chromosomal fragility previously
served as the basis of a diagnostic test before more con-
venient and reliable DNA-based tests became available.
Unlike many of the other X-linked mental retardation
syndromes, involvement of women is frequent and can be
severe. A large majority of female heterozygotes have an
IQ of less than 85 (160) and a clinically unexpected
decrease in the size of the posterior cerebellar vermis
(161). The severity of mental impairment correlates with
the proportion of active fragile X chromosomes. Other
features of the fragile X syndrome are seen less frequently
in heterozygous women. Approximately 40% of affected
adult women show other phenotypic characteristics,
including the typical square-jawed face, irregular teeth,
and ligamentous laxity in the fingers (160). Typical facial
characteristics are more noticeable in women than in girls.
Two additional fragile sites appear on the X chromosome
(as well as dozens on autosomes), FRAX-E (162) and
FRAX-F; the former has been implicated by some stud-
ies as another cause of X-linked mental retardation. Cryp-
tic deletions at the FRAX-E site appear to be associated
with premature ovarian failure (163).

The next most common form of syndromic X-linked
mental retardation, albeit mild, is the dysmorphic
Aarskog-Scott faciogenital dysplasia syndrome, repre-
senting 60 of 682 cases in Fryns’s survey (1). This results
from mutations of a Cdc42 guanine nucleotide exchange
factor, possibly a regulator of the subcortical actin
cytoskeleton and Golgi complex (164). Serious mental
deficiency is unusual in this syndrome, but mild impair-
ment of cognitive function is frequently seen in males. Iden-
tifying stigmata in affected boys are a peculiar “shawl scro-
tum,” moderate short stature with brachydactyly, and a

distinctive facial appearance consisting of ocular hyper-
telorism with slight upslanting “antimongoloid” palpebral
fissures, anteverted nares, a broad upper lip, and a “pecu-
liar curved linear dimple of the inferior lower lip” (165).
Typically, this dimple is one of the facial stigmata seen
along with other facial and hand abnormalities as the sole
manifestation in females. The full syndrome, however, was
reported in a woman with an X-autosome translocation
and consistent inactivation of the normal X (166). A sig-
nificant cause of preventable neurologic deficit in this syn-
drome is atlantoaxial instability resulting from an abnor-
mal dens and unusual laxity of the cruciate ligament.

The next most frequent syndromic X-linked mental
retardation syndrome (representing 20 of Fryns’s 682 cases)
is the Coffin-Lowry syndrome, the distinguishing features
of which are tapering fingers and coarse facial features, with
patulous lips, bulbous nose, prominent brow, and
downslanting “mongoloid” palpebral fissures (166), result-
ing from mutation of the RSK2 kinase gene (167), a regu-
lator of chromatin structure, as is the gene product under-
lying Rett syndrome (168). Some affected individuals
develop a compressive myelopathy form of excessive calci-
fication of the ligamentum flavum (169) as well as exten-
sive diverticular disease from a visceral neuropathy (170).
Unlike in the Aarskog-Scott males, mental deficiency in Cof-
fin-Lowry males is usually severe, the IQ of affected hem-
izygote males being 43.2, and of heterozygous females, 65
(171). There have also been several reports of mildly affected
females with a depressive mood disorder (172) as well as the
distinctive hand, facial, and visceral manifestations.

Facies sufficiently similar to cause diagnostic con-
fusion with the Coffin-Lowry syndrome are seen in the
nondeletion type of alpha-thalassemia mental retardation
syndrome (173), most conveniently diagnosed by demon-
stration of hemoglobin H inclusions on a blood smear
of affected boys. Similar inclusions were seen in very rare
erythrocytes of female carriers, who were otherwise unaf-
fected except for some similarity of facial features.
Although intellectual impairment of true genotypic
females has not been described, one can easily be mis-
led. Abnormalities of external genitalia commonly seen
in this syndrome have led to female sex rearing of affected
XY individuals (174).

A disorder of similar frequency to that of Coffin-
Lowry syndrome, 18 of 682 syndromic mental X-linked
retardation cases in Fryns’s survey (1), was his own
Lujan-Fryns syndrome of mental retardation, psychosis,
marfanoid habitus, as well as a distinctive long, narrow
face with a high-arched palate and small mandible. Only
one manifesting carrier female has been described (175).

Several X-linked static encephalopathies without
distinguishing systemic or dysmorphic features can be
diagnosed because of characteristic neuroanatomic
abnormalities, recognizable by scanning or at post
mortem. There have been reports of families segregating
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an apparently X-linked migration disorder in which males
are lissencephalic and women have band heterotopias
(176)—failure of migration of neurons comprising lay-
ers 5 and 6, particularly in the frontal and parietal lobes—
detectable by scanning (177). This has been called the
double cortex syndrome. Most affected women are men-
tally retarded and all have epilepsy, some severely so.

Several other rarer syndromic X-linked mental retar-
dation syndromes exist in which karyotypically normal
female carriers have normal intelligence, but do show some
of the associated noncerebral manifestations typical of
affected males. These minor anomalies are usually trivial,
of no clinical importance to the affected woman except, of
course, as sentinel signs warning of carrier status for a dis-
order that will be devastating to half of her male offspring.
With few exceptions, including a woman with a balanced
X-autosome translocation (178), the only manifestation in
female carriers of Lowe oculocerebrorenal syndrome are
mild “snowflake” lenticular opacities, which are asymp-
tomatic but provide a sensitive and specific method of car-
rier detection (179). Similarly, some female carriers of the
gene for syndromic X-linked mental retardation-type 4
with congenital contractures and low fingertip arches usu-
ally have only a fingerprint pattern of low digital arches
(180); carriers of the Fitzsimmons mental retardation-spas-
tic paraplegia-palmoplantar hyperkeratosis syndrome have
only palmoplantar hyperkeratosis (181); female carriers of
the Christian mental retardation abducens palsy and skele-
tal dysplasia syndrome may have fusion of cervical verte-
brae and short middle phalanges (182); female relatives
of boys with the FG syndrome of mental retardation, large
head, and imperforate anus, have normal intelligence but
can have lateral displacement of the inner canthi and ante-
rior displacement of the anus (183); the only manifesta-
tion in a mother of a boy severely affected with Lenz dys-
plasia (microphthalmia, mental retardation, and skeletal
anomalies), was a deformity of the fifth finger (184).

SEX-LIMITED DISEASES

A difference in disease expression in men and women does
not imply that the disorder results from a mutation of a
gene located on an X chromosome. A variety of anatomic,
hormonal, and behavioral differences between the sexes
can alter the expression of autosomally encoded and non-
genetic disorders. Indeed, this is the subject matter of this
entire book. In this section, I confine my comments to
effects of pregnancy on common autosomal disorders
affecting the nervous system.

Toxemia of Pregnancy

Among the most serious disorders encountered during
pregnancy or shortly after delivery are pre-eclampsia,

which is characterized by hypertension, edema, and pro-
teinuria, and the more severe condition of eclampsia, in
which there are superimposed neurologic symptoms of
seizures and coma (see also Chapter 16). Studies of
mother-daughter pairs have given evidence of a possible
genetic susceptibility to this spectrum of disorders (185).
Multiple studies have suggested that eclampsia occurs in
women who are homozygous for a relatively common
susceptibility gene(s) (186). At least one factor in such sus-
ceptibility appears to be a common variant in the gene
encoding angiotensin (187).

Exacerbations of Preexisting Hereditary 
Disorders during Pregnancy

A question that frequently arises in the management of
women with genetic disorders is whether pregnancy will
further jeopardize the affected woman’s health. In some
disorders, this important question has been studied sys-
tematically; in others, answers to this important ques-
tion are anecdotal. In type IV Ehlers-Danlos syndrome,
the form associated with fragility of intracerebral and sys-
temic blood vessels, there is a 25% mortality rate associ-
ated with each pregnancy. Death occurs from a variety
of causes including rupture of the aorta, vena cava,
uterus, or bowel (188). We have observed intracranial
hemorrhage during pregnancy in women with familial
intracranial cavernous hemangiomas (189). Others have
observed development of large extracerebral cavernous
malformations with subsequent high-output cardiac fail-
ure during pregnancy, followed by rapid resolution after
delivery (190). Rupture of aortic aneurysms during preg-
nancy has been observed in the Marfan syndrome (191),
with some survivors suffering infarction of the spinal
cord. Epidural anesthesia, which is commonly used in
delivery, poses a significant risk of persistent leakage of
cerebrospinal fluid in marfanoid women, who have very
thin, often ectatic dural sacs. Serious thrombotic disease
in either the arterial or venous circulation, systemically or
in the CNS, has been observed in patients with antithrom-
bin III deficiency (192), and this problem is exacerbated
by pregnancy.

A single case has been reported of intraspinal hem-
orrhage from a hemangioblastoma in a pregnant woman
with von Hippel Lindau (VHL) syndrome (193). Another
consideration in managing pregnancies in women with
VHL is the presence of pheochromocytomas, which occur
in 5.2% of all affected individuals (194). Pheochromo-
cytomas occur in lower frequency in von Recklinghausen
neurofibromatosis (NF I). These are but one of several
factors contributing to a higher caesarean section rate
(36%) in NF I than in the general population (9.1% to
23.5%). Other contributing factors include kyphoscol-
iosis, pelvic neurofibromata, and spinal cord neurofibro-
mas. Eighty percent of women reported an increase in
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number or size of neurofibromata during pregnancy, with
33% noting a subsequent decrease in size after delivery
(195). In contrast, a systematic study of bilateral acoustic
neurofibromatosis (NF II) found no adverse effects on
acoustic schwannomas or other tumors from either preg-
nancy or the use of contraceptives (196). There have been
anecdotal reports of worsening during pregnancy with
Charcot-Marie-Tooth disease IB (198) and in familial
brachial neuritis (198).

Pregnancy can unmask metabolic deficiencies that
are otherwise inapparent in female carriers of certain
autosomal recessive enzymopathies. Infants homozygous
for mutations of the alpha subunit of trifunctional enzyme
(hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thio-
lase/Enoyl-CoA hydratase) succumb to a Reye-like meta-
bolic encephalopathy, cardiomyopathy, and skeletal
myopathy. Their heterozygous mothers are at risk for
acute fatty liver of pregnancy (199,200). Acute fatty liver
of pregnancy also has been associated with heterozygos-
ity for the beta subunit of trifunctional enzyme, long
chain 3-hydroxyacyl-CoA dehydrogenase (201). Similar
mutations more commonly give rise to hyperemesis gravi-
darum or to the HELLP syndrome, consisting of hyper-
tension or hemolysis, elevated liver enzymes, and low
platelets (202). Pregnancy has been reported to induce
photosensitivity, neurobehavioral manifestations, and
jaundice in hereditary coproporphyria (203). Weakness
of the intrinsic hand muscles recurred in the seventh
month of pregnancy and resolved 6 months later in a
woman affected with a newly described autosomal dom-
inant neuronopathy associated with cataracts and skele-
tal abnormalities (204).

TRANSMISSION OF GENETIC 
DISEASES BY WOMEN

Chromosomal Abnormalities

In the general population, the major concern about the
maternal transmission of neurogenetic disease comes
from chromosomal abnormalities—additional or missing
copies of an entire chromosome (aneuploidy). Anywhere
from 15% to 50% of all pregnancies are lost in the first
12 weeks, approximately half of them from chromoso-
mal abnormalities. Only a few aneuploidies permit sur-
vival of the fetus until birth: (i) aneuploidies of sex chro-
mosomes, including approximately 1% of Turner cases
(presumed mosaics); (ii) partial autosomal trisomies or
monosomies, in which only a part of an autosome is
duplicated or missing; and (iii) complete trisomy of the
smaller autosomes, with 21 causing Down syndrome, 18
causing Edward syndrome, and 13 causing Patau syn-
drome (2). All such autosomal aneuploidies cause pro-
found neurologic deficits, intrauterine growth retarda-

tion, characteristic patterns of dysmorphism, and mal-
formation. Complete aneuploidies result from nondis-
junction, or errors of chromosome segregation during
meiosis, particularly in the first meiotic division. A dra-
matic increase in the rate of nondisjunction corresponds
with advanced maternal age, with a sharp increase at age
35 years.

X-Linked Inheritance

Sexual differences in disease transmission arise by any of
several mechanisms, not all of which are genetic. X-linked
inheritance has been extensively considered earlier in this
chapter. To recapitulate, men transmit their single X chro-
mosome to their daughters, and their single Y chromo-
some to their sons. Male-to-male transmission of a dis-
order rules out X-linked inheritance. Mothers transmit
either their maternal or paternal X chromosome at ran-
dom to either their daughters or their sons.

Mitochondrial Inheritance

Mothers exclusively provide mitochondrial DNA to off-
spring of either sex. Not all mitochondrial DNA disor-
ders are maternally transmitted, however (205). The pat-
tern of transmission relates in part to the severity of the
mitochondrial mutation. Point mutations of protein-cod-
ing genes that minimally disrupt enzymatic activity under-
lie all known forms of Leber’s optic atrophy (206). Such
mutations typically are present in homoplasmic (i.e., iden-
tical mitochondrial DNA in every cell) form in affected
individuals and are transmitted by affected mothers to all
their children of either sex, all of whom develop peri-
papillary telangiectasias of the retina. For reasons that are
not yet understood, however, homoplasmic men are seven
times as likely to develop optic atrophy as are women. A
hypothesized X-linked modifier gene has recently been
disproved (207). Point mutations of intermediate sever-
ity, such as those disrupting tRNA genes in MELAS (208)
or MERRF (209) syndromes, or the ATPase subunit 6
gene in one form of Leigh’s disease (210) are only toler-
ated in heteroplasmic form, with survival only permitted
by the compensatory presence of at least some normal
mitochondrial DNA in each cell. Therefore, mosaic
women transmit these mutations to their children in dif-
ferent proportions, with resultant differences in pheno-
typic severity. The deletion mutations of mitochondrial
DNA, responsible for the Kearns-Sayre syndrome and the
closely related chronic progressive external ophthalmo-
plegia (211), are the most severe. They, too, are present
in heteroplasmic form, but with rare exceptions appear
as de novo mutations in affected individuals and are not
transmitted from mother to child. Although a specific
mitochondrial DNA deletion mutation has never been
transmitted from generation to generation, a tendency to
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generate new mitochondrial DNA deletions segregates
as an autosomal dominant trait, the multiple mitochon-
drial DNA deletion syndrome (212), the result of muta-
tion of an as yet unidentified nuclear-encoded protein that
in some way disrupts mitochondrial DNA. Being auto-
somal dominant, this disorder can be transmitted by
either an affected father or mother.

Genomic Imprinting

Other sexual differences in disease transmission result
from genomic imprinting—the epigenetic inactivation of
certain autosomal regions in a pattern that differs
between spermatogenesis and oogenesis. As a result of
such imprinting, certain autosomal regions inherited from
the mother are not equivalent to those inherited from the
father. Although well-established in animals, the evidence
for imprinting in humans is still indirect, coming mostly
from the observations of two neurogenetic syndromes
that result from similar mutations in 15q11-13 (213).

The Prader-Willi syndrome of moderate mental
retardation, hypotonia, and failure to grow in infancy,
followed by hypothalamic hyperphagia and obesity,
results either from deletions of 15q11-13 of the paternally
derived chromosome or from isodisomy for maternal
chromosome 15. Another more profound and easily dis-
tinguishable neurologic syndrome of profound mental
retardation and cerebellar ataxia, the Angelman syn-
drome, can also result from isodisomy 15 or deletions of
15q11-13. Angelman syndrome cases, however, have
paternal isodisomy or deletion of maternal 15q11-13, the
reverse of the Prader-Willi syndrome.

Expansion of Triplet Repeats

An increasing number of neurogenetic disorders result
from the instability of those stretches of DNA that contain
multiple copies of the same trinucleotide, which are
referred to as triplet repeats. A certain amount of repeti-
tion is tolerable, but beyond a certain length, deleterious
effects occur. The triplet repeats underlying FRAX-A and
myotonic dystrophy lie in noncoding regions and appear
to exert their effects by altering the transcription of the
neighboring gene(s). In contrast, the triplet repeats in the
olivopontocerebellar atrophies and Huntington disease are
intragenic and encode polyglutamine tracts that directly
disrupt the function of the protein into which they are
inserted. In both cases, the greater the length of the triplet
repeat, the more deleterious its effect. The number of tri-
nucleotides in a repeat tends to increase each time the DNA
is replicated, particularly during the formation of gametes.
This causes “anticipation”—greater severity and earlier
onset of disease in subsequent generations. For reasons not
yet understood, the tendency of such triplet repeats to
increase in length can be different in oogenesis than dur-

ing spermatogenesis. This inequality explains why the
severe childhood-onset Westphal variant of Huntington
disease only occurs when the mutation is inherited from
the father (214). In contrast, the severe infantile form of
myotonic dystrophy only occurs when the transmitting
parent is the mother, but for a different reason. Sperm are
sensitive to the genes affected in myotonic dystrophy, with
a resultant censoring of extreme expansions of paternal
mutations; sperm with large expansions in this region do
not keep up with their fellows that have a smaller repeat
length. By default, extreme expansions of the myotonic
dystrophy type are only observed when the original muta-
tion is transmitted by the mother (215).

Neural Tube Defects (NTDs)

Both genetic and nongenetic factors contribute to the for-
mation of spina bifida, which ranks with chromosomal
abnormalities as a major cause of neurologic malforma-
tions detectable before birth. The major identified non-
genetic factor is maternal deficiency in folic acid at the
time of conception. All women of childbearing age at risk
for pregnancy are advised to take dietary supplements.
The U.S. Department of Agriculture is undertaking a pro-
gram of folate supplementation of common foodstuffs
to ensure that women are not deficient in folate at the time
of unplanned conception. Risk from both dietary and
genetic factors can be calculated from the experience in
previous pregnancies. In the absence of previously
affected siblings, the risk of anencephaly and spina bifida
is 0.3% to 0.87% (216,217); with one affected sibling,
the risk is from 4.4% to 5.2%; with two affected siblings,
the risk increases to 10%; and with three, to 25% (218).

Nongenetic Transmission

The transmission of neurologic or psychiatric disorders
from one generation to another is not always mediated
by DNA. A well-studied example of nongenetic mater-
nal transmission of neurologic disease is phenylketonuria
(PKU). Irrespective of their own genotype, children whose
mothers were not in good metabolic control during their
pregnancies have a much higher frequency of hypoplasia
of the corpus callosum, microcephaly, intrauterine growth
retardation, and congenital heart disease than do those
whose mothers were in good control (219). Indeed, all
children born to PKU mothers, well-controlled or not,
suffer some degree of hyperactivity and other behavioral
disorders (220). Metabolic abnormalities in mothers
affected with other genetic enzymopathies are anecdotally
reported to be harmful to genetically normal fetuses. For
example, maternal hypoglycemia in a woman affected
with von Gierke glycogen storage disease was suggested
to be responsible for unexpected fetal death at 33 weeks’
gestation (221).
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In addition to mitochondrial DNA and small
metabolites, mothers exclusively provide the developing
fetus with other important nongenetic, cytoplasmic fac-
tors, such as drugs, immunoglobulins, and transmissible
pathogens, among them toxoplasmosis, cytomegalovirus,
and the AIDS retrovirus. Furthermore, in most societies,
there are significant differences in postnatal interaction
with offspring, many of which have substantial influence
on the transmission or expression of disease. These myr-
iad, potentially sex-specific influences range from breast
milk and subsequent choice of diet to language, other
learned behaviors, and socioeconomic status.

Genetic Counseling

Screening for NTDs and chromosomal abnormalities has
become standard obstetric care. Special testing is advised
in cases of advanced maternal age and in women who had
previously given birth to children with aneuploidy or
NTDs. In many states, all pregnant women undergo
“triple screening,” which consists of testing of a venous
blood specimen for alpha-fetoprotein, estriol, and human
chorionic gonadotropin, at 16 to 18 weeks’ gestational
age. Abnormalities in this initial screening lead to rec-

ommendations for repeat testing, sonography, or amnio-
centesis, according to a protocol such as the one depicted
in Figure 7.1. Such protocols have been devised to offer
a meaningful balance of risk, cost, and provision of mean-
ingful information from which the mother can make an
informed decision about continuation of the pregnancy.

Other neurogenetic disorders can be of concern
either because of a positive family history or if parents
come from ethnic backgrounds in which heterozygosity
for certain recessive disorders is frequent. In the latter cat-
egory is Tay-Sachs disease, for which approximately 1 of
30 Ashkenazim and a similar number of French-Canadi-
ans are heterozygotes (1). Testing for heterozygosity by
biochemical testing has been widely sought by prospec-
tive spouses to inform their choice of marriage partner
and other reproductive options.

A positive family history for other neurogenetic dis-
orders can lead to special counseling and testing that
would not otherwise be part of routine obstetric care.
Central to such endeavors is the accurate diagnosis of
affected family members. Although some of these disor-
ders can be detected biochemically or by determination
of DNA markers (Table 7.1 and 7.2), for the majority
the diagnosis must be made clinically. Indeed, given the

Sample obtained at 16
to 18 weeks gestation

Elevated AFP

Repeat AFP Normal–no further
testing

Abnormal—at risk for 
Down syndrome or
trisomy 18

Ultrasound

NormalWrong dates
 10 days for Down
syndrome

 4 weeks for trisomy 18

Amniocentesis

Obstetric management
Option for termination
of pregnancy

Repeat triple screen for
correct gestational age

Abnormal—ultrasound

Anomaly Normal

Amniocentesis
Obstetric management
Option for termination
of pregnancy

Amniocentesis
Obstetric management

Wrong dates 
Twins
Fetal demise

Obstetric management

FIGURE 7.1

Triple screen procedure.
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current high costs of biochemical and DNA tests, “shot-
gun” laboratory testing for neurogenetic disorders is not
a viable option; an informed clinician must choose what
tests are appropriate in a given circumstance. Once the
diagnosis of the affected relative(s) is secure, the genetic
counselor uses this information along with a knowledge
of the pattern of inheritance to calculate the risk to the
fetus. In many circumstances, the risk may be sufficient
to advise special diagnostic testing by amniocentesis or
chorionic villus sampling.

The list of disorders for which such testing is avail-
able is growing monthly (1). Some of these tests are avail-
able commercially, others only through special arrange-
ment with research laboratories. Other changes in this
rapidly evolving technology may soon include sampling
of rare fetal cells in the maternal circulation, avoiding
some of the cost and the 1 in 300 complication rate asso-
ciated with amniocentesis. However the technology
changes, certain things will remain constant. As in all
branches of medicine, the obligation of the physician is
to inform, not to coerce. The recognition of risk for a neu-

TABLE 7.1
X-Linked Neurogenetic Disorders Seen (Almost)

Exclusively in Females

Definite
• Aicardi syndrome
• CHILD syndrome (congenital hemidysplasia,

ichthyosiform erythroderma, and limb defects)
• Chondrodysplasia punctata, X-linked dominant form
• Incontinentia pigmenti, type II
• Microphthalmia with linear skin defects
• Periventricular heterotopias
• Rett syndrome

Probable
• Wildervanck syndrome (deafness, Klippel-Feil anom-

aly, and Duane syndrome)

Possible
• CODAS syndrome (cerebral, ocular, dental, auricular,

skeletal)
• Hemizygous lethal muscular dystrophy

TABLE 7.2
X-Linked Neurogenetic Disorders Seen in Males and Females

MUSCLE DISORDERS

DISORDER OMIM LOCUS GENE PRODUCT

Duchenne/Becker muscular dystrophy 310200 Xp21.1 Dystrophin
Emery-Dreifuss tardive dystrophy 310300 Xq28 Emerine, serine-rich vesicular transport 

with contractures protein
Scapuloperoneal muscular dystrophy, mental 309660 X

retardation, and lethal cardiomyopathy
Myotubular myopathy 310400 Xq28 MTM1 myotubularin, putative tyrosine

phosphatase
Fingerprint myopathy 305550 X
Phosphoglycerate kinase deficiency 311800 311800 PGK-I

PERIPHERAL NEUROPATHIES

DISORDER OMIM LOCUS GENE PRODUCT

Charcot-Marie-Tooth, X-linked 302800 XP11.3 Connexin 32, gap junction protein
dominant (CMTX1)

Charcot-Marie-Tooth, X-linked recessive 302801 Xp22.2
(CMTX2)

Charcot-Marie-Tooth, X-linked recessive 302802 Xp26
(CMTX3)

Charcot-Marie-Tooth, 2D (Cowchock variant 310490 Xq24-q26. 1
with deafness and mental retardation)

Charcot-Marie-Tooth, with deafness and 311070 X
optic atrophy (Rosenberg-Chutorian disease)

Charcot-Marie-Tooth, with aplasia cutis congenita 302803 X
Fabry disease (angiokeratoma diffusa) 301500 Xq22 Alpha galactosidase

(continued)
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TABLE 7.2

X-Linked Neurogenetic Disorders Seen in Males and Females (Continued)

DISORDER OMIM LOCUS GENE PRODUCT

External ophthalmoplegia and myopia in women 311000 X

ANTERIOR HORN CELL DISORDERS

DISORDER OMIM LOCUS GENE PRODUCT

Spinal muscular atrophy, X-linked 301830 Xp11.3-q11.2
Lethal infantile (distal arthrogryposis X

multiplex congenita)

SPASTIC PARAPARESES

DISORDER OMIM LOCUS GENE PRODUCT

Adrenomyeloneuropathy 300100 Xq28 Peroxisomal ATP-binding transport protein
MASA syndrome 303350 Xq28 L-CAM cell adhesion molecule
Spastic paraplegia 2 312920 Xq22 Proteolipid protein
Spastic paraplegia/Kallman syndrome 308750 X ?

PROGRESSIVE ATAXIAS

DISORDER OMIM LOCUS GENE PRODUCT

Menkes kinky-hair disease 309400 Xq13.2- Cu(2+)-transporting ATPase, alpha 
q13.3 polypeptide

Pelizaeus-Merzbacher 312080 Xq28 Proteolipid protein
PRPS deficiency 311850 Xq22-q24 Phosphoribosyl pyrophosphate synthetase
X-linked cerebellar ataxia (X-linked 302500 X

OPCA included)
X-linked ataxia-deafness syndrome 301790 X
Arts fatal X-linked ataxia syndrome 301835 X

MOVEMENT DISORDERS

DISORDER OMIM LOCUS GENE PRODUCT

Lesch-Nyhan syndrome 308000 X Hypoxanthine-guanine phosphoribosyl-
transferase

Torsion-dystonia 3 with parkinsonism, 314250 Xq12-q13.1
Filipino type

Waisman early-onset parkinsonism 311510 Xq28
and mental retardation

Pettigrew MRXSS syndrome: basal ganglia 304340 Xq25-q27
disease, Dandy-Walker malformation 
with mental retardation and seizures

HHHH syndrome (hereditary hemihypotrophy 306960 X?
hemiparesis hemiathetosis)

Goeminne TKCR syndrome (torticollis, keloids, 314300 Xq28
cryptorchidism, renal dysplasia)

(continued)
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TABLE 7.2

X-Linked Neurogenetic Disorders Seen in Males and Females (Continued)

METABOLIC ENCEPHALOPATHIES

DISORDER OMIM LOCUS GENE PRODUCT

Lesch-Nyhan syndrome 308000 X Hypoxanthine-guanine phosphoribosyl-
transferase

PRPS deficiency 311850 Xq22-q24 Phosphoribosyl pyrophosphate synthetase
Pyruvate dehydrogenase deficiency 312170 Xp22.2- Pyruvate dehydrogenase subunit

p22.1
Ornithine transcarbamylase deficiency 311250 Xp21.1 Ornithine/transcarbamylase
Hunter syndrome 309900 X Iduronate 2-sulfatase

NONPROGRESSIVE ENCEPHALOPATHIES

DISORDER OMIM LOCUS GENE PRODUCT

Fragile X-A mental retardation and 309550 Xq27.3 FMR-1 ribosome RNA binding associated
macroorchidism (Martin-Bell syndrome) protein

Fragile X-E mental retardation 309548 Xq28 Transcript with expanded triplet repeat
Miles-Carpenter X-linked MR (syndromic 4), 309605 Xq13-q22

with congenital contractures and low 
fingertip arches

NONPROGRESSIVE ENCEPHALOPATHIES

DISORDER OMIM LOCUS GENE PRODUCT

X-linked MR (syndromic 5), with Dandy-Walker 304340 Xq25-q27
malformation, basal ganglia disease, 
and seizures

Occipital horn/cutis laxa syndrome 304150 Xq12-q13 Copper transporting ATPase
Aarskog-Scott faciogenital dysplasia syndrome 305400 Xp11.21 FGDl putative signal transduction protein

with RAS-like RHO/RAC guanine nucleotide
exchange factors

Coffin-Lowry syndrome 303600 Xp22.2- RSK 2 gene
22.1

Alpha-thalassemia/ MR; ATR-X syndrome: 301040 Xq13.1- Helicase 2
MR with characteristic face, genital q21.1
anomalies, and alpha-halassemia

Lujan-Fryns MR with marfanoid habitus 309520 X
Fitzsimmons MR with spastic paraplegia 309560

and palmoplantar hyperkeratosis
Lowe oculocerebrorenal syndrome 309000 X26.1
Christian syndrome (MR, skeletal dysplasia 309620 Xq28

and abducens palsy)
FG syndrome (MR, macrocephaly, imperforate 305450 X

anus, partial agenesis of corpus callosum)
Lenz dysplasia (MR, microphthalmia, and 309800 X

associated anomalies)
MASA syndrome (MR, clasped thumbs) 303350 Xq28 L1 cell adhesion molecule LCAM [308840]
X-linked MR-skeletal dysplasia 309620 Xq28
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rogenetic disorder in her offspring requires that the
woman be informed. What is done with that informa-
tion is her choice.
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ertain laws have special relevance
for women regardless of whether
neurologic disorders are at issue.
Some examples are laws that affect

reproductive choice, the care of infants and children, and
gender discrimination. For women with neurologic dis-
ease, generally applicable laws concerning autonomy, lib-
erty, competency, and the limits of governmental power
may come into play as well. No attempt is made here to
survey the gamut of legal issues that might arise with
respect to women and neurologic disorders. For example,
I do not discuss certain matters of potential interest, such
as social legislation that enables women to secure dis-
ability benefits for neurologic impairment or liability laws
that permit women to recover damages for neurologic
harms from nonphysicians (e.g., breast implant manu-
facturers, negligent automobile drivers). Instead, the focus
of this chapter is on aspects of law that raise particularly
compelling issues for women who have neurologic dis-
orders or who are concerned with preventing or treating
such disorders in their offspring.

In this context, the chapter addresses selected issues
that relate to informed consent, coercive approaches to
preventing fetal harm, and difficult treatment choices that
have major neurologic overtones. 

INFORMED CONSENT TO 
MEDICAL TREATMENT

The informed consent doctrine holds that competent indi-
viduals are entitled to make a voluntary choice about
medical treatment after an adequate disclosure of its
nature, risks, benefits, and reasonable alternatives. The
doctrine developed through judge-made law in the tradi-
tion of the “common law.” In recent years, however, sev-
eral state legislatures have enacted statutes to codify the
doctrine more explicitly. For example, New York’s
informed consent law allows an action against physicians
for failure to obtain informed consent to nonemergency
treatment or invasive diagnostic testing. It defines lack
of informed consent as the “failure…to disclose…such
alternatives…and the reasonably foreseeable risks and
benefits involved as a reasonable medical practitioner
under similar circumstances would have disclosed, in a
manner permitting the patient to make a knowledgeable
evaluation (1).” Georgia’s medical disclosure law requires
that a patient undergoing surgery or other invasive pro-
cedures be informed of the diagnosis requiring interven-
tion, the nature of the procedure involved, and “the mate-
rial risks generally recognized and accepted by reasonably
prudent physicians … which, if disclosed to a reasonably
prudent person in the patient’s position, could reasonably
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be expected to cause such prudent person to decline” the
intervention (2).

Although the informed consent doctrine seems clear
enough, there are nuances that sometimes complicate its
application. For example, what constitutes decisional
competency? Is it merely the ability to register assent after
disclosure is made? Or must there be some indication that
a person comprehends the disclosure and can weigh its
content? Similar issues may surround the extent to which
consent is voluntary. Is a consent provided while a per-
son is in pain or under time pressure truly voluntary? Or
does an intense desire for relief of symptoms prevent
weighing of information about major risks of treatment?
Moreover, an ostensibly comprehensive disclosure of risks
and benefits might simply overwhelm the understanding
of some individuals, rendering the adequacy of the dis-
closure highly suspect. Finally, in assessing the adequacy
of a disclosure, is the test whether it satisfies the infor-
mation needs of a particular individual, no matter how
idiosyncratic, or whether it meets a more “objective”
standard?

None of these concerns about application of the
informed consent doctrine are particularly gender-sensi-
tive on their face. Still it may be important to allow for
the possibility that some male physicians—even today—
might consciously or unconsciously derogate the capac-
ity of their female patients to engage in dialogues about
treatment. Such physicians may approach consent in a
paternalistic or hierarchical fashion, thereby raising ques-
tions about the adequacy of disclosure or the voluntari-
ness of consent.

It may also be that women who are acculturated to
deferring to men in making important decisions may
either waive their right to be informed or simply agree to
accept whatever treatment is recommended. Considera-
tions of gender politics aside, two state high court deci-
sions serve to illustrate important elements of the law of
informed consent. The first concerns what constitutes a
relevant disclosure about the teratogenic risk of
antiepileptic drugs to a woman with epilepsy. The sec-
ond case, although it has no neurologic dimensions, is
an apt example of current judicial thinking about the con-
tent of an adequate disclosure of risks and benefits of
treatment.

1. The duty to make a relevant disclosure. In Harbe-
son v Parke-Davis Inc. (3), the supreme court of the state
of Washington decided that the parents of two children
with “fetal hydantoin syndrome” and the children them-
selves were entitled to recover damages because their
physicians failed to adequately disclose the risks of that
entity. The mother, Mrs. Harbeson, had developed
epilepsy in 1970 while she was pregnant with her first
child, Michael. Dilantin was prescribed for her, and
Michael was born free of any defects. In 1972 and 1973,

she told three different physicians at an Army hospital
that she was considering having more children but was
concerned about the risks to her fetus if she took Dilan-
tin during pregnancy. Each physician noted the potential
risks of hirsutism and cleft palate, but none specifically
mentioned the fetal hydantoin syndrome. She elected to
continue Dilantin during subsequent pregnancies with
daughters Elizabeth and Christine. Both were ultimately
diagnosed as having fetal hydantoin syndrome, mani-
fested as growth and developmental retardation,
hypoplastic digits, and craniofacial dysmorphism.

The parents then sued the U.S. government in fed-
eral court, citing the alleged misconduct of the Army
physicians. They also named the manufacturer of Dilan-
tin as a defendant. As to the physicians, the central alle-
gation was that they were careless in determining the fetal
risks of Dilantin. The asserted harmful consequences were
the neurologic and other impairments of the two daugh-
ters and infringement of the right of the parents to make
an informed choice about childbearing. As remedies for
the alleged wrongs, the parents sought damages for them-
selves for the “wrongful birth” of Elizabeth and Christine
and for the children for their “wrongful life.”

After hearing testimony from the parents’ medical
experts to the effect that the fetal hydantoin syndrome is
a known risk of taking Dilantin during pregnancy, the fed-
eral court concluded that the physicians were negligent in
not disclosing this risk to the parents. The court then
asked the Washington supreme court to rule on whether
state law permitted the type of damages the parents were
seeking for themselves and for their affected children. The
court thereupon concluded that the parents were entitled
to “wrongful birth” damages. It underscored the failure
of the Army physicians to adequately inform themselves
of the risks of Dilantin and the adverse impact of this fail-
ure on the parents’ reproductive choice. The court saw
this as a breach of duty to potential parents who were
relying on the physicians for assistance in making a deci-
sion about future childbearing.

In calculating damages, the court ruled that the par-
ents should recover medical and special educational
expenses to the extent that they exceeded what the par-
ents would have spent had Elizabeth and Christine been
normal children. The court also decided that the parents
should recover damages for their own pain and suffering.
With respect to the children’s wrongful life claims, the
court limited recovery to the costs of treatment and train-
ing beyond those required for normal children after they
reach adulthood. It viewed an award of damages to the
children for pain and suffering as incalculable because it
would necessarily entail a comparison between the qual-
ity of impaired life and no life at all.

The Harbeson decision offers several insights with
respect to the doctrine of informed consent. Perhaps the
most important insight derives from the court’s determi-
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nation that the physicians carelessly infringed on the fun-
damental liberty of the parents to make informed choice
about reproduction. Were it not for Roe v Wade (4) and
its progeny, the Washington court might have viewed the
parents’ claim as less compelling. But because reproduc-
tive choice now has constitutional stature, conduct that
impairs its exercise has potent overtones. The Harbeson
case is not an abortion rights case, of course. At issue was
a parental decision whether to have more children, not
whether to terminate a pregnancy. However, the state
court recognized implications of Roe v Wade for evalu-
ating conduct that influences the “difficult moral choice”
to avoid the birth of a defective child. The court’s rea-
soning parallels that of courts in other states, which have
permitted wrongful birth actions for negligent failure to
diagnose or predict disorders amenable to prenatal diag-
nosis, such as chromosomal trisomies, neural tube defects,
and Tay-Sachs disease (5).

Because such claims raise the divisive issue of abor-
tion, some legislatures have limited or flatly banned
claims for wrongful birth or wrongful life. For example,
a Minnesota statute bars claims based on an allegation
that but for a wrongful act or omission, a defective child
would have been aborted (6). In Hickman v Group
Health Plan (7), the Minnesota supreme court upheld the
constitutionality of this law as applied to a suit by par-
ents of a child with Down syndrome. The parents had
alleged that the physician-defendants negligently failed to
perform amniocentesis despite the mother’s advanced age.
They also asserted that if 21-trisomy had been confirmed
by amniocentesis, the mother would have terminated the
pregnancy. The court concluded that the statute did not
directly burden her constitutional right to seek an abor-
tion; in the court’s view, the statute only limited the
grounds on which a civil claim for damages could be
asserted.

The Harbeson case also highlights what constitutes
an appropriate standard of care for pregnant women.
Both federal and state courts faulted the physicians for
not informing themselves more completely about the
potential teratogenicity of Dilantin. Merely communi-
cating what they did know was held insufficient. In the
opinion of the court, they should have reviewed the rel-
evant literature or consulted more knowledgeable col-
leagues. On the issue of the causal relationship between
the physician’s nonfeasance and the parental choice to
proceed with pregnancy, the court apparently credited the
parents’ assertion that they would have deferred future
childbearing if adequate disclosure had been made. How-
ever, other parents have opted to proceed with pregnancy
after being advised of the potential teratogenicity of
antiepileptic drugs. Thus, one can question whether the
court’s seemingly easy reliance on what the parents said
they would have done is an objective reading of the situ-
ation. On the other hand, parents may differ in risk-aver-

siveness, and courts may take this into account when
weighing assertions made with the benefit of hindsight.
Also, the Harbeson court might have believed that rea-
sonable parents would have deferred further childbearing
if confronted with the small risk of fetal hydantoin syn-
drome in their offspring.

As to the proper measure of damages in a case of this
nature, the Harbeson court decided to compensate the
parents for the incremental economic costs of caring for
their affected children and for their own pain and suffer-
ing. The children were also granted the projected incre-
mental costs of their care as adults, but were denied recov-
ery for their own pain and suffering. The court conceded
they had been harmed to the extent of being born with a
condition that necessitated special care and that the law
ordinarily allows damages for pain and suffering that
attends physical harms. But it could not reduce the pain
and suffering to monetary terms because it believed that
this would require a comparison between impaired life
and the void of nonexistence.

Other courts faced with calculating damages in cases
similar to Harbeson have taken different tacks (5). One
is to award damages only to parents and only for their
pain and suffering. The rationale here is that the essen-
tial harm is the infringement of parental liberty, a moral
harm rather than an economic one. Children are not com-
pensated because the calculation of damages for being
born in a defective state is too speculative or reflects a
socially intolerable notion that life with disability is less
worthy than “normal” life. A contrasting approach rec-
ognizes the imponderables of calculating noneconomic
damages and limits damages to parental economic costs
attributable to the impairments. Courts that permit chil-
dren to recover damages on their own account for wrong-
ful life generally follow Harbeson in limiting the recov-
ery to economic damages. These contrasting judicial
approaches to calculating damages highlight an ongoing
controversy over whether awards of damages for wrong-
ful birth or wrongful life should be compensatory only or
if they should serve a deterrent function as well.

2. The content of disclosure. In Arato v Avedon (8),
the California supreme court addressed the issue of how
detailed a disclosure must be to satisfy the requirements
of the informed consent doctrine. There was little con-
troversy over whether the physician-defendants had
attempted a broad and well-grounded disclosure. The dis-
pute centered on the alleged inadequacy of the defen-
dants’ failure to take into account a patient’s particular
needs for information. The patient was a 42-year-old elec-
trical contractor who had pancreatic cancer. After the
diagnosis was established, the patient was referred by his
surgeon to an oncologist (later defendant). The oncolo-
gist asked the patient if he wished to be “told the truth”
about his condition. He indicated that he did and was
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offered the option of a three-drug chemotherapy regimen
plus irradiation. He was told that most patients with pan-
creatic cancer die of the disease, that the risk of recurrence
after treatment was “serious” or “great,” that the efficacy
of the proposed regimen was unproved, that the treatment
would be difficult and painful, and that there was the
option to forgo further therapy. Following this disclosure,
the patient opted for treatment. He was not told of sta-
tistical data indicating that he had no greater than a 5 to
10% chance of a 5-year survival, but neither he nor his
wife ever requested such specific information before treat-
ment or during its course.

For several months, he was free of disease, but the
tumor recurred and he died approximately one year after
the diagnosis of pancreatic cancer. His wife and two chil-
dren then brought suit against the surgeon and the oncol-
ogist. Their claim was that the physicians’ prognosis and
the prospects of benefit from the proposed treatment were
incomplete, most significantly in their failure to provide
statistical probabilities concerning outcome. They argued
further that the allegedly incomplete disclosure created a
false hope in the patient and led him to neglect the order-
ing of important financial affairs, which resulted in fail-
ure of his contracting business and substantial and avoid-
able real estate and tax losses after his death. In their
defense, the physicians contended that their disclosure
was appropriate, that a direct and specific disclosure of
the high mortality rate of his condition would be counter-
therapeutic, and that the patient and his wife had over-
looked many opportunities to ask more pointed questions
about his prognosis.

After the evidence in the case was presented to the
jury, the trial judge instructed the jury that:

• The duty of a physician is “to disclose…all mater-
ial information to enable the patient to make an
informed decision….”

• “Material information” is that which “the physician
knows or should know would be regarded as sig-
nificant by a reasonable person in the patient’s posi-
tion….”

• A physician “has no duty of disclosure beyond that
required of physicians of good standing in the same
or similar locality when he or she relied upon facts
which would demonstrate to a reasonable person
that the disclosure would seriously upset the patient
that the patient would not have been able to ratio-
nally weigh the risks of refusing to undergo the rec-
ommended treatment.”

• A physician is subject to liability “if a reasonably
prudent person in the patient’s position would not
have consented to the treatment if he or she had been
adequately informed of the likelihood of his pre-
mature death.”

After deliberating, the jury concluded that none of
the physicians was negligent and that they disclosed “all
relevant information which would have enabled him to
make an informed decision regarding the proposed treat-
ment….” Claimants then appealed, and an intermediate
appeals court reversed the trial court decision and ordered
a new trial. Defendants then appealed to the California
supreme court, which reversed the appellate court and
reinstated the judgment of the trial court in favor of the
physicians.

In reaching its decision that the jury had been prop-
erly instructed and had reached an appropriate verdict,
the California high court observed as follows:

…The contexts and clinical settings in which physician
and patient interact and exchange information mater-
ial to therapeutic decisions are so multifarious, the
informational needs and degree of dependency of indi-
vidual patients so various, and the professional rela-
tionship itself is such an intimate and irreducibly judg-
ment-laden one, that we believe it is unwise to require
“as a matter of law” that a particular species of infor-
mation be disclosed….

This sensitivity to context seems all the more
appropriate in the case of life expectancy projections
for cancer patients based on statistical samples…. In
declining to endorse the mandatory disclosure of life-
expectancy probabilities, we do not mean to signal a
retreat from the patient-based standard of disclosure
explicitly adopted in Cobbs v Grant (502 P 2d 1 [CA
Sup Ct 1973]). We reaffirm the view taken in Cobbs
that, because the “weighing of these risks (i.e., those
inherent in a proposed procedure) against the individ-
ual subjective fears and hopes of the patient is not an
expert skill,” the test “for determining whether a poten-
tial peril must be divulged is its materiality to the
patient’s decision.” In reaffirming the appropriateness
of that standard, we can conceive of no trier of fact
more suitable than lay jurors to pronounce judgment
on those uniquely human and necessarily situational
ingredients that contribute to a specific doctor-patient
exchange of information relevant to treatment deci-
sions; certainly this is not territory in which appellate
courts can usefully issue “bright line” guides….

Here the evidence was more than sufficient to sup-
port the jury’s finding that defendants had reasonably dis-
closed to Mr. Arato information material to his decision
whether to undergo the proposed chemotherapy/irradia-
tion treatment.

This important decision underscores the unique and
fact-sensitive nature of informed consent dialogues
between the patient and physician. It also displays the
explicit reluctance of a court at the forefront of informed
consent doctrine to micromanage how much disclosure is
necessary to meet the test of materiality, at least where,
as in the Arato case, an obviously substantial disclosure
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had been made. The particular disclosure surely must
have conveyed the severity of Mr. Arato’s plight.

Strictly speaking, the Arato decision is legally bind-
ing only in California. But it offers guidance to other courts
faced with assertions that particular disclosures were
legally flawed because they failed to address singular sub-
jective concerns of patients. Thus, it encourages courts to
allow jurors to sort out the question of whether patients’
concerns are reasonable enough to require physicians to
disclose more than they ordinarily do and argues against
courts trying to formulate blanket rules about the specifics
of disclosure. Although this approach may discomfit those
who firmly believe that patients are often seriously under-
informed about their therapeutic options, Arato hardly
stands for the proposition that physicians can ignore con-
cerns that are likely to concern the average patient.

What does this mean for women with neurologic
disease? The most immediate conclusion is that physicians
are legally obligated to disclose to their female patients
who have neurologic disorders facts that the patients as
women consider “material” or important to their deci-
sions about treatment. Thus, women with epilepsy are
lawfully entitled to an accurate account of the fetal risks
of antiepileptic drugs; women with multiple sclerosis are
entitled to learn about the effects of pregnancy on their
disease or the effects of therapy on their fertility; women
with cerebrovascular disease are entitled to hear about
risks and benefits of estrogens; and women at risk for
bearing neurologically impaired children are entitled to
a full explanation of these risks. Another dimension of
Arato, however, is its recognition that not everything a
patient regards as material will satisfy an objective stan-
dard of materiality. For example, because a post-
menopausal woman is quietly concerned that she might
develop Alzheimer’s disease, it does not necessarily fol-
low that her physician has a legal obligation to inform her
about preliminary studies suggesting that estrogen may
delay onset of the disease in persons at risk.

COERCING WOMEN TO PREVENT 
FETAL HARM

Public concerns about the adverse effects of maternal sub-
stance abuse or HIV infection on offspring have fueled
coercive legal strategies. These include expanded crimi-
nal prosecution, civil detention, and mandatory testing
and treatment. Opponents of such measures often con-
tend that a medical model that emphasizes counseling and
treatment will ultimately yield better fetal protection. But
there is an undeniable popular and political fascination
with the notion that some difficult social problems can be
solved by applying the blunt instrument of law. Although
most neurologists probably take a detached view of the
ongoing debate about the utility of maternal coercion to

prevent fetal harm, those who treat infants and children
who have been harmed by maternal substance abuse or
maternally transmitted HIV disease are likely to be more
engaged. In addition, policymakers may occasionally call
on neurologists for advice or consultation about the neu-
rologic harms attending maternal substance abuse or HIV
infection. In this context, the following discussion
addresses some of the legal and policy issues that arise out
of the use of coercive legal measures against women in
order to protect the health of their offspring.

Contrasting Paradigms

How one views the relationship between a woman and
her fetus may influence the choice between coercive and
therapeutic strategies. One paradigm is to envision
mother and fetus as separate persons, one a potential
wrongdoer and the other an innocent victim. In this con-
struct, the mother becomes a target of social control, and
physicians are cast as protectors of the fetus, even if this
means violating maternal confidentiality or personal pref-
erences. A second paradigm envisions mother and fetus
as a single entity, too closely joined to generate a conflict
between maternal and fetal interests. In this formulation,
a physician’s role is to assure that mother and child
together receive optimal treatment. Social control con-
siderations are not of paramount concern. Because the
first paradigm evokes the more troubling legal issues, it
is the focus of attention in the following discussion.

Coercive Strategies

Various legal strategies have been applied or proposed
to implement social control of maternal behavior. These
include criminal prosecution for conduct that endangers
children, civil detention, removal of custody, mandatory
testing for substance abuse or infection, and enforced
treatment.

Criminal Prosecution

In a much publicized case, Pamela Stewart was charged
with felony child abuse for violating a California statute
that criminalized the willful failure to provide medical
care to a minor child (9). The essence of the charge was
that Ms. Stewart used amphetamines during her preg-
nancy, despite her physician’s counsel that she abstain.
Her newborn son had evidence of brain injury at birth
and died at two months of age. The prosecutor contended
that her fetus was legally equivalent to a minor child and
that her drug abuse during pregnancy amounted to a will-
ful failure to provide necessary care to such child. The
court dismissed the charge, finding no evidence of a leg-
islative intention to extend child abuse laws to cover con-
duct that endangers a fetus.
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Although the prosecution failed in the Stewart case,
it harmonizes with an effort in other states to enact laws
to establish a separate crime of “fetal abuse” that could
be invoked to punish women who engaged in conduct
during pregnancy that they knew could endanger their
unborn child (10).

Another strategy directed at women who abuse
drugs is to invoke existing narcotics laws and charge preg-
nant women with the crime of unlawful delivery of con-
trolled substances. The rationale is that maternal drug use
equates to transplacental “delivery” of the unlawful agent
to the person of the fetus and is therefore prosecutable
in the same manner as other person-to-person transfers.
Most prosecutions to date have targeted women using
crack-cocaine. In a much-publicized Florida case, a con-
viction was obtained applying the foregoing rationale, but
the verdict was reversed on appeal (11). Appellate courts
have generally taken the position that antidrug laws, like
other criminal laws, should be strictly construed and have
not found evidence of express legislative intent to crimi-
nalize transplacental “delivery” of unlawful drugs (12).

Civil Detention

Civil commitment laws generally permit involuntary
detention of mentally ill persons who are dangerous to
self or others, and some laws permit confinement of such
persons on a showing that they require treatment in order
to prevent serious deterioration of their condition. If
maternal drug use is viewed as a form of mental illness,
these laws could conceivably be used to keep women
drug-free during the term of pregnancy. There are formi-
dable obstacles to such an approach, however. Substance
abuse is not ordinarily considered the sort of mental ill-
ness that justifies involuntary confinement; if it were, the
current orgy of prison-building would be outstripped by
construction of new mental hospitals. Moreover, even if
substance abuse is a qualifying mental illness, existing
constitutional doctrine requires that detained persons be
offered meaningful treatment as a condition of continu-
ing confinement (13). Unless a confined substance abuser
actually receives treatment other than being removed
from access to drugs, she could plausibly assert that her
confinement is unconstitutional.

Removal of Custody

Some child abuse and neglect laws may empower public
officials to take custody of newborns away from their
mothers on proof that the mothers exposed the babies to
unlawful drugs during pregnancy (10). Some form of judi-
cial hearing is ordinarily necessary to accomplish such a
drastic step. In the hearing, the issue may arise as to
whether maternal drug abuse in itself justifies removal
of custody. A court that is strongly motivated by a desire

to punish the mother as a drug user or to send a deter-
rent signal to other pregnant women may not carefully
address the question of whether the mother is fit to care
for her child. But if a court’s focus is on the more tradi-
tional test of whether removal of custody is in the best
interests of the child, it may consider a variety of factors
other than the mother’s drug use during pregnancy.
Courts may also be tempted to draw medically unsup-
portable distinctions between use of lawful drugs, such as
alcohol, and unlawful drugs, such as crack-cocaine. In the
matter of fetal or infant health, an alcohol-abusing
mother may be just as dangerous as a crack-using mother.
Yet some courts may be inclined to remove custody more
quickly from the crack-using mother than from the alco-
holic mother because the former is violating narcotics
laws whereas the latter is abusing a “lawful” drug.

Commentary on Coercive Strategies

Addressing maternal substance abuse in a coercive fash-
ion raises contentious constitutional and public policy
issues.

Constitutional Considerations

The constitutional questions center on achieving a bal-
ance between the rights of individuals and the power of
the state to protect vulnerable persons. Roe v Wade and
subsequent Supreme Court decisions have affirmed the
liberty of women to make reproductive choices while rec-
ognizing that the state has an interest in protecting the
fetuses. The balance remains an uneasy one. But it is clear
that the state has a constitutionally legitimate interest in
the outcome of pregnancy, which it can express through
appropriate legislation. Laws that are rational in the sense
of articulating a goal of fetal protection and providing the
least restrictive effective means of achieving that goal can
satisfy constitutional norms, provided they do not place
an “undue burden” on the mother’s exercise of her con-
stitutional rights (14). Certainly there is no constitution-
ally protected liberty to abuse drugs during pregnancy.
And the right to unconstrained abortion in early preg-
nancy does not logically include freedom to willfully or
recklessly endanger one’s fetus. Thus, it would seem that
a carefully drafted law that aims to deter or constrain
pregnant women who recklessly endanger their fetuses
could survive constitutional challenge.

Public Policy Considerations

Whether such a law is wise social policy is another ques-
tion. Any harm to a fetus from maternal misconduct may
have already occurred by the time legal coercion is con-
sidered or applied. An obvious exception is the situation
of the HIV-infected mother who, if appropriately treated,
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will be much less likely to transmit infection to her baby
during pregnancy or delivery if antiretroviral therapy is
initiated during pregnancy (15). This exception aside, the
major social utility of a coercive law could be its signal
to women that certain behaviors during pregnancy may
trigger unpleasant personal consequences. A potential
drawback of such a law is that it could actually deter
some pregnant women from seeking prenatal care or
undergoing testing that could lead to beneficial treatment.

Another social policy dimension of coercive laws is
the potential for conscripting physicians as agents of
social control. For example, if child abuse laws are
extended to cover fetal abuse, physicians could incur a
statutory duty to report instances of maternal drug usage
or HIV-infection to public enforcement agencies. And if
narcotics laws are amended to allow prosecution for
transplacental delivery of unlawful drugs, physicians may
incur a duty to report this “crime” when they undertake
the care of pregnant drug users. Even if draconian new
laws are not actually enacted, public clamor for them
might persuade some physicians that they have an ethi-
cal duty to report some women to public officials. The
“Tarasoff doctrine” may protect some physicians who
violate confidentiality of their patients in order to protect
endangered fetuses or children (16). But not all violations
of confidentiality are necessarily justifiable enough to
ensure immunity from suits by aggrieved patients. Fed-
eral narcotics laws and some state HIV confidentiality
laws, for example, broadly and stringently prohibit non-
consensual disclosures of information by physicians.

DIFFICULT CHOICES: NEUROLOGIC
IMPLICATIONS

In the context of this chapter, women may face two types
of decisions in which neurologic disorders are pivotal fac-
tors. One concerns the right of a woman to make personal
treatment decisions that put her offspring at risk for neu-
rologic disease or harm. The other concerns withholding
or withdrawing life-sustaining treatment from a neurolog-
ically impaired neonate or child. The first sort of decision
may or may not have neurologic connotations and will be
considered, but briefly. But it raises issues that may become
more compelling as techniques for prenatal diagnosis of
genetic disease become more reliable and available.

Choices that Risk Fetal Harm

A pair of recent state appellate court decisions indicate
that a woman can lawfully decline invasive treatments,
even if the consequence of the refusal is death or severe
neurologic harm to her unborn child.

In one case, an Illinois court considered whether a
pregnant woman could be compelled to undergo cae-

sarean section in order to protect her fetus from hypoxic
brain injury or death (17). Both her attending physician
and a consulting university-based obstetrician concluded
that the 35-week fetus was receiving insufficient oxygen
because of a placental defect and recommended immedi-
ate caesarean section. Citing strong religious beliefs, the
woman declined this option, a decision in which her hus-
band concurred. At the request of the physicians, the state
attorney’s office asked a juvenile court to appoint the state
as custodian of the fetus so that it could authorize a cae-
sarean section. The court rejected the request, concluding
that the fetus was not a “minor” person within the mean-
ing of the statute authorizing appointment of custodians
and that there was no precedent for ordering such an
intrusive procedure over the objection of a competent
woman. A state appellate court upheld this decision,
emphasizing that the constitutionally protected right to
refuse invasive treatment is retained throughout
pregnancy and that a “woman is under no duty to guar-
antee the mental and physical health of her child at birth,
and thus cannot be compelled to do or not do anything
merely for the benefit of her unborn child.”

The Baby Boy Doe decision is consistent with an
earlier decision of the District of Columbia Court of
Appeals that involved an attempt to force a dying woman
to undergo a caesarean section in order to give her fetus
a chance of survival (18). The woman had advanced can-
cer and declined surgery if it would hasten her own death.
The court underscored that the mother’s competent deci-
sion is the crucial determinant and that it would be legally
inappropriate to balance the interests of the fetus against
the interests of the mother. Although a New Jersey court
has held that a pregnant Jehovah’s Witness can be forced
to have a blood transfusion in order to protect her unborn
child (19), this is a minority view. Moreover, as stressed
by the court in Baby Boy Doe (17), the intrusiveness of
surgery is much greater than that of blood transfusion.

The thrust of these cases is that a competent preg-
nant woman can lawfully decline invasive treatments
designed to protect her fetus from neurologic or other
harms. This is true whether the reason for declining treat-
ment is her own neurologic affliction, her fear of inva-
sive treatment, or her personal religious beliefs. By the
same token, a competent woman can also lawfully con-
sent to an invasive, medically appropriate treatment
designed to benefit her fetus, even if the treatment puts
her at grave personal risk. In short, from the perspective
of law, she can be as altruistic as she wishes to be with
respect to invasive treatments so long as she is deemed
competent. Obviously, debates can arise about whether
a particular treatment is sufficiently invasive to afford a
pregnant woman an absolute right of refusal. An exam-
ple is antiretroviral therapy with protease inhibitors. The
complexity of the treatment regimens and the range and
severity of side effects are such that one could plausibly
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argue that the therapy is invasive, even if no cutting or
other mechanical intrusions are involved.

Withholding or Withdrawing 
Neonatal Life Support

Parents and physicians can become enmeshed in difficult
decisions about how much care to offer neonates with
severe neurologic impairment. Although many seem to
believe that these decisions are so intimate and personal
that outsiders should play little or no role, legal develop-
ments in recent years contemplate a measure of social
control in this area. The reasons are complex, including
a pervasive belief that all life is sacred, no matter how
impaired or unpromising, and coupled with a concern
among some members of the public that parents and
physicians may conspire to deny life to some impaired
infants to spare parents the emotional and financial bur-
dens of caring for gravely disabled children. In any case,
proponents of greater social control have sought to
expand the reach of antidiscrimination and child protec-
tion laws as a way of constraining such actions, whereas
supporters of a stronger role for physicians in decision-
making have argued that there should be no legal oblig-
ation to provide care that is medically futile.

Handicap-Based Discrimination

An informative example of an attempt to use antidis-
crimination law to impede a parental choice is the fed-
eral court case of United States v University Hospital
(20). The technical legal issue in the case was whether
section 504 of the federal Rehabilitation Act of 1973, a
precursor of the Americans with Disabilities Act, autho-
rized the Department of Health and Human Services
(DHHS) to obtain the hospital records of a neurologi-
cally impaired neonate known as Baby Jane Doe. At
birth she had meningomyelocele, microcephaly, hydro-
cephalus, paraplegia, and impaired bowel and bladder
functions. Her physicians informed her parents of ther-
apeutic options, including operative repair of the
meningomyelocele and a shunting procedure. They also
disclosed that the infant was at high risk for mental retar-
dation if she survived. After discussions with other physi-
cians, religious counselors, and a social worker, the par-
ents opted for conservative measures that included
continuing nutrition, antibiotics, and local care of the
exposed dural sac.

Litigation arose when a right-to-life advocate filed
suit in a New York state court seeking appointment of a
guardian for the baby and an order directing the hospi-
tal to have corrective surgery performed. After a hear-
ing, the court decided that surgery was indicated and
ordered the hospital to have it done. An intermediate state
appeals court reversed this decision, concluding that the

parental decision was informed, reasonable, and sup-
ported by “responsible medical authority.” New York’s
highest court upheld this decision, but based on a differ-
ent rationale. It concluded that the plaintiff in the case
had no legal standing to bring the suit and that it was an
abuse of discretion for the lower court to name him as
guardian or to order specific medical treatment.

As the litigation was proceeding in the state court
system, an anonymous person complained to DHHS
that Baby Jane Doe was being discriminated against on
the basis of handicap, an alleged violation of the Reha-
bilitation Act. The DHHSs thereupon asked the hospi-
tal to produce the infant’s medical records so that it
could determine whether she was in fact a victim of
handicap-based discrimination. The hospital refused
this request, asserting parental refusal to consent to
release of the records and its own reservations about the
lawful authority of DHHS to make the request. The
DHHS then asked a federal district court to compel the
hospital to produce the records. The district court
rejected the request. It concluded that access to the
records was barred by a New York law protecting con-
fidentiality of medical records and that the federal
statute did not apply to the hospital merely because it
received payments from federal health benefit programs
(i.e., Medicare, Medicaid).

The DHHS appealed this ruling to a federal circuit
court, contending that the parents’ choice of conservative
treatment was based solely on the handicap of micro-
cephaly—and the implicit prospect of mental retardation.
To support its contention, DHHS asserted that the med-
ically appropriate treatment for an infant without micro-
cephaly would have been surgery and that the only rea-
son surgery was withheld was because of her likely mental
retardation.

After an extensive review of the complex legislative
history of the federal law and relevant judicial precedents,
the appeals court ruled in favor of the hospital. It con-
cluded that Congress had not contemplated that the fed-
eral law would be applied to treatment decisions con-
cerning impaired neonates. Moreover, it found no support
in prior case law for the government’s argument. The
court noted that the hospital had been “even-handed” in
treating the infant and remained willing to offer surgery
if the parents requested it. The court further observed that
requiring the hospital to provide surgery or to override
the preferences of the parents “would pose a particularly
onerous affirmative action burden.”

This decision, and the later Supreme Court decision
in Bowen v American Hospital Association (21), which
invalidated DHHS regulations designed to force hospitals
to report instances of nontreatment of impaired newborns
to federal officials, effectively put an end to attempts to
use federal antidiscrimination law to intrude on parental
decisions about the care of impaired neonates.
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Child Abuse

After the judicial rebuffs described, supporters of govern-
mental oversight of the treatment of impaired neonates
sought help from Congress. Its response was an amendment
to the federal child abuse law (22) that is designed to
encourage states to use their child protection agencies to
regulate care of impaired neonates. The basic structure of
the federal law is to condition grants to states for child pro-
tection services upon the states’ agreement to apply feder-
ally prescribed standards to detect and prevent child abuse.

As amended, section 5102 of the federal law defines
child abuse to include the withholding of “medically indi-
cated treatment…for life-threatening conditions.” The
term medically indicated treatment is defined as treatment
that is “likely to be effective in ameliorating or correct-
ing all such conditions.” Except for “appropriate nutri-
tion, hydration or medication,” the statute does not
require treatment for infants who are “chronically ill and
irreversibly comatose,” for infants in whom treatment
would “merely prolong dying,” would be ineffective in
ameliorating or correcting the life-threatening conditions,
would “otherwise be futile in terms of survival,” or would
be “virtually futile” in the sense of being “inhumane.”

The amendment hardly qualifies as a model of
coherent legislation, but it serves to put state child pro-
tection agencies on notice that they must do at least two
things if they want federal monies for their programs.
First, they should implement measures to prevent parents
and physicians from agreeing to withhold “appropriate”
nutrition, hydration, and medication from impaired
neonates. Second, they should try to limit the range of
conditions for which withholding life-sustaining treat-
ment might be considered to only those neonates who
have extraordinarily severe impairments. The problems
of interpretation with respect to the amendment are too
numerous to detail, but pernicious effects are easy to envi-
sion. For example, the law could deter parents and physi-
cians from making medically and ethically justifiable deci-
sions concerning infants who do not fit neatly into the
categories set forth in the statute. Moreover, the opaque-
ness of the law could either lead caregivers to throw up
their hands and conclude that all impaired neonates must
receive maximal care or could render it useless as an
enforcement tool. At this juncture, however, it is
extremely difficult to draw conclusions as to whether the
law has, in and of itself, actually caused caregivers to
make different decisions than they would have otherwise
made concerning the care of infants with severe neuro-
logic impairment.

Futility

The amendment to the child abuse law contemplates
clinical circumstances in which treatment may be

“futile” or “virtually futile” in the sense of being “inhu-
mane.” What Congress had in mind in using these terms
is unclear. There is, of course, a rich debate about the
definition of futility as it applies to medical treatment.
However, no attempt is made here to revisit this debate
other than to note that futility is an elusive concept. For
some, treatment that prolongs nonsentient life is futile,
whereas for others protecting human existence, no mat-
ter how compromised, is anything but futile. But how-
ever the word futility is defined, physicians obviously
have an important role in giving it content because they
are best situated to diagnose morbid conditions and to
make predictions about their outcome. Still, a medical
judgment that treatment is futile is not necessarily dis-
positive in a legal forum. An example is a recent federal
appeals court ruling concerning the level of care owed
an anencephalic child.

At issue in Matter of Baby K (23) was whether hos-
pital-based physicians were required to provide care that
they regarded as futile. The mother of an anencephalic
infant wanted the physicians to use a mechanical venti-
lator when and if it was necessary to keep the baby alive. 

This led the physicians to seek a ruling from a fed-
eral district court in Virginia that would shield them from
liability if they opted not to use a ventilator if the child
presented in respiratory distress. Invoking the federal
emergency treatment law (24), the district court denied
the request. Its ruling was affirmed by a federal court of
appeals, and the Supreme Court declined further review.

The appellate court reasoned that the plain language
of the federal statute required physicians to respond to an
“emergency medical condition,” such as life-threatening
respiratory distress, by providing treatment that would
“stabilize” that condition by preventing “material dete-
rioration.” In the court’s eye, respiratory distress in an
anencephalic child is an “emergency medical condition”
and requires that physicians provide treatment to allevi-
ate that condition, including a mechanical ventilator. The
court rejected the physicians’ assertion that they were not
lawfully bound to use a ventilator because it was not a
standard treatment in anencephaly. The court also deter-
mined that the federal law pre-empted a Virginia law that
would excuse physicians from an obligation to prescribe
care that they determine is “medically or ethically inap-
propriate.” A dissenting judge faulted the majority for
failing to recognize that the relevant medical condition
here was anencephaly, not respiratory distress, and that
the standard medical treatment for anencephaly does not
encompass use of a ventilator.

Baby K obviously does not stand for the proposition
that physicians must always provide care that neurolog-
ically impaired patients, or their parents or other lawful
proxies, ask for, no matter how useless the treatment may
seem. What it does seem to say is that if a treatment is
capable of staving off an immediate threat to life in the
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context of emergency care, physicians cannot entirely rely
on their own determination that the treatment is ulti-
mately futile in the neurologic sense as a lawful justifica-
tion for withholding treatment. In other words, certain
therapeutic decisions call for physicians to take into
account the values of patients or their lawful proxies, as
well as the requirements of particular laws. Most physi-
cians probably behave this way anyhow. Baby K merely
stands as a reminder that this is a dimension of their pro-
fessional role today.

References

1. NY Public Health Code Section 2805(d)(1) (1986).
2. GA Code Annotated Section 31-9-6.1(a) (1990).
3. Harbeson v Parke-Davis Inc, 656 P 2d 483 (WA Sup Ct

1983).
4. Roe v Wade, 410 US 113 (Sup Ct 1973).
5. Furrow BR. Impaired children and tort remedies: The

emergence of a consensus. Law, Medicine & Health Care
1983;11:148–154.

6. MN Stat 145.424 (1987 Supp).
7. Hickman v Group Health Plan, 396 NW 2d 10 (MN Sup

Ct 1986).
8. Arato v Avedon, 858 P 2d 598 (CA Sup Ct en banc 1993).
9. People v Stewart, Mun Ct San Diego Cty CA, #M508197

(1987).

10. Note: maternal rights and fetal wrongs: The case against
the criminalization of “fetal abuse.” Harvard Law Rev
1988;101:994–1012.

11. Johnson v State, 602 So 2d 1288 (FL Sup Ct 1992).
12. Phillips M. Umbilical cords: The new drug connection.

Buffalo Law Rev 1992;40:525–566.
13. O’Connor v Donaldson, 422 US 563 (Sup Ct 1975).
14. Planned Parenthood v Casey, 505 US 833 (Sup Ct 1992).
15. Connor EM, et al. Reduction of maternal-infant transmis-

sion of human immunodeficiency virus type I with zidovu-
dine treatment. N Engl J Med 1994;331:1173–1180.

16. Stone A. The Tarasoff decisions: Suing psychotherapists
to safeguard society. Harvard Law Rev 1976;90:358–385.

17. In re Baby Boy Doe, 632 NE 2d 326 (IL App 1994), cert
den 114 S Ct 1198 (1994).

18. In re AC, 573 A 2d 1235 (DC App 1990).
19. Raleigh-Fitkin Hospital v Anderson, 201 A 2d 537 (NJ

Sup Ct 1964), cert den 84 S Ct 1894 (1964).
20. United States v University Hospital, 729 F 2d 144 (2d Cir

1984).
21. Bowen v American Hospital Association, 476 US 610

(Sup Ct 1986).
22. Child Abuse Prevention and Treatment Act, 42 US Code

Annotated Section 5102 (West 1984).
23. Matter of Baby K, 116 F 3d 590 (4th Cir 1994).
24. Emergency Medical Treatment and Active Labor Act, 42

US Code Annotated Section 1395dd (West 1993). 



LIFE STAGES AND
NEUROLOGIC DISEASE
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eurologic disease in children differs
significantly from neurologic dis-
ease in adults. Disease may be spe-
cific for a developmental period

(Rett syndrome, absence epilepsy, autism) or actually
affect physical development of the nervous system (neu-
ronal migration disorders, pyruvate dehydrogenase defi-
ciency). For some disease entities, only children are
affected, because life span is shortened. For others, life
expectancy is normal, and disease may be diagnosed in
childhood and continue into adulthood (Tourette syn-
drome, ornithine transcarbamylase deficiency). Children
may experience the same disease as adults but with dif-
fering symptomatology (migraine). It is important to rec-
ognize the specific disease entities seen in childhood to
provide appropriate genetic and prognostic counseling.

Some pediatric neurologic diseases are seen only in
girls, others are more common or differentially expressed
in girls. Those seen primarily in girls are usually X-linked
or related to menses. Differential expression may be seen
throughout childhood or exacerbated by puberty
(migraine) and are related to gender but do not necessarily
directly involve the X chromosome. In some, the disease
is so differentially expressed that ascertainment by clas-
sical clinical criteria may not recognize disease in girls
(Tourette syndrome presenting as obsessive compulsive
disorder). These differences are important with regard to
diagnosis, treatment, and prognosis.

(For a discussion of individual diseases and genetic
counseling issues, see the chapters addressing these topics.)

X-LINKED DISEASE

The distinction between recessive and dominant inheri-
tance in X-linked diseases is not as clear as for autoso-
mal disease. The diseases discussed (Table 9.1) will be
classified as dominant or recessive based on prevailing lit-
erature. Many X-linked diseases exist, but only those with
significant neurologic manifestations are discussed here.

X-linked dominant diseases are seen only in girls, or
primarily in girls, with the very rare case in males due to
Klinefelter syndrome (XXY male), half chromatid muta-
tion, or post-zygotic mutation (1–3). Otherwise, these dis-
eases have apparent lethality in males. Thomas (4) pos-
tulates that higher numbers of affected females are also
due to higher mutations rates in males, who only pass
their X chromosome to their daughters (4); this has been
reported in incontinentia pigmenti, Pelizaeus-Merzbacher
syndrome, and Rett syndrome (5–8). The X chromosome
location is known for some X-linked diseases, but only
theorized for others. Although clinical disease is not lim-
ited to children, most present in childhood. Ascertainment
of cases may continue into adulthood.

Recessive X-linked disorders are heritable diseases
with differing risks of clinical expression between males
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and females. The mutant genes are located on the X chro-
mosome, and transmission from male to male does not
occur. Females are heterozygous for the mutant allele.
Females with Turner syndrome (45X), or females with X-
autosome translocations who possess an abnormal allele
on the X chromosome, can also demonstrate the typically
male-only spectrum of disease (9,10).

Although a single female with Duchenne muscular
dystrophy due to uniparental disomy has been reported
(11), the presence of symptoms of X-linked disease in het-
erozygous 46XX females is largely dependent on X inacti-
vation patterns. Early in the gestation of female fetuses, one
X chromosome in each somatic cell is randomly inacti-
vated—the process of lyonization (12). As a consequence
of this phenomenon, all subsequent daughter cells retain the
same inactivated X chromosome. Theoretically, in each tis-

sue, approximately half of cells express the X chromosome
derived from the father and half express the X chromosome
derived from the mother. If a female bears a mutant allele
on one X chromosome, half of the cells in each tissue tran-
scribe only the diseased gene. X chromosome inactivation
is not always random, however. In fact, examination of the
fibroblasts and leukocytes of normal females demonstrates
significantly skewed X inactivation in 20% (13–15). In addi-
tion, X inactivation ratios may vary among tissues in the
same individual (16). Therefore, depending upon the X inac-
tivation ratio in a vulnerable tissue, a female heterozygous
for an X-linked recessive disorder may be asymptomatic,
asymptomatic but with biochemical abnormalities, mildly
symptomatic, or severely symptomatic.

The causes of apparent nonrandom X inactivation
are poorly understood but include stochastic effects and

TABLE 9.1
X-linked Neurologic Disease in Girls

X-LINKED NEUROLOGIC SYSTEMIC NEUROLOGIC GENETIC

DISEASE IN GIRLS MANIFESTATIONS MANIFESTATIONS LOCATION/MECHANISM

Aicardi syndrome Ocular, bone, orofacial Seizures, malformations, agenesis Xp22
of corpus callosum

Goltz syndrome Skin, bone, ocular, orofacial Mental retardation, microcephaly Xp22
MIDAS syndrome Skin, ocular, bone Malformations, mental Xp22

retardation, seizures
Rett syndrome Cardiac, growth Developmental arrest, hand MECP2

stereotypies, microcephaly, 
breathing irregularities

Bilateral periventricular None Neuronal migration abnormalities, Filamin 1
nodular heterotopias seizures

X-linked lissencephaly/ None Neuronal migration abnormalities, Double cortin
subcortical band seizures, mental retardation
heterotopia

Incontinentia pigmenti Skin, teeth, ocular Seizures, mental retardation, NEMO gene
microcephaly

Oral-facial-digital Bone, orofacial Mental retardation, malformations Xp22.2-22.3
syndrome

Fragile X Orofacial, skin, ocular Mental retardation, seizures Trinucleotide repeat
FMR1

Charcot-Marie-Tooth None Peripheral neuropathy Connexin 32 protein
Duchenne muscular Cardiac Myopathy Dystrophin

dystrophy
Pelizeus merzbacher None Leukodystrophy Proteolipid protein
Adrenoleukodystrophy Adrenal (rare) Spinal cord Xq28 ABCD1
Fabry disease Cardiac, renal, skin Painful crises Xq22 a-galactosidase A
Pyruvate Dehydrogenase Lactic acidosis Malformations, episodic ataxia, Xq22

deficiency progressive cortical involvement
Ornithine Hyperammonemia Psychiatric, mental retardation, Xp

transcarbamylase coma
deficiency
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selective advantages of mutant or wild type cells; in some
cases, skewed X inactivation may be familial (17). The
X inactivation center is located in band Xq13 (18). Alter-
ations in this region could explain the occurrence of mul-
tiple symptomatic heterozygous females in families
affected with Duchenne muscular dystrophy (19) and
Fabry disease (20).

Nonrandom X inactivation nearly always occurs in
the presence of a structurally abnormal X chromosome
(14). In the presence of an unbalanced X:autosome
translocation, the translocated X is preferentially inacti-
vated (21). If a mutant allele is present on the remaining
X chromosome, the carrier state is unmasked and the
female exhibits the full syndrome. Conversely, in the event
of a balanced X:autosome translocation, selective inacti-
vation of the normal X chromosome and preservation of
the two translocated pieces occurs (21). If the breakpoint
disturbs a disease-causing gene, the female may express
the full syndrome. The location of X chromosome break-
points in females with Duchenne dystrophy and X:auto-
some translocations led to the discovery of the gene posi-
tion at Xp21 (22). Similar occurrences aided the discovery
of the genes for Menkes disease (23), Hunter syndrome
(24), and Lowe oculocerebrorenal syndrome (25).

In several of the X-linked recessive disorders, a sig-
nificant number of karyotypically normal females par-
tially or completely express the disorder. These conditions
are adrenoleukodystrophy (ALD), Fabry disease,
ornithine transcarbamylase (OTC) deficiency, pyruvate
dehydrogenase (PDH) E1a subunit deficiency, fragile X
mental retardation, and the X-linked form of Charcot-
Marie-Tooth disease. In the majority of such cases,
skewed X chromosome inactivation most likely underlies
disease expression in females. In the case of PDH E1a
subunit deficiency Fabry disease, and OTC deficiency, the
mutant allele, rather than behaving in a typically X-linked
recessive manner, may in fact possess incomplete domi-
nance (14).

Mechanisms other than skewed X inactivation may
also play a role in the phenotypic variability in X-linked
disease. Infrequent manifestations among girls heterozy-
gous for mutations of the hypoxanthine phosphoribosyl
transferase (hprt) allele, the Lesch-Nyhan gene, may be
a result of in vivo selection against hprt-deficient cells.
This phenomenon has been observed in lymphocytes and
red blood cells (26,27). In Duchenne muscular dystrophy,
dystrophin-negative cells that die may be replaced by dys-
trophin-positive cells, thus producing fewer symptoms
with age.

A second phenomenon observed in Lesch Nyhan
disease has been termed “metabolic cooperation.” When
fibroblasts lacking an active normal hprt allele come in
close contact with hprt-expressing fibroblasts, the
mutated fibroblasts are able to behave in a metabolically
normal fashion (28). Apparently, a substance can be

transmitted between cells that repairs the metabolic
derangement. Females, because they exhibit a mosaic of
hprt-positive and negative cells could, through metabolic
cooperation among cells, lessen the effect of the het-
erozygous state.

X-LINKED DOMINANT DISEASE

Aicardi Syndrome

Aicardi first described the syndrome that now bears his
name (29). Clinical diagnosis is based on a triad of fea-
tures: agenesis of the corpus callosum, chorioretinal
abnormalities, and infantile spasms. The mean onset of
seizures is less than 3 months of age. Over two-thirds of
affected females present with infantile spasms and hyp-
sarrhythmia-like pattern on EEG; almost all develop
spasms and hypsarrhythmia-like pattern (30,31). The
diagnosis of Aicardi syndrome is usually made when the
child presents with infantile spasms and should be sus-
pected in any girl with infantile spasms. Seizures are often
difficult to control, using an average of four antiepilep-
tic drugs per patient (30).

The corpus callosum is completely or partially
absent (Figure 9.1). Other brain malformations include
neuronal migration defects, choroid plexus papillomas
and cysts, and Dandy-Walker malformations (30,32,33).
Ocular fundus abnormalities are classically described as
punched out chorioretinal lacunae, but also include
colobomas and microphthalmia. Other clinical manifes-
tations are seen in most patients and include costoverte-
bral malformations (hemivertebra, scoliosis, absent ribs;
Figures 9.2A and 9.2B) and cleft lip and palate. Devel-
opment is adversely affected to a pronounced degree, and
most patients never reach a developmental level of greater
than 12 months, although some patients develop speech
and ambulation (30,32). Life expectancy is limited; only
40% survive to age 15 years (32).

The severity of the disease prohibits reproduction,
thus all new cases are sporadic. At least four patients with
a partial Aicardi phenotype and an X/3 translocation with
a breakpoint at Xp22 have been described, but no muta-
tions or deletions have yet been reported (30,33,34).

Goltz syndrome, or focal dermal hypoplasia (35),
includes atrophy and linear pigmentation of the skin, fat
herniation through dermal defects, striated bones, multi-
ple papillomas, digital and oral anomalies, and mental
retardation. Microphthalmia with linear skin defects
(MLS syndrome) also known as MIDAS syndrome
(microphthalmia, dermal aplasia, and sclerocornea)
includes linear skin defects and ocular abnormalities. Fea-
tures of Goltz, Aicardi, and MLS syndromes have been
described in females with deletions of Xp22.3 (34,36,37).
This may be due to a contiguous gene syndrome or a sin-
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gle gene disorder with differential expression based on
different patterns of X chromosome inactivation (36–38).
The overlap of these syndromes may explain some atyp-
ical cases of Aicardi syndrome.

Rett Syndrome

Rett syndrome is a neurodevelopmental disorder
described initially almost exclusively in girls. It was first
recognized independently by Rett (39) and Hagberg (40)
in the early 1960s. Rett syndrome is characterized by an
arrest in motor, mental, and behavioral development in
early childhood, deceleration in the rate of head and
somatic growth, hand stereotypies, and gait apraxia with-
out features of a progressive neurodegenerative process.
The syndrome is seen in all ethnic groups, with a preva-
lence of 1:12,500 to 1:20,000, a rate exceeding that for
phenylketonuria in females. Rett syndrome is due to
mutations in the methyl CpG binding protein 2 gene
(MECP2). This gene encodes a protein that affects the
transcription of other genes (41).

In classic Rett syndrome, following normal pre- and
perinatal periods, early development appears normal
through the first 6 to 18 months, even though some devi-
ations may be suspected (42). Deceleration in the rate of
head growth, however, is already evident by 3 months of
age. Then, language and fine motor development regress
and typical hand stereotypies (hand-wringing, hand-
washing, hand-knitting) appear. Subsequently, cognitive
and behavioral function plateau or actually improve
somewhat during later childhood and adolescence. Motor
function tends to decline slowly, the majority remaining
ambulatory into adulthood. Precise data on longevity are
not available; however, survival beyond 30 years appears
likely.

Associated features include breathing irregularities
(hyperventilation, breath-holding, air swallowing) during
wakefulness, bruxism (teeth grinding), scoliosis, seizures
and cold, dystrophic, cyanotic feet. Scoliosis may progress
and require surgical correction. Seizures may be difficult

FIGURE 9.1

CT scan in a young girl with Aicardi syndrome demonstrates
abnormal separation of the anterior horns of the lateral ven-
tricles and superior displacement of the third ventricle, con-
sistent with agenesis of the corpus callosum.

FIGURE 9.2

(A) Sharp kyphosis in Aicardi syndrome due to vertebral body
anomalies. (B) Significant decrease in diameter of spinal cord
due to the kyphosis seen in (A).

A B
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to differentiate from some of the unusual behaviors
described above and may require video monitoring. EEG
shows typical but nondiagnostic features of background
slowing, little or no waking dominant rhythm, multifo-
cal spike and slow spike and wave activity, and loss of
normal sleep patterns.

Brain imaging (CT/MRI) reveals only mild to mod-
erate atrophy. Neuropathologic studies show no evidence
of progressive neurodegeneration but rather suggest an
arrest in early development with smaller, more densely
packed neurons and primitive dendritic arborizations
with a sharp reduction in pigmented neurons in the sub-
stantia nigra.

Now that the genotype is known, the phenotype is
expanding. Mutations in MECP2 are known to cause
atypical Rett syndrome with preserved language in girls,
Rett-like syndrome in boys, and X-linked mental retar-
dation in boys (6,43). A poor genotype-phenotype cor-
relation exists, probably due to X inactivation patterns.
Random inactivation is typical in Rett syndrome, and
nonrandom X inactivation is usually beneficial, produc-
ing milder or asymptomatic disease (44). Interestingly, in
only one-quarter of familial cases has a mutation in
MECP2 been found; there may be another genetic locus
for the syndrome (43–45).

Treatment is symptomatic, and emphasis should be
directed toward physical, communicative, and occupa-
tional therapies to optimize function and minimize phys-
ical disabilities (46).

Neuronal Migration Disorders

The normal six-layered cerebral cortex is formed by neu-
rons that migrate from subependymal regions to their
appropriate cortical locations. This migration is a very
precise process in which immature neurons migrate along
glial cell processes, with deeper cortical layers formed first
and superficial neurons in layer 2 migrating last (47). The
genetic basis of this process is not fully elucidated but at
least two X-linked disorders of neuronal migration are
known and others are suspected (48).

Bilateral periventricular nodular heterotopia is a
neuronal migration disorder caused by mutations in fil-
amin 1 (FLN1), an actin binding protein (49,50). It is
expressed in females and has prenatal or perinatal lethal-
ity in males. MRI reveals bilateral continuous bands or
discontinuous nodules of heterotopias with typical char-
acteristics of gray matter (Figure 9.3; 49,51,52). Micro-
scopically, these are composed of differentiated well-
innervated neurons that appear normal except for being
abnormally oriented (multiple directions) (49). The
genetic defect appears to be highly penetrant, and the het-
erotopias are present as early as 6 months of age and are
stable with time. Affected females are neurologically
intact except for seizures, which only occur in some, but

not all, females with the heterotopias. Epilepsy, when 
present, may be of multiple seizure types, and EEG find-
ings are nonspecific. Literature reviews of older, isolated
cases of periventricular heterotopias reveal a female pre-
ponderance (52).

A second syndrome, X-linked lissencephaly/subcor-
tical band heterotopia or the double cortex syndrome,
was first described by Barkovich (53) and Marchal (54).
MRI reveals an extensive band of subcortical gray mat-
ter separated from the overlying cortex by a band of white
matter, most obvious in frontocentroparietal regions (55).
Neuropathology shows preservation of cortical layers 1
to 4 but layers 5 and 6 are poorly differentiated and merge
with white matter U fibers (54,55). All patients have
seizures, ranging in severity from infantile spasms and
Lennox-Gastaut to partial seizures. Most are mentally
retarded, although the severity varies and some are func-
tional in society (55,56). Affected daughters of affected
mothers also have double cortex, but affected sons have
lissencephaly with more devastating neurologic conse-
quences (48). The gene responsible for this syndrome is
double cortin (DCX) (57,58). DCX functions as a micro-
tubule-associated protein, and normal microtubular func-
tion is crucial to neuronal migration (59). Women with
two populations of X chromosomes have normal and
abnormal neuronal migration, so two bands of cortex;
males with only one X chromosome only have abnor-
mally migrated cells, lissencephaly (59).

Three families with aplasia of the cerebellar vermis
with a female:male ratio of 6:1 have been described (60).
Affected women had ataxia, dysmetria, and nystagmus,
and males were more severely affected.

Incontinentia Pigmenti

Incontinentia pigmenti is a disorder of the ectoderm
involving skin, teeth, eyes, and the central nervous system
(CNS). It shows X-linked dominant inheritance, usually

FIGURE 9.3

MRI imaging of a 15-year-old girl with normal intelligence,
seizures, and bilateral periventricular nodular heterotopia.
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with male lethality, but affected males have survived with
subsequent father to daughter transmission possible
(61,62). Familial incontinentia pigmenti is due to muta-
tions in the NEMO gene (nuclear factor kB essential mod-
ulator) at Xq28 (8). This gene produces a transcription
factor that regulates multiple genes in immune, inflam-
matory, and apoptotic pathways (8,7). Seventy to eighty
percent of patients have an identical large genomic dele-
tion (7,8). Milder mutations occur and may produce sur-
viving males (63). There has been considerable debate
over a second nonfamilial incontinentia pigmenti site at
Xp11. Sybert (64) and Berlin (65) suggest that these
patients do not satisfy the criteria for incontinentia pig-
menti. Extremely skewed X chromosome inactivation is
common and crucial to disease expression, as cells with
the abnormal X activated are replaced by cells with the
normal X activated (66,65)

Intrafamilial variability is the rule. Typical skin
lesions progress through stages, with initial blistering
(blisters, pustules, and erythema) presenting in a typically
linear distribution (up to 4 months of age), followed by
verrucous and hyperkeratotic lesions (up to 6 months of
age) (Figure 9.4). These early lesions occur primarily on
the extremities and are found at birth in 40% of patients;
they occur in almost 95% of cases (67). In an individual
patient, not all stages may occur, or some may occur
simultaneously. Later, affected women develop truncal
hyperpigmentation often following Blaschko’s lines
(developmental skin pattern due to proliferation of two
different clonal cell lines during early embryogenesis) (up
to 20 years of age), and pale hairless patches of skin
(adulthood). Dental anomalies occur in 65%, and fea-
tures include delayed eruption and dental malformations.
Conical and pegged teeth are the most common findings
(67). Ocular manifestations (retinal vascular abnormali-
ties with secondary retinal detachment) may be absent
or severe enough to cause visual loss (68). Neurologic
involvement includes seizures, mental retardation, and
microcephaly. CNS involvement in the neonatal period
is a poor prognostic sign (69). CNS imaging in seven
patients with incontinentia pigmenti revealed abnormal-
ities consistent with small vessel occlusion in five patients
with concordance of imaging and clinical involvement
(70). A few patients with periventricular white matter
abnormalities have been reported (Figure 9.5; 71,72).

Oral-Facial-Digital Syndrome I

OFD syndrome type I is another probable X-linked dom-
inant disease with male lethality. Marked clinical vari-
ability occurs in heterozygous females (1). Extraneural
manifestations include skull malformations (basilar
kyphosis with steep anterior fossa and downsloping pos-
terior fossa), digital anomalies (polydactyly, brachy-
dactyly, and syndactyly), oro-facial involvement (lobu-

FIGURE 9.4

Three-month-old female with lesions of incontinentia pig-
menti.

FIGURE 9.5

Axian T1-fast spin echo MRI demonstrates periventricular
white matter abnormalities in a 6-year-old with incontinen-
tia pigmenti.
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lated tongue, dental malformations, cleft palate, hyper-
trophic frenula), and polycystic kidneys (73,74). Mental
retardation occurs in 30 to 50% of heterozygous females.
Speech delay due to the marked oral pathology in this dis-
order should not be misinterpreted as mental retardation.
The incidence is approximated to be at least 1% of cleft
palate cases (73).

CNS malformations may be severe and include age-
nesis of the corpus callosum, abnormal gyri (polymicro-
gyria), ependymal-lined cysts, and widespread hetero-
topias that involve the cortex, brainstem, and spinal cord
(75,76). As many as one-third of affected girls may die
in the first year of life (74). The gene responsible for
OFD1 maps to Xp22.2-p22.3 (77) and mutations have
been found (78), but gene function remains unknown.

Mental Retardation

It has been known for over a century that mental retar-
dation is more common in males (79). One etiology is
Fragile X syndrome but there are many other forms of
X-linked mental retardation. This diagnosis is usually
based on inheritance patterns, and the genetic loci for
many are unknown (79). Skewed X-inactivation is com-
mon in X-linked mental retardation carriers (80). Many
affected pedigrees are small but in some larger ones,
affected females are found (79,81).

Fragile X Syndrome

Fragile X syndrome is the most common form of inher-
ited mental retardation (82). In the hemizygous male, the
phenotype is characterized by early delays in motor and
speech development followed by hyperactivity, autistic or
aggressive behavior, varying degrees of mental retarda-
tion in childhood, and macroorchidism in puberty. Char-
acteristic dysmorphic features, which may be inapparent
prior to adolescence, consist of a long face with promi-
nent forehead and jaw and large ears. Additional variable
features include strabismus, hyperextensible joints, mitral
valve prolapse, and smooth skin (83).

The fragile X syndrome is most appropriately clas-
sified as an X-linked dominant condition with reduced
penetrance in females. The gene, FMR1, carries a CGG
trinucleotide. Among normal individuals, the number of
CGG copies is less than 52. Individuals harboring the mei-
otically unstable premutation exhibit between 52 and
slightly greater than 200 copies (84). Individuals with the
full mutation of greater than 200 CGG copies will, under
culture conditions depriving the cells of pyrimidine
nucleotide precursors, demonstrate a fragile site (FRAXA)
of some but not all of their metaphase X chromosomes
(85). The FMR-1 gene protein product is an RNA bind-
ing protein that is absent or severely reduced in sympto-
matic males (86). The CGG repeat is located in the 5'

untranslated region, but apparently the expanded repeat
sequence leads to abnormal methylation of another
untranslated region upstream which, in turn, inhibits
transcription of the gene (87).

Males and females who possess the intermediate
length premutation are often phenotypically normal. Sub-
tle expression of the fragile X phenotype may occur in
such individuals, however, with a significant lowering of
intellectual scores in males and females and minor facial
dysmorphism in some males (88). Twenty-one percent of
female permutation carriers will have premature ovarian
failure (89). All hemizygous males with the larger full
mutation express some fragile X characteristics and the
threshold for full expression of the phenotype appears to
be slightly greater than 200 copies. Additionally, both the
premutation and full mutation are mitotically unstable,
possibly leading to mosaicism of the number of repeats
between and among tissues (84). The risk of complete
phenotype expression increases in subsequent genera-
tions, a phenomenon termed genetic anticipation, and
depends upon the sex of the parent from whom the defect
is inherited. Although the intermediate length premuta-
tion is stable during spermatogenesis, it is markedly
unstable during oogenesis, producing symptomatic sons
and daughters of an asymptomatic carrier female (90).

Symptomatology among heterozygous females bear-
ing the full mutation is variable (91–93). In heterozygous
females, the repeat length, if within the full mutation
range, does not correlate with the degree of mental
impairment (93,94). Rather, X chromosome inactivation
ratios favoring the normal FMR1 allele have been
detected in higher functioning females bearing the full
mutation (91). The neuropsychologic profiles of young
girls with the full mutation show that as many as 85%
demonstrate mild intellectual impairment and 50% are
mentally retarded. These girls may demonstrate avoidant,
autistic, and hyperactive behaviors, and mood disorders
(95–97). Specific deficits may be apparent in math
achievement; longitudinal studies are underway to deter-
mine neuropsychologic profiles (97). Females may also
exhibit a subtle facial dysmorphism similar to that
observed in affected males (90).

Charcot-Marie-Tooth Disease

A second disorder inherited in a semidominant fashion
is the X-linked form of Charcot-Marie-Tooth (CMTX)
disease. Abnormalities of the connexin 32 protein, a gap
junction protein involved in the intercellular transfer of
ions and small molecules, have been established in CMTX
families (98). In hemizygous males, the disorder manifests
during childhood or adolescence as a severe, diffuse
demyelinating neuropathy with resultant distal weakness,
atrophy and sensory loss, pes cavus, and areflexia (99).
Heterozygous females often have milder clinical features
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with later onset, less severe slowing of nerve conduction
velocity, and slower progression than their affected male
relatives. However, 15% of females will present before 10
years of age (100). In some families, heterozygous females
may be asymptomatic (101). The presence of symptoms
in females depends on unfavorable X inactivation ratios
but also on specific mutations (100). Families bearing
frame shift mutations causing a complete lack of the con-
nexin 32 protein may demonstrate a more severe pheno-
type among both hemizygous males and heterozygous
females (101). A female with onset of symptoms at 1 year
of age is probably the result of the specific mutation she
carries (100).

Other Possible X-Linked Dominant Conditions

CHILD syndrome consists of unilateral ichthyosiform
erythroderma with ipsilateral limb malformations. This
syndrome may include unilateral hypoplasia of cranial
nerves, brain stem, and cerebellum (1). A single family
has been described in which affected females have a
slowly progressive spastic paraparesis, IgG2 deficiency,
and reduced night vision, while males died in infancy of
severe hypotonia (102). Cervico-oculo-acusticus syn-
drome (Wildervanck syndrome) includes congenital sen-
sorineural deafness, Klippel-Feil anomaly (cervical ver-
tebrae fusion and short neck), and Duane syndrome
(abducens nerve paralysis), dysmorphic features, and
mental retardation (1). Affected females outnumber
males by a ratio of 10:1.

X-LINKED RECESSIVE DISEASE

Muscular Dystrophy

Duchenne muscular dystrophy is an X-linked recessive
muscular dystrophy caused by mutations within the dys-
trophin gene that lead to an absence of dystrophin at the
sarcolemma membrane (103). The absence of dystrophin
causes muscle fiber degeneration and loss. Hemizygous
males present with progressive skeletal muscle weakness
with calf hypertrophy. Creatine phosphokinase (CPK)
levels are markedly elevated. Mental retardation and car-
diomyopathy occur in many. Although persistent eleva-
tions of CPK are present in approximately 70% of car-
rier females (104), only 10 to 15% exhibit clinically
evident weakness (104). Common complaints in symp-
tomatic carrier females are cramping and enlargement
of the calves and mild to moderate proximal muscle
weakness that may mimic limb-girdle muscular dystro-
phy (104,105). In a study of muscle biopsies in females
(106), 4% of isolated cases of neuromuscular disease in
females (limb-girdle dystrophy, myopathy) had dystro-
phinopathies and another 4% were symptomatic carri-

ers of Duchenne muscular dystrophy, having a positive
family history. Abnormalities in dystrophin are a not
uncommon cause of neuromuscular disease in females.
With advancing age, symptomatic carrier females may
experience an improvement of muscle symptoms and nor-
malization of CPK (107). This is produced by constant
selective pressure for dystrophin-negative myofibers to
become increasingly dystrophin-positive through the dif-
fusion of dystrophin to affected areas. Also, the regener-
ation of necrotic dystrophin-negative areas by dys-
trophin-expressing satellite cells will increase the number
of dystrophin-positive cells (108). Girls with moderate
weakness, however, may experience progression as the
rate of fiber necrosis exceeds the rate of fiber regenera-
tion (104,108). Dilated cardiomyopathy has also been
reported in females (109,110). With advancing age, its
incidence and severity increase. The compensatory
replacement of dystrophin-negative cells by dystrophin-
positive cells seen in skeletal muscle does not occur in car-
diac muscle (111). In almost all symptomatic carrier
females, skewed X inactivation underlies the presence
and severity of symptoms (108,112). A single female with
Duchenne muscular dystrophy and uniparental disomy
of the X chromosome (two copies of one of the parental
chromosomes) with a deletion in the dystrophin gene has
been described (11), and some girls are symptomatic due
to X-autosome translocations.

A second X-linked disorder of muscle, Emery-Drei-
fuss syndrome, is characterized in the hemizygous male
by a clinical triad of early contractures, scapulo-
humeroperoneal distribution of weakness, and cardiac
conduction defects that may precipitate sudden death
(113). Among heterozygous females, significant and per-
sistent elevations of CPK do not occur (114), but cardiac
conduction abnormalities may appear during adulthood
(113,115).

Leukodystrophies

Two X-linked forms of leukodystrophy are recognized,
Pelizaeus-Merzbacher and X-linked adrenoleukodystro-
phy. The Pelizaeus-Merzbacher disease phenotype in
males ranges from onset in infancy or early childhood of
eye movement abnormalities, profound hypotonia, and
choreoathetosis followed by spasticity and early death, to
later onset with more static CNS disease to spastic para-
pareis (5). Imaging in the early onset forms show a pro-
found lack of myelin. This X-linked recessive leukodys-
trophy results from abnormalities of proteolipid protein
(PLP), a major constituent of myelin. Mutations in the
PLP gene include duplications in 60 to 70%, null or point
mutations in 10 to 20%, and no mutation found in 10
to 20%. The gene is dosage sensitive, and Pelizaeus-
Merzbacher is one of few diseases produced by increase
in gene function (116).
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Symptomatic females are reported, some with
detectable mutations and some without (117–119).
Symptoms range from an infantile-onset of encephalopa-
thy with nystagmus and decreased central myelin to
spastic paraparesis to adult-onset leukodystrophies
(120). In general, female carriers of duplications and
other mutations that produce a severe phenotype in
males are asymptomatic, whereas female carriers of
milder mutations are more often symptomatic. X-inac-
tivation may play a role, but more important, in severe
mutations, the affected population of oligodendrocytes
may die, leaving only the normal population of cells,
while in milder mutations, the cells survive and produce
abnormal myelin and symptoms (120). Two exceptions
to this have been reported by Inoue (120): two girls with
duplications presented with CNS dysmyelinating disor-
der with marked improvement with time. He postulated
that skewed inactivation of the X chromosome was
responsible for symptoms, but affected oligodendrocytes
failed to differentiate and were gradually replaced by
cells with the normal X activation, and symptoms grad-
ually improved. If most symptomatic girls do not have
a duplication, then testing by fluorescent in-situ
hybridization (FISH) to detect the duplication will not
detect most affected females.

X-linked adrenoleukodystrophy (ALD) is a hetero-
geneous disorder producing five distinct phenotypes in
the hemizygous male: rapidly progressive childhood form;
adolescent and adult cerebral forms; adrenomyeloneu-
ropathy (AMN), primarily a spinal cord disease; and iso-
lated adrenal insufficiency (121). The variability of phe-
notype among family members presumably carrying the
same mutation is most likely explained by the presence of
modifying autosomal genes (122). A striking elevation
of saturated very long chain fatty acids in tissues and body
fluids is present in all affected and presymptomatic males
(121). Concentrations of very long chain fatty acids are
increased in the plasma of 88% of obligate female het-
erozygotes. Sensitivity improves to 94% when levels in
skin fibroblasts are also assayed (121).

AMN is the most common phenotype observed in
adult heterozygous females (121). Its presence has not
been recorded in childhood. It is characterized by an
insidious onset of weakness, spasticity, and vibration loss
affecting the lower extremities (123). Although 15 to
20% of heterozygous females eventually develop overt
signs and symptoms of AMN, as many as 60% will
demonstrate abnormalities on neurologic examination
(121). Rarely, heterozygous females may experience pro-
gressive cerebral symptoms, and occasionally these symp-
toms occur in childhood and adolescence. Three adoles-
cent females with seizures, encephalopathic symptoms,
and adrenal dysfunction have been reported (124).
Adrenal dysfunction is very rare in adult heterozygotes.
Childhood onset of the cerebral phenotype has been

reported in a female with monosomy of Xq27-terminus
(125). All affected females have elevated blood levels of
very long chain fatty acids. The presence of neurologic
symptoms in heterozygous females is probably due to
skewed X inactivation (126).

Ornithine Transcarbamylase Deficiency

Ornithine transcarbamylase (OTC) deficiency is an X-
linked disorder of urea synthesis that classically presents
as hyperammonemia in hemizygous newborn males, with
lethargy progressing to coma and, without treatment,
death at 1 to 5 days of life.

Approximately 20% of female heterozygotes will be
symptomatic during their lifetime (127). Females can pre-
sent at any age; a few cases of typical neonatal onset dis-
ease in females have been described (128). More com-
monly, symptomatic female heterozygotes present with
later onset disease. Patients may have a lifelong history of
protein avoidance and poor growth. There may have been
no or many episodes of altered mental status, and early
symptoms may be mistaken for behavioral or psychiatric
disturbances. During hyperammonemic episodes, hyper-
activity and behavioral changes precede ataxia and vom-
iting, which are followed by lethargy and coma. Among
heterozygous females, diagnosis is often delayed, and a
significant number die or are left with serious neurologic
sequelae (127). Hyperammonemic episodes in heterozy-
gous females may be precipitated by infection, high pro-
tein intake, valproate therapy, and the puerperium
(127,129,130). Because of the risk of serious symptoms
among carrier females, a detailed search of affected fam-
ily members is required if a case of OTC deficiency is iden-
tified. Effective dietary and medical treatment is available.
Symptomatic females have undergone curative liver trans-
plantation (131). The presence of symptoms in such a
large proportion of female carriers may be due to skewed
X inactivation in the liver, as was recently demonstrated
in OTC-deficient mice (132).

Mutations in the gene coding for OTC have been
found in approximately 75% of patients with confirmed
enzymatic deficiency; most are private mutations (133).
Symptomatic females have mutations seen in neonatal
onset males, mutations that severely affect gene function
(134). Allopurinol loading and the measurement of uri-
nary orotate has been used in the past to diagnose carri-
ers, but may not be sensitive or specific (135). Measure-
ment of 15N labeled urea to glutamine ratio may be a
more sensitive and specific test of carrier status (136).

Pyruvate Dehydrogenase Deficiency

Pyruvate dehydrogenase is a multienzyme complex that
catalyzes the conversion of pyruvate to acetyl CoA. PDH
is the rate limiting step connecting glycolysis with the tri-
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carboxylic acid cycle (TCA) and oxidative phosphoryla-
tion (Figure 9.6). A deficiency of PDH is the most common
cause of congenital lactic acidosis. With deficiency of PDH,
cells have decreased ATP production and accumulate pyru-
vate (and, therefore lactate, since the two are in equilib-
rium). If severe deficiency is present, cell death may ensue.
Clinical symptoms relate to a cell’s dependence on glycol-
ysis as an energy source and a tissue’s energy demands. The
brain is completely dependent on glycolysis for its high
energy needs. Enzyme function is nearly maximal normally
(137). Thus, the CNS is the primary structure affected in
PDH deficiency. Both structural malformations and
destructive cystic lesions are found, probably reflecting the
timing of the insult. Regions affected are those with the
highest levels of PDH (138,139).

The three components of the multienzyme complex
are pyruvate decarboxylase (E1, EC1.2.4.1), dihy-
drolipoyl transacetylase (E2, EC2.3.1.12), and dihy-
drolipoyl dehydrogenase (E3, EC 1.8.14). The E1 enzyme
is a heterotetramer of two a and two b subunits. Most
cases of PDH deficiency are due to E1a subunit deficiency
and are sporadic (139). The E1-a subunit has been local-
ized to Xq22. Patterns of disease expression make it dif-
ficult to classify as simple X-linked recessive or X-linked
dominant. Although X-linked, an equal incidence of dis-
ease occurs in males and females (140,141). This equal
ratio is the result of several factors: prenatal lethality in
some affected males, skewed X inactivation, and a very
low threshold of enzyme deficiency required to produce
CNS disease in heterozygous females (142).

Enzyme activity is measured in cells (fibroblasts)
other than the affected tissue (brain). X-inactivation in
the cells in which PDH is measured may not correlate
with X-inactivation in the affected tissue; measured
enzyme activity in the fibroblasts of affected women may

not correlate with, or even be diagnostic of, PDH defi-
ciency in the CNS (139).

The phenotype of PDH deficiency in females is
extremely variable, ranging from fatal neonatal lactic aci-
dosis to progressive neurologic disease with CNS mal-
formations, to carbohydrate-induced mild lactic acidosis
and episodic ataxia (138,140). Affected girls may present
with infantile spasms, but this is rarely seen in affected
males (143). In females, a broad spectrum of disease is
probably produced by variations in residual enzyme activ-
ities and X-inactivation patterns. The role that X-inacti-
vation plays in PDH deficiency is further evidenced by the
phenotypic variation in women with identical mutations
(144). Three females with the same point mutation
(R302C) had phenotypes ranging from mild mental retar-
dation and seizures to severe systemic acidosis and death
by age 5 months. Two of these females were mother and
child but the mother was only able to be diagnosed by
mutational analysis after the diagnosis was made in her
child. In the mother’s fibroblasts (the tissue tested for
enzyme activity), over 90% of cells expressed the normal
X chromosome, and enzyme analysis was normal. Diag-
nosis in a female suspected of PDH deficiency may require
mutational screening, determination of X-inactivation
patterns by analysis of methylation patterns, or mono-
clonal antibody staining for mosaicism in fibroblasts
(13,145–147).

Disease should be suspected in females with systemic
or central lactic acidosis and characteristic CNS involve-
ment. Typical clinical neurologic involvement may pre-
sent as profound neonatal hypotonia, infantile spasms
and other seizure types, a neurodegenerative course, or
episodic ataxia. Structural involvement includes destruc-
tive lesions and malformations. Malformations include
agenesis of the corpus callosum, abnormal inferior olives
and medullary pyramids, and ectopic gray matter
(138,140,144,148). Cerebral atrophy and cystic lesions
in cortex, basal ganglia, brain stem, and cerebellum are
evidence of cell death and tissue loss. Features of Leigh
syndrome may be seen on imaging (Figure 9.7). Milder
cases in females may be missed if the course or lesions
are not typical. Treatment is a high-fat, low-carbohydrate
(ketogenic) diet. Rare cases respond to thiamine (140).

Fabry Disease

Fabry disease, resulting from a deficiency of the lysoso-
mal enzyme a-galactosidase A (149), typically manifests
in the young male hemizygote as painful crises involv-
ing the palms and soles. The presence of characteristic
skin lesions (telangiectases of the back, buttocks, umbili-
cus, and scrotum) often leads to the correct diagnosis in
adolescence. With advancing age, cardiac (cardiomy-
opathy), cerebral (stroke), and renal vascular abnor-
malities appear (150).
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In the past, Fabry disease was considered X-linked
recessive, but reports documenting symptoms in carrier
females are common, and the deficiency may function
more as a dominant trait (151). All symptoms seen in
males may also occur in carrier females, although at a
later age (151,152). In females, the mean age of onset of
neuropathic pain is 9.3 years, and renal failure has been
reported in patients as young as 19 years old (151).

Other X-Linked Recessive Diseases

Several neurodegenerative disorders of infancy and early
childhood are transmitted in an X-linked recessive man-
ner. Menkes disease is an X-linked recessive disorder of
copper transport marked by intractable seizures, pro-
gressive neurodegeneration, and an unusual malforma-
tion of hair termed pili torti (153). Among female het-
erozygotes, low copper and ceruloplasmin levels are not
present, although patchy areas of poorly pigmented skin
and pili torti (kinky hair) have been reported (154,155).
Rarely, severe symptoms have appeared in girls with a
normal karyotype (156). A defect of X-linked creatine
transporter has been recently described (157). Affected

males have mental retardation, severe language deficits,
and hypotonia. Some female carriers have been reported
to have low IQ and learning disabilities, and magnetic res-
onance spectroscopy has demonstrated low creatine lev-
els throughout the brain in a young infant carrier female
(158). Neurologic symptoms have only rarely been doc-
umented among females heterozygous for myotubular
myopathy (159), Hunter syndrome (160,161), and Lesch-
Nyhan disease (162,163). Again, extremes of lyonization,
Turner syndrome, and X chromosome translocations
appear to be responsible.

DISEASE DIFFERENTIALLY 
EXPRESSED IN GIRLS

A number of common pediatric neurologic diseases are dif-
ferentially expressed in males and females. This differen-
tial expression may simply be an increased incidence of the
disease in girls (absence seizures, lupus) (Table 9.2), but
often involves clinical symptomatology (Tourette syn-
drome) and disease severity (autism). The basis of the dif-
ferential expression may be hormonal and exacerbated by
puberty (migraine, menstrual-related disorders) or due to
a varying threshold for disease presentation (autism) or
unknown (multiple sclerosis). The practitioner should be
aware of these differences because they may play an impor-
tant role not only in treatment and prognosis, but also in
their own perception of the patient and her disease.

Tourette Syndrome

Tourette syndrome remains a fascinating disease both phe-
notypically and genotypically. Phenotypically, it is a dis-
ease with varied expression ranging from classic Tourette
syndrome (onset less than 18 years of age, motor and vocal
tics present for more than 1 year), to chronic tic disorder
(usually a single type of tic, motor or vocal), to obsessive
compulsive disorder (170–172). The male-to-female ratio
in children is 3:1 to 4:1 when only classic Tourette syn-
drome is considered (172,173). In family studies, however,

TABLE 9.2
Neurologic Diseases More Commonly 

Seen in Girls

Absence epilepsy (164)
Myasthenia gravis (165)
Sydenham chorea (166)
Occult spinal dysraphism (167)
Systemic lupus erythematosus (168)
Dopa-responsive dystonia (169)
Dermatomyosistitis (168)

FIGURE 9.7

Axial T2-weighted MRI demonstrates typical features of Leigh
syndrome with abnormal high signal in basal ganglia and
brainstem representing primary areas affected by the disease.
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if all three components of the phenotype (Tourette syn-
drome, chronic tic disorder, obsessive compulsive disor-
der) are included, this ratio drops to 1.6:1. Female rela-
tives of Tourette syndrome probands are more likely to
have obsessive compulsive disorder without tics and male
relatives to have a tic disorder (170,172). Gender influence
on disease expression is seen structurally in magnetic res-
onance imaging studies of patients with Tourette syn-
drome; changes seen in the corpus callosum and basal gan-
glia of boys are not seen in girls (174,175). Assuming
autosomal dominant transmission (as yet unproven), pen-
etrance of the gene is lower for females for all three expres-
sions of the disease, and gender plays a role in the type of
disease expressed (172,176).

More is at play here than just gender-based expres-
sion, however. In classic Tourette syndrome, males and
females have a similar mean age at onset of tics with sim-
ilar severity, but females have a later age at diagnosis by
7 to 9 years (171,173). A comparison of ratios between
childhood and adulthood found an almost even ratio in
adults with Tourette syndrome. Santangelo (171) postu-
lates that gender-based behavioral and socialization dif-
ferences and physician awareness of increased incidence
in boys may play a role in later age at diagnosis in females.
In most studies, proband ascertainment is through the
diagnosis of Tourette syndrome and, if the disease has a
significant gender-based expression, with females pre-
senting with non-Tourette syndrome symptoms, then
clearly there is ascertainment bias (170).

When the disease expression is Tourette syndrome,
some gender differences in symptoms occur. Females are
more likely to have sensory tics, to have onset with com-
plex tics (reproducible set of tics) or compulsive tics, and
to experience uninhibited anger and aggression (rage)
during the course of the disease (but males are more likely
to present with rage) (171). Copralalia may be more com-
mon in females (39% vs. 28%) (173). In general, how-
ever, disease experience is similar for males and females
with Tourette syndrome.

Headache

Headaches are common in children, with 35 to 40% of
5- to 7-year-olds and 68% of 14-year-olds reporting some
type of headache (177,178). The prevalence of headache
in the pediatric population increases with age. The two
most frequent headache diagnoses in children and ado-
lescents are migraine and tension-type headaches and,
with increasing age, both are more frequent in girls
(178–182).

Any discussion of migraine in children must be pref-
aced by some comments about definition. The Interna-
tional Headache Society criteria were not developed for
children and are not always appropriate for use in chil-
dren. Most pediatric practitioners have modified the cri-

teria for children, sometimes formally (183).
Migraine without aura (common migraine) is more

frequent and has a later onset than migraine with aura
(classical migraine) in all children. The onset for both is
later in girls, with a peak for classical migraine of 12 to
13 years in girls and 4 to 7 years in boys, and for com-
mon migraine, 13 to 17 years in girls and 8 to 12 years in
boys (180,183). Many epidemiologic studies of migraine
in children have been performed (184), but stratification
by age and migraine type vary considerably. In prepuber-
tal children, migraine is probably more frequent in males,
but the trend is reversed in pubertal and postpubertal chil-
dren and adolescents (178–181,183). Although some
authors (181,185) report no gender difference in common
migraine incidence, these studies are not stratified by age
or do not include patients older than 14 years of age. When
age stratification is incorporated, the incidence of common
migraine increases throughout adolescence in females but
remains relatively steady in males, producing a male-to-
female ratio of 1:2 by age 15 years. Classical migraine is
more frequent in adolescent females, a reversal of early
childhood findings (180,181,183). Basilar artery migraine
(migraine with symptoms referable to the posterior circu-
lation) is much more common in girls, and most have onset
by 5 to 6 years of age (186,187). Attacks sometimes begin
in infancy but can only be diagnosed in retrospect. Other
types of headache seen more frequently in girls include
cyclic migraine, chronic paroxysmal hemicrania, and hem-
icrania continua (188). Children with recurrent abdomi-
nal pain are more likely to have headache, significantly so
in girls (189).

Pediatric female migraneurs have a higher relapse rate
of migraine in adulthood (182). Females are more likely
to have aggravation of the headache by physical activity
and are less likely to vomit with headache (181). They are
more likely to report stress as a precipitant (190) and to
have panic attacks (191). They are more likely to miss
school, and to miss more days, than males, and somewhat
more likely to report severe headache, longer duration of
headache, and a higher frequency of headache than males
(192). In our experience, status migrainosis is more com-
mon in adolescent females than in any other pediatric pop-
ulation. There are little data regarding treatment outcome
and gender in pediatric migraine, but Linder (193) reported
a 91% response rate of boys to subcutaneous sumitriptan
but only a 68% response in girls. There are increasing data
regarding the interaction of hormone levels, the menstrual
cycle, and headache in females, with possible implications
for treatment, but these data do not extend to pediatric
females. The increased incidence of migraine in pubertal
and postpubertal female children would seem to argue for
a hormonal role in pediatric migraine as well, once again
with implications for treatment.

Chronic daily headache and chronic daily headache
with migraine may be slightly increased in female adoles-
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cents (193,194). Females with chronic daily headache have
fewer coping skills, more parental negative responses to
headache, and fewer solicitous parental responses (194).
See also Chapter 14.

Multiple Sclerosis

Multiple sclerosis (MS) is usually considered an adult
onset disease but 0.2 to 6.0% of cases have childhood
onset, with 20% of those presenting at less than 10 years
of age (195,196). The female preponderance seen in adult
cases is even more pronounced in childhood-onset cases,
with a female-to-male ratio of 3:1 to 5:1 (195,197). Peak
age of onset (11 to 14 years) is similar for males and
females. Childhood onset cases in general are likely to
present with purely sensory symptoms, to recover com-
pletely from the initial episode, and to have a remitting
or relapsing-remitting course and slower progression of
disease (195,196,198). Cerebrospinal fluid (CSF) findings
are similar to those of the adult population.

The risk of developing MS after a bout of optic neu-
ritis is higher in adult women than men (74% vs. 34%)
(199), but gender does not seem to affect the risk of devel-
oping MS after optic neuritis in childhood (200). See also
Chapter 18.

Autism

Autism is a syndrome that is usually diagnosed by age 3
years because of characteristic abnormalities in language
and social development. Affected children have a marked
impairment in social behaviors (eye contact, peer rela-
tionships, spontaneous interactions) and ability to inter-
act socially. There is severe impairment in language abil-
ities (delayed language development, little spontaneous
language, and abnormal use of language) and repetitive
stereotyped behaviors (self-stimulatory behaviors, rituals
and compulsions). Known etiologies account for 10 to
30% of cases and include chromosomal defects (partic-
ularly Fragile X), metabolic disturbances, tuberous scle-
rosis, structural brain malformations, and Rett syndrome
(201,202). Males and females have a fairly equal chance
(56% vs. 65%) of having an identifiable organic condi-
tion (202). Males are affected with autism three to four
times more frequently than females, but females are more
severely affected. In classic autism, affected females have
a significantly lower mean IQ than males (42 vs. 57), with
few females having an IQ greater than 50 (203). In chil-
dren with IQs greater than 70 and pervasive develop-
mental disorder (PDD), females are more common (204).
Affected females have more impaired receptive and
expressive language skills, poorer social development,
and fewer self-help skills (203). When studies control for
IQ, other authors report few gender differences (204).
Girls are more likely to have seizures (201,205).

Tsai and Beisler (203) hypothesize a genetic load
model. A higher threshold for disease in females requires
a higher genetic load to cause autism in females, thus pro-
ducing more severe disease. Other hypotheses include
more genetic variation in males for autistic characteris-
tics, and constitutional gender differences that make
females less vulnerable to language loss, but also less able
to compensate for language loss (206).

Periodic Hypersomnia

Three forms of sleep disorder are associated with menses:
premenstrual insomnia, menstruation-linked hypersomnia,
and insomnia associated with menopause (207). Menstru-
ation-linked hypersomnia has sometimes been called a
female Kleine-Levin syndrome (periodic hypersomnia in
teenage boys) (208,209). Onset is within 2 to 3 years of
the onset of menses. The hypersomniac episodes may begin
a few days before menses and last up to 7 days. Episodes
begin with personality change; affected girls become hos-
tile and withdrawn. During the episode, they are pale and
do not get up to eat or drink but only to void. No consis-
tent neurotransmitter or hormonal abnormalities have been
described, but with suppression of ovulation, the hyper-
somniac episodes resolve. Of 94 women presenting to a
sleep clinic for excessive daytime sleepiness, two had men-
struation-linked hypersomnia (210).

Catamenial Seizures

The onset of seizures with menarche or the exacerbation
of seizures with menses does occur, but the etiology and
incidence remain obscure. Many seizure types may exac-
erbate with puberty in males and females, but females
who are later determined to have catamenial epilepsy
often present at menarche. A review by Newmark and
Penry (211) finds no predominant seizure type and incon-
sistent hormonal data, although seizures may respond to
hormonal therapy. See also Chapter 15.

TREATMENT ASPECTS OF NEUROLOGIC
DISEASE IN GIRLS

Most treatments in pediatric neurologic disease are not
affected by gender. When hormonal status affects disease
(catamenial seizures, migraines), however, then specific
hormonal therapy (estrogen and progesterone) may play
a role. Treatment in postpubertal girls must always take
potential pregnancies into account. The side effects of
drugs that may be common in both males and females,
may be more cosmetically apparent and bothersome for
females (hirsutism in phenytoin therapy).

The most common association of gender with treat-
ment is that of valproate and polycystic ovary syndrome
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(212). Valproate may increase the risk of not just poly-
cystic ovaries but polycystic ovary syndrome, which
includes hyperandrogenism, hirsutism, obesity, and poly-
cystic ovaries, although there is controversy about actual
increased risk (213).

PSYCHOSOCIAL ASPECTS OF NEUROLOGIC
DISEASE IN GIRLS

Many studies of psychosocial illness in children with
chronic disease have been performed, but little data are
given on the effects of gender. Isolated examples of gen-
der differences can be found; for example, parental
response to females with chronic daily headache are more
negative than toward boys (194). An excellent review of
much of this data by Pless and Nolan (214) reports that
girls are less likely than boys to have emotional malad-
justment with chronic disease. In general, children with
chronic disorders have a twofold increased risk for an
emotional handicap (214). This risk is increased if the
CNS is involved in the chronic disorder (215). The risk
may be further increased by medications used to treat the
underlying disorder, because these medications may actu-
ally worsen cognitive or behavioral functions. Diagnoses
in these children include depression, anxiety disorders,
and conduct and behavior disorders.

If the disease affects appearance, there may be sig-
nificantly abnormal self-esteem. The occurrence of
seizures, tics, compulsions, or other disease manifestations
in school or in the presence of other children often leads
to ridicule. Many children are in an inappropriate class-
room setting where they are consistently the poorest stu-
dents. A positive correlation exists between headache and
school absence (216), and children with more school
absences have poorer psychologic adjustment (215).

Children often fear visits to their physician. There is
anxiety about tests such as imaging studies or blood draw-
ing. There may be fears not verbalized by the patient;
thoughts that they are dying or have a brain tumor. Edu-
cation of parents and children is crucial to addressing these
fears. Children should be reassured when appropriate.

Adolescence and puberty may be a particularly dif-
ficult time. At this time when most adolescents are strug-
gling to become more independent, those with chronic
disease must incorporate the fact of their disease in this
struggle. Parents are fearful of too much independence for
the child because they fear a negative impact on the child’s
condition. The patient may also be afraid of increasing
independence and its effects on their condition. The iso-
lation experienced by many adolescents may be com-
pounded by a chronic disease. Patients should be allowed
as much freedom as is reasonable with regard to the ill-
ness. The patient should be included in the decision mak-
ing process.

Of course, several of the diseases discussed in this
chapter affect mental functioning so severely that emo-
tional adjustment to the disease is usually not an issue
for the child. These are the children whose families are
most affected by the severity of the child’s impairment and
the intensive care these children require. There may
appear to be intense, sometimes pathologic, focus on the
affected child, sometimes at the expense of parental rela-
tionships or parent–nonaffected sibling relationships.
This may stem from parental guilt over the disease, espe-
cially in genetic disease. These issues should be addressed
by the practitioner early and often, and recommendation
for more counseling may be needed.

Physicians are often less aware of psychosocial
issues. In visits with patients, only 25% of parental expec-
tations of psychosocial issues were addressed by the
physician (217).
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regnancy may affect the course and
complicate the management of pre-
existing neurologic disorders. Addi-
tionally, some conditions are uniquely

or particularly apt to occur during the pregnancy and the
puerperium. Although muscle cramps, nocturnal acro-
paresthesiae, back pain, and restless legs are common nui-
sances that are familiar to obstetricians, the presentation of
a serious problem engenders anxiety because any one physi-
cian’s personal experience is limited. Expect more hubbub
when parents or in-laws arrive on the scene, ready to take
charge of things for their grown child and probably
demanding a second opinion before hearing your advice.

This chapter provides an overview of the physiologic
changes that accompany menstruation and pregnancy, as
illustrated by their effects on neurologic diseases.

ESTROGEN EFFECTS ON PHYSIOLOGY 
AND METABOLISM

Estrogen is produced by two mechanisms. In nonpreg-
nant ovulatory women, estradiol is synthesized by ovar-
ian thecal cells, and estrone is produced from the
extraglandular conversion of androstenedione, mainly by
fat cells. In ovulatory women, this extraglandular mech-
anism provides a relatively constant estrogen level to
which is added ovarian estradiol, which fluctuates during

the menstrual cycle. For prepubertal children and post-
menopausal women, it is the main source of estrogens.
Because the percent of androstenedione converted to
estrone is a function of body weight and the surface area
of adipocytes, this author has suggested that the
extraglandular production of estrogen is involved with
the pseudotumor cerebri syndrome of obese young
women and perhaps the growth of meningiomas in over-
weight women (1).

There is a marked increase in estrogen production
during pregnancy. During a full-term pregnancy, a gravid
woman produces more estrogen than a ovulatory woman
would in more than 100 years! After the first few weeks
of pregnancy, the placenta becomes another source of
extraglandular estrogen. As pregnancy progresses, mater-
nal steroids and dihydroisoandrostene from developing
fetal adrenal glands are converted to estriol, and to lesser
amounts of estradiol and estrone. The fetal adrenal gland
is a “steroid factory,” estimated to produce several times
more steroids than the adrenal glands of a nonstressed,
resting adult. Women carrying an anencephalic fetus,
which typically does not develop a fetal zone in its adrenal
glands, have one-tenth the expected estrogen excretion
during pregnancy (2).

Increased estrogen levels during pregnancy have pro-
tean effects in addition to breast development and
myometrial hyperplasia, which may directly or indirectly
affect neurologic conditions.
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Effects on Seizures and Epilepsy

High estrogen concentrations lower the seizure threshold.
Conversely, high progesterone levels lessen the propensity
to convulse. The ratio of estrogen and progesterone lev-
els is important, as has been determined in women with
catamenial epilepsy who convulse around the time of
menstruation (3). During pregnancy, both estrogen and
progesterone increase and may partially cancel the
epilepsy-threshold modifying effects of each other (4).
Nevertheless, there are some women with true gestational
epilepsy who convulse only while pregnant, presumably
due to the effect of estrogen on the seizure threshold.

In addition to whatever effect hormones may have,
the effect of pregnancy on the course of epilepsy is deter-
mined by altered metabolism of antiepileptic drug metab-
olism, compliance, and sleep deprivation, among other
factors. A pattern of catamenial exacerbation of epilepsy
with more seizures does not predict the effect of preg-
nancy on epilepsy.

Effects on Tumors

Catamenial sciatica is recurrent sciatic pain and later
weakness that typically begins a few days before men-
struation, when estrogen levels are at their highest during
an ovulatory cycle (5). The cause is an ectopic endometri-
oma implanted in the sciatic nerve. Estrogen replacement
after oophorectomy worsens this neuropathy.

Stimulation of estrogen and progesterone receptors
on brain tumors—meningiomas, neurofibromas, and to
a lesser extent gliomas—may accelerate tumor growth,
which may regress post partum, at least temporarily (6).
Rarely, symptoms of meningiomas recur days before men-
struation, corresponding to the highest levels of estrogen
during the ovulatory cycle (7).

Stimulation of prolactin secretion during pregnancy
increases the volume of the pituitary gland by 50 percent
(8). Pituitary adenomas have produced visual field deficits
during successive pregnancies, with regression of symp-
toms between pregnancies (9).

Effects on Movement Disorders

Understanding the effect of estrogens on the basal gan-
glia is in its infancy. Catamenial exacerbations of action
myoclonus have been reported, but the responsible mech-
anism is unclear (10). Chorea gravidarum, chorea asso-
ciated with oral contraceptives, and some experimental
data suggest that estrogen enhances dopamine activity
(11). The incidence of the chorea induced by oral con-
traceptives has declined as the estrogen content of the pill
has decreased.

Effects on Blood Vessels

Increased estrogen levels dilate vascular shunts, which is
visibly apparent as palmar erythema and spider nevi that
fade within days after delivery (12). A similar effect pre-
sumably affects cerebral and spinal cord arteriovenous
malformations. Neurosurgeons prefer to operate on
benign tumors several weeks after delivery to minimize
blood loss and provide a clearer operative field.

Effect on Headache

It should be noted that catamenial classic migraine is asso-
ciated with perimenstrual estrogen withdrawal. The
majority of classic migraineurs are protected during preg-
nancy.

CARDIOVASCULAR EFFECTS

There appears to be an effect of pregnancy on the media
of arterial walls, which becomes clinically significant for
women who have vascular Ehlers-Danlos syndrome (type
IV) and a predisposition to develop aneurysms. It may
also predispose some women to develop dissecting
aneurysms of the extracranial arteries after violent neck
movements that occur during the throes of childbirth. The
incidence of aneurysms at all sites—cerebral, aortic,
splenic, and renal—increases with the duration of preg-
nancy.

As pregnancy proceeds, cardiac output increases
approximately 50 percent. This may cause decompensa-
tion in patients who have pre-existing vascular disease
and increase the risk of emboli. The click-murmur of
mitral valve prolapse typically becomes inaudible, thus
eliminating a clue for the neurologist who is looking for
a cause of an episode of cerebral ischemia. Another cause
of emboli may be peripartum cardiomyopathy.

Pregnant women are at risk for air embolism, which
is often fatal. Air has access to the uterine veins during
complicated vaginal deliveries and caesarean sections.
Forceful insufflation of the vagina as a sexual activity is
not safe during pregnancy (13). Similarly, air trapped
within a patulent vagina when the patient lies down after
postpartum knee-chest exercises may be squeezed, as if
by a bellows, into the uterus and the uterine veins (14).

The pelvic bed of veins is a source of pulmonary
emboli and paradoxical cerebral emboli, especially after
caesarean section. Straining during labor increases right
atrial pressure and may open a usually physiologically
closed, yet anatomically patent foramen ovale. This may
be a factor in the higher than expected incidence of
carotid artery occlusions in the first week postpartum.
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MECHANICAL FACTORS

Even in healthy women, the simple bulk of an enlarging
uterus can change posture, alter gait, and cause back pain.
These problems are magnified for women who have mul-
tiple sclerosis and other diseases that cause weakness and
difficulty walking. Additionally, management of a neu-
rogenic bladder becomes ever more difficult and the risk
of infection increases.

In the second half of pregnancy, the enlarging uterus
elevates the diaphragm and changes chest configuration.
Functionally, it decreases functional residual capacity, the
volume in the lungs at their resting position (15). However,
because the diaphragm and chest wall continue to work,
vital capacity is unchanged. Thus, pregnancy does not alter
guidelines based on vital capacity for intubating patients
with myasthenic crisis and Guillain-Barré syndrome.

Meralgia paresthetica is a condition associated with
enlarging abdominal girth, which presumably traps the
lateral femoral cutaneous nerve at the lateral inguinal lig-
ament. This nuisance typically remits within a few months
of childbirth.

Intrapelvic nerves may be entrapped during labor by
the descending fetal head. Sorting out the pathogenesis of
these neuropathies was a hot topic in the late nineteenth
century. Around 1900, 3.2% of deliveries in three large
series of consecutive births were complicated by femoral
neuropathy, and undoubtedly more had a postpartum
footdrop (16). More accurate estimation of the size of
both the fetal head and the pelvic outlet, coupled with the
frequency of delivery by caesarean section, has markedly
reduced the incidence of these neuropathies.

METABOLIC CHANGES

Pregnancy often alters drug compliance, absorption, pro-
tein binding, distribution, metabolism, and excretion.
Additionally, fetal metabolism must be considered. Gen-
erally, drugs that cross the blood-brain barrier can be
expected to cross the placenta. However, binding and
metabolism of drugs by the fetus and neonate may be dif-
ferent. For instance, diazepam and its active N-dimethyl
derivative accumulate in the fetus. Thus, infants whose
mothers took 10 mg to 15 mg diazepam daily for one to
three weeks before delivery still had a significant plasma
level 10 days after birth (17).

One example of the clinical importance of bio-
chemistry is maternal carbon monoxide poisoning. Car-
bon monoxide intoxication may affect the fetus more
than the mother because fetal hemoglobin, which has a
greater affinity for oxygen than does adult hemoglobin,
also has a greater affinity for carbon monoxide (18).

Another rarer example is the lipid storage myopa-
thy carnitine deficiency, which may deteriorate during and

after pregnancy (19). Even in normal women, plasma car-
nitine levels decrease during pregnancy to levels approx-
imating the levels seen in patients who have inborn car-
nitine deficiency (20).

IMMUNOLOGY

In humans, the fetus and neonate are passively immunized
by maternal immunoglobulin G (IgG) that has crossed the
placenta (21). Larger globulins and immune complexes
do not cross the placenta. The fetus and newborn baby
can produce macroglobulin but do not make IgG anti-
bodies. Unlike primates, rodents transfer maternal anti-
bodies postnatally via milk.

In 1960 John Simpson advanced his notion that
myasthenic weakness was due to an antibody to a “recep-
tor substance” blocked neuromuscular transmission by
acetylcholine in large part because infants of some women
with myasthenia gravis developed transient neonatal
myasthenia gravis (22). Transplacental antibodies also
proved to be responsible for neonatal Graves disease and
neonatal immunogenic thrombocytopenic purpura (ITP).
Conversely, it should be noted that Guillain-Barré syn-
drome does not affect the fetus and neonate.

Pregnancy often is associated with a remission in
autoimmune diseases during pregnancy, often with a sub-
sequent exacerbation. Evidence for immunosuppression
during pregnancy includes susceptibility to infections and
prolongation of graft rejection. The list of possible factors
is long and includes pregnancy-associated immunoregu-
latory proteins, including alpha-fetoprotein (21).

For all the information this book contains, there is
much more to learn. Careers will be spent exploring the
effect of estrogen on the nervous system and the immuno-
biology of pregnancy. Physicians and scientists in many
fields focus on the unsolved mystery of eclampsia, which
still causes at least 50,000 maternal deaths per year
around the world.
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eurologic diseases occur during
pregnancy as they do in the non-
pregnant state. During pregnancy,
the investigation and management

of neurologic conditions may be complicated by concern
for the safety of the fetus. This chapter is designed as a
clinical reference for the practicing neurologist. It is writ-
ten from the point of view of the obstetrician, and focuses
primarily on issues pertinent to pregnancy, delivery, the
puerperium, and breast-feeding in patients with specific
neurologic ailments. Some topics are not included, or are
dealt with only briefly, because details of individual neu-
rologic diseases are discussed in detail elsewhere in this
book. The chapter concludes with discussions of neuro-
logic emergencies during pregnancy and other situations
specific to obstetric practice, such as drugs and breast-
feeding, genetic counseling, and antenatal diagnosis for
inherited neurologic diseases.

OBSTETRIC MANAGEMENT OF SELECTED
NEUROLOGIC DISORDERS

Seizure Disorders and Epilepsy

Seizure disorders are the most frequent major neurologic
complication encountered during pregnancy, affecting 0.3

to 0.6% of all pregnancies (1–4). The incidence of obstet-
ric complications is increased in women with idiopathic
seizure disorders, including hyperemesis gravidarum (1.6-
fold), preterm delivery (3-fold), pregnancy-induced hyper-
tension or preeclampsia (1.7-fold), cesarean delivery, pla-
cental abruption (2- to 3-fold), and perinatal mortality
(1–7). However, the majority of pregnant women with
seizure disorders will have an uneventful pregnancy and
good outcome (8).

Ideally, patients with seizure disorders should be
seen before conception. The withdrawal of medication
altogether should be considered in patients who have been
seizure-free for 2 years or more, although 25 to 40% of
such women will have a recurrence of their seizures dur-
ing pregnancy (9,10). In patients on anticonvulsant ther-
apy, folic acid supplementation (4 mg daily) should be
administered for at least 3 months before conception and
continued throughout the first trimester of pregnancy to
prevent folic acid deficiency-induced malformations, most
notably neural tube defects (NTDs) (discussed subse-
quently) (3,8,11). Genetic counseling should be offered
if both parents have an unexplained seizure disorder, or
if the disease is inherited (3,8,12).

Generalized seizures in pregnancy may cause signif-
icant maternal hypoxemia, with resultant fetal injury and
even spontaneous abortion (12). If a woman is prone to
convulsions off medication, treatment during pregnancy
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is mandated. The aim of therapy during pregnancy should
be to control convulsions with a single agent, using the
lowest possible dose (3,8,12–15). It is recommended that
drug levels be followed periodically in pregnant patients,
although this has yet to be shown to be useful in the
absence of symptoms of toxicity or seizure activity. Given
the risk of structural anomalies, prenatal diagnosis should
include genetic counseling, maternal serum alpha-feto-
protein (AFP), and multiple serum marker screening for
aneuploidy at 15 to 20 weeks’ gestation (discussed sub-
sequently), and possible amniocentesis if such results are
equivocal. Additionally, a careful sonographic structural
survey of the fetus is recommended at approximately 18
to 22 weeks. Traditional teaching has suggested that
women with unexplained seizure disorders are more
likely to deliver a fetus with a congenital structural abnor-
mality, even if they did not take anticonvulsant drugs dur-
ing the pregnancy. Several recent reports, however, have
failed to demonstrate any such association (13–15).

Labor and delivery are usually uneventful. Anti-
convulsant medication may need to be given intra-
venously instead of orally if labor is prolonged. If a seizure
does occur, it may be necessary to give a second agent,
such as phenytoin (Table 11.1). Benzodiazepines should
be used with caution because they have been associated
with maternal apnea as well as early neonatal depression.
The possibility of an eclamptic seizure should always be
considered.

All the commonly used anticonvulsant drugs cross
into breast milk. The ratio of transmission varies with the
drug used (2% for valproic acid; 30 to 45% for pheny-
toin, phenobarbital, and carbamazepine; 90% for etho-
suximide). The use of such medications, however, is not
a contraindication to breast-feeding unless the infant
develops signs of toxicity (3,13,14,16). Certain drugs
(phenobarbital, benzodiazepines, primidone) are more
likely to sedate the infant. See Chapter 15 for more infor-
mation on epilepsy in women.

Cerebrovascular Disease

Stroke

Stroke is responsible for approximately 5 to 10% of all
pregnancy-related maternal deaths in the United States
each year (17,18). The overall incidence of cerebrovas-
cular accident is approximately 1 in 6,000 pregnancies
(19–21). It is not yet clear whether the risk of stroke is
increased during pregnancy; however, the risk of both
cerebral infarction and intracerebral hemorrhage does
appear to be increased during the puerperium (relative
risk 8.7 and 28.3, respectively) (19,22,23). The reported
mortality rate of pregnancy-related stroke varies between
5 and 20%. Of those women who survive, 50% are left
with substantial neurologic sequelae (19,23).

Hemorrhagic stroke, which complicates 1 in 10,000
to 1 in 45,000 pregnancies, has a poorer prognosis as
compared with other categories of stroke, because these
strokes tend to be intraparenchymal and more extensive
(19,21,24,25). In general, such patients tend to be older
with underlying chronic hypertension. Cocaine use has
also been associated with hemorrhagic stroke. Cerebral
lesions, such as arterial aneurysms and arteriovenous mal-
formations (AVMs), predispose to hemorrhagic stroke. In
both obstetric and nonobstetric populations, aneurysms
(which rupture most commonly into the subarachnoid
space and present as a sudden severe headache) have a
threefold increased incidence of bleeding as compared
with AVMs (which usually leak into the parenchyma)
(26). The literature suggests that the overall incidence of
bleeding complications in such patients does not increase
during pregnancy (27,28). Without surgical repair,
approximately 3.5% of AVMs will bleed during preg-
nancy, as compared with 5 to 7% over a 12-month period
in the nonpregnant population (29). Bleeding complica-
tions appear to be more common in the latter half of preg-
nancy, with approximately 80% of such events occurring

TABLE 11.1
Recommended Therapy for Acute Seizures in Pregnancy

DRUG LOADING DOSE MAINTENANCE DOSE THERAPEUTIC LEVEL

Magnesium sulfate# 4–6 g IV over 10–20 minutes 2–3 g/h IV infusion 4–8 mEq/L*
10 g IM (given as 5 g IM into 5 g IM every 4 hours As above
each buttock) alternating buttocks

Phenytoin 15–20 mg/kg IV at a rate of Depending on serum level 10–20 µg/mL
<50 mg/min (usually 1–1.5 g (usually 250–500 mg every 
IV over 1 hour) 10–12 hours IV or PO)

Diazepam — 10 mg/h IV infusion —

# Only indicated in the setting of preeclampsia/eclampsia.
* Not tested prospectively.
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after 20 weeks’ gestation (22,26). The most concerning
observation, however, and the reason why most authors
recommend surgical clipping and/or resection of cerebral
vascular lesions prior to conception, is that a bleed dur-
ing pregnancy carries a far more guarded prognosis than
if the patient were not pregnant, with the mortality rate
increasing from 10% (29) to approximately 28 to 35%
(26). In patients who do have a bleed during pregnancy,
some evidence suggests that early surgery for cerebral
aneurysm may be associated with a decreased maternal
and fetal mortality. Aggressive evaluation, including cere-
bral angiography, is therefore appropriate. The benefit of
early surgery for bleeding AVMs, on the other hand, is less
clear. At the time of surgery, care should be taken to avoid
hypotension, which could result in fetal compromise and
ultimately fetal death; hypothermia is relatively well tol-
erated by the fetus. Alternatives to operative treatment
(including embolization) should be explored.

No contraindication exists to vaginal delivery in
patients who have had their aneurysm or AVM surgically
corrected. In patients with unrepaired cerebral vascular
lesions, however, especially those who have survived a
previous intracerebral hemorrhage, the recommendations
regarding route of delivery remain uncertain (30–33). In
a retrospective review of 142 patients with previously
symptomatic cerebral aneurysms, Hunt and associates
(32) showed no benefit to cesarean over vaginal delivery.
Most clinicians agree however, that cesarean delivery
prior to labor is probably prudent in women who have
already had a bleed in the third trimester (33). If a vagi-
nal delivery is to be attempted, early epidural for opti-
mal pain control and an assisted second-stage delivery
have been advocated to minimize Valsalva pressures and
dangerous elevations in intracranial pressure, but no clin-
ical data support this approach. See Chapter 17 for more
information on stroke in women.

Hypertensive Encephalopathy

Hypertensive encephalopathy is a subacute neurologic
syndrome that occurs in patients with sustained elevated
systemic blood pressure (usually diastolic blood pressure
>150 mm Hg) over a period of a few days (34). It is char-
acterized by rapidly progressive signs and symptoms
including headache, seizures, visual disturbances, altered
mental status, and/or focal neurologic signs. Other evi-
dence of end-organ damage may be evident, such as
myocardial ischemia, renal failure, or pulmonary edema.
Preeclampsia is a common cause of hypertensive
encephalopathy and may manifest with a diastolic blood
pressure as low as 100 mm Hg (35). Regardless of the
cause, the clinical course seems to be the same. Progno-
sis is excellent if the hypertension is treated early and
effectively, but may be fatal if unrecognized or if treat-
ment is delayed.

Whether the cerebral manifestations of this disor-
der result from vasospasm or from forced vasodilatation
of the cerebral vasculature is as yet unclear (36–38). The
brain is normally protected from extremes of pressure by
an autoregulatory mechanism that ensures constant per-
fusion over a wide range of systemic pressures. In response
to systemic hypertension, for example, cerebral arterioles
normally constrict to maintain adequate perfusion.
Hypertensive encephalopathy represents a breakdown in
this autoregulatory mechanism in the setting of severe
hypertension. The end result is the focal overdistention
of cerebral arterioles with disruption of the blood–brain
barrier and leakage of fluid and proteins into the sur-
rounding tissues (36,38). Infarcts and significant hemor-
rhage are rarely seen. The posterior cerebral circulation
is more susceptible to such vasogenic edema, hence the
predilection for visual symptoms. These pathologic find-
ings appear to result from an acute process, known col-
lectively as reversible posterior leukoencephalopathy syn-
drome (39). Some investigators have suggested that the
pathologic basis for hypertensive encephalopathy in the
setting of preeclampsia is not due to a disruption in vas-
cular autoregulation, but to barotrauma and vessel injury
caused by an increase in cerebral perfusion pressure (40).

The immediate goal of therapy is to reduce the mean
arterial pressure (MAP) gradually over the first hour by no
more than 20 to 25% or to a diastolic blood pressure of
100 mm Hg, whichever value is higher. Rapid reduction
in MAP of 50% or more within the first hour may precip-
itate cerebral ischemia or infarction and may decrease pla-
cental perfusion, resulting in fetal compromise. Sodium
nitroprusside (0.5 to 1.0 µg/kg/ min IV infusion) is consid-
ered the drug of choice for the treatment of hypertensive
encephalopathy in the nonobstetric population. Animal
studies, however, have suggested that this drug may selec-
tively decrease placental perfusion (41), so it is reserved as
a second-line agent. During pregnancy, hydralazine (5-10
mg IV bolus every 15 to 20 min) is our drug of choice to
control blood pressure. Acceptable alternatives include
labetalol (20 to 80 mg IV bolus every 5 to 10 minutes up
to 300 mg, or 0.5 to 2 mg/min IV infusion); diazoxide (50
to 100 mg IV bolus every 5 to 10 min up to 600 mg, or 10
to 30 mg/min IV infusion); nicardipine (5 mg/h IV infu-
sion increased by 1 to 2 mg/h every 15 minutes to a max-
imum of 15 mg/h); and oral nifedipine (10 to 20 mg PO
repeated at intervals of 5 to 15 minutes). Central-acting
agents such as a-methyldopa and clonidine have the effect
of depressing the central nervous system, which may con-
fuse the clinical picture; these should therefore be avoided
in this setting. Beta-adrenergic antagonists (which reduces
uteroplacental blood flow) and trimethaphan (which is
associated with meconium ileus) are not recommended in
pregnancy. Fluid restriction and diuretic therapy also
should be avoided, since many of these patients are
intravascularly depleted (see also Chapter 16).
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Paraplegia

Approximately 11,000 new spinal cord injuries are
reported in the United States per year. The majority of
these are traumatic in origin. Approximately 15 to 30%
of such injuries occur in women of reproductive age. Fer-
tility is usually unaffected. Anemia (63%), urinary tract
infections (UTI) (80%), and pressure sores (26%) may
complicate antepartum obstetric management (42,43).
Suppressive antibiotic therapy should be considered in
patients with recurrent UTIs and/or in patients who self-
catheterize. Baseline pulmonary and renal function stud-
ies should be carried out, if appropriate. Routine sup-
portive care, including the prevention of decubitus ulcers
and contractures, should not be neglected during preg-
nancy. On occasion, patients with high thoracic or cervi-
cal lesions may require ventilatory support during the lat-
ter part of pregnancy and labor.

Regarding intrapartum care, the majority of women
can deliver vaginally. Cesarean delivery should be
reserved for routine obstetric indications. Women with
cord transections above the T10 segment will have pain-
less labors, but they will also be unable to appreciate pre-
mature uterine contractions should they occur. The rec-
ommendation in such patients is therefore to perform
weekly cervical exams after 28 weeks’ gestation to
exclude premature labor (44). Direct abdominal palpa-
tion techniques by the patient and home uterine monitors
have been used in this setting with some success.

Autonomic dysreflexia is a rare but potentially life-
threatening complication of spinal cord injury. It is char-
acterized by acute-onset throbbing headache, hyperten-
sion, reflex bradycardia, sweating, flushing, tingling,
nasal congestion, and occasionally cardiac dysrhythmias
and respiratory distress. Eighty-five percent of women
with lesions at or above T5/6 segment (either complete or
incomplete transections) are subject to autonomic dysre-
flexia syndrome (45). Autonomic dysreflexia results from
a loss of hypothalamic control over sympathetic spinal
reflexes through viable segments of cord below the level
of transection and is most often triggered by an afferent
stimulus (a full bladder, a bimanual examination, or a
simple manipulation, such as changing the urinary
catheter). Uterine contractions can also trigger such activ-
ity. The severity of this syndrome varies from sympto-
matic annoyance to hypertensive encephalopathy, stroke,
intraventricular and retinal hemorrhage, and death.
Uteroplacental vasoconstriction may result in fetal
asphyxia. In patients with a history of such an event, con-
tinuous blood pressure monitoring via an arterial line is
recommended during labor. Bladder and bowel overdis-
tention should be avoided, and pelvic manipulations and
examinations should be kept to a minimum and should
be preceded by the application of topical anesthetic
agents. In susceptible patients, the placement of an

epidural catheter and the establishment of a T10 anes-
thesia level in an attempt to block afferent stimuli aris-
ing from the pelvic area should prevent autonomic dys-
reflexia. If autonomic dysreflexia does occur, delivery
should be expedited and blood pressure must be brought
under control with fast-acting agents (such as sodium
nitroprusside or nitroglycerin). Emergent cesarean section
is indicated if symptoms and/or blood pressure cannot
be well controlled. All patients with spinal cord injuries
require adequate anesthesia for cesarean delivery (46).

Backache

Backache is particularly common in pregnancy as a result
of the increased postural and mechanical stress placed
on the spine, coupled with hormonal factors that render
the intervertebral discs more vulnerable to stress (47).
Benign conditions should be distinguished from more sin-
ister causes such as lumbosacral disc disease, bone dis-
ease, infections [spinal tuberculosis (Pott’s disease),
meningitis, herpes zoster], and tumors.

In a review of 347 consecutive cases of surgically
proved lumbar disc herniations in women, in which 39%
of the women experiencing symptoms either during or
immediately after pregnancy, O’Connell (48) concluded
that pregnancy predisposes to disc prolapse. Prolapse is
usually lateral, involving spinal segments L4 to S1.
Lesions above L4 should raise suspicion of an alterna-
tive cause. The symptoms and signs of lumber disc pro-
trusion during pregnancy are similar to those in the non-
pregnant patient (low back pain, paraspinous rigidity, and
tenderness with or without lower extremity weakness and
sensory deficit). Bed rest and simple analgesics for symp-
tomatic relief are usually all that is required. Imaging
studies and surgery can usually be deferred until after
delivery. Bilateral signs of leg weakness, however, espe-
cially if associated with sphincter disturbance, may sug-
gest significant central herniation that requires laminec-
tomy and excision of the protruding disc.

Back pain developing in the puerperium may repre-
sent new-onset disc disease, temporary palsy due to com-
pressive injury to the lumbosacral plexus during labor,
or to a complication of regional anesthesia. Neurologic
complications of epidural anesthesia (including epidural
hematoma, epidural abscess, and “spinal nerve mass”)
are exceedingly rare (49–51). Epidural hematomas may
be more common in patients on aspirin or with known
bleeding disorders (50) and may preclude the use of
regional anesthesia in such patients. 

Myasthenia Gravis

Myasthenia gravis (see also Chapter 21) is a disease that
is characterized by weakness and fatigability of the vol-
untary muscles (52). Smooth muscles, including the
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myometrium, are relatively unaffected. Myasthenia gravis
is not associated with infertility (53). However, some
studies have suggested an increased incidence of sponta-
neous abortion in these patients (54). The effect of preg-
nancy on myasthenia gravis is unpredictable, and the
course of the disease in a prior pregnancy cannot be used
to reliably predict the course in a current or future preg-
nancy. Overall, pregnancy does not appear to alter the
course of the disease. Myasthenia gravis in and of itself
is therefore not an indication for pregnancy termination.
Indeed, the disease may exacerbate following therapeu-
tic abortion (55). In general, one-third of patients expe-
rience definite remission during pregnancy, one-third
show evidence of relapse and/or exacerbation, and one-
third remain stable (56). Symptomatic relapse appears to
be more likely during the puerperium and may be quite
sudden and severe (57). No data suggest an increase in
the incidence of either preterm delivery or pregnancy-
induced hypertension in these patients (53,58).

The management of myasthenia gravis during preg-
nancy, including myasthenic crises, should be similar to
that in the nonpregnant patient (59). Anticholinesterase
medications (pyridostigmine, neostigmine) in a pregnant
myasthenic patient are administered in doses identical to
those given to the nonpregnant patient. Some authors
have suggested that corticosteroids and azathioprine be
reserved only for pregnant myasthenic patients unre-
sponsive to anticholinesterase therapy (60). Plasma-
pheresis (61) and thymectomy (62) should be used only
in emergency situations. The key to preventing sympto-
matic exacerbation during pregnancy is adequate rest,
avoidance of stress, and aggressive early management of
infection.

During labor, consideration should be given to sub-
stituting oral doses of anticholinesterase medication with
an equivalent intravenous or intramuscular dose. Periodic
clinical evaluation of the patient should be performed,
looking for evidence of increasing muscle weakness or
exhaustion. Myasthenic patients may have a shortened
labor due to generalized muscle relaxation (63). A marked
contrast may be evident between the strength of the uter-
ine contractions and the generalized muscle weakness
exhibited by the patient. Some authors have advocated
the use of outlet forceps to shorten the second stage,
thereby minimizing the muscle fatigue associated with
expulsive efforts (64). Cesarean delivery should be per-
formed only for standard obstetric indications. In the set-
ting of preeclampsia/eclampsia, intrapartum magnesium
sulfate therapy should be replaced by phenytoin, pheno-
barbital, or diazepam for seizure prophylaxis (59,65).

Because the autoantibodies in patients with myas-
thenia gravis are mostly IgG, they do cross the placenta
and may affect the fetus. Neonatal myasthenia syndrome
is a transient form of myasthenia gravis that occurs in
approximately 12 to 15% of babies born to myasthenic

mothers (66). Symptoms (including lethargy, poor suck,
feeble cry, generalized muscle weakness, and difficulty
swallowing and breathing) usually develop within the first
4 days of life in untreated patients, and up to 80% of cases
will be evident within the first 24 hours (67). Term infants
are generally delivered with normal Apgar scores. Mater-
nal anticholinesterase medications cross the placenta and
may protect the neonate for a few days, which results in
delayed diagnosis. The duration and severity of the dis-
ease in the mother is not predictive of which fetuses will
go on to develop neonatal myasthenia syndrome. Treat-
ment of the neonate includes anticholinesterase medica-
tions and supportive care. This syndrome is self-limiting
and completely subsides within 2 to 6 weeks. It should
not be confused with congenital myasthenia gravis, in
which a neonate born to normal parents develops the
adult form of the disorder shortly after birth (68). In such
cases, the condition is usually permanent.

Despite the presence of anticholinesterase medica-
tions and antiacetylcholine receptors in maternal milk,
there is no evidence that breast-feeding adversely affects
either mother or child.

Disorders of Muscle

Muscle cramping is a very common complaint during
pregnancy. Support stockings and calcium supplementa-
tion may be useful. This is a benign condition, and reas-
surance may be all that is needed. The differential diag-
nosis of a more global muscle weakness includes
metabolic myopathies and, rarely, degenerative disorders
(motor neuron disease, spinal muscular atrophy). Primary
disorders of muscle are rare. Some conditions are
reviewed below.

Myotonic muscular dystrophy is a slowly progres-
sive disease characterized by weakness of the facial, ster-
nomastoid, and distal limb muscles. Transmission is auto-
somal dominant, and the disorder usually manifests in
early adulthood. Pregnancy may accelerate the course of
the disease, with rapidly worsening weakness and mus-
cle stiffness (myotonia) usually in the latter half of preg-
nancy (69,70). The reason for this is unclear. Although
fecundity is unaffected, pregnancies in women with
myotonic dystrophy appear to be at increased risk of
spontaneous abortion (69). Affected fetuses are unable to
swallow effectively in utero (71), which results in a high
incidence of polyhydramnios and preterm labor. Labor
may be dysfunctional because of the inability of the uterus
to contract normally (69,72) and because of weakness of
the skeletal muscles and resultant poor voluntary expul-
sive effort in the second stage. Assisted vaginal delivery
may be necessary. Retained placenta and postpartum
hemorrhage are common complications and should be
anticipated. Regional anesthesia is preferred, because
some IV anesthetic agents (pentothal) are liable to further
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depress respiration, whereas others (depolarizing muscle
relaxants) can cause myotonic spasm.

Just as in myotonic dystrophy, the symptoms of
myotonia congenita may be aggravated by pregnancy,
especially in the latter half of gestation. Symptoms may
improve postpartum (70,73). The effect of pregnancy on
the course of pre-existing polymyositis and dermato-
myositis is not well described, but the data that do exist
suggest that these conditions are rarely exacerbated by
pregnancy. If an exacerbation does occur, it is more likely
to develop in later pregnancy (74).

Wilson’s Disease

An autosomal recessive disorder of copper metabolism,
Wilson’s disease is characterized by an accumulation of
copper in the brain, liver, and other organs. In treated
patients, pregnancy does not appear to be affected.
Despite initial concerns over the teratogenic potential of
penicillamine (75), this has not been borne out in subse-
quent clinical trials (76), and treatment may be continued
throughout pregnancy. It may be prudent, however, to
decrease the dose of penicillamine close to term (to 250
mg daily) to avoid potential interference with wound
healing (76). Untreated patients have a high rate of spon-
taneous abortion.

Restless Leg Syndrome

Restless leg syndrome is the most common movement dis-
order in pregnancy. It usually occurs in the third trimester
and has been reported in up to 11 to 12% of all preg-
nancies. This condition is characterized by an unpleas-
ant “crawling” feeling in the legs (and occasionally in the
arms) that occurs most often at night when the patient is
relaxed, resulting in an irresistible urge to move about.
Symptoms appear to settle down after delivery (77). The
cause of this disorder is not known. Neurologic exami-
nation is almost always normal. Occasionally, correction
of coexisting anemia or iron deficiency may cause the
symptoms to abate. Treatment with carbidopa/levodopa,
pergolide, or opiates (codeine, propoxyphene) may be
useful if the symptoms are severe (77).

NEUROLOGIC EMERGENCIES DURING
PREGNANCY

Status Epilepticus

Status epilepticus, defined as a series of repeated gener-
alized convulsions with no intervening periods of con-
sciousness, is a medical emergency for both mother and
baby. It may occur during pregnancy without any pre-
ceding increase in seizure frequency (78) and is often pre-

cipitated by discontinuation of medication because of
concern over the safety of the fetus. Teramo and Hiiles-
maa (79) described 29 cases of pregnancy complicated by
status epilepticus. The overall maternal mortality rate
during or shortly after the event was 31% (9 of 29), and
the fetal/infant mortality rate was 48% (14 of 29). Thus,
the aggressive management of status epilepticus is man-
dated.

Intravenous diazepam (5 to 10 mg IV push repeated
as required to a maximum of 50 mg) rapidly enters the
central nervous system (CNS), where it can achieve anti-
convulsant levels within 1 minute and will control
seizures in more than 80% of patients within 5 minutes
(80). Alternatively, lorazepam (2 to 3 mg IM or IV push
repeated as required to a maximum of 4 mg) can be
administered to good effect. Such medications have the
potential to profoundly depress the fetus, however, and
may cause maternal apnea (81). Intravenous phenytoin
has a long duration of action (half-life approximately 24
hours) and has a low incidence of serious side effects. If
seizures persist, the patient may require intubation and
the administration of phenobarbital (20 mg per kg IV),
pentobarbital, propofol, or other anesthetic agents.

The differential diagnosis of an acute seizure is
detailed in Table 11.2. Eclamptic seizures are almost
always brief and rarely last longer than 3 to 4 minutes.
The administration of an agent to abort the seizure is sel-
dom necessary. Magnesium sulfate (2 to 3 g IV push
repeated every 20 minutes to a maximum of 6 g) is the
drug of choice for eclamptic seizures, both for the treat-
ment (82) and prevention of recurrent seizures (83). Mag-
nesium appears to selectively increase cerebral blood flow
and oxygen consumption in patients with preeclamp-
sia/eclampsia (84), whereas this does not appear to be the
case for phenytoin (85).

TABLE 11.2
Differential Diagnosis of an Acute 

Seizure during Pregnancy

• Eclampsia
• Cerebrovascular accident (e.g., intracerebral hemor-

rhage, cerebral venous thrombosis)
• Acute hypertension (e.g., malignant hypertension)
• Space-occupying lesions of the CNS (e.g., brain

tumor, abscess)
• Metabolic disorders (e.g., hypoglycemia, uremia,

inappropriate antidiuretic hormone secretion resulting
in water intoxication)

• Infectious etiology (e.g., meningitis, encephalitis)
• Drug-related seizures (e.g., theophylline toxicity, alco-

hol and cocaine withdrawal)
• Epilepsy
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Transient fetal bradycardia is a common finding after
a seizure and does not necessitate immediate delivery. Every
attempt should be made to stabilize the mother and resus-
citate the fetus in utero before making a decision about
delivery. In most cases, pregnancy can continue to term.
Prolonged seizure activity (.5 minutes) has been associ-
ated with placental abruption (86). See also Chapter 15.

MISCELLANEOUS NEUROLOGIC
CONDITIONS SPECIFIC TO PREGNANCY

Obstetric Nerve Injuries

A number of peripheral nerve or plexus injuries may
develop during an obstetric surgical procedure or during
labor due to compression or stretching of the nerve. Such
injuries are more common in anesthetized patients.

The lithotomy position (derived from the Greek:
lithos, meaning stone, and otomy, meaning to cut)
evolved from the position that elderly men were placed in
for surgical removal of obstructing bladder stones. This
is not a natural position for childbirth. Flexion and
abduction of the hip can result in compression of the
femoral nerve (L2–L4) by Poupart's ligament or by the
iliopsoas muscle (87), causing weakness and wasting of
the quadriceps, depression of the knee jerk, and sensory
impairment over the anteromedial aspect of the lower
extremity. Similarly, the obturator nerve (L2–L4) may be
stretched as it exits the obturator foramen in the pelvis
(87), resulting in gait disturbance due to weakness of the
adductor muscles of the leg as well as sensory impairment
or pain over the medial part of the thigh. Obturator neu-
ropathies may also result from pudendal regional anes-
thesia. Lumbosacral plexus palsy is due to compression
of the roots of the sciatic nerve within the pelvis, either
by the fetal head or by instrumentation (forceps). Involve-
ment of the common peroneal fibers (derived from the
posterior divisions of L4–S2) may result in leg weakness,
paresthesias and numbness over the dorsum of the foot
and lateral aspect of the leg, and even foot drop. The
incorrect placement of a patient in obstetric stirrups may
result in the compression of the saphenous branch of the
femoral nerve (leading to numbness and paresthesias over
the medial aspect of the leg below the knee) or of the com-
mon peroneal nerve in the region of the head of the fibula
(causing weakness of dorsiflexion and eversion of the
foot) (88). Traction injury to the sciatic nerve may also
occur in this position, but a misplaced deep intramuscu-
lar injection should also be considered as a possible iatro-
genic cause of sciatic neuropathy. (For other details
regarding nerve injuries, see also Chapter 20).

The symptoms of such neuropathies are usually mild
and unilateral, and complete recovery can be expected
in the majority of cases. Physical therapy may be useful

in the short-term. The careful positioning of the obstet-
ric patient during labor or surgical procedures is impor-
tant to prevent such injuries.

Neurologic Birth Injury

Neurologic birth injuries include intracranial hemor-
rhage, skull fracture, neck and spinal cord injuries, and
facial nerve and brachial plexus injuries. A small num-
ber of these occur prior to labor and may be associated
with underlying conditions such as maternal alloimmune
thrombocytopenia or the intrauterine fetal demise of one
twin. The majority occur intrapartum.

Intracranial Hemorrhage

Although bleeding into the fetal head can occur at several
anatomic sites (subdural, subarachnoid, cerebral, periven-
tricular), hemorrhage into the germinal matrix within 
the ventricles—so-called intraventricular hemorrhage
(IVH)—occurs most frequently. The greatest risk factor
for IVH is prematurity. Although the incidence of IVH is
debated, Hayden and colleagues (89) reported that 4.6%
(23 of 505) of otherwise healthy term infants have sono-
graphic evidence of subepidymal germinal matrix hem-
orrhage unrelated to obstetric factors. Because of the
mechanical forces on the fetus during labor, therapeutic
anticoagulation of the mother at the time of delivery has
been associated with severe hemorrhage in the fetus. For
both maternal and fetal indications, anticoagulation
should be discontinued prior to labor.

Birth trauma is an uncommon cause of intracranial
hemorrhage. Tearing of the bridging veins from the cere-
bral cortex to the sagittal sinus or, even less commonly,
rupture of the internal cerebral veins or vein of Galen
where it joins the straight sinus may occur at the time of
spontaneous vaginal delivery due to excessive molding
of the parietal bones. It has been suggested that forceps
delivery may exacerbate the molding and therefore pre-
dispose to intracranial hemorrhage, but this remains the-
oretical. Early retrospective studies suggesting an associ-
ation between prophylactic low forceps delivery for small
fetuses and IVH (90,91) have been countered by more
recent reports showing no significant difference in out-
come in neonates weighing 500 to 1,500 g delivered spon-
taneously or by outlet forceps (92,93). Indeed, the study
by Shaver and associates (94) suggested a protective effect
of low forceps delivery in neonates weighing <1,750 g.

Commonly, the clinical condition of an infant with
IVH begins to deteriorate at around 12 hours of life, at
which time the infant becomes drowsy, apathetic, fails to
feed, develops a feeble cry, and may become cyanotic and
dyspneic. Seizure activity may follow. With the advent of
sonography and computed tomographic (CT) imaging,
diagnosis has become relatively straightforward. Treat-
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ment is primarily supportive. Surgical intervention is
rarely necessary. The prevention of peripartum intracra-
nial hemorrhage depends on the elimination of difficult
forceps deliveries, correct management of breech presen-
tation in labor, and appropriate and timely cesarean deliv-
ery for cephalopelvic disproportion. All infants should
receive vitamin K (1 mg IM) within 1 hour of birth to pre-
vent hemorrhagic disease of the newborn.

Prognosis depends largely on gestational age at
delivery, and the extent and anatomic location of the
intracranial bleed (parenchymal and subdural hemor-
rhages are associated with a poor prognosis in up to 90%
of cases, and IVH cases have a poor prognosis in 45%
of infants). Other proposed prognostic factors include the
etiology of the hemorrhage, the presence or absence of
ventriculomegaly, and the degree of ventriculomegaly
(>15 mm) suggests a poor outcome. Using these factors,
a prognostic scoring system has been developed (95).
Overall, intracranial hemorrhage is associated with poor
outcome in approximately 68% of cases (95).

Shoulder Dystocia and Brachial Plexus Injury

Shoulder dystocia (defined as impaction of the anterior
shoulder of the fetus behind the pubic symphysis follow-
ing delivery of the head) is an obstetric emergency, occur-
ring in 0.15 to 2.1% of all vaginal deliveries (96–99). It
has been associated with neonatal birth trauma (includ-
ing neurologic injuries and fractures of the humerus,
skull, and/or clavicle) in up to 20% of cases (99). Its
immediate identification at the time of delivery and
prompt and appropriate intervention can prevent neona-
tal birth trauma in some cases. Can shoulder dystocia be
predicted? A number of risk factors for shoulder dysto-
cia have been identified. These include fetal macrosomia
(estimated fetal weight >4,500 g) (100–104), a history of
a previous shoulder dystocia (103–106), diabetes melli-
tus (including gestational diabetes) (103,104,106,107),
midcavity operative vaginal delivery (101,106,108,109),
and an abnormal labor pattern (prolonged second stage)
(103,106,107). The majority of shoulder dystocias, how-
ever, occur in nondiabetic women with fetuses weighing
less than 4,000 g (103,104).

First described by Smellie in 1764 (110), brachial
plexus paralysis is the second most common neurologic
birth injury (after facial nerve palsy), occurring in 0.5 to
2.6 per 1,000 live births (101,103). It is due to “exces-
sive” lateral traction on the head and neck at the time of
delivery, with resultant damage to the brachial plexus,
usually to cervical nerve roots C5 and C6 (Erb-
Duchenne’s palsy) (111,112). The end result is paralysis
of the ipsilateral deltoid and infraspinatus muscles and
the flexor muscles of the forearm. The arm therefore falls
limply at the side of the body with the forearm extended
and internally rotated, the classic “waiter’s tip” deformity.

The function of the fingers is usually retained. The lower
brachial plexus (nerve roots C8 and T1) may also be
involved, resulting in paralysis of the hand. Isolated lower
plexus injuries (Klumpke’s palsy) (113) are rare, however,
comprising only 2 to 3% of all brachial plexus palsies.
Bilateral brachial plexus injuries have been reported, as
well as associated unilateral paralysis of the diaphragm
and Horner’s syndrome (due to injury to the sympathetic
fibers of nerve roots C8–T1). The vast majority of trac-
tion injuries to the brachial plexus (93 to 95%) resolve
completely within 2 years with the help of physical ther-
apy (103,105). Prognosis is especially good if recovery
has started within 3 months (114). Overall, only approx-
imately 1 to 5% of brachial plexus palsies result in long-
term neurologic compromise (105,115).

Recommendations regarding the route of delivery
for women with risk factors for shoulder dystocia remain
controversial. Cesarean delivery, especially elective
cesarean delivery, is believed to protect the fetus from
birth injury. However, there have been reports of neuro-
logic injuries following elective cesarean delivery (103) as
well as spontaneous vaginal deliveries in the absence of
dystocia (116,117). It has been postulated that in some
cases, brachial plexus injury may occur early in the deliv-
ery, with stretching and tearing of the nerve roots as the
head descends into the pelvis. Brachial plexus injury
should therefore not be taken as prima facie evidence of
birth process injury. Given the difficulty in predicting and
preventing shoulder dystocia, the inconsistent relation-
ship between shoulder dystocia and neurologic injuries,
and the rarity of long-term neonatal morbidity, along with
the fact that cesarean delivery may not completely pre-
vent such injuries, elective cesarean delivery cannot be rec-
ommended for all women with risk factors for shoulder
dystocia (103,104).

Fetal Acidosis and Cerebral Palsy

Despite advances in perinatal medicine, the overall preva-
lence of cerebral palsy remains unchanged at 1.5 to 2.5
per 1,000 live births. Only approximately 10% of chil-
dren born at term who subsequently go on to develop
cerebral palsy had an identified intrapartum hypoxic
ischemic event. It seems clear that severe hypoxic ischemic
injury to the fetus, such as that seen after a large placen-
tal abruption or uterine rupture, may lead to fetal demise
or long-term neurologic handicap, including cerebral
palsy. Whether milder forms of fetal acidosis or hypox-
emia can cause cerebral palsy, however, is a question of
considerable debate. Using rhesus monkeys, Myers and
associates (118) demonstrated that partial asphyxia may
eventually lead to long-term cerebral lesions that resem-
ble, but are not identical to, the lesions of cerebral palsy
seen in the human infant. In a retrospective, case-control
study, Richmond and colleagues (119) found that abnor-
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mal fetal heart rate recordings were identified more fre-
quently in children with subsequent cerebral palsy. The
authors concluded, however, that “optimal management
of fetal distress” would be expected to decrease the preva-
lence of cerebral palsy by “only 16%.” Other investiga-
tors have been unable to demonstrate any association
between fetal heart rate patterns and subsequent neuro-
logic development (120). Before intrapartum hypoxic
acidemia can be considered as the cause of neurologic
injury, a set of specific criteria, defined by both the Amer-
ican College of Obstetricians & Gynecologists (121) and
the American Academy of Pediatrics (122), must be met.
These include (i) profound metabolic or mixed acidemia
(pH ,7.00) in an umbilical cord arterial blood sample,
if obtained; (ii) persistent Apgar score of 0 to 3 for longer
than 5 minutes; (iii) evidence of neonatal neurologic
sequelae (seizures, coma, or hypotonia); and (iv) neona-
tal multiorgan system dysfunction. The bulk of evidence
indicates that intrapartum hypoxic ischemic encephalopa-
thy is an infrequent cause of cerebral palsy.

Although the pathophysiologic mechanisms that
underlie most of the cerebral palsy syndromes remain
poorly understood, recent data suggest that antepartum
magnesium sulfate administration may be associated with
a decreased incidence of cerebral palsy (123–127). This
association was initially noted by Kuban and co-work-
ers (123) in very low birth weight infants born to women
who were given magnesium for seizure prophylaxis in the
setting of preeclampsia/eclampsia. This finding has more
recently been confirmed in a number of other retrospec-
tive analyses (124–126), with a reported crude odds ratio
of 0.11 (95% CI: 0.02–0.81) (126). This effect appears
to be independent of steroid therapy (126,127). More-
over, the effect is also observed in infants born of preg-
nancies not complicated by preeclampsia (124). The lat-
ter finding is important because preeclampsia itself, for
reasons that are not well understood, is protective against
the development of cerebral palsy (128). The proposed
mechanism of action is speculative, but magnesium may
act to increase the threshold and decrease the excitabil-
ity in membranes of neurons and muscle cells. Some inves-
tigators have suggested that magnesium may reduce the
prevalence of cerebral palsy simply by increasing the
death rate among susceptible fetuses and infants. Indeed,
during the Magnesium and Neurologic Endpoints Trial
(MagNET), a large randomized clinical trial designed to
test the neuroprotective effect of magnesium sulfate in the
setting of preterm labor (not preeclampsia), the occur-
rence of excess total pediatric mortality in the children
exposed to magnesium (10 of 75 fetuses randomized to
magnesium or saline control versus 1 of 75 infants ran-
domized to “other” tocolytics or saline control; P=0.02)
led to the early termination of the trial (127,129). The
authors concluded that, despite the alarming findings in
MagNET, it is conceivable that exposures to doses of

magnesium sulfate less than those used for aggressive
tocolysis may be neuroprotective without being lethal
(129). This conclusion may be supported by the recently
published Magpie Trial (130), a clinical study of 10,141
women with preeclampsia randomized in 33 countries
to receive either magnesium sulfate or placebo for seizure
prophylaxis. This study showed no substantive short-
term harmful effects of magnesium sulfate on the fetus.

The risk factors for newborn encephalopathy are
summarized in Table 11.3 (131–133). Intrauterine infec-
tion (chorioamnionitis) (134) and maternal fever in labor
(131,133) have been strongly associated with the subse-
quent development of cerebral palsy. It is possible that the
association with newborn encephalopathy may be medi-
ated directly by fetal infection or indirectly through
inflammatory cytokines (134–136). Evidence also sug-
gests that perinatal brain injury following an intrapartum
hypoxic ischemic event may evolve, at least in part, over
a period of hours or days, thereby providing a possible
window of opportunity for early intervention. Indeed,
preliminary studies on the use of neonatal hypothermia
treatment suggest that such an approach may provide
some neuroprotective effect (137,138). Until further stud-
ies are available, such treatment should be regarded as
investigational.

Other Congenital Neurologic Injuries

Facial nerve paralysis resulting from pressure to the facial
nerve as it exits the stylomastoid foramen is the most
common neurologic birth injury. The reported incidence
varies from 0.07 to 7.5 per 1,000 live births (97,105,115).
These injuries have been associated with operative vagi-
nal (forceps) delivery, although up to a third of cases fol-
low spontaneous vaginal delivery. Facial paralysis may be
immediately apparent or may develop within hours of
birth. Resolution is usually complete within a few days.

Injuries to the neck and spine are rare and usually
result from excessive traction on the spinal cord at the
time of vaginal delivery, such as during a difficult breech
extraction or operative vaginal delivery. Actual fracture
or dislocation of the vertebrae may occur, and such
injuries may prove fatal (139). The true incidence of
spinal injuries is not known.

Multicystic encephalomalacia is a pathologic con-
dition most commonly seen in multiple gestations, in
which cerebral damage develops in the surviving fetus (or
fetuses) following an intrauterine demise in the second
half of pregnancy. It may result in mental retardation
and/or cerebral palsy in the surviving infant. The mech-
anism of cerebral injury is not clear. Embolization of tis-
sue thromboplastin through placental anastomoses to the
surviving twin has been suggested as a possible explana-
tion. This is supported by findings that encephalomala-
cia is more common in monochorionic as compared with
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dichorionic twin gestations (4 to 5% versus 20%, respec-
tively) (140,141). In dichorionic twin pregnancies, the
surviving twin may be protected from injury by the rar-
ity of placental vascular communications. Other possi-
ble mechanisms of neurologic injury include fetal
hypotension, with hypoxemia resulting in ischemic injury
and/or fetal exsanguination. Unfortunately, immediate
delivery does not appear to prevent encephalomalacia in
the surviving twin (142). Clinical management should be
dictated by the gestational age, chorionicity of the con-
ception, fetal lung maturity, and the presence or absence
of maternal disseminated intravascular coagulopathy
[which occurs in up to 25% of cases of singleton
intrauterine fetal demise within 3 to 5 weeks (143), but
is rarely seen in the presence of a surviving fetus].

Neurologic Disorders in the Fetus

Many factors may put a fetus at increased risk of having
a genetic disorder or neurologic birth defect. A compre-
hensive questionnaire (inquiring about heritable diseases,
birth defects in the family, underlying medical conditions,
medications, maternal age, consanguinity, racial and eth-
nic background, and potential teratogen exposure) should
be given to all women at their first prenatal visit to detect
pregnancies at risk. Genetic counseling by trained pro-
fessionals should be offered to all women deemed to be
at increased risk for fetal anomaly.

Preconceptional Genetic Counseling

Ideally, genetic counseling for couples at high risk of a
congenital anomaly should take place prior to concep-
tion. The incidence of congenital abnormalities in the gen-
eral population is on the order of 2 to 3% (144). Over

and above this background risk, each pregnancy brings
with it additional risks specific to that couple. Depending
on the problem, a number of preventative measures may
ameliorate this risk if they are taken before pregnancy.
For example, meticulous glucose control in insulin-depen-
dent diabetic patients prior to conception can significantly
decrease the risk of structural anomalies in the fetus
[which include anencephaly or neural tube defect (NTD),
caudal regression, and spinal anomalies] (145). Similarly,
couples who have had a previous fetus affected by NTD
are at increased risk of having a fetus with an NTD in a
subsequent pregnancy (0.3 to 1% compared with the gen-
eral population risk of 0.1 to 0.2%). In such couples, peri-
conceptional folic acid supplementation (4 mg daily) has
been shown to decrease the NTD recurrence risk by
approximately 71% (146). Evidence also suggests that
lower doses of supplemental folic acid (0.4 to 0.8 mg
daily, similar to that in prenatal vitamins) may decrease
the incidence of a first occurrence of NTD (147). Addi-
tionally, the genetic screening of potential parents before
conception may detect couples at risk for having a fetus
with one of the more common autosomal recessive dis-
orders, such as Tay-Sachs disease, cystic fibrosis, sickle
cell disease, and the thallasemias.

Postconceptional Genetic Counseling

A number of antenatal screening tests are currently avail-
able to modify a patient’s a priori age-related risk of hav-
ing a pregnancy complicated by fetal aneuploidy. Detec-
tion of AFP in maternal serum (a fetal glycoprotein
produced early in gestation by the yolk sac and later by
the fetal gastrointestinal tract and liver), forms the basis
of AFP screening for both open NTD (elevated levels) and
trisomy 21 [Down syndrome (low levels)]. A positive

TABLE 11.3
Risk Factors for Newborn Encephalopathy*

PRECONCEPTIONAL FACTORS ANTEPARTUM FACTORS INTRAPARTUM FACTORS

* Data from Badawi et al. Br Med J 1998;317:1554 (131); Ellis et al. Br Med J 2000;320:1229 (132); and Adamson et al. Br Med J 1995;311:598
(133).

• Increased maternal age
• Primiparity
• Unemployed, unskilled laborer, 

or housewife
• No private health insurance
• Infertility treatment
• Family history of seizures
• Family history of neurologic 

disorders

• Male fetus
• Maternal thyroid disease
• Severe preeclampsia/eclampsia
• Bleeding in pregnancy
• Viral illness during pregnancy
• Prematurity
• Postterm pregnancy
• Placental abnormalities
• Intrauterine growth restriction in 

the fetus
• Structural anomalies in the fetus

• Intrapartum fever
• Prolonged rupture of membranes
• Thick meconium
• Malpresentation and malposition
• Intrapartum hypoxia
• Acute intrapartum events (including

cord prolapse, abruptio placentae,
uterine rupture, maternal seizures)

• Forceps delivery
• Emergency cesarean delivery
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screening test at 15 to 20 weeks’ gestation should be fol-
lowed by more definitive testing. Amniotic fluid AFP and
acetylcholinesterase activity should be measured in
women with elevated maternal serum AFP (148), and a
targeted sonographic examination looking for a spinal
defect should be performed. Low maternal serum AFP
can be used in conjunction with maternal age to predict
risk for Down syndrome. Fetal karyotyping by amnio-
centesis or chorionic villus sampling is generally recom-
mended when the risk of aneuploidy approaches that of
a 35-year-old woman (i.e., 1 in 270) (149). Using this
approach to screen a population of over 77,000 pregnant
women under 35 years of age, the New England Regional
Genetics Prenatal Collaborative Group could only detect
25% of infants with Down syndrome (150). To increase
the sensitivity of this test, two further maternal serum
markers have been included, unconjugated estriol (low
levels) and b-human chorionic gonadotropin (elevated
levels) (151). Up to 60% of Down syndrome can be
detected using this so-called maternal serum “triple
screen” at 15 to 20 weeks of gestation (151–154). Other
maternal serum markers have been evaluated in con-
junction with the triple screen in an attempt to improve
the detection of fetal aneuploidy. The most promising
new second-trimester analyte is dimeric inhibin A (155),
which is already being used by some commercial labora-
tories. The addition of inhibin A to the standard “triple
screen” increases the detection rate of Down sydnrome
from 50 to 60% to over 80% with a halving of the false-
positive rate (from 14 to 7%) (156,157). Maternal serum
marker screening can also be used to screen for trisomy
13 and 18, but the sensitivity of such testing has yet to
be clearly delineated (150,154,158). A level II sono-
graphic examination may be able to increase the overall
sensitivity of antenatal screening for Down syndrome. A
normal fetal anatomic survey will decrease a woman’s
age-related risk of having a fetus with Down syndrome
by approximately 50%.

Recent attention has focused on first-trimester
screening for fetal aneuploidy, including maternal serum
analytes [primarily free b-human chorionic gonadotropin
and pregnancy-associated plasma protein A (PAPP-A)]
and fetal nuchal lucency measurements (154,159). An
increased nuchal translucency measurement in the first
trimester, in combination with maternal age, has been
reported to identify 27 to 89% of Down syndrome preg-
nancies, with a screen-positive rate of 2.8 to 9.3%
(154,160,161). Several large clinical trials are currently
in progress to assess the utility of first-trimester screen-
ing for fetal aneuploidy. Until these data are available,
such screening should not be regarded as the standard
of care (154).

In couples with a previous chromosomally abnor-
mal infant, an abnormal fetus on sonographic examina-
tion, or in whom one or both of the partners have a

known chromosomal abnormality, a more focused eval-
uation is indicated. The genetic testing of the parents may
be useful in couples with a previously affected infant,
looking for a balanced translocation. Careful imaging of
the fetus using x-ray, ultrasound, or magnetic resonance
imaging (MRI) may be indicated. However, definitive
genetic testing for this pregnancy requires harvesting
either placental cells (by chorionic villus sampling) or fetal
cells (by amniocentesis, percutaneous umbilical blood
sampling, or, rarely, fetal skin or liver biopsy). The details
and complications of such procedures have been reviewed
in detail elsewhere (153,154). The identification of spe-
cific genetic abnormalities is now available for a number
of inherited neurologic disorders (Table 11.4) (see also
Chapter 7).

All states have laws governing newborn screening
for conditions that can be effectively treated or even pre-
vented by early intervention. These include conditions
such as phenylketonuria, congenital hypothyroidism,
sickle cell disease, galactosemia, and homocysteinuria.

Radiologic Imaging during Pregnancy

The diagnosis of CNS lesions has been revolutionized by
advances in imaging technology. In general, the use of
diagnostic techniques should not be restricted because the
patient is pregnant. The effect of ionizing radiation on the
fetus depends on both the dose of radiation that reaches
the fetus and the gestational age at the time of exposure.
Shielding of the pregnant abdomen is recommended, if
possible, especially during fluoroscopy. Although most of
the fetal exposure during radiologic procedures results
from the scatter of ionizing radiation off the maternal
axial skeleton, every attempt should be made to reduce
potential exposure. Such efforts are usually greatly appre-
ciated by the parents. The potential injury to the fetus
from ionizing radiation is threefold: (i) an increased risk
of spontaneous abortion, especially if exposure occurs
during the preimplantation stage (162); (ii) an increased
risk of congenital anomalies, specifically microcephaly
and/or mental retardation after exposure to .5–10 rads
(163,164); and (iii) an increased risk of subsequent child-
hood leukemia (relative risk 1.5–2.0 after exposure to
>1–2 rads) (163,164). It is generally accepted that expo-
sure of the fetus to less than 5 rads is incapable of pro-
ducing any detectable teratogenic effect. Exposure of the
fetus to x-radiation from routine diagnostic tests is low
[from a maternal chest x-ray 6 0.02–0.07 mrad; from a
skull x-ray ,0.05 mrad; from a head or chest CT (10
slices 3 10 mm thickness) 6 0.05–0.1 rad; from an
abdominal CT (10 slices 3 10 mm) 6 1.7–2.6 rad; from
a lumbar spine CT (5 slices 3 10 mm) 6 2.3–3.5 rad].
The potential for germ cell mutations and genetic disor-
ders in subsequent generations remains a theoretical con-
cern; however, in animal models, acute exposure to at
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TABLE 11.4
Prenatal Diagnosis of Common Inherited Neurologic Disorders

NEUROLOGIC DISORDER INHERITANCE PATTERN PRENATAL DIAGNOSIS

Chromosomal Abnormalities
• Down syndrome (trisomy 21) C (mosaicism, Screen using maternal age and serum screening

non-disjunction) Karyotyping of fetal cells; FISH; ultrasound may
be useful

• Other autosomal trisomies
– Edward’s syndrome (trisomy 18) C As above
– Patau’s syndrome (trisomy 13) C As above

• Unbalanced translocations C As above
• Cri-du-chat syndrome C (deletion) Karyotyping (deletion of 5p)
• Prader-Willi syndrome C (deletion, UPD) Microdeletion of 15q11-15q13 (60–70%), deletion

is paternal in origin
• Angelman’s syndrome C (deletion, UPD) Deletion of 15q11, associated with loss of 

maternal genes (UPD)
• Fragile X syndrome XR Identification of triplet repeats on chromosome X

by DNA analysis

Inborn Errors of Metabolism
• Aminoacidurias

– Phenylketonuria AR DNA analysis; ↓ phenylalanine hydroxylase 
activity in fetal cells#

– Maple syrup urine disease AR ↑↑Amino acid levels
– Homocystinuria AR ↑ Serum methionine; ↑ cystathionine-b-synthase

activity in fetal cells
– Hartnup’s disease AR None

• Mucopolysaccharidoses
– Hunter’s syndrome XR ↓ Iduronate sulfatase activity in fetal cells
– Hurler’s syndrome AR ↓ a-iduronidase enzyme activity in fetal cells

• Lipidoses
– Tay-Sachs disease AR ↓ Hexosaminidase A activity (useful for detecting

carrier status); DNA analysis
– Niemann-Pick disease AR ↓ Spingomyelinase enzyme activity in fetal cells

• Carbohydrate metabolism
– Galactosemia AR ↓ Galactose-1-phosphate uridyl transferase 

activity in fetal cells
• Purine metabolism

– Lesch-Nyhan syndrome XR ↓ Guanine phosphoribosyltransferase activity in
fetal cells

Hereditary Degenerative Disorders
• Myotonic dystrophy AD DNA analysis identifying amplified trinuleotide

repeats in a protein kinase gene on chromosome
19q

• Muscular dystrophy XR, ?AD, ?AR Linkage analysis and fetal DNA analysis; 
detection of dystrophin in fetal muscle biopsy can
identify carrier status for Duchenne’s, but is rarely
used

(continued)
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TABLE 11.4
Prenatal Diagnosis of Common Inherited Neurologic Disorders (Continued)

NEUROLOGIC DISORDER INHERITANCE PATTERN PRENATAL DIAGNOSIS

Primary CNS Defects
• Primary microcephaly Variable, ?AR Ultrasound
• Congenital hydrocephalus

– Stenosis of Aqueduct of Sylvius XR, variable Ultrasound; DNA analysis
– Dandy-Walker syndrome Variable Ultrasound

• Anencephaly/NTD MF, variable Screen using MS-AFP (↑); amnio for AF-AFP and
presence of acetylcholinesterase activity (↑); ultra-
sound

• Ataxia telangectasia AR DNA analysis (often 14/14 or 7/14 translocations)
• Color blindness XR None
• Ocular albanism XR None
• Huntington’s chorea AD Analysis of DNA triplet repeats
• Frederich’s ataxia AR DNA analysis in selected families (genetic defect

in region 9q)
• Familial epilepsy AD, ?AR None

Neuroectodermatosis
• Tuberous sclerosis AD DNA analysis in selected families if genetic defect

is known; ultrasound or MRI may help in selected
cases

• Neurofibromatosis AD (type I) DNA linkage analysis in selected families (only for
type I)

Neuromuscular Disorders
• Myasthenia gravis MF None
• Charcot-Marie-Tooth disease AD (type I) Linkage analysis in selected families (genetic

defects localized mainly to 1q, 17p, Xq); gene
analysis in informative families

• Werdnig-Hoffman disease AR DNA analysis available in selected families
(genetic defect in region 5q)

Miscellaneous
• Autism Unknown None
• Sickle cell disease AR Hemoglobin electrophoresis (useful to identify

carrier status in parents); gene mutation analysis
of fetal cells

• Wilson’s disease AR DNA linkage analysis in selected families (genetic
defect localized to region 13q14)

• Alzheimer’s disease Variable, AD None

# = Fetal cells can be trophectoderm cells from CVS, amniocytes from amniocentesis, fetal blood from PUBS, or endothelial cells from fetal
skin biopsy.
C = chromosomal; AR = autosomal recessive; AD = autosomal dominant; XR = X-linked recessive; XD = X-linked dominant; MF = multi-
factorial; UPD = uniparental disomy; CVS = chorionic villus sampling; amnio = amniocentesis; FISH = fluorescent in-situ hybridization; PCR
= polymerase chain reaction; AFP = a-fetoprotein; MRI = magnetic resonance imaging
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least 140 rads is necessary to produce any measurable
increase in cellular mutation rate.

MRI does not employ radiation and is thought to be
devoid of fetal risks (167,168). If available, it is the pre-
ferred technique for CNS imaging during pregnancy. Con-
traindications to the use of MRI include the presence of
mechanically, electrically, or magnetically activated
implants or devices, but these are rarely encountered in
reproductive-age women. MRI is especially useful for
diagnosing demyelinating diseases, posterior fossa and
spinal cord lesions, and screening for AVMs. It is also the
imaging technique of choice to evaluate lesions in the
abdomen and retroperitoneum, such as adrenal tumors,
some gastrointestinal lesions, and intra-abdominal malig-
nancies. Other applications of MRI in pregnancy include
MR pelvimetry for planned breech deliveries (168) and
MRI of the fetus to further define fetal anatomy when a
structural anomaly is suspected and sonographic evalua-
tion is suboptimal. The limited space available within the
MR scanner has to some degree restricted its use, because
it is often difficult to continuously monitor critically ill
patients during the procedure and because some pregnant
women are unable to tolerate the claustrophobic condi-
tions. Furthermore, movement of the fetus in utero dur-
ing scanning may create images that are blurred and dif-
ficult to interpret. For this reason, some authors have
advocated sedating the fetus prior to pelvis MRI, but this
is not routinely done.

In certain clinical situations (such as an acute hem-
orrhagic injury), cranial CT may be superior to MR both
in terms of greater accessibility and improved resolution.
Cerebral angiography with contrast injection may be
invaluable in this setting. Iodinated contrast agents are
physiologically inert and pose little risk to the fetus.
Maternal hydration should be maintained during the
administration of iodinated contrast to avoid the possi-
bility of fetal dehydration.

Positron emission tomography (PET) is a relatively
new technique that uses positron-emitting radioisotopes
to evaluate cerebral blood flow and glucose metabolism.
The need for radioisotope administration, however,
severely limits its use during pregnancy.

Drugs and Breastfeeding

The benefits of breast-feeding are well established. With
few exceptions—the most important of which are chronic
hepatitis B or C, cytomegalovirus, and human immun-
odeficiency virus (HIV) infection—breast-feeding should
be encouraged. Diuretics, bromocriptine, and combined
oral contraceptives (but not the progestin-only pill) may
suppress lactation and decrease the volume of milk pro-
duction. Such agents are not absolutely contraindicated
in lactating women, but patients should be made aware
of this potential complication. Smoking has also been

shown to adversely affect lactation. It is interesting that
combined oral contraceptives do not appear to affect milk
production if they are started after lactation is established.

Most drugs given to the mother are excreted to some
extent into breast milk. The concentration is usually no
higher than that in maternal serum, however. The result
is that the amount of drug ingested by the infant is typi-
cally small, and this is rarely a contraindication to breast-
feeding. However, breast-feeding is contraindicated with
some drugs. These include drugs of abuse [cocaine, heroin,
phencyclidine (PCP)], cytotoxic drugs that are known to
be immunosuppressive even in low concentrations
(cyclophosphamide, doxorubicin, methotrexate), and
drugs that are biologically active in the infant at much
lower serum levels than in the adult (such as lithium and
possibly ergotamine) (16). Breast-feeding should probably
be suspended for 24 to 48 hours if the mother receives
radioisotopes such as 67gallium, 111indium, 125iodine,
131iodine, or 99technetium. A number of drugs exist (e.g.,
antidepressants, anxiolytic drugs, antipsychotics, meto-
clopramide, metronidazole) whose effect on the nursing
infants is unknown, but may be of concern. The recom-
mendation of the Committee on Drugs of the American
Academy of Pediatrics (16) in this setting is to monitor
the nursing infants carefully and, if the clinical situation
dictates, measure blood levels of the drug in both mother
and infant before making a decision.

SUMMARY

The successful management of pregnancy in women
with neurologic disorders requires a team approach,
incorporating recommendations from specialists in both
neurology and maternal–fetal medicine/perinatology. In
general, most chronic neurologic disorders are compat-
ible with normal pregnancy outcome and should be
managed as if the patient were not pregnant. Diagnos-
tic investigations (including imaging studies) should be
undertaken if indicated. Our primary responsibility as
physicians is to “do no harm.” With few exceptions, the
potential to “do harm” to both mother and fetus by fail-
ing to detect or adequately manage a neurologic condi-
tion during pregnancy far outweighs the potential risk
to the pregnancy.
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s the Baby Boomer cohort of
women began experiencing the
transition to menopause,they
demanded increasing attention to

menopause, itself, and to the health consequences asso-
ciated with menopause. Although the science of
menopause lags far behind women’s and clinicians’ need
for accurate information, recently published studies begin
to fill the void in our knowledge about this important por-
tion of the lifespan. This chapter considers:

• The menopausal transition and related endocrine
changes

• Changing physiology following menopause
• Implications of the menopausal transition for symp-

toms and diseases of advanced age
• Therapies for symptom management and prevention

of diseases of advanced age

MENOPAUSAL TRANSITION: 
A MULTISTAGE PROCESS

Serious attention of researchers to understanding the tran-
sition to menopause as part of women’s developmental
trajectory is relatively recent. In 1991, the National Insti-
tute on Aging convened a workshop of clinicians and
researchers to develop a system for staging reproductive

aging, analogous to that for staging puberty, that could
be incorporated into clinical research as well as practice.
The purposes of the staging system are to standardize
research and practice with respect to the nomenclature
used to describe the menopausal transition; allow
researchers and clinicians to compare results across stud-
ies; and help clinicians and women themselves assess their
progression through the transition to menopause (1).

As seen in Figure 12.1, menopause is defined as the
cessation of menses and is marked by a woman’s last men-
strual period, which anchors the stages. Looking back in
time from the final menstrual period, the menopausal
transition occurs prior to the menopause and includes two
stages, early and late transition. The early menopausal
transition stage (–2) is characterized by increased vari-
ability in menstrual cycle length that exceeds a difference
of 7 days from cycle to cycle. The late stage of the
menopausal transition (–1) is characterized by skipping
of menses, in which the typical menstrual cycle length is
doubled or longer. Prior to the menopausal transition, the
late reproductive stage (–3) is characterized by rising FSH
levels and shortening of menstrual cycle length. Moving
forward in time from the final menstrual period, early
postmenopause (+1) encompasses the first 5 years after
the final menstrual period, and the late postmenopause
(+2) extends throughout the remainder of the lifespan.
The perimenopause encompasses the early and late
menopausal transition and 1 year postmenopause.
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During the menopausal transition, women also fre-
quently report spotting (bloody discharge that does not
require use of a napkin or tampon) before, after, and
between episodes of menstrual bleeding, and longer and
heavier episodes of bleeding (menorrhagia or flooding)
that may cause them to seek health care (2).

The transition to menopause, as estimated from U.S.
women’s menstrual bleeding patterns recorded daily on
menstrual calendars, has been timed to occur during the
mid-forties, at a median age of 45.5 years for a popula-
tion of Midwestern white women (3) and 47.5 years as
reported in telephone interviews by participants in the
Massachusetts Women’s Health Study (MWHS) (4). The
duration of the menopausal transition averages 4 years,
but varies widely, with a range of 2 to 7 years and a
median of 4.5 years in the Minnesota (3) and 3.5 years
in the MWHS samples (4).

The Study of Women across the Nation (SWAN) is a
multisite longitudinal study of a multiethnic population of
U.S. women as they make the transition to menopause.
SWAN is designed to characterize the physical and psy-
chosocial changes that occur around the time of the
menopausal transition and to observe their effects on later
risk factors for age-related diseases and health (5). Over
16,000 women between the ages of 40 and 55 years were
screened from 1995–1997, and subsequently 3,302 women
42 to 52 years of age were enrolled in a longitudinal cohort
studied through annual visits and other data collection
efforts for 6 years of follow-up. Of these, 900 women are
participating in a daily hormone study. The data being col-
lected in SWAN include ovarian markers, lifestyle and

behavior indicators, and markers of cardiovascular and
bone health. SWAN, as well as other longitudinal studies
such as the Seattle Midlife Women’s Health Study and the
Melbourne Women’s Health Project (6,7) will elucidate fea-
tures of the menopausal transition stages (5).

Altered Hypothalamic-Pituitary-Ovarian
Function during the Menopausal Transition

Changing cycle regularity patterns are indicators of
menopausal transition; these changes result from a loga-
rithmic decrease in the number of ovarian follicles as
women age. Comparing women aged 45 to 55 years who
were menstruating regularly with women having irregu-
lar cycles and postmenopausal women, Richardson found
that follicle counts decreased dramatically among the
groups, and were nearly absent in the postmenopausal
group (8).

In addition to changes in bleeding patterns and cycle
regularity, elevated gonadotropins are commonly used
indicators of changing ovarian function associated with
the transition to menopause. Sustained increases of folli-
cle stimulating hormone (FSH) occur on average 5 to 6
years and luteinizing hormone (LH) 3 to 4 years before
the last period (9,10). Elevated gonadotropins have been
attributed to both ovarian aging (loss of follicles and
therefore reduced estrogen and the reduction in inhibin
levels that provide negative feedback to FSH) and central
regulation aging (decrease in sensitivity to feedback at the
hypothalamus and/or pituitary). Klein and colleagues (11)
found that accelerated follicular development was asso-
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ciated with a monotropic rise in FSH in women between
40 and 45 years who were still cycling. As women near
the end of regular ovulation, their estradiol levels obtained
during the early follicular phases are higher and their
estradiol levels rise earlier in the follicular phase than
those measured among younger women. As reproductive
age advances, progesterone levels diminish.

Inhibin B levels, but not inhibin A, fall in peri-
menopausal women as FSH levels rise (12). The dramatic
increases in FSH may be responsible for elevated levels
of estrogens during the later phase of the menopausal
transition, producing periods of hyperestrogenism (13).

In a longitudinal study of endocrine changes dur-
ing the perimenopause, Rannevik and associates (14)
measured FSH, LH, estrogens, progesterone, testosterone,
and androstenedione every 6 months, over a 12-year
period from premenopause to postmenopause, in 152
women. Their findings yielded estimates based on vari-
able numbers of observations (24 to 152) and indicated
that the ratio between estrone and estradiol increased,
reflecting the declining follicular steroidogenesis. A
marked decrease in estrogen (particularly estradiol) and
progesterone levels occurred during the 6-month period
around the menopause. Both estrone and estradiol levels
decreased slowly following menopause. Also testosterone
and androstenedione levels decreased around the
menopause.

Women produce androgens in the ovary and adrenal
cortex. Using radio-labeled steroids, Longcope and John-
ston (15) measured metabolic clearance rates, the inter-
conversions of androgens to estrogens, and the peripheral
aromatization of androgens. When measured twice at 2-
year intervals in the same midlife women (n=54), no dif-
ferences were found in metabolic clearance for testos-
terone, androstenedione, estrone, and estradiol for women
regardless of their menopausal status. The conversion of
estrone to estradiol decreased in women who continued to

menstruate over the 2-year period (n=15). The peripheral
aromatization of androstenedione to estrone increased in
all women regardless of their menopausal status (men-
struating to menopausal, and menopausal at both occa-
sions). These findings suggest that metabolic changes occur
prior to menopause, resulting in a lower production of
estradiol with increasing production of estrone.

The adrenal gland secretes a number of androgen
precursors, such as dehydroepiandrosterone sulfate
(DHEAS) and dehydroepiandrosterone (DHEA),
androstenedione, and testosterone (16).

Data from the Melbourne Women’s Health Project,
a longitudinal study of an Australian cohort of women
followed across the menopausal transition, revealed no
significant changes in total testosterone in relation to
changes in menopausal status (17). The free androgen
index [testosterone: sex hormone binding globulin ratio
(SHBG) ratio] increased by 80% from measures 4 years
prior to menopause to 2 years after menopause due to a
decrease in SHBG levels across the period. DHEAS lev-
els declined gradually with age, but did not change in rela-
tion to the final menstrual period in this cohort. However,
DHEAS levels rose transiently in the late perimenopause
in the SWAN cohort (18).

Because of the marked fluctuations in endocrine lev-
els during the menopausal transition, single measure-
ments of FSH or estradiol are not likely to be useful as
indicators of the menopausal transition. To date, men-
strual calendar data remain the most accurate basis for
staging the menopause transition.

THE MENOPAUSE TRANSITION 
AS A TIME OF REREGULATION

Although some authors have emphasized the disregula-
tion of the hypothalamic-pituitary-ovarian (HPO) axis

TABLE 12.1
Ranges of Hormonal Values from Daily First Voided Urine Samples: Comparison of Younger 

Menstruating, Perimenopausal, and Postmenopausal Women*

YOUNGER MENSTRUATING PERIMENOPAUSAL WOMEN, POSTMENOPAUSAL WOMEN

WOMEN 19–38 YEARS OLD CYCLING, 47 YEARS AND OLD 50 YEARS AND OLDER

ENDOCRINE LEVELS (N=11) (N=11) (N=5)

Estrone – mean ng/mgCr 23–60 13–135 3–6
Estrone – peak ng/mgCr 58–237 47–278 —
Pregnanediol µg/mgCr 1.6–12.7 1.0–8.4 —
FSH – mean mIU/mgCr 3–7 4–32 24–85
LH – mean mIU/mgCr 1.1–4.2 1.4–6.8 4.3–14.8

*From Santoro et al, 1996 (13).
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functions occurring with the menopausal transition, it is
useful to consider this period as a time of reregulation of
endocrine function. With the cessation of ovulation, the
ovary produces lower levels of estradiol as the ovarian
follicles are diminished, but this is punctuated by higher
levels of estradiol in response to increasing levels of FSH.
There is disagreement in the literature about the ovarian
production of testosterone and androstenedione during
the transition to menopause. A compensatory increase
in the peripheral aromatization of the androgens
androstenedione to estrone and testosterone to estradiol
may occur during the perimenopausal period, thus sup-
porting reregulation of the HPO axis to a new pattern not
dependent on the ovarian production of higher levels of
estrogen.

Physiologic Consequences of Menopause

Given the widespread physiologic effects of estrogens,
progesterone, and androgens, compensatory changes in
their production necessitate reregulation of the HPO axis
and produce changes in physiologic functioning. In their
extreme form, some of these changes may be associated
with pathology. The physiologic effects of estrogen and
progesterone seen in menstruating women change over the
course of the menopausal transition as estradiol produc-
tion diminishes, progesterone production linked to ovu-
lation ceases, testosterone and androstenedione levels fluc-
tuate, and the proportion of estrone to estradiol increases.

Estrogens and progesterone each have physiologic
effects on an array of functions, including those of the
uterus, fallopian tubes, vagina, and breast tissue. In addi-
tion, gonadal steroids influence bone, lipid, carbohydrate,
and protein metabolism. Both alpha and beta receptors
for estrogen and progesterone mediate hormonal effects.
The cell types in which each type of receptor is functional
have not been clearly demonstrated (19). Some estrogenic
effects are mediated by effects on hepatic protein secre-
tion. In addition, estrogen and progesterone have wide-
spread effects on bone, adipose tissue, and muscle; on
blood clotting, blood pressure, electrolytes, and respira-
tion; and on nervous system and immune system func-
tions, as outlined in Table 12.2.

Contemporary concerns related to the diminished
levels of estrogen following menopause focus on chang-
ing physiology that may be linked to pathology in some
women. To date, extensive research has been conducted
on the effects of hormone therapy on bone, body com-
position, cardiovascular system, lipid metabolism, hemo-
stasis, blood pressure, central and autonomic nervous sys-
tem activity, and uterine and breast tissue.

Concern about osteoporosis has prompted some to
link the decreased production of estrogen after
menopause to changes in bone density. Evidence suggests
that women with higher estrone and estradiol levels have

greater bone density. Moreover, women who have a
higher body mass index (BMI) have greater bone mass
density (BMD). They may also produce higher post-
menopausal levels of estrone and estradiol through arom-
atization (22). Studies of the SWAN cohort revealed that
bone density varies across ethnic groups of women, with
highest BMD levels among African American women and
lowest in Caucasians (23). Serum FSH, but not serum
estradiol, testosterone, or SHBG were significantly asso-
ciated with BMD in this population (24).

The metabolic syndrome (also known as insulin
resistance syndrome or syndrome X) is a clustering of
metabolic abnormalities consisting of glucose intolerance,
high blood pressure, high triglyceride levels, high LDL
levels, hyperuricemia, adiposity, and insulin resistance.
Many aspects of this syndrome are being studied as they
appear or intensify with the transition to menopause.

Weight gain is a concern to most U.S. women, and
during the menopausal transition, women in the Healthy
Women Study experienced an average weight gain of 5
pounds. Nearly 20% gained 10 or more pounds (25).
Women in the SWAN cohort reported similar weight
gains, adjusted for height regardless of whether they had
experienced natural menopause or were premenopausal.
Those who had a hysterectomy were heavier, and those
using hormone therapy were lighter than their counter-
parts. Physical activity and ethnicity had greater effects
on weight than menopausal status or hormone use (26).
Whether weight gain is due to changing ovarian function,
aging, lifestyle factors, or to a combination of these has
yet to be determined. Whether there is a change in body
fat distribution (e.g., an increase in intra-abdominal fat)
is known (27). Postmenopausal women with higher BMI
produce higher levels of estrone and estradiol (28). There-
fore, understanding the metabolic changes during the nat-
ural menopausal transition may provide an important key
to disease prevention efforts.

Rising blood insulin levels during the transition to
menopause appear to be related to weight gain and to
changes in the distribution of body fat. An increase in
waist circumference and upper body fat occurs during the
transition (25,27). Levels of blood insulin are highest in
women with both a higher BMI and increased upper body
fat (27).

Substantial increases in LDL-C levels occur among
women from the pre- to postmenopausal period, but no
effects are apparent on estrogen or testosterone levels and
HDL-C either early or late in the menopausal transition
(29). In studies of women making the transition to post-
menopause, only women with dramatic changes in estra-
diol levels also had changes in LDL and HDL-C (22).
Although the dietary intake of fats and genotype influ-
ence risk of heart disease, data about changes in these fac-
tors over the menopausal transition are incomplete. The
Healthy Women Study results indicated that lipoprotein
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TABLE 12.2
Comparison of Physiologic Effects of Estrogen and Progesterone*

PHYSIOLOGIC EFFECTS ESTROGEN PROGESTERONE

Effects on Sexual Organs
Uterus • Proliferation of endometrium • Stimulates development of secretory

endometrium
• Contractile activities of myometrium • Maintains placental implantation
• Upregulates uterine progesterone • Relaxes smooth muscle

receptor • Downregulates progesterone receptor
• Enhances vascularity of cervix
• Secretion of cervical mucus, clear, 

thin, spinbarkheit
Fallopian tubes • Promotes normal contractile activities • Relaxes smooth muscle
Vagina • Proliferation of epithelium with glycogen 

deposition in superficial cells
Breast • Promotes breast development and • Stimulates lobulo-alveolar growth 

maintenance, especially ductal system along with estrogen
• Increases breast mass

Effects on Metabolism
Liver function • Increased hepatic protein secretion 

(including lipoproteins, clotting factors, 
renin substrate, and binding proteins)

• Increased binding proteins, including:
sex hormone binding globulin, 
corticosteroid binding globulin, 
thyroxin-binding globulin, growth 
hormone binding proteins, and 
ceruloplasmin

• Excretory capacity for BSP, bilirubin, 
bile salts

• Changes in serum transaminase, 
alkaline phosphatase

Lipids • Increases secretion of lipoproteins, • Diminishes secretion of certain hepatic 
VLDL, LDL, and HDL proteins, VLDL, HDL

• Decreases serum cholesterol
• Increases phospholipids

Carbohydrates • Increased insulin secretion • Diminishes insulin action, produces 
• Decreases blood sugar insulin resistance
• Decreases glucose tolerance

Proteins • Increases hepatic protein secretion: • Enhances nitrogen wasting
• Lipoproteins, VLDL, LDL, HDL
• Increases thyroxin and cortisol binding 

globulin
• Increases copper and iron binding 

plasma proteins
• Changes tryptophan metabolism

Bone • Inhibition of bone resorption

General Physiologic Effects
Respiration • Decreases metabolic rate • Enhances hypothalamic respiratory

center, stimulates respiration
Blood clotting • Increases clotting factors, I, II, VI, 

VII, VIII, IX, X
• Accelerates platelet aggregation

(continued)
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(a) levels [LP(a)] increase after menopause (30). Relatively
little change in HDL-C levels occurs during the transition
to menopause (31). Obesity and fat distribution, physical
activity, cigarette smoking, and alcohol intake influenced
HDL-C and its changes during the menopausal transition
(32). Changes in hemostatic factors are of concern due
to their relationship to heart disease. Among participants
in the Healthy Women Study, factor VIIc and fibrinogen
levels increased across the menopausal transition (33).
The ongoing SWAN study will provide data on the car-
diovascular changes (lipids, blood pressure, insulin resis-
tance, clotting changes) occurring as women experience
early and late stages of the menopausal transition and
reach postmenopause.

Changes in blood pressure are of concern due to
their relationship to stroke. Little evidence supports an
effect of menopause on blood pressure. Attention to the
specific effects of estrogen on the arterial wall (e.g., stiff-
ness), is one focus of the ongoing SWAN study.

The effects of menopause on cognitive function are
of interest owing to concern about dementia in aged

women, particularly dementia of the Alzheimer’s type.
(Please also see Chapter 30.) To date, no longitudinal stud-
ies have tracked changes in cognition across the
menopause transition. One component of the ongoing
SWAN study will focus on cognitive changes across the
transition to menopause using measures of verbal mem-
ory, working memory, and cognitive processing speed.

Evidence suggests that estrogen has excitatory
effects on the brain and progesterone has the opposite
effect, diminishing human cortical excitability (33,34).
Little is known about the effects of testosterone on neu-
ronal excitability in women. Animal studies demonstrate
changes in synaptic and dendritic plasticity, with devel-
opment of, and loss of, apical dendritic spine density in
the CAI hypocampal area and ventrimedial hypothala-
mus over the course of the estrus cycle (also see Chapter
6. These changes are mediated by estrogen in the presence
of progesterone (34). Sherwin (35) cites evidence that
estrogen can affect mood by means of: i) reducing
monoamine oxidase (MAO) levels, which leads to
increased serotonin (5HT) levels, ii) displacing trypto-

TABLE 12.2
Comparison of Physiologic Effects of Estrogen and Progesterone* (Continued)

PHYSIOLOGIC EFFECTS ESTROGEN PROGESTERONE

Blood pressure and electrolytes • Increases renin substrate  • Increases sodium excretion by kidney, 
(angiotensinogen) and renin activity decreases proximal tubular absorption

• Increases aldosterone, sodium retention • Lowers blood pressure by relaxing 
• Elevates blood pressure arterioles

Adipose tissue • Increases adipose tissue mass • Enhances fat breakdown
Muscle • Relaxes smooth muscle of the gut and

arterioles
Endocrines • Stimulates pituitary secretion of prolactin

• Increases serum growth hormone
Nervous system • Excites neurons • Sedates neurons
Immune system • Modulates immune response

• Estrogen receptors on T-lymphocytes, 
inhibits cell-mediated immunity in some 
T lymphocytes, e.g., low E2 stimulates, 
CD8+ suppressor, hi E2 inhibits CD4+ 
helper cells

• Cytokines and growth factors: 
low E2 stimulates interleukin-1 (along 
with low P4) E2 inhibits interleukin-1 
production and TNFa

• Data are from Dyrenfurth (20) and Patton et al. (21).
• E2 = Estradiol
• P4 = Progesterone
• TNFa = Tumor Necrosis Factor
• HDL = High-Density Lipoprotein
• LDL = Low-Density Lipoprotein
• VLDL = Very Low-Density Lipoprotein
• BSP = Bromsulphalein
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phan, a precursor of 5HT, from binding sites to plasma
albumin, iii) increasing levels of choline acetyl transferase
and reducing choline acetyl transferase associated with
impaired memory in rats, and iv) enhancing central
norepenephrine availability, sensitizing dopamine recep-
tors, and reducing alpha-adrenergic receptors in rat cor-
tex. Whether the natural menopausal transition produces
clinically significant changes in cognitive function in
humans remains to be determined.

Changes in autonomic nervous system function
across the menopausal transition have begun to be inves-
tigated. To date, investigators have demonstrated differ-
ences in stress response when comparing premenopausal
and postmenopausal women. Postmenopausal women
exhibited greater increases in heart rate during all labo-
ratory stressors when compared to premenopausal
women, with a pronounced increase during a speech task
stressor deemed to be socially relevant to middle-aged
women. Postmenopausal women exhibited greater
increases in systolic blood pressure and epinephrine dur-
ing the speech task, but not in response to other stressors
(36). Subsequent experiments confirmed this effect and
demonstrated that women receiving estrogen therapy had
an attenuated stress response (37).

Concerns about changes in the immune response are
of interest owing to the greater prevalence of autoimmune
diseases among women compared with men. Among
these are thyroid disease, lupus erythematosus, sclero-
derma, and rheumatoid arthritis. The role of estrogen
changes in menopause and immune response is not yet
clear. Evidence suggests that estradiol can modulate
immune response via estrogen receptors on T lympho-
cytes and by modulating cytokines and growth factors
(38–40). To date, no studies document the effects of
menopausal transition on immune function.

Breast cancer increases in prevalence as women age.
Postmenopausal obesity is associated with breast cancer,
and obesity is associated with higher blood estrogen lev-
els (41). Understanding how changes in body weight,
dietary intake, and estrogen levels are related to breast
cancer incidence is needed. Following menopause, breast
tissue becomes less dense.

Symptoms during the Menopausal Transition

The most prevalent symptoms during the menopausal
transition are vasomotor symptoms (hot flashes and
sweats). Between 23 and 38% of U.S. and Canadian
women experience hot flashes and sweats during the tran-
sition to menopause (2,4). In addition, midlife women
experience depressed moods, somatic, neuromuscular,
and insomnia symptoms that are not exclusive to
menopausal transition (42–44). Dysphoric mood and
neuromuscular and insomnia symptoms were stable over
3 years in a predominantly premenopausal sample,

whereas vasomotor and somatic symptoms varied across
time (43). Vaginal dryness occurs in some women fol-
lowing menopause and is related to thinning of the estro-
gen-dependent vaginal tissue. Some women may experi-
ence post-coital spotting or painful intercourse, which can
be prevented with a water-soluble lubricant.

Some evidence suggests that menopausal symptoms
are a culture-bound phenomenon, with women from cul-
tures not influenced by Western medicine reporting few
symptoms or different symptoms (44). For example,
Lock’s work (45) with Japanese women revealed that
their most frequently reported symptom was shoulder
pain, not hot flashes. Moreover, the infrequent reporting
of hot flashes by Japanese women may be attributable to
the high phytoestrogen content of their diets.

Findings from the SWAN study revealed no univer-
sal menopause syndrome consisting of a variety of vaso-
motor and psychologic symptoms. Instead, peri-
menopausal women, hormone users, and women who
had surgical menopause reported more vasomotor symp-
toms but no more psychologic symptoms than their coun-
terparts. Caucasian women reported more psychomatic
symptoms than other ethnic groups, and African-Amer-
ican women reported more vasomotor symptoms than
other ethnic groups of women. These findings suggest that
observations of a “menopausal syndrome” of vasomo-
tor and psychologic symptoms are largely confined to
women seeking care in menopause clinics or consulting
health care providers for distressing symptoms (46).
Nonetheless, for some women, the menopausal transition
may precipitate severe distress. Studies of women attend-
ing menopause clinics reveal a high frequency of symp-
tom-related visits. In a California study, 79% of visits by
perimenopausal women were for physical symptoms such
as vasomotor symptoms and 63% were for depression
(47).

Longitudinal studies of symptoms and their
endocrine correlates have been published recently.
Matthews and associates (48) found that women who
developed hot flashes had lower estradiol levels than those
without hot flashes, but Rannevik and associates (14)
found no correlation between estradiol and vasomotor
symptoms or psychic symptoms. These inconsistent find-
ings may be attributable to reliance on single measures
of endocrine levels (estrogen) in cross-sectional studies or
measures repeated at infrequent intervals in longitudinal
studies that fail to capture a changing trajectory and thus
produce unreliable estimates. The results of longitudinal
studies of menopause suggest that the rate of change in
ovarian hormone levels may be an important factor in
symptom distress. Women in the Massachusetts Women’s
Health Study who had a shorter menopausal transition
(transition from premenopause to postmenopause
occurred over fewer months) were more likely to experi-
ence hot flashes than those with a longer menopausal tran-
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sition (4), but women who had a longer menopausal tran-
sition and who had more severe vasomotor symptoms
were more likely to experience depressed mood during the
transition and after menopause (44). Rannevik and asso-
ciates (14) did find that women who experienced a greater
drop in estradiol around the time of menopause were
more likely to have more vasomotor symptoms, but the
symptom measures in this study were measured once in
an initial interview during 1977–1978 and not assessed
regularly throughout the study. Thus, the temporal link
between hormone levels and symptoms during the
menopausal transition is difficult to interpret. Data from
the Massachusetts Women’s Health Study indicate that
both lower estrone and estradiol levels were correlated
with women’s experiences of hot flashes (15).

Studies of psychologic symptoms during the transi-
tion to menopause indicate a possible transient increase
in symptoms, but the endocrine effects on mood are less
clear. Early findings from the Massachusetts Women’s
Health Study suggested that if menopause were related to
depression, the period of vulnerability would occur dur-
ing the transition to menopause, especially when it was
prolonged. Women experiencing long transitions to
menopause (greater than 27 months) were at greater risk
of depression than those having short transitions, and the
relationship seemed to be explained by increased men-
strual symptoms.  In subsequent analyses, the prevalence
of depressed mood (CES-D scores higher than 16) was
slightly greater in the phase during which women were
skipping periods than in the premenopause or post-
menopause (49). Data from the Melbourne Women’s
Health Study (50) demonstrated no relationship between
menopausal status and negative affect when stress, health
status, premenstrual syndrome (PMS) history, marital,
and lifestyle variables were controlled. They did find a
slightly higher negative affect in the early and late tran-
sition (perimenopause in their terminology) and 1 to 2
years postmenopause when compared with pre-
menopause. For women who were 2 or more years post-
menopausal, the negative affect scores were not signifi-
cantly different from the women in premenopause. These
analyses suggest that if there is a change in the prevalence
of dysphoric mood across the transition, it is likely to be
transient. The Southeast England Study also revealed a
higher incidence of depressed mood in a group of women
who had changed to perimenopause or postmenopause
from an earlier stage. In addition, vasomotor symptoms
were related to the higher depression scores (51).  Analy-
ses of CES-D data from the Manitoba Women’s Health
Study did not support an increased prevalence of
depressed mood during this phase of the transition to
menopause (52). Likewise, the Seattle Midlife Women’s
Health Study data did not reflect a menopause-related
change in patterns of depressed mood over a period as
long as 10 years in some women (53).

In several studies of depressed or dysphoric mood,
minimal evidence associated endocrine changes or
endocrine levels with depressed mood. Rannevik and
associates (14) found no correlation between estradiol
and psychic symptoms. The results of longitudinal stud-
ies of menopause suggest that the rate of change in ovar-
ian hormone levels, not merely the level, may be an
important factor in symptom distress. Rannevik and asso-
ciates (14) did find that women who experienced a greater
drop in estradiol around the time of menopause were not
more likely to have dysphoric mood or depression.

Participants (n=309) in the Massachusetts Women’s
Health Study who provided data about depressed mood,
estradiol levels, and other factors over three occasions 9
months apart did not provide evidence of an association
between depressed mood and menopause transition stage
or with the annual change in estradiol levels. Although
the unadjusted association between estradiol levels and
CES-D scores was negative and statistically significant,
when the adjustment was made for symptoms, the asso-
ciation was not statistically significant. Instead, hot
flushes, night sweats, and trouble sleeping were each pos-
itively associated with the CES-D scores. The results of
this study provided strong support for the domino
hypothesis, which posits that depressed mood is caused
by vasomotor symptoms and sleep problems associated
with changing estrogen levels. This study adds to the body
of literature suggesting that any association found
between menopause and depression is most likely to be
explained by other factors, such as vasomotor symptoms
and sleep problems. Findings also highlight the impor-
tance of studying the complex relationship between hor-
mone levels, sleep problems, and vasomotor symptoms
during the menopausal transition (49).

In the recently reported SWAN cohort data, a higher
rate of psychologic distress was reported (feeling tense,
depressed, and irritable in the previous 2 weeks) among
women in the early transition stage when compared with
women who were premenopausal or postmenopausal
(54). Whether this pattern persists as more women make
the transition to the late menopause transition stage and
postmenopause remains to be seen.

Little information exists about the relationship
between symptoms and endogenous androgen (ovarian
and adrenal) levels during the menopausal transition.
There are current studies of androgen therapy for low sex-
ual desire (55).

Studies of women with PMS link androgens (testos-
terone and DHA) to irritability and other dysphoric mood
symptoms (56), and postmenopausal women treated with
more androgenic progestins [as part of hormone replace-
ment therapy (HRT)] experience more dysphoric mood
symptoms (57). Androgen is currently prescribed for
women with low sexual desire, but data are limited about
its clinical effectiveness and long-term risks.
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Given the association of stress with symptoms, a rea-
sonable explanation for symptoms, particularly dysphoric
mood symptoms, could be found in the stressful nature
of some women’s lives. Longitudinal studies revealed that
women exposed to more stressful events in their lives were
those most likely to experience subsequent dysphoric
mood and vasomotor symptoms (45,51,52,58,59).
Women with the most negative attitudes toward
menopause and aging reported the most perceived stress
and most severe vasomotor and dysphoric mood symp-
toms during subsequent years of follow-up (58–60). What
remains to be determined is whether perceived stress is
related to symptoms through the physiologic mechanisms
of stress arousal and/or through altered ovarian function
during the menopausal transition.

The relationship of physiologic stress arousal to
symptoms during the menopausal transition has been
rarely addressed in the literature. Ballinger (61) found that
chronically stressed women seeking health care had lower
estradiol and cortisol levels than less stressed women. She
attributed the lower cortisol levels to the fact that women
had sought health care for their problems and were cop-
ing with them. Alternatively, women who were highly
stressed could have reached the phase of exhaustion in
which cortisol levels actually declined. Also, measures
may have been obtained at different times of day, thus
introducing the effects of diurnal variation. Although
exposure to stressors that provoke high levels of stress
hormones like cortisol (including starvation, novel envi-
ronments, and intense physical activity) can induce or
interfere with ovulation (62–64), we do not know the
consequences of physiologic stress arousal on ovarian
function and symptoms among women during the
menopausal transition.

Longitudinal studies of midlife women demonstrated
that those with diagnosed chronic illnesses were at
increased risk of depression (4,52). Midlife women with
chronic conditions who rate their health as fair or poor
have more perceived stress and dysphoric mood (59).

Symptoms not related to the menopausal transition,
but relevant to women with neurologic problems include
headache, seizures, cognition, and autoimmune changes
affecting the nervous system. For particular changes in
the clinical expression of these entities, please refer to the
relevant chapters.

HORMONE THERAPY FOR SYMPTOM
MANAGEMENT

Symptom management refers to women’s attempts to
relieve symptoms by initiating self-care and practicing
health-related behaviors as well as by using health ser-
vices and prescriptives from health professionals. Few
investigators have collected data about women’s attempts

at self-treatment. A recent national survey sponsored by
the North American Menopause Society revealed that
women tried exercise, nutritional modification, vitamin
supplementation, relaxation, and alteration of mental
attitude to manage their symptoms (64). Despite women’s
apparent reluctance to use HRT for long periods, no data
indicate the strategies women use for varying types of
symptoms.

Health behaviors also affect HPO axis-hormones
and may accelerate the rate of change in ovarian hor-
mones over the menopausal transition and, in turn,
increase symptom distress. Smoking has been associated
with earlier menopause and thus lower estrogen levels (4).
Single measures of endogenous hormones in serum and
the dietary intake of alcohol, fats, fiber, and caffeine
among 325 healthy Massachusetts women aged 50 to 60
who had menstruated within the past 12 months revealed
that caffeine was inversely related to estradiol and posi-
tively correlated with SHBG (65). In experimental stud-
ies manipulating dietary intake in premenopausal women,
alcohol consumption was associated with increased total
estrogen levels (66), and dietary fiber and fat had indi-
vidual and joint effects on estrogen concentrations. When
diet was changed to low fat (20–25% of calories as fat)
and high fiber (40 g/day) significant decreases occurred
in serum concentrations of estrone, estrone sulfate, testos-
terone, androstenedione, and SHBG, with a trend toward
significant decreases in estradiol. High fiber alone pro-
duced a drop in estradiol and SHBG, whereas fat and
fiber together caused a decrease in estrone sulfate. Dietary
fat independently influenced androstenedione levels.
Increased fiber caused a lengthening of the menstrual
cycle by nearly 1 day and a lengthening of the follicular
phase (67). Exercise has been shown to be associated with
lower hot flash frequency (68) and to have a positive
effect on mood in some studies (69).

Overall fat accumulation increases with age and
with menopause for women (25). Because adipose tissue
can aromatize steroids for the synthesis of estrogen, fat
accumulation may reduce symptoms in women for whom
ovarian estradiol production is declining but also may
increase endometrial hyperplasia and associated bleeding.
Dual-energy, x-ray absorptiometry revealed that post-
menopausal women have greater total fat mass, trunk
mass, and proportion of android fat than premenopausal
women (70). Increased waist:hip ratio, a more specific
indicator of android fat deposition than BMI, has been
associated with increased androgenic hormone profiles
(71) and with elevated cortisol (72) in postmenopausal
women.

Prospective studies show that midlife women use
health services for multiple purposes, often combining vis-
its for prevention and screening with symptom manage-
ment (73). In addition, midlife women are likely to seek
health care for bleeding problems associated with the per-
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imenopause (2). The use of hormone therapy for
menopausal symptoms and prevention is of increasing
interest to health professionals and policy-makers as the
proportion of the population in middle-age increases,
reflecting the large number of baby-boomers.

Prevention of Diseases of Advanced Age

Estrogen (E) was first approved for use by post-
menopausal women during the 1940s, but the prevalence
of estrogen use did not increase substantially until the
1960s, when clinicians prescribed it for relief of
menopausal hot flashes and urogenital symptoms. Dur-
ing the early 1970s, evidence of an increased incidence
of endometrial cancer associated with estrogen therapy
and worries about possible associations with increased
risk of vascular disease (as had occurred with the use of
oral contraceptives) led to a decrease in prescription of
estrogen therapy (74). In the 1980s, clinicians added a
progestin (P) to prescriptions of estrogen therapy to
reduce the risk of endometrial cancer (75). In 1986, the
Food and Drug Association (FDA) approved the use of
postmenopausal estrogen for the prevention and man-
agement of osteoporosis based on evidence supporting the
effectiveness of estrogen in reducing hip and vertebral
fractures (76). Evidence linking the use of estrogen ther-
apy to a reduction in the incidence of heart disease has
introduced yet another indication for hormone therapy:
the prevention of heart disease by use of estrogen or estro-
gen/progestin (E + P) therapy (77).

Despite the promise of new evidence for the protec-
tive effects of estrogen and combined hormone therapy,
caution pervaded the discussion of recommendations for
its use. In 1992, the American College of Physicians
(ACP) advocated careful and separate consideration of
the benefits of the short-term use of hormone therapy for
managing menopausal symptoms and disease prevention
in their “Guidelines for Counseling Postmenopausal
Women about Preventive Hormone Therapy” (78). The
ACP advised a limited course of therapy (1 to 5 years)
for women seeking relief from symptoms such as hot
flashes associated with menopause and recommended
that women of all races should consider carefully using
preventive hormone therapy. At that time, they advised
that those women who had had a hysterectomy would
be likely to benefit from estrogen therapy and have no
need for combined hormone therapy (estrogen and a
progestin). Based on retrospective studies of coronary
heart disease, the ACP recommended that women who
had coronary heart disease or who were at increased risk
of coronary heart disease would be likely to benefit from
hormone therapy and should receive combined therapy if
they had a uterus, unless careful endometrial monitoring
was performed (e.g., endometrial biopsies, aspirations).
Women without a uterus could be treated with estrogen

only. The ACP cautioned that risks of hormone therapy
may outweigh benefits for women at increased risk of
breast cancer. Similar counsel has been offered by the U.S.
Preventive Services Task Force (79), which concluded that
there was insufficient evidence to recommend for or
against hormone therapies for all women.

Over the past decade, three large NIH-sponsored
clinical trials, the Postmenopausal Estrogen and Progestin
Intervention (PEPI) study, the Heart and Estrogen/Prog-
estin Replacement Study (HERS), and the Women's
Health Initiative (WHI) Trial, have altered dramatically
the information about the relative benefits and risks of
hormone therapy for preventing diseases of advanced age.
The PEPI trial examined the effects of estrogen and prog-
estin on LDL and HDL cholesterol levels and other risk
factors. The trial included 875 healthy postmenopausal
women aged 45 to 64 years who had no known con-
traindication to hormone therapy. Those women were
randomized to placebo, conjugated equine estrogen
(CEE), 0.625 mg, CEE 0.625 mg plus cyclic medrox-
yprogesterone acetate (MPA) 10 mg/day for 12 days per
month; CEE 0.625 mg plus consecutive MPA 2.5 mg per
day; or CEE 0.625 mg plus cyclic micronized proges-
terone (MP) 200 mg/day for 12 days per month. Results
indicated that estrogen alone or in combination with a
progestin improved lipoproteins and lowered fibrinogen
levels without adverse effects on postchallenge insulin or
blood pressure. Unopposed estrogen was the optimal reg-
imen for elevating HDL-C. A high rate of endometrial
hyperplasia occurred in the groups that used unopposed
estrogen, thus restricting recommendations for its use to
women without a uterus (80). Women with a uterus who
took unopposed estrogen developed simple/cystic
(27.7%), complex/adenomatous (22.7%), and atypical
hyperplasia (11.8%) more frequently than those in the
placebo group. Ninety-four percent of the women with
hyperplasia reverted to a normal endometrial biopsy after
progestin therapy (81). Women treated with estrogens or
estrogen and progestin gained bone mass at the hip and
spine (from 3.5–5%) over a 3-year period (81). In women
who had a uterus, CEE with cyclic micronized proges-
terone had the most favorable effect on HDL-C and with
no excess increased risk of endometrial hyperplasia. MPA
had no detrimental effects on lipids compared with the
risk for those not taking hormones (80). These findings,
suggesting the beneficial effects of hormone therapy for
cardiovascular risk factors, would contrast sharply with
the effects of hormone therapy in two later clinical trials
focusing on disease outcomes.

The HERS study was a randomized, blinded,
placebo-controlled trial of E + P therapy in post-
menopausal women with documented heart disease
(n=2,763). Women ranged from 55 to 79 years of age,
with a mean of 67 years. After 4 years of follow-up,
researchers noted a higher risk of coronary events dur-
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ing the first year, with unclear benefit after years 3 to 5.
The study was extended in an open-label design (HERS
II) by asking the participants to stay on their study med-
ications (E + P or placebo) after consulting with their
health care providers. A total of 93% of the original
HERS participants continued treatment for an additional
2.7 years, for a mean total of 6.8 years of study (83).

The WHI began in 1993, and includes a set of three
interrelated clinical trials and an observational study in
an apparently healthy postmenopausal sample. At entry
to the study, 7.7% of women had prior cardiovascular
disease. The randomized, blinded, controlled hormone
therapy study included two arms, one using estrogen
alone for women without a uterus (n=10,739) and one
using combined conjugated estrogen and progesterone
therapy (n=16,608). Postmenopausal women between 50
and 79 years old were enrolled (mean age 63.2). The com-
bined conjugated estrogen and progesterone therapy arm
was terminated in July 2002, after an average of 5 years
of follow-up because the overall risks exceeded benefits
(83). The estrogen only arm, the dietary modification
arm, and the calcium and vitamin D arms of the clinical
trials was terminated in 2004. 

To date several findings from the HERS and WHI
studies have modified the thinking about the risks versus
benefits of hormone therapy (conjugated estrogens with
a progestin). The WHI revealed a significant increase in
the risk of coronary heart disease, whereas the HERS
study showed a nonsignificant decreased risk with the
increased risk apparent only in year 1 of the study. The
WHI demonstrated a significant increased risk of stroke
with use of E + P, but the HERS study showed a non-
significant increased risk. Both the HERS and the WHI
study revealed a significant increased risk of venous
thromboembolism and both showed a nonsignificant
increase in the risk of breast cancer. HERS showed a sig-
nificant increased risk of gallbladder disease. WHI
demonstrated a significant decreased risk of colon can-
cer and HERS a nonsignificant decreased risk. WHI
results indicated a significantly decreased risk of hip, ver-
tebral, and total osteoporotic fractures, whereas HERS
showed a nonsignificant increased risk of hip fracture and
a nonsignificant decreased risk of vertebral fracture, but
a nonsignificant increased risk of total fractures. The
increased risks and benefits of E + P therapy persisted
throughout the duration of the WHI and HERS trials.
Breast cancer risk was related to the duration of therapy.
Risk for coronary heart disease and venous thromboem-
bolism was observed during the first year of therapy
(82–85). The estrogen therapy arm of the trial was ter-
minated based on no observed preventive effect on heart
disease in 2004. There were significant increases in the
risk of stroke and significant benefits in osteoporotic frac-
tures. There was no significant difference in other dis-
ease outcomes (86). The WHI ancillary studies, the WHI

Memory Study (WHIMS), and the WHI Study of Cogni-
tive Aging (WHISCA) have indicated that there is no sig-
nificant benefit of estrogen and progestin or estrogen
alone on either dementia or mild cognitive impairment.
Indeed,  there was a significant increase in the incidence
of dementia among women using E + P and a nonsignif-
icant increase among women using E along (87–89).

Based on data from the WHI trial, the HERS stud-
ies, and other clinical trials, the North American
Menopause Society Advisory Panel on Postmenopausal
Hormone Therapy (90–92) recommended that:

• Treatment of menopause-related symptoms (vaso-
motor symptoms, urogenital symptoms such as vagi-
nal dryness) remains the primary indication for
estrogen therapy.

• The only menopause-related indication for progestin
treatment appears to be protecting women from
endometrial hyperplasia induced by estrogen ther-
apy (women without a uterus who use estrogen do
not need to use a progestogen).

• No estrogen or estrogen-plus-progestin therapy reg-
imen should be used for primary or secondary pre-
vention of heart disease; instead, proven heart dis-
ease prevention regimens should be considered.

• Although estrogen and estrogen-plus-progestin are
FDA approved for the prevention of post-
menopausal osteoporosis, other alternatives should
be considered.

• The use of estrogen or estrogen and progesterone
should be considered only for the shortest possible
duration consistent with the treatment goals, risks,
and benefits of individual women.

• Lower than standard doses should be considered;
the Women’s Health Osteoporosis Progestin Estro-
gen (HOPE) trial demonstrated that symptom relief
and preservation of bone density without increased
endometrial hyperplasia could be achieved with
lower estrogen-plus-progestin doses (93–95).

• For women who have severe symptoms, such as hot
flashes, or are nonresponsive to alternative treat-
ments, estrogen or estrogen-plus-progestin can be
considered carefully.

• Alternate routes for the administration of estrogen
and progestin carry unknown risks.

• Individual risk profiles for each woman contem-
plating estrogen or estrogen-plus-progestin should
be considered, and women should be informed
about unknown risks.

In January 2003, the FDA recommended that a
warning be included on all products containing estrogen
advising that extended use could lead to increased risk
of heart attacks, stroke, breast cancer, and life-threaten-
ing blood clots with either estrogen alone or estrogen plus
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progesterone. This warning stresses the importance of the
individual decisions made by women and their health care
providers, and may assist them in weighing the risks and
benefits of such therapy.

Many questions remain to be answered. Among
these are the definition of short- vs. long-term treatment,
the length of treatment for symptom management for
vasomotor symptoms, justification for any long-term use
of estrogen or estrogen and a progestin, use of hormones
for women with premature menopause, methods for
weaning women from hormone therapy, and which
agents other than those tested in the recently reported
large clinical trials are likely to have the same outcomes.

The WHI will continue to assess the long-term con-
sequences of estrogen therapy (E and E + P) in post-
menopausal women for heart disease, osteoporosis, and
breast cancer. (In addition, the use of a low-fat diet and
calcium and vitamin D supplementation will be compared
with the effects of hormone therapy on several disease
endpoints.) Women will be followed for a 10-year period
to assess the effects of hormone therapy along with or in
conjunction with dietary modification and use of calcium
and vitamin D supplementation on a host of disease end-
points, including heart disease, cancer, and osteoporotic
fractures. Ancillary studies will assess the effects of hor-
mone therapy on cognitive function and Alzheimer’s dis-
ease. The science in this field is changing rapidly and bears
close monitoring.

SUMMARY

Menopause is the cessation of menstruation, one com-
ponent of the perimenopausal period, which encompasses
the years of the menopausal transition and the 5 years fol-
lowing menopause. This transition in women’s menstrual
cycles is a marker for physiologic reregulation. Some of
the changes associated with menopause include symp-
toms such as hot flashes and night sweats. A subset of
women may experience more extreme health problems,
such as depression. To date, researchers have focused on
the use of hormone therapies (estrogen and progestin) for
symptom management and more recent work has focused
on the use of hormones to prevent the diseases of
advanced age. Information is incomplete about the long-
term risks and benefits and alternative symptom man-
agement approaches and preventive interventions.
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ging and diseases of the nervous sys-
tem are among the most important
contributors to physical disability
and nursing home admissions in

elderly women. At age 65, the average woman can expect
to live another 19.2 years, whereas at age 85, the expec-
tation is 6.7 years. In fact, the fastest growing age group
in the United States is that of individuals over 85 years
of age, with approximately 70% being women. In the
2000 census, 48% of the 35 million elderly individuals
were more than 75 years of age (1). This age group has
the highest rates of disability and requirements for assis-
tance [Figure 13.1, data from (2)], and the rates are higher
in women than in men. According to the 2000 census,
however, a decline occurred in individuals 65 and older
who were living in nursing homes from 5.1% in 1990 to
4.5% in 2000. The greatest decline occurred in those over
85 years, where 18% were living in nursing homes in
2000, as compared with 24.5% in 1990 (1).

Aging is associated with greater susceptibility to
physical disability and frailty. Frailty has been defined as
those losses of strength, mobility, balance, and endurance
that lead to decreased ability for self-care in the elderly
(3). Frailty is an expansion of the concept of disability as
applied to the elderly. Disability refers to losses in func-
tional performance that result from diseases and alter-
ation in health. It includes the lack of ability to perform
activities in a normal manner, and is concerned with abil-

ities that are generally accepted as essential components
of everyday life—personal care, activities of daily living
(ADLs; dressing, washing, eating, toileting, bathing), and
locomotor activities (4).

The disability model is important to the concept of
frailty, because it is based on an orderly development of the
physical problem. Disability develops over time, starting
from risk factors that lead to pathology or impairment,
causing functional limitations and disability that result in
handicap within society. Frailty adds the additional element
of age. Increasing age leads to a decreasing capacity for the
adaptation to and compensation for existing problems. As
an example, an older woman who fractures a hip may not
be able to use crutches and may have trouble using a man-
ual wheelchair to get around, which would not be the case
for a younger individual. Age-associated changes including
less strength, slower reactions, and poorer posture, among
others, adversely affect the process of recovery. Young indi-
viduals have enormous functional capacities and reserves
for their activities. Illness or disability can usually be over-
come by using part or all of that reserve. In the elderly, the
reserve is diminished, thus permitting a narrower range of
adaptation to illness, injury, changing health, or environ-
mental factors. Aging of the nervous system makes a sub-
stantial contribution to the loss of functional reserves and
declining adaptability. Greater focus on these declines can
minimize the long-term consequences of aging and poten-
tially prevent or treat the development of frailty.
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A clear concept of disability is required to understand
the neurology of frailty. Neurologists typically consider dis-
ease processes by systems: pyramidal, extrapyramidal,
cerebellar. For frailty, it is necessary to examine broader
functional concepts that reflect how the elderly perform,
e.g., gait, ADLs, falls, and incontinence. This functional
orientation is important because disability is seldom a
result of a single problem, but reflects multifactorial dys-
function from multiple medical and neurological abnor-
malities that may or may not be related to disease. Age is
an added consideration because it leads to declining func-
tion in essentially all body organs, including the nervous
system. In some situations, the distinction between disease
and aging can be difficult to determine. For this reason,
gerontologists often will distinguish between primary and

secondary aging, in which the latter considers the impact
of disease on the aging process (5).

Women have a greater rate of frailty with increas-
ing age than men. In part, this can be attributed to the
longer life expectancy of women, particularly in the pres-
ence of chronic diseases including neurologic disorders.
Verbrugge (6) has noted that women tend to have more
chronic diseases, whereas men succumb to acute disease.
The distinction implies that whereas women are more
robust, men who survive tend to be somewhat healthier.

A number of factors contributes to functional dis-
ability and the development of frailty, as shown in Table
13.1. The table is not complete, nor is it meant to be. I have
divided contributing factors based on how they impact on
functional capability. The nervous system has important
impacts at each of the levels described. The divisions are
somewhat arbitrary, but are an attempt at an orderly
sequence of factors that contribute to frailty. Environmen-
tal and social factors have an enormous impact on func-
tioning in elderly women. During a long life, friends and
family die or move away, so that an older woman may live
by herself with little public contact. At the same time, she
will develop chronic diseases that will further limit her abil-
ity to interact with others and her environment. Similarly,
aging is associated with gradual declines in homeostatic
mechanisms that maintain most body systems and directly
affect functional capability. An example of a homeostatic
mechanism is the role of the autonomic and cardiovascu-
lar systems for the maintenance of blood pressure in the
upright position, a necessary position for mobility. In addi-
tion, the mechanisms are directly dependent on the pres-
sor and depressor actions of the ventral lateral medulla,
which are dependent on the maintenance of peripheral ner-
vous system afferent nerve fibers, more rostral nuclei, and
cortical functions (95). In general, the nervous system is
directly involved with aging in most homeostatic systems.
Body systems involved directly with movement change with
age, with loss of muscle mass, declining nervous system
ability to sense the environment, alteration in postural bal-
ance and stability, and changes in bone structure with
greater risks of fracture. Together, these systems allow the
body to develop strength, coordination, endurance, and
movement. Each patient must be understood in regard to
the factors that led to her disability. In some women, the
treatment of disease is what is needed. In others, social,
environmental, or the address of aging changes will be more
important. This chapter reviews aspects of neurologic
changes with age, particularly those neurologic diseases
that contribute to increased risk for frailty.

AGING IN WOMEN

With increasing age, most neurologic systems show
changes in both women and men. Data from the National
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FIGURE 13.1

Disability rates in women and men from 1979–1980 (from ref-
erence 2) for a variety of activities including going outside,
walking, bathing, dressing, using the toilet, getting in and out
of bed or chair, and eating. The rate of disability rises rapidly
after age 75, to where over 25% of women over the age of 85
have difficulties going outside.
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Institute on Aging’s Baltimore Longitudinal Study of
Aging (BLSA), a 45-year longitudinal study of men and
women across the adult life span, shows that increasing
age is associated with physiologic and biochemical
changes in the many systems critical for functional inde-

pendence (Figure 13.2). The age changes occur at vary-
ing rates and are not necessarily linear. Thus, different
body systems age at different rates, and different parts
of the nervous system age differently. Even within the
auditory system, the physiologic consequences of aging
are different in different parts of the organ of Corti (7),
and are different according to gender (8). This can be seen
by differences in the rate of hearing loss for different fre-
quencies. The hearing of high frequency tones begins to
decline in the thirties, with only small changes in the
speech frequencies. The speech frequencies become
involved in the fifties and sixties. Women lose their hear-
ing at a somewhat later age than men, but the time course
of change is similar. A great deal of variability occurs in
the rate and extent of presbycusis. In fact, as individuals
age, these variations become increasingly diverse. This is
true for hearing and other physiologic, psychologic, and
biochemical functions. The age changes shown in Figure
13.2 affect each woman at a different rate and to a dif-
ferent extent, and do not uniformly affect all systems to
the same extent. For most measures, the best performing
elderly woman cannot achieve the maximal levels of
young adults. In most, there is an associated alteration
in motor performance and in the ability to perceive the
environment.

Age Changes in Muscle Strength

Women tend to be 30 to 40% weaker than men at all
ages. Age-associated losses of strength are not confined
to the elderly but may begin at relatively young ages

TABLE 13.1
Factors and Diseases Associated with Frailty

Environment
Lighting
Noise
Driving
Ground composition
Temperature
Trauma

Social
Isolation
Depression
Economics

Disease
Arthritis
Heart disease
Stroke
Alzheimer’s disease
Parkinson’s disease
Peripheral neuropathy
Pulmonary disease

Homeostatic Mechanisms
Cardiovascular
Pulmonary
Autonomic
Endocrine
Nutrition/metabolic
Inflammatory

Body Systems Involved with Movement
Muscle
Nervous system

Central nervous system
Peripheral nervous system

Bone/cartilage
Joint
Sensation

Vision
Hearing
Proprioception
Vestibular

Physical Abilities
Strength
Coordination
Movement speed
Endurance

Consequences
Frailty
Falls
ADL
IADL

Physiological Changes with Age in Women—
Baltimore Longitudinal Study of Aging
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Physiologic changes with age in women from the Baltimore
Longitudinal Study of Aging referenced to levels observed in
20- to 30-year-old women.
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(9–17). The rate of decline increases with age, particularly
after 50 years. In six studies that measure either concen-
tric strength (strength generated during muscle shorten-
ing) or isometric strength (strength generated without
muscle shortening) (Figure 13.3), there is a trend towards
strength declines by the mid forties. By this age, 10% of
the muscle strength observed in 20-year-olds was already
lost. Up to 60% or more of strength was lost by age 80
to 90 years.

The effects of such losses are greater in women, since
women start at a lower strength level. The relationship
between muscle strength and function in healthy individ-
uals shows a linear relationship up to a certain strength
level and then plateaus. Kwon et al. (96) found that women
occupy the linear part of this relationship, so that their
functional capability is directly dependent on their mus-

cle strength. The plateauing of performance in relationship
to strength or fitness has been called functional reserve,
which is defined as a level of physical fitness (frequently
considered in relation to muscle strength) beyond which
further increases in fitness do not lead to further improve-
ments in physical function (97). Since muscle mass and
strength decline by as much as 50 to 60% with increasing
age, functional reserve should decline, thus contributing to
increased frailty. The 60% loss may put many women at
a level where functional disability occurs as a function of
strength (18), leaving little reserve when other processes,
such as illness, intervene.

The strength loss results from muscle mass loss,
which has been called sarcopenia. Sarcopenia emphasizes
changes in the elderly (19) and ignores changes that may
occur across the adult lifespan. Baumgartner et al. (98)
define sarcopenia as having muscle mass greater than two
standard deviations below the average mass for young
adults; they found that approximately one-third of
women 70 to 80 years of age, and 45% of women greater
than 80 years of age were sarcopenic. In addition to mus-
cle mass, muscle composition changes with age, with a
decline in the number of muscle fibers. Associated with
this are losses of type 2 muscle fibers in some studies
(20–22) but not in others (23,24). These type 2 fibers are
the fast twitch fibers required for explosive power (as
illustrated by their higher percentage in sprinters and
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FIGURE 13.3

Age-associated loss of strength (from references 10,13–17),
where strength was expressed as the percentage of what was
observed in 20-year-olds in each study.
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FIGURE 13.4

Phases of changing muscle strength in adult women. Cross-
sectional arm and leg strength measurements from women who
participate in the BLSA are plotted by age. We observe four
phases of changes in muscle strength during the adult lifespan.
Phase 1 is characterized by reaching maximal strength and per-
formance. During Phase 2, subtle declines in strength begin
to appear and may differ by muscle groups and extremities.
Phase 3 shows clear declines, but the rate of loss may be slower
than in Phase 4, where the rates of decline accelerate.
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power lifters) (25,26). They are larger than type 1 fibers
and generate relatively more force per fiber. Type 2 fibers
tend to be recruited late in the development of strength,
when maximal levels of force generation are required.

The alteration in muscle structure and neural inner-
vation (see next section) lead to changes in muscle qual-
ity, which is characterized as the force generated per unit
of muscle mass. Age changes in fiber type composition
can result in differences in strength per unit of muscle and
could potentially explain some aspects of decreasing mus-
cle responsiveness, strength, and power, and changing
movement control with age. The changes can result in a
loss of fine movement control, gait and posture instabil-
ity, and alterations in other physical functions.

In our work from the BLSA (27), age-associated loss
of strength in women seems to be directly tied to the level
of muscle mass, whereas in men, other age factors are also
important. Recently, the role of estrogen on maintaining
strength has been raised. Phillips et al. (28) found that post-
menopausal women on hormonal replacement were
stronger and showed less change in strength than untreated
postmenopausal women, but the direct effect of
menopause on strength is unclear. Two points against the
hypothesis are that the time course of change is similar in
both genders and begins before the menopause, and most
studies do not find a specific acceleration in strength in
women at or immediately after the menopause. Our stud-
ies of concentric isokinetic strength in the BLSA women,
found declines beginning in the twenties and thirties in con-
centric strength in elbow flexors and extensors and knee
flexor and extensors. The rate of change with age was sim-
ilar in both genders through middle and old age.

Based on an examination of the time course of
strength loss, muscle mass, peripheral nerve function, and
changes in reaction and movement times, the adult life
span can be divided into at least four phases (Figure 13.4).

• Phase 1: Early Adulthood: Attaining maximal phys-
ical potential. This phase is reached between 20 and
35 years of age, when maximal strength and per-
formance is achieved. Routine daily activities are
easily done and with no limitations.

• Phase 2: Late Early Adulthood: The beginning of
change. This phase occurs between 30 and 45 years
of age. Subtle changes begin in functional capabil-
ity, with slight losses in muscle strength and slow-
ing of reaction and movement times. The changes
are most apparent in maximal performance. High
levels of performance can often be maintained by
compensating through altered mechanics of perfor-
mance. Causes of the declines are not clear and are
related primarily with aging. Diseases are not impor-
tant factors during this phase.

• Phase 3: Middle Age: Slow declines. This phase
occurs between 40 and 65 years of age. Declines are

clearly apparent in the maximal functional perfor-
mance, even in the fittest individuals and even with
the greatest degree of compensation by using alter-
native strategies to maximize capabilities. Some indi-
viduals begin to experience functional difficulties
with daily routines. During this phase, woman go
through menopause. Diseases become apparent,
contributing to functional incapacity.

• Phase 4: Older age: Dramatic and large losses of
muscle strength, which may reach significant levels.
This phase begins between 60 and 70 years of age.
Muscle strength losses are more rapid. In women,
the extent of strength loss may be enough to lead to
functional disability. The changes in this phase are
related to sarcopenia and intercurrent disease. Dis-
ease becomes increasingly important as functional
capability and compensation become limited.

The time course of change suggests that different fac-
tors are at play during the different phases of a woman’s
life. Furthermore, the expectations for performance are
different. In young healthy women, there are few issues
regarding ADLs and instrumental IADLs. By middle age,
performance is not as good, and work-related injuries can
have a major impact on continued occupation. In old age,
the focus becomes ADLs and IADLs. In general, there is
little concern about high-level performance in the elderly.
Such differences in performance and expectation lead to
differing focuses by physicians on what type and level of
interventions are valuable.

Nerve Function

With age, a decrease in the number and size of the motor
neurons, along with a slowing of nerve conduction veloc-
ity occurs (99). Nerve conduction velocity declines by
about 10% from the twenties through the eighties
(29,30). The age changes in nerve conduction velocity are
directly related to muscle strength, which in part is inde-
pendent of muscle mass and age (105). Since the measured
velocity is determined by the largest alpha motor neurons
that innervate muscle, the decline implies losses of, or
changes in the largest neurons.

More recent techniques allow for the direct exami-
nation of the motor unit. Campbell, McComas, and
Petito (31) reported that after age 60 years, a marked
decline occurred in the number of motor units. In the
biceps brachii, Brown, Strong, and Snow (32) estimated
that individuals less than 60 years of age had an average
of 911 motor units, whereas in older subjects, the aver-
age was 479 (a 47% decline). Doherty and Brown (33)
found a 52% decline in thenar units over the adult life
span. Doherty, Vandervoort, and Brown (34) summarized
the changes in motor units with age and found declines
of 50 to 80% in thenar muscles, 50% in hypothenar mus-
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cles, and declines in extensor digitorum brevis of more
than 40% over the adult life span (although most of the
studies do not include subjects over 80 years of age).

The effect of the loss of motor units on the central
nervous system (CNS), and vice versa, is not understood,
nor are the effects on functional performance. It is clear
that the number of functional motor units will change
after primary damage to the CNS, as may be seen with
the loss of functional motor units in hemiplegic patients
after stroke. The importance of the CNS on the
nerve–muscle interactions is also reflected in develop-
mental biology, where the isolation of the motor units
from spinal influences alters the development of slow but
not fast muscle fibers (35).

Taken together, the evidence suggests an important
role for a changing nerve–muscle relationship in the devel-
opment of sarcopenia. Reorganization of the motor units
results in fewer but larger motor units, and may cause the
shift in the proportion from fast to slow muscle fibers.
Together, the nerve reorganization is likely a contributing
factor to the loss of muscle mass and changes in fine
motor coordination.

Age Changes in Movement

Slowing of reaction and movement times occurs through-
out the adult life span. Women have longer reaction times
than men throughout their adult life for both simple (tap
a button when you hear a sound) and complex responses
(tap the button when you hear a lower pitched sound)
(36). One possible explanation is the appearance of
parkinsonian features in elderly subjects with the appear-
ance of decreasing spontaneous movement, a forward
bend in the posture with kyphosis, a decreasing arm
swing, and gait irregularities. No consistent pattern is
observed. In general, these changes are not felt to be
Parkinson’s disease because the clear clinical features of
the disease are not consistently present. Increasing age is
associated with losses in the nigrostriatal dopamine sys-
tem (101). These changes begin in young adulthood and
linearly decline with age. The parkinsonian-like features
are likely to represent manifestation of the lifelong change
in the basal ganglia.

An alternate explanation is that changes occur as a
result of a changing cortical control of movement. Older
subjects, and particularly women, are more concerned
with the accuracy of their movements. In a simple tapping
task, where subjects were required to go back and forth
between two circles, Brogmus (37) found that women
tend to have slower and more accurate movements trying
to touch the center of each circle to minimize errors,
whereas men are willing to sacrifice accuracy to gain time
by touching just inside the circumference. The planning
strategies in this test were clearly different based on gen-
der. In a somewhat different task, however, Morgan et

al. (38) found that the accuracy of movement was the
same in the elderly whether movements were slow or fast,
and that movements were associated with a jerkiness not
present in younger subjects. Thus, changes in movement
accuracy in part are task dependent and in part are asso-
ciated with age-associated changes that slow and reduce
the accuracy of the movements. These findings suggest
differential gender- and age-determined strategies for pat-
terned or predetermined movements. From a practical
level, the changes in movement speed and accuracy fur-
ther restrict the ability of elderly women to adjust in the
presence of chronic health problems. Health problems
that would be minor for younger women can lead to
major functional incapacity in older women.

Gait and Postural Stability

In aggregate, the previous discussion suggests that older
women are weak, have slowed reaction to environmen-
tal factors, and slow deliberate movements. Together,
such changes may impair gait and balance. Both activi-
ties are complex motor control processes that utilize sev-
eral neurologic systems, so that multiple factors can con-
tribute to age-associated changes. Gait disturbances are
common in the elderly: one-quarter of a 79-year-old
cohort in Göteborg, Sweden required mechanical aids in
walking (39), and 40 to 50% of nursing home residents
had gait difficulties (40). Changes in gait are easily
demonstrated using a timed gait—the time required to
walk a given distance. In our experience, changes begin
in the early fifties in healthy women and men (Figure
13.5). Guralnik et al. (41) have shown that a timed 8-foot
walk is a strong predictor of functional disability in
elderly subjects. Imms and Edholm (42) found that the
slowing of gait is related to a variety of diseases to a
greater degree than advancing age, but the changes also
occur in healthy elderly women (43). These studies
focused on the elderly and do not explain the changes in
gait speed occurring in middle age. The diminution in
speed was associated with a shorter stride, broader base
of support, more time spent with both feet on the floor,
and less time in a one-footed stance, although Rubino
(44) noted that senile gait in women is characterized by
a narrow gait with increased side-to-side movement.
Wolfson et al. (45) have reported that gait differences in
stride length and walking speed differed between those
nursing home residents who do or do not fall. Most gait
disorders in the elderly are attributed to neurologic or
orthopedic disorders (46,47) but these problems cannot
explain the decrease in speed seen during middle age.

The changes in gait can be explained in part by loss
of muscle strength (48), but other factors are also con-
tributing. The basal ganglia may play a central role. Stud-
ies of the basal ganglia suggest that loss of dopaminergic
neurons in the substantia nigra begins early in adult life
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and continues through adulthood (49,50). This may
explain many of the behavioral changes in motor perfor-
mance that begin in the twenties and thirties. The
dopaminergic model of motoric aging has been advanced
by Joseph et al. (51), based on animal models. Such
changes may result in senile gait that has been described
in the elderly. This pattern of movement is characterized
by its parkinsonian quality with a stooped posture, ele-
vation of arms, and short steps. The gait pattern usually
appears in the sixties and seventies, but is not universal.
It is distinguished from Parkinson’s disease by the absence
of rigidity, prominent bradykinesia, and tremor. The time
course for the development of senile gait has not been
studied. Using a simple timed gait, the decreases begin-
ning in the speed of movement starting in the fifties for
both women and men are associated with a decrease in
stride length. Neurologic disorders that can lead to gait
disorders include bilateral frontal lobe disease with
apraxia of gait, pyramidal disorders with spasticity,
extrapyramidal disorders with Parkinson’s disease, cere-
bellar disorders with gait ataxia, myopathy, neuropathy,
and hysteria (44).

Balance is the ability to maintain an upright posture.
It is essential for standing, sitting, turning, reaching,
walking, and running. Balance is multifaceted and
includes maintenance of posture and control of the cen-
ter of gravity (52). The orderly process of maintaining
balance requires at least the following: detecting body
sway, determining appropriate corrective movements,
and actively bringing the body back to a stable position
(53). These steps require the integration of vestibular,

visual, proprioceptive, tactile afferent systems, spinal and
supraspinal integration of the incoming information, and
appropriate activation of motor responses to meet these
demands. Most of these actions are time-dependent, yet
each of the sensory systems becomes less sensitive with
age, and the motor systems are slower to respond (54).
Taken together, elderly individuals, both women and
men, show increasing body sway, a less secure base of
support, and greater dependence on sensory cues from
vision (55), vestibular, and somatosensory systems.
Simoneau et al. (56) showed the importance of visual cues
on postural steadiness in 55 to 70-year-old women. Some
gender differences have only been observed in older sub-
jects. For example, Wolfson et al. (57) found that older
women performed poorly on the initial dynamic postur-
ography trial, with inaccurate visual and somatosensory
inputs, but by the third trial, they performed similarly
to men. In addition to changing motor control, loss or
alteration of multiple sensory inputs are an important
contributor to the changes in balance that occur with
increasing age (58).

Age Changes in Sensory Perception

Age changes in sensory perception occur along with those
seen in the peripheral motor nerve. All senses may be
affected, but the extent of deficit or rate of deterioration
differs among sensory modalities. Gender differences have
been found in the rate of loss of hearing. Increasing age
is associated with a gradual sensorineural impairment in
hearing that starts with the higher frequencies and
involves the speech frequencies in older ages. Women tend
to retain their hearing better with age than men, but by
age 80, almost half of women have mild to moderate
hearing losses. The cause of presbycusis (sensorineural
hearing loss that occurs with age, independent of disease)
is not entirely understood. Most interest has focused on
the organ of Corti, where changes occur in the structure
and function of the hair cells. Changes also occur in the
efferent pathways, as reflected by changes in acoustic
reflex. The acoustic reflex threshold measures the relative
changes in middle ear compliance by reflexive contrac-
tion of the stapedius muscle to an auditory stimulus (59).
At present, most of the deterioration is believed to be
peripheral rather than central in origin. Four types of
presbycusis have been described:

• Sensory loss begins in middle age and shows slow
progression with a high-tone deficit. The primary
pathology is atrophy of the organ of Corti.

• Neural loss occurs at any age and is characterized
by poor speech discrimination compared to pure
tone thresholds.

• Vascular loss occurs between the third and sixth
decade and is progressive, resulting in a flat audio-
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Time to walk 50 feet at a normal gait speed from participants
in the BLSA. Subjects were asked to walk 25 feet in a hospi-
tal corridor, turn around, and walk back. The dashed line and
solid circles are data from women and the solid line and open
circles are data from men.
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gram and preserved speech discrimination. The stria
vascularis shows partial or diffuse atrophy.

• Mechanical loss is caused by loss of elasticity in the
basilar membrane (60).

Vision appears to be more stable in the absence of
pathology (cataracts, retinal degeneration), but changes
in vision typically begin in the forties with the need for
reading glasses, greater luminence and declines in contrast
sensitivity.  Analysis from the Longitudinal Study of Aging
found that visual impairment in the elderly (average age
75 years) was associated with a 1.37 times probability of
increasing disability in ADLs over a 4-year period, com-
pared with subjects without visual impairment. In the
same study, hearing impairment was associated with
increased disability in ADLs (RR=1.34), but not after
adjusting for chronic health conditions (e.g., hypertension,
vascular disease, arthritis) and demographic variables
(61). The causes of senile changes in vision are primarily
related to the eye and include change in color of the
cornea, cataracts, glaucoma, and retinal degeneration,
diabetic retinopathy, and age-related declines in the pupil
diameter. Neurologic disorders also include ischemic and
compressive injuries to the optic and oculomotor nerves.

Changes in vision and hearing adversely affect physi-
cal and emotional stability in elderly women to a greater
extent than men. Since women tend to outlive their spouses,
they often live alone and become socially isolated. Hearing
and visual losses compound the problem by restricting the
elderly individual’s ability to adapt to her environment, par-
ticularly when it changes. In some instances, increasing social
interactions can have a positive effect on functional ability.

Age Changes in Cognition and Memory

Cognitive declines are frequent with aging, although some
cognitive processes improve with healthy aging. For
example, vocabulary scores on the Wechsler Adult Intel-
ligence Scale continue to increase as individuals become
70 or even 80 years of age. Most cognitive processes show
some decline. In particular, verbal and spatial memory
functions tend to decline. In addition, there is a slowing
in the time it takes for older subjects to search and retrieve
memories, which is often referred to as bradyphrenia.
Such slowing can adversely affect functional independence
in IADLs and mobility and may limit driving ability.

The time course of cognitive performance has been
found to differ between healthy subjects, and those who
will subsequently develop Alzheimer’s disease. In one
study, Zonderman et al. (62) found that BLSA subjects
who subsequently developed Alzheimer’s disease began
to show early measurable cognitive changes 10 to 20
years prior to the diagnosis. This suggests that transitions
from normal to pathologic cognitive performance have
a long and slow process.

Evidence from observational studies suggested that
estrogen replacement therapy in postmenopausal women
can be associated with improvements in memory, reac-
tion time, attention, and a reduced risk for the develop-
ment of Alzheimer’s disease in postmenopausal women
(63–67). However, results from the recent randomized
trial, Women’s Health Initiative Memory Study
(WHIMS) did not find estrogen to be protective against
cognitive changes or dementia (68–70). However, Hen-
derson et al. (71) have found that early use of estrogen
following menopause may be advantageous, a question
not addressed in the WHIMS.

Hormones and Other Circulating Factors

Circulatory mediators act on muscle to maintain and mod-
ulate homeostasis. These include hormones, growth fac-
tors, inflammatory factors, and protein synthesis activators
that function separately but not necessarily independently
from the neuromuscular system. Hormones important to
this process include growth hormone (72), corticosteroids
(73), and androgenic steroids (74,75). These factors are
important for the maintenance as well as hypertrophy and
hyperplasia of the muscle, whereas the neuromuscular sys-
tem is responsible for the movement. Phillips and colleagues
(28) have recently noted that, as women go through
menopause, the use of hormone replacement helps to main-
tain muscle strength. Currently, there is interest in the
potential use of growth hormone to increase muscle
strength in the elderly (76). Blackman et al. (102), in a ran-
domized trial, found that, in women, growth hormone or
growth hormone plus estrogen replacement increased lean
body mass and decreased body fat, but did not affect
strength or endurance. As more information becomes avail-
able, hormonal replacement strategies may prove useful in
modulating functional loss in the elderly.

The interest in the role of inflammatory and blood
clotting factors in the development of frailty has increased
in recent years. A direct relationship has been observed
between the level of serum inflammatory and clotting mark-
ers (e.g., C-reactive protein, factor VIII) and frailty status
in the elderly (103). At what point in the process of frailty
and sarcopenia that inflammation becomes important and
is, at present, not known. The inflammatory process is likely
to represent a set of common end pathways that are acti-
vated by a variety of disease processes. With advancing age,
a decline in the body’s capability to manage any deleteri-
ous effects from these pathways is likely impaired.

DISEASES

Many neurologic disorders can contribute to the develop-
ment of frailty. The most common are stroke, dementia, and
Parkinson’s disease (77). Frailty can occur with any one of
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these processes, but as a general rule, these diseases repre-
sent only one part of a complex of health-related problems
that lead to disability. The complexity can be seen in the fac-
tors that contribute to falls (78,79). Myers et al. (78), in a
comprehensive review, list nine categories associated with
falls, including general physical functioning; gait, balance,
and physical performance; musculoskeletal and neuromus-
cular measures; demographic factors; sensory impairments;
medical conditions; indicators of general health; medication;
and psychologic, behavioral, social, and environmental fac-
tors. Although diseases, including stroke, dementia, and
Parkinson’s disease, are important to the occurrence of falls,
the physician cannot restrict her investigations to just the
medical issues to maximize the plan to prevent future falls.
Similar issues occur for many of the frailty-related medical
conditions that occur in elderly women.

Stroke

Stroke is a leading cause of disability in elderly women.
The incidence and prevalence of stroke increase with age
in both women and men. It is the third leading cause of
death in people over age 65, and the second leading cause
over 85 years of age. Throughout much of the twentieth
century, the incidence and death rates have been on the
decline, and the decline has been greatest in women (80).
Increasing age is associated with a greater likelihood to
develop a severe disability (81), and older individuals are
at a higher risk to develop dementia than are stroke-free
individuals of the same age (82). See also Chapter 17.

Depression

Depression is frequently seen in the elderly and has been
reported in 12 to 15% of community-dwelling women and
a higher percentage of nursing home patients (83). The dys-
phoric mood characteristic of depression is often not rec-
ognized or reported by elderly patients and can be charac-
terized by subtle changes that are easily missed on
examination. Part of the difficulty in its recognition is that
depression in the aged is associated with increasing health,
cognitive, and functional problems (84) that frequently
mask the underlying dysphoric mood.  The presence of
depression can have a major contribution to frailty by
impairing mobility, functional independence, and cognitive
performance (85). The concurrence of depression and cog-
nitive dysfunction can lead to a diagnosis of dementia, but
with treatment, the cognitive dysfunction may reverse and
produce a positive influence on functional disability. See
also Chapter 31.

Dementia

Dementia is the most common cause of nursing home
admission in elderly women. Associated with the cogni-

tive problems, functional disabilities become manifest in
ADLs, IADLs, and mobility. Changes in mobility typically
occur late, so that during early and moderate stages, the
woman must be watched because of poor judgments in
their actions, which can result in injuries to themselves
and others. Such problems require close supervision from
caregivers and eventually lead to nursing home place-
ment. See also Chapter 30.

Parkinson’s Disease

Parkinson’s disease is another common neurologic con-
dition that adversely affects functional independence in
elderly women. The prevalence rate is about 2% of the
elderly population, and 2.4% of women who have shown
moderate or greater impairment in the Women’s Health
and Aging Study, and 7% for those women receiving help
with ADLs (86). The diagnosis can be particularly diffi-
cult in elderly women who may have extrapyramidal fea-
tures related to aging and is complicated by other health
problems. Furthermore, the physical examination may
underestimate or overestimate the functional capabilities
of the Parkinson’s disease patient. See also Chapter 23.

PREVENTION

The prevention of frailty in any woman requires address-
ing one or more factors that can contribute to the devel-
opment of disability. Table 13.1 contains a partial list of
these factors. Current directions in frailty prevention have
focused on habits, diet, bone maintenance, fall preven-
tion, and physical activity, but a number of other factors
are equally important, including prevention and control
of acute and chronic diseases.

Diet recommendations have focused primarily on
cardiovascular risk through low fat diets, weight control,
and dietary calcium. A low fat, calorically controlled, low
salt diet can decrease heart disease, hypertension, and
possibly stroke. The same diet can also reduce the risk for
some cancers. Dietary calcium is important for bone
maintenance and may decrease hip fracture risk. The cur-
rent recommendation for dietary calcium for women has
been increased to 1,500 mg. In elderly women, an added
problem can be loss of appetite and malnutrition. The
malnutrition can result from social problems including
depression, isolation, and poverty. However, loss of the
hunger drive and early satiety limit caloric intake, result-
ing in loss of body weight, protein, and lean body mass,
and increasing frailty.

The role of hormonal replacement therapy (HRT) in
postmenopausal women (see Chapter 12) has taken a dra-
matic change over the last several years. HRT was
thought to be effective in decreasing the risk for cardio-
vascular diseases, improving the lipid profile, maintain-
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ing bone density with decreased risk of hip fracture, and
decreasing the risk of Alzheimer’s disease. Recent reports
have found that estrogen with progesterone increases the
risk for breast cancer, is associated with an increased risk
of thrombosis, and does not protect against coronary
artery disease. It has been shown to decrease the risk of
hip fractures, although other treatments appear to be
safer (104).

A growing body of literature shows the value of
exercise and increased physical activity for the prevention
of disability and frailty. Fiatarrone et al. (87,88) have
demonstrated that exercise in 90-year-old nursing home
residents can lead to significant improvements in mobil-
ity and self-care. Exercise programs using both aerobic
and resistive (weight lifting) methods have been shown to
have in community-dwelling elderly women and men
(89–91) a positive impact on quality of life and improve-
ment in cardiovascular fitness (92). Furthermore, exercise
leads to an overall increase in quality of life and well-
being. Neither improvement in strength nor cardiovas-
cular fitness are required for an exercise program to
improve quality of life, as has been seen with the use of
tai chi (93) and yoga (92). None of these approaches leads
to overly trained elderly, but rather they help to main-
tain a woman at minimal to moderate strength levels
while promoting independence. The key is to encourage
physical activity at all ages. Increasing physical activity
leads to improved mobility, independence, and quality
of life. Prolonged bed rest without physical therapy
adversely affects muscle strength and tone, particularly in
the elderly. Early rehabilitation should be considered by
the neurologist and other health providers in planning
care for the wide range of neurologic problems that beset
the elderly.

Smoking, alcohol, and drug abuse can have a nega-
tive health impact that increases the susceptibility to dis-
ease, decreases recovery, and increases disability and
frailty. Smoking has declined in the United States over the
past 30 years, but many individuals continue with this
habit. Likewise, alcohol abuse leads to increased rates of
liver disease and to traumatic injuries across the age span.
Strategies exist for overcoming each problem, but these
programs are only partially successful.

Injury is a major contributor to disability and frailty.
The elderly have a high incidence of falling, particularly
on uneven surfaces and in decreasing light. Stairways and
high shag rugs can be a particular problem. Stopping dri-
ving leads to a marked dependence on others in our
mobile society, and disproportionately occurs in women.
Six conditions lead to about half of the decisions to stop
driving: macular degeneration, retinal hemorrhage, ADL
deficits, Parkinson’s disease, stroke, and syncope (94). 
Driving injuries, although not necessarily more frequent
in the elderly, can have devastating effects. The elderly
often have limitations because of slower reaction times

and poorer vision and hearing, and thus drive at slower
speeds and in a more cautious manner. This can be dan-
gerous when they are unable to keep up with the flow of
traffic. The elderly often have trouble driving at night and
particularly at dusk, when glare becomes a major prob-
lem—automobiles and roads are not designed with the
elderly in mind.

SUMMARY

Frailty is a common problem that adversely affects elderly
women. Age is a particularly important contributor that
lowers the reserve capacity of most body systems and
decreases a woman’s ability to overcome the disability
caused by chronic diseases (18). Many disease processes
contribute to the development of frailty, but management
also must consider psychologic, social, and environmen-
tal factors that can adversely affect functional capabil-
ity. Changes in neurologic function are frequent and
important contributors to the development of frailty in
elderly women. Some neurologic changes are directly
related to aging and (at least at present) cannot be pre-
vented. The adverse effects of neurologic aging can be
modified through a healthy lifestyle including exercise,
diet, weight control, and environmental adaptations. The
prevention and management of neurologic diseases can
limit functional disability and the necessity of nursing
home placement.
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Simply put, migraine is an episodic
headache with or without aura. In
women, it is often associated with
menstruation, frequently remits

during pregnancy, and sometimes decreases following
menopause. In reality, however, there is nothing simple
about this disorder, and a precise definition is somewhat
elusive. Clinically, it is not a biphasic neural and/or vas-
cular disorder, but a multiphasic disorder with cerebral
and systemic components. Pathophysiologically, genet-
ics and plasma serotonin may differ between migraine
with and without aura, raising doubts about whether
these are two true subtypes of the same entity. The num-
ber and location of the migraine generators and modula-
tors in the central nervous system (CNS) are subject to
debate. The influence of female sex hormones on migraine
is undisputed, but how female hormones influence
migraine is incompletely understood.

DEFINITION

Moritz H. Romberg (1853) described hemicrania or “la
migrène,” including premonitory symptoms, headache
characteristics, aggravating and relieving factors, associated
autonomic and somatic features, and postictal state (1). In
1988, Gowers defined migraine as “an affliction charac-
terized by paroxysmal nervous disturbance, of which

headache is the most constant element. The pain is seldom
absent…commonly accompanied by nausea and vomiting;
and it is often preceded by some disorder of the sense of
sight. The symptoms are frequently one-sided” (2).

A standard definition was necessary. Based partly on
symptomatology and partly on assumed pain mecha-
nisms, the Ad Hoc Committee on Classification of
Headaches (1962) included migraine (classic, common,
hemiplegic, ophthalmoplegic, and lower-half headache),
along with cluster, toxic-vascular, and hypertensive
headaches under the rubric of vascular headache.
Migraine was therefore too loosely defined as “recurrent
attacks of headache, widely varied in intensity, frequency,
and duration, commonly unilateral in onset, usually asso-
ciated with anorexia, sometimes with nausea and vomit-
ing; and some are preceded by, or associated with, con-
spicuous sensory, motor, and mood disturbances; and are
often familial.” The terms classic and common were sub-
sequently confused with the terms typical and most preva-
lent respectively (3).

The International Headache Society classification
system for headache, developed in 1988 and revised in
2004, proposed a hierarchically constructed classification
(Table 14.1). Cluster headache was designated as a sep-
arate major category, whereas common migraine was
replaced by “migraine without aura,” and classic
migraine, by “migraine with aura” (4). Migraine was clas-
sified into six subtypes:
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Migraine without aura, per International Headache
Society (IHS) classification, is defined as five or more
headache attacks of 4 to 72 hours in duration. The
headache has at least two of the following four charac-
teristics: unilateral location, pulsating quality, moder-
ate or severe intensity, and aggravation by physical activ-
ity. The headache is associated with one or more of the
following: nausea, vomiting, photophobia, and phono-
phobia. Under IHS classification, migraine with aura
should have at least two attacks with fully reversible
aura symptoms of focal cerebral and/or brainstem dys-
function. Aura symptoms should develop gradually over
more than 4 minutes and last no more than 60 minutes,
and headache should follow, with a free interval of less
than 60 minutes. In both types of migraines, structural
disease should be excluded clinically or by neuroimag-
ing studies.

These operational diagnostic criteria improved the
reliability of migraine diagnosis for research purposes but
were believed to be too complex and too restrictive to
be used by primary care physicians (5,6). Furthermore,
the IHS definitions of migraine imply that it is only a
uniphasic or biphasic disorder with gastrointestinal
symptoms.

CLINICAL FEATURES

For more than a century, clinical investigators have
observed that migraine involves a widespread dysfunc-
tion of the central and autonomic nervous systems and
other systems as well (1,2). Among the clinical features
of migraine, Kinnier Wilson included anxiety, a “twilight
state,” incoherence, anger and violence, behavior change
from reserve to loquacity, vasovagal fits, pseudoangina,
and palpitations (7). Wolff noted that headache is but part
of a widespread disturbance that includes abdominal dis-
tension, cold cyanosed extremities, vertigo, tremors, pal-
lor, dryness of the mouth, excessive sweating, and “chill-
iness” (8). Selby suggested that migraine has three phases:
aura or prodromal phase, headache, and post-headache
phase (9). Blau recognized five phases of migraine: pre-
monitory symptoms, aura, headache and associated
symptoms, sleep resolution, and recovery phase (10).
Recently, Barbiroli, Montagna, and colleagues have
demonstrated abnormal muscle mitochondrial function
in patients with migraine, suggesting a systemic compo-
nent (11,12).

Premonitory symptoms may occur in migraine with
or without aura and may precede the headache attack by
several hours or days. The incidence of these symptoms
varies from 12 to 88% in different studies (13).  The
symptoms are usually brought out by careful question-
ing. The range of premonitory symptoms is large, but a
particular set of symptoms may be characteristic for the
individual patient. These symptoms include psychic dis-
turbances, gastrointestinal manifestations, and changes
in fluid balance. The patient usually experiences a sullen
mood and depression, but elation and associated hyper-
activity may occur. Other psychic disturbances include
irritability, impaired concentration, poor judgment,
impulsivity, and altered behavior. Physical and emotional
fatigue are common. Gastrointestinal symptoms include
loss of appetite, increased appetite with a craving for
sweet foods, and altered bowel frequency. Patients may
feel inappropriately cold, yawn excessively, and feel
drowsy. An increase in weight, occasionally up to 17
pounds, with or without signs of generalized edema, and
altered urinary frequency have been noted. Wolff’s
attempts at precipitating migraine by inducing weight
gain and preventing migraine by reducing weight were
without success (8–10,13–15).

The various aura symptoms may occur in isolation,
in succession, or in various combinations. Visual symp-
toms are more frequent (99%), followed by sensory
(31%), aphasic (18%), and motor (6%) symptoms (16).
Visual symptoms may occur alone or with other aura
symptoms. The aura symptoms commonly display the fol-
lowing characteristics: positive symptoms followed by
negative symptoms, gradual onset, gradual spread, per-
sistence for a duration, and reversibility. Visual symptoms

TABLE 14.1
International Classification of Migraine

1.1 Migraine without aura
1.2 Migraine with aura

1.2.1 Typical aura with migraine headache
1.2.2 Typical aura with non-migraine headache
1.2.3 Typical aura without headache
1.2.4 Familial hemiplegic migraine (FHM)
1.2.5 Sporadic hemiplegic migraine
1.2.6 Basilar-type migraine

1.3 Childhood periodic syndromes that are commonly
precursors of migraine
1.3.1 Cyclical vomiting
1.3.2 Abdominal migraine
1.3.3 Benign paroxysmal vertigo of childhood

1.4 Retinal migraine
1.5 Complications of migraine

1.5.1 Chronic migraine
1.5.2 Status migrainosus
1.5.3 Persistent aura without infarction
1.5.4 Migrainous infarction
1.5.5 Migraine-triggered seizure

1.6 Probable migraine
1.6.1 Probable migraine without aura
1.6.2 Probable migraine with aura
1.6.3 Probable chronic migraine
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start at or near the center of fixation as flickering zig-zag
lines (positive symptom); march toward the periphery of
one hemifield, increasing in size and shape; and leave
behind a scotoma (negative symptom) (16). Lashley
mapped the progress of his own scotomas as they drifted
toward the periphery of the visual field at a rate of 3
mm/min (17). Visual symptoms are usually homonymous
and symmetric in both eyes. Focal paraesthesias and
numbness usually develop in the fingers and ascend over
minutes to the hands and forearm before involving the
circumoral region, including both sides of the tongue
(Cheiro-oral syndrome of Bruyn). The upper arm, shoul-
der, side of the nose, and face are usually spared. Exam-
ination when symptoms are present demonstrates the
impairment of touch and pain whereas proprioception,
discriminative sensation, and stereognosis are rarely
involved, suggesting the thalamus as a possible site of ori-
gin. Speech disturbances may occur as the spreading
paraesthesias reach the face or the tongue. The typical
motor aura affects the hand and arm. Other aura mani-
festations include neglect, alexia, acalculia, anxiety,
depersonalization, automatic behavior, and gustatory hal-
lucinations (9,17).

When aura symptoms appear to be of brainstem or
bilateral occipital lobe origin, the term basilar migraine
is used. This entity, originally described by Bickerstaff
(18,19), includes two or more of the following aura symp-
toms: bilateral visual symptoms affecting temporal and
nasal fields, dysarthria, vertigo, tinnitus, decreased hear-
ing, diplopia, ataxia, bilateral paraesthesias, bilateral
paresis, and a decreased level of consciousness (19).

The visual, sensory, or aphasic auras usually last less
than 60 minutes, whereas the motor aura has a mean
duration of 13 6 18 hours. When the aura symptoms last
from 1 hour to 1 week and neuroimaging is normal, the
term prolonged aura migraine is applied. Familial hemi-
plegic migraine is a variety of prolonged aura migraine
in which some degree of hemiparesis may be prolonged
and at least one first-degree relative has identical attacks
(18).

The next phase of migraine begins with headache
after several hours of premonitory symptoms or after an
aura. Pain, hemicranial or holocranial, increases slowly
in intensity, reaches a peak, lasts for several hours, and
then recedes slowly. Nausea and photophobia are the
most frequently associated symptoms (13). Graham has
aptly described this phase of migraine: “its talismans are
the iceberg and emesis basin; its habitat, the silent, dark-
ened room with the shades down; its victim, the pallid,
sweating, prostrate, pain-wracked sufferer” (20). Various
neurologic symptoms associated with this phase include
photophobia, sonophobia, generalized irritability, hyper-
sensitivity to smell, yawning, temperature lability, diar-
rhea, slowed pulse rate, polyuria, blurred vision, and slug-
gish thought processes (9,10,20). Violent pains in the

limbs are not rare; these pains may be ipsilateral to
headache or alternating sides (7,21).

A disturbance of alertness during the headache
phase extends into the sleep resolution phase, and sleep
helps resolve the attack (10). Gowers observed that the
termination of headache paroxysm is attended not only
by vomiting but also by copious diuresis or perspiration
(2). The recovery phase may be characterized by anorexia,
tiredness, yawning, mood changes, diuresis, prostration,
and malaise (9,10).

PATHOPHYSIOLOGY

Migraine is a multiphasic, “episodic,” and self-limited
neurophysiologic disorder. No current hypothesis of its
pathophysiology explains all migrainous phenomena.
Progress in the last decade suggests that it may be a com-
bination of genetic susceptibility with a superimposed
influence of internal and external factors.

What constitutes genetic susceptibility is not clear;
altered cortical function, impaired hypothalamic func-
tion, pain dysmodulation, abnormal vascular reactivity,
neuro-vegetative dysfunction, or a combination of these
or other factors have been suggested. A tendency to
develop migraine shows familial aggregation, as pointed
out by Liveing as early as 1873 (22). This observation has
been supported by the most recent genetic research. Twin
studies show a higher concordance for migraine in
monozygotic twins than in dizygotic twins (23). Familial
studies reveal that the first-degree family members of
probands of migraine with aura show nearly four times
the risk of migraine with aura, and first-degree family
members of probands with migraine without aura show
an increased risk of both migraine without aura (1.9 quo-
tient) and migraine with aura (1.4 quotient) (24,25). The
discovery of a genetic locus for certain patients with famil-
ial hemiplegic migraine on chromosome 19p13 has rekin-
dled interest in the genetics of migraine. (23) Other sus-
ceptibility loci for familial hemiplegic migraine have been
identified on chromosomes 1q21–q23 and 1q31. The loci
for migraine with and without aura have been mapped to
19p13, x q24–28, 4q24, 6 p12.2–p21.1, and 14q
21.2–14q 22.3. (26–28). Unfortunately, the confound-
ing variables of a wide range of age of onset, chance
occurrence due to a high incidence in the general popu-
lation, and the lack of a biological marker have affected
the studies.

The migrainous brain has been extensively studied
between attacks. Changes in electrophysiology, metabo-
lism, and blood flow in the cerebral cortex; neurophysi-
ologic changes in the brainstem; and overexcitation in the
trigeminal pathways have been noted and are summarized
in this paragraph. A higher amplitude and prolonged
latency of visual evoked potentials and an increased
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amplitude of the contingent negative variation, which
fails to habituate, have been interpreted as evidence for
the increased excitability of the occipital cortex (29–32).
Magnetoencephalographic studies have shown the pres-
ence of large-amplitude wave forms over the temporal-
parietal-occipital region (33). Magnetic resonance spec-
troscopy has disclosed low magnesium and a low
phosphocreatine content, accompanied by high adeno-
sine diphosphate concentration (34,35). In 1996, Facco
and colleagues demonstrated abnormal regional cerebral
blood flow in patients with migraine (36). Brainstem
auditory evoked responses displayed a significant increase
of side differences of all peak latencies except IV and V
in migraine patients compared with controls, suggesting
impairment of brainstem functions (27). Drummond and
Lance observed frequent occurrence of ice-pick pains in
migraine patients coincident with the site of the custom-
ary headache, indicating excessive activation of trigemi-
nal pathways (38).

Two theories of migraine pathophysiology, vascu-
lar and neurogenic, were proposed more than a century
ago. Vascular distension as the primary cause of headache
was described by Willis (39). The vascular theory con-
siders vasomotor disturbance as a primary event, with
early symptoms being due to arterial spasm, and headache
then being due to the subsequent dilatation and inflam-
mation of cephalic vessels. This theory gained prominence
by the 1930s, when Wolff and associates reported the
amelioration of the aura with inhalation of carbon diox-
ide or amyl nitrite, suggesting the role of intracranial
vasoconstriction in the production of aura. Furthermore,
ergotamine terminated the migraine headache by vaso-
constricting the dilated extracranial vessels. They postu-
lated vascular dilatation in the branches of the external
carotid artery, including the middle meningeal artery,
increased capillary hydrostatic pressure, and the release
of pain threshold-lowering substances such as bradykinin
and prostaglandins into perivascular tissues. Although
observations by Wolff added weight to the vascular
hypothesis, he did not conceive migraine as a dichotomy,
but saw the headache as a late phenomenon in a cascade
of neurologic and biochemical events (8). Heyck sug-
gested that during the headache phase, blood was shunted
away from the cutaneous capillaries directly into veins by
deeply situated arterial-venous anastomosis. In support
of this idea, he demonstrated high levels of oxygen satu-
ration in jugular venous blood during attacks (40).
Goadsby and colleagues demonstrated the simultaneous
occurrence of constriction in the cerebral vessels and
dilatation in the extracranial vessels secondary to the
stimulation of the ipsilateral locus coeruleus (41). Vas-
cular involvement in migraine headaches is still implicated
in the painful phase of migraine, but it is now considered
a secondary event to the neuronal process. Moskowitz
has suggested that the antidromic release of substance P

and other neuropeptides from trigeminal nerve terminals
may cause pain and vasodilatation in the head (42).

Liveing proposed the neurogenic hypothesis, which
states that “nerve-storm” is a primary event and that
vasomotor disturbance is of secondary origin (22). Gow-
ers supported this view because of the localized involve-
ment of the same region of the brain each time and
because of the simultaneous occurrence of symptoms
attributable to excitation and inhibition (2). Recent stud-
ies of aura, trigeminal-vascular mechanisms, and sero-
tonin agonists have revived the neurogenic hypothesis.

Three years after Lashley plotted the progression of
his own visual auras, Leao described cortical spreading
depression (CSD) in rodents (43). He observed a brief
wave of hyperexcitation followed by a short-term depres-
sion after local cortical injury. Cortical spreading depres-
sion reflects a transient breakdown of brain-ion home-
ostasis with transient depolarization and subsequent
changes in microcirculation that last for hours. In rats,
CSD induces contralateral sensory neglect and motor
impairment of the forepaw that lasts for 15 to 30 min-
utes. However, this phenomenon has never been proven
in humans, and no known pain is associated with CSD
(34). Milner proposed that CSD might underlie the
migraine aura (44).

The episodic nature and short duration of the
migraine aura have precluded organized clinical studies
in humans. Indirect evidence has been gathered from cere-
bral blood flow and magnetoencephalographic studies.
In the 1980s, Xenon blood flow studies during attacks
of angiography-provoked migraine revealed oligemia
beginning in the occipital region and propagating anteri-
orly at the rate of 2 to 3 mm per min, independent of arte-
rial territories (45). A loss of CO2 reactivity and reduced
cortical blood flow during functional activation, with
preservation of autoregulation, characteristic of CSD,
were demonstrated. Subsequently, similar findings were
observed during spontaneous attacks of migraine with
aura (46,47). Focal hypoperfusion is the most consistent
finding, but the band of hyperperfusion that should pre-
cede oligemia has not been identified, presumably due to
the narrow width of the band and to the limitations of
current imaging techniques (48). The most convincing
demonstration of hypoperfusion was recorded in a
patient with migraine and atypical visual disturbance (dif-
ficulty focusing vision) who, by chance, experienced an
attack while lying in the positron emission tomographic
(PET) scanner. The attack was accompanied by bilateral
hypoperfusion on the order of 40% and a slow anterior
spread (49).

Berkley and colleagues performed magnetoen-
cephalographic studies in migraine patients and observed
a long duration decrement in spontaneous electrical activ-
ity, similar to that seen in rabbits with CSD (33). These
findings have been recorded in a few patients and do not
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occur universally. Thus, symptomatic patients without
disturbance in cerebral blood flow have been observed
(50). It is postulated that migraine with aura differs from
migraine without aura only in that, with aura, all layers
of the cortex are involved and reduction in blood flow is
more severe (34). It is unclear how aura is linked to head
pain, but it is speculated that dural ischemia or direct
stimulation of the c-nociceptive fibers by CSD initiates
the head pain (51,52). Moskowitz and associates have
shown that CSD promotes the expression of C-fos, a bio-
logical marker for cellular memory, within laminae I and
II of the ipsilateral trigeminal nucleus caudalis in rats (52).
This indicates that a process originating in the cortex can
activate brain stem neurons involved in the transmission
of head pain.

Experimental and clinical studies have implicated
the brain stem in the pathophysiology of migraine. Elec-
trical stimulation of the locus ceruleus in monkeys at fre-
quencies of 1 to 10 Hz reduced blood flow in the ipsi-
lateral internal carotid artery by 20%, whereas an
increase in stimulation frequency beyond 10 Hz resulted
in progressive ipsilateral dilatation of the extracranial
vessels (41). The localization of binding sites for dihy-
droergotamine in the cat brainstem provides additional
evidence (53). Raskin and colleagues reported the devel-
opment of migraine-like headaches in a series of nonmi-
graineurs who had undergone surgical stimulatory inter-
vention of ventral lateral periaqueductal gray area for the
relief of chronic pain syndrome. These headaches even
responded to specific serotonergic agonists (54). Afridi
and colleagues used PET in 24 patients with migraine
with and without aura to examine changes in brain blood
flow during migraine attack induced by glyceryl trinitrate
infusion. The patients were divided into three groups
according to the location of their headache: right, left,
or bilateral. During attacks, increased blood flow was
found in the rostral medulla, the dorsal pons, bilateral
cerebellar hemispheres, the putamen, the insula, the ante-
rior cingulate, and the prefrontal cortex. The dorsolat-
eral pontine activation was ipsilateral in the right-sided
and left-sided groups and bilateral in the bilateral
headache group with a left-sided preponderance. This
activation persisted after the successful termination of
migraine with sumatriptan injection. These studies sug-
gest that the brain stem is the generator and/or modula-
tor of migraine and its unilaterality.

There is agreement that trigeminovascular system
participates in the generation of migraine, but the source
of headache pain has not been conclusively determined.
Graham and Wolff observed a decrease in the amplitude
of pulsation of the superficial temporal artery concur-
rently with a decrease in the intensity of headache fol-
lowing the injection of ergotamine (56). This suggested
a major contribution of extracranial circulation to the
pain of migraine. A referral of pain to the trigeminal nerve

distribution during intracranial-endovascular procedures
and relief of the pain in only approximately one-third of
the patients with compression of extracranial circulation
suggests that the pain may be of intracranial vascular ori-
gin in one-third of the patients. The remaining one-third
of patients presumably have pain of nonvascular origin
(57–59). Regional cerebral blood flow studies have
shown that the headache may begin during the oligaemic
phase, the blood flow changes may be bilateral, and the
headache may disappear before the onset of hyperperfu-
sion, suggesting that it is unlikely that the pain arises from
a primary vascular abnormality (48,49). A sterile inflam-
mation of the extracranial vessels, as an important source
of pain, has attracted attention since Chapman and co-
workers found a bradykinin-like substance in the periar-
terial fluid (60). A recent observation that electrical stim-
ulation of the trigeminal ganglion in animals can induce
plasma extravasation supports this view (61). An increase
in calcitonin-gene-related peptide (CGRP) in the exter-
nal jugular vein blood of migraine patients also indicates
the activation of trigeminovascular system (62).

The side of headache usually corresponds to the side
of CSD, suggesting that the same process triggers the
blood flow changes and stimulates perivascular nocicep-
tors directly or through the release of neuropeptides (34).
Pain is transmitted via trigeminal afferents to the trigem-
inal nucleus caudalis, quintothalamic tract, ventrobasal
complex of the thalamus, and cerebral cortex (63). Pain
perception is controlled by interneurons that modulate
synaptic transmission from trigeminal afferents. These
interneurons are regulated, in turn, by monoaminergic
pathways descending from the brainstem, a serotoner-
gic pathway from the periaqueductal gray matter of the
midbrain, and a noradrenergic pathway from the locus
ceruleus (64).

The involvement of serotonin in migraine was sug-
gested more than 30 years ago. Methysergide, a serotonin
antagonist, prevented migraine. Intramuscular reserpine,
which releases serotonin, induced a typical headache in
migraineurs (65,66), and prior methysergide administra-
tion prevented these headaches (67). Moreover, increased
urinary 5-hydroxyindole acetic acid, a metabolite of sero-
tonin, was found during migraine attacks (68). Based on
these observations, serotonin was administered to the
patients. This relieved migraine but caused multiple side
effects, including flushing, faintness, and parasthesias
(69). It is thought that serotonin is released from platelets
at the onset of an attack, with an associated increase in
free plasma serotonin, and the later stages of attack are
characterized by low levels of serotonin. In 1989, Ferrari
and associates demonstrated that platelet serotonin con-
tent fell only in patients who had migraine without aura,
thus adding to the speculation that migraine with aura is
a different condition (70). The role of serotonin has been
further augmented by the recent introduction of serotonin
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agonists in the treatment of acute migraine attacks (71).
Recently, the gene for hemiplegic migraine on chromo-
some 19p13 has been found to be close to the gene for
hereditary paroxysmal cerebellar ataxia, an acetazo-
lamide-responsive channelopathy. It is postulated that
P/Q calcium channels in the brain, which govern sero-
tonin release, may be affected (72).

A unifying model of migraine pathophysiology
hypothesizes a genetic predisposition with neuronal
hyperexcitability.  Factors such as menstruation or exces-
sive afferent stimulation lower the threshold so that trig-
gers precipitate migraine by activating brainstem nuclei,
especially the locus ceruleus, via a hypothalamic connec-
tion. This initiates cortical neuronal depolarization, fol-
lowed by “spreading depression.” This may activate the
trigemino-vascular system and lead to a stimulation of
perivascular nociceptors, pain transmission via trigemi-
nal afferents, and headache. Central dysnociception of the
endogenous pain pathways further contributes to the pain
(73–75). Furthermore, the central neurons become sen-
sitized as a migraine attack progresses, thus leading to the
intensification of head pain and an increased sensitivity
to convergent sensory stimuli from extracranial tissues
such as scalp and periorbital skin (76,77).

SEX HORMONES AND MIGRAINE

Epidemiologic data highlight a link between migraine and
sex hormones. Bille observed that in children between 7
and 9 years, the frequency of migraine sufferers was
2.5%, similar for girls and boys; but between 10 to 12
years of age, the boys’ percentage was 3.9%, whereas girls
scored 5.4% (78). Stewart and associates used data from
a nationwide sample of more than 20,000 respondents
between 12 and 80 years of age and found a migraine
prevalence of 17.6% in females and 5.7% in males. At
age 12 years, the female–male ratio was below 2.0,
increasing sharply in the second decade and peaking at
3.3 between 40 and 45 years. Even after the age of
menopause, the sex ratio continued to be elevated above
2.0 (79). As is evident from these figures, migraine dis-
proportionately affects women, and the changing hor-
monal environment plays a significant role in gender dif-
ference. The normal female life cycle includes at least
three hormonal milestones: menarche, pregnancy, and
menopause. Additionally, exogenous hormones are often
prescribed for contraceptive use during the reproductive
years and for hormone replacement during menopause.
These physiologic events or therapeutic interventions may
affect migraine.

The specific mechanisms underlying the influence of
hormonal changes remain uncertain. Estrogen is believed
to influence the susceptibility to migraine as well as the
perception and processing of pain. By the combined meth-

ods of autoradiography and flouorescence biochemistry,
Heritage and associates observed catecholamine neurons
with concentrations of [3H] estradiol in the regions of
nucleus tractus solitarii and the nucleus locus ceruleus
(80). These nuclei participate in the pathogenesis of
migraine. In adult ovariectomized rats, pregnancy and the
use of contraceptive pills increase the plasma CGRP con-
centration, a neuropeptide regulating the vascular tone
(81). The data suggest that ovarian hormones alter the
size of the receptive fields of trigeminal mechonorecep-
tors (82). Additionally, majority of enkephalin-producing
neurons in the spinal cord, trigeminal ganglia, and dor-
sal horn of female rats have intracellular estradiol recep-
tors. When these neurons are supplemented with estra-
diol, enkephalin levels increase (83). Moreover,
ovariectomized female rats are far less likely to develop
tactile allodynia following partial sciatic nerve ligation
than the ovary-intact animals (84). These studies suggest
an important role of estradiol as a pain modulator.

Menarche

Limited information exists on the impact of menarche
on migraine. The incidence of migraine rises at the onset
of menarche. In a survey of 131 female migraineurs,
Epstein and associates found that the highest concentra-
tion of onset of migraine coincided with the onset of
menarche (24 of 131). However, in 18 patients, it began
before the menarche, and in 67 patients, it occurred 5 or
more years after menarche. The patients with migraine
onset at menarche were more likely to have menstrual
migraine (85).

Menstruation

A complex sequence of interactions between the hypo-
thalamus, pituitary gland, ovary, and endometrium
occurs during the menstrual cycle. A neuronal oscillator
or “clock” located in the arcuate nucleus of the hypo-
thalamus fires at regular intervals, resulting in the peri-
odic release of gonadotropin-releasing hormone, which
causes the release of luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) from the anterior pitu-
itary. LH and FSH are responsible for the growth and
maturation of the graafian follicle in the ovary and for the
production of estrogen and progesterone.

The estrogen and progesterone produced by the
ovary exert feedback on the pituitary and hypothalamus.
Women menstruate regularly at approximately 28-day
intervals and ovulate on the 14th day of the cycle (86).

Ovulatory migraine, with migraine attacks occur-
ring only during ovulation, is rare, whereas an associa-
tion between menstruation and migraine is common.
Nattero observed a chronologic connection with men-
struation in 55% of patients (87,98).



MIGRAINE 207

A standard definition is lacking for menstruation-
associated or catamenial migraine. The prevalence of this
entity, therefore, varies depending on the defined crite-
ria. The Ad Hoc Committee suggested in its comments
about “common migraine” that this type of headache
may show exacerbation in relation to the menstrual cycle
(3). The IHS criteria do not characterize it as a separate
entity but include it within code 1.1, migraine without
aura. The feature required for the definition is that 90%
of migraine attacks occur on or between days –2 to +3
in at least two-thirds of cycles (4). It is suggested that an
increase in migraine activity several days before or dur-
ing menstruation should be called “menstrually related
migraine,” whereas occurrence of migraine just before
or at the time of menstruation (88) should be called “men-
strual migraine.” MacGregor proposes that the term men-
strual migraine should be restricted to attacks exclusively
starting between days 1 and 2 of the menstrual cycle,
because this period coincides with low estrogen and high
prostaglandin levels (89). The incidence of “menstrually
related migraine” varies from 52 to 70%, whereas the
incidence of strictly defined “menstrual migraine” varies
from 8% to 25% (88). In a study of 232 menstruating
patients comparing the relationship between menstrua-
tion and migraine, the menstrual migraine (from 2 days
before to 3 days after menstruation) was significantly
more common in migraine without aura than in migraine
with aura (90).

The precipitating factors implicated in the patho-
genesis of menstrual migraine include the sudden release
of 5-hydroxytryptamine from the platelets or its sero-
tonergic neurons, the rise of plasma catecholamines, the
opioid dysregulation, and abnormalities of prolactin
release (91). The two mechanisms most compatible with
MacGregor’s proposed definition are estrogen with-
drawal and the release of prostaglandins.

The estrogen withdrawal is by far the most
accepted hypothesis. Somerville studied hormone levels
and administered estrogen or progesterone to women
with menstrual migraine. He demonstrated that prog-
esterone administration delayed menstruation without
affecting the timing of the migraine attack. In contrast,
estrogen given premenstrually delayed the onset of
migraine but not menstruation. He suggested that estro-
gen primes cranial vessels before withdrawal induces
headache. He administered long-acting estradiol valer-
ate to four women and short-acting estradiol benzoate
to two women. Estrogen-withdrawal migraine occurred
in three of the four women treated with the long-acting
preparation but in neither of the two women treated
with the short-acting preparation. He proposed that a
prolonged exposure, followed by a reduction of the cir-
culating estradiol, was required to cause migraine
(92–94). A role for progesterone, however, has not been
entirely excluded (95).

Prostaglandin E1, infused into healthy nonmigrain-
ous humans, can produce migraine-type headache (96).
The plasma concentrations of PGF2 and PGE2 are sig-
nificantly higher during the attack of menstrual migraine
(91,97). The maximum entry of prostaglandin and its
metabolites into the systemic circulation occurs during
the first 48 hours of menstruation. Prostaglandins inhibit
adrenergic transmission, sensitize nociceptors, promote
the development of neurogenic inflammation, and mod-
ulate the descending noradrenergic pain control system
(42,98,99). Thus, prostaglandin excess may contribute to
menstrual migraine. See also Chapter 12.

Treatment

A careful history will bring forth a frequent association
between menstruation and migraine. A prospective diary
kept by the patient for 3 months is essential (i) to differ-
entiate between menstrually related migraine and men-
strual migraine; (ii) to observe cycle regularity; (iii) to
define the perimenstrual time window; and (iv) to note
the predictability of headache with each cycle.

There is no single, universally effective treatment for
menstrual migraine. Studies reporting on the various
pharmacologic treatments do not adhere to the same def-
inition of menstrual migraine, so figures are not strictly
comparable. Furthermore, placebo-controlled studies are
lacking. Despite these limitations, nonpharmacologic as
well as pharmacologic treatments have been used to pro-
vide relief to these patients. The most significant non-
pharmacologic treatment is to identify triggers and avoid
them at key times in the cycle. Reassurance and sleep
hygiene are helpful. Solbach and colleagues studied the
usefulness of no treatment, autogenic phrases, elec-
tromyographic feedback, and thermal feedback in 136
subjects with menstrual migraine (3 days before men-
struation, during the time of flow, or 3 days after). There
was a tendency for all groups to improve but overall use-
fulness was limited (100).

Table 14.2 provides an algorithm for the manage-
ment of menstrual migraines (101). For the menstrually
related aggravation of migraine, acute and prophylactic
treatments are the same as those used for other
migraineurs (102–104). In my experience, some of these
patients show improvement in their regular migraine
headache, but perimenstrual and menstrual components
persist and may even be refractory to treatment. In these
patients, raising the dose of prophylactic drugs or adding
acute attack therapy in the perimenstrual period can be
beneficial (97).

Patients who suffer only from menstrual migraine
benefit from cyclical prophylaxis, which involves the per-
imenstrual administration of drugs from 2 days before the
expected onset until 1 to 5 days after the headache relief
(Table 14.3). Nonsteroidal anti-inflammatory drugs
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(NSAIDs) have been recommended to inhibit the
prostaglandin production that may be enhanced in men-
strual migraine. Sances and colleagues found naproxen
sodium to be an effective prophylactic medication (105).
Mathew compared ergotamine alone, beta-blocker
nadolol alone, naproxen alone, nadolol and ergotamine,
and naproxen and ergotamine. He found the combina-
tion of naproxen and ergotamine to be most effective
(106). Gallagher administered ergonovine maleate, which
acts on alpha-adrenergic and dopaminergic receptors, in
40 patients with menstrual migraine. He observed that
65% of the patients reported improvement over 3 months
and 50% over 6 months (107). Silberstein found DHE-
45 to be an effective therapy (108). Facchinetti and co-
workers performed a double-blind, placebo-controlled
study of the effect of sumatriptan in menstrual migraine.
Headache relief was reported in 73% of patients com-
pared with 31% of placebo-controlled subjects (109).
Other triptans have also demonstrated good efficacy
(110–113).

For refractory cases that cannot be controlled with
abortive treatment, cyclical prophylaxis or regular pro-
phylaxis, hormone therapy, or bromocriptine treatment

may be beneficial. The aim of hormone therapy is to sta-
bilize estrogen levels during the late luteal phase of the
menstrual cycle. This can be achieved by maintaining
plasma estrogen levels at a high or low range. Estrogen
replacement with percutaneous estradiol gel or estradiol
implant may elevate estrogen levels and provide a mild
to moderate improvement. Magos and associates sup-
pressed ovarian activity using a subcutaneous estradiol
implant in 24 patients with menstrual migraine for a
mean duration of 2.5 years; 83% became headache-free.
Regular monthly periods were induced with cyclical oral
progestogens (114). Diminished estrogen activity can be
achieved by the use of tamoxifen, an antiestrogen, or by
the administration of danazol, an androgen derivative.
Tamoxifen, 10 to 20 mg per day, given to eight women
in an open trial, produced improvement in seven cases
(115). Danazol acts by suppressing the pituitary-ovar-
ian axis. The administration of 200 to 600 mg per day,
given in the perimenstrual time window, can improve
menstrual migraine (97,116). Continuous bromocriptine
therapy with 2.5 mg three times a day, in a prospective
but open trial, was shown to reduce headache in 62.5%
of 24 women (117).

TABLE 14.2
Management of Menstrual Migraine

A prospective 3-month diary study to validate the diagnosis

Menstrually related migraine Menstrual migraine

Effective acute attack therapy Regular menses, predictable Irregular menses
migraine relationship

Standard prophylaxis if attacks 
very frequent or acute therapy fails Effective acute attack therapy Effective acute attack therapy

If headache still very severe during If headache prolonged or acute therapy If not effective, standard prophylaxis 
menstruation, consider a temporary fails, consider miniprophylaxis for with or without perimenstrual increase 
increase in the dose of prophylactic –2 to +7 days with NSAIDS or triptans in dose
medication

If above fails, consider hormone therapy If it fails, consider hormone therapy If not effective and menopausal 
i. If not on the pill—an estrogen patch symptoms present, consider hormone 

100 mcg from 3 days before the onset replacement therapy
of menses to about 7 days

ii. If already on the pill, take it 
continuously rather than taking a 
placebo during menstruation

Adapted from MacGregor A. Migraine in women. London: Martin Dunitz Ltd., 1999;101.
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Hysterectomy as a treatment for hormonally influ-
enced migraine is a relic of the past (118).

PREGNANCY

A high proportion of women become free of migraine
attacks during pregnancy. The improvement in headache
begins gradually in the third or fourth month of preg-
nancy and is not related to social or emotional status (20).
The patients with menstrually related migraine are more
likely to have relief of their migraine during pregnancy
(85,119). Lance and Anthony studied 120 migrainous
women who had a total of 252 pregnancies and reported
relief of migraine in 57.5% of pregnancies (120).
Somerville reported improvement in 24 of 31 women
migraineurs during pregnancy (121). Ratinahirana and
associates, in a prospective study of 703 women, reported
improvement in 69.4% (119). In a retrospective study of
1,300 migraineurs, Granella reported complete remission
in 17.4% and significant improvement in 49.2% (122).
In a study of 428 women, Maggioni and co-workers
noted at least a 50% decrease in headache frequency in

80% of the pregnant migraineurs (123). These observa-
tions received experimental evidence support from Hard-
ebo and Edvinnson, who demonstrated a reduced sensi-
tivity of intracranial and extracranial vessels to adrenergic
stimulation during late pregnancy in cats and rabbits
(124). Critchley and associates found high levels of serum
b-endorphin-like immunoreactivity and held it responsi-
ble for hyponociception in pregnant women (125).

Often overlooked, however, are the cases that do not
improve during pregnancy. Graham observed an aggra-
vation of migraine with aura (20). Somerville found that
23% of his case series either failed to improve or wors-
ened (121). Granella observed worsening in 3.5% of
1,300 migraineurs (122). Although uncommon, migraine
may develop for the first time during pregnancy, usually
in the first trimester (121,126). Other authors have
described the occurrence of migraine with focal symptoms
during pregnancy (127–130). These cases are difficult to
explain if one believes that sustained high estrogen levels
in pregnancy are responsible for an improvement in
migraine.

Migraineurs have no increased risk of complications
during pregnancy, and their children have no increased

TABLE 14.3
Acute Attack Therapy of Menstrual Migraine

MEDICATION / DOSE MODE OF ACTION

1. Nonsteroidal anti-inflammatory drugs
• Naproxen sodium 550 mg twice a day Inhibition of prostaglandin synthesis by reversible binding to

cyclooxygenase
2. Triptans—once or twice a day 5-HT 1B/1D agonist at the peripheral and central sites

• Sumatriptan 6 mg subcutaneous injection 
or 100 mg oral

• Rizatriptan 5 or 10 mg oral Rizatriptan and zolmitriptan display faster onset of action
• Zolmitriptan 2.5 or 5 mg oral
• Naratriptan 1 mg oral
• Eletriptan 40 mg oral
• Frovatriptan 2.5 mg oral
• Almotriptan 12.5 mg oral

3. Ergotamine suppository 2 mg, half a Binds to 5-HT 1D l and 5-HT 1Db, noradrenaline and 
suppository once or twice a day dopamine receptors

or
Dihydroergotamine mesylate nasal spray, 
one metered dose in each nostril every 8 hours

4. Transdermal estradiol 100 mcg patch for 7 days Delays headache onset by providing a sustained low level 
beginning with day –3. Change patch depending of estrogen
on the prescribed product

Initiate treatment at day –3 or –2 and continue up to 7 days.
Once medication is effective, adjust the dosing schedule to the lowest dose, the fewest days, and reduced frequency.
Supplement with nondrug therapy and avoid triggers.
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incidence of birth defects. In a retrospective study of 777
women migraineurs, Wainscott found that the incidence
of miscarriage, toxemia, congenital malformations, and
stillbirths was similar in the migraineurs compared with
the 182 nonmigrainous controls (131).

Headaches may return in the first postpartum week
or on return of menstruation. In a study by Stein, 15 of
40 women on a postnatal ward had headaches in the first
postpartum week, particularly between days 3 and 6. It
was ascribed to the withdrawal of estrogen and proges-
terone (132). Lactation, which entails both vascular and
neurohumoral alterations, also influences migraine. Dool-
ing and Sweeney reported a 25-year-old woman with
occurrence of familial hemiplegic migraine in relation to
breast-feeding and use of a breast pump, and postulated
a complex effect of oxytocin on cerebral vessels (133).
Askmark and Lundberg reported a case of a woman expe-
riencing brief but intense headaches with breast-feeding.
She received no relief from propranolol but became symp-
tom-free after weaning her baby (134).

DIAGNOSIS

Headache may be a disabling symptom of a primary con-
dition such as migraine or a reflection of an underlying
neurologic disorder. An accurate diagnosis is a prerequi-
site to appropriate management.

The single most important diagnostic step in the
evaluation of a headache is obtaining an accurate his-
tory. Age at the time of onset, frequency, periodicity, and
progression of headache indicate the temporal relation-
ship and assist in the differential diagnosis. A set of stan-
dard questions is used to elicit a profile of an individual
attack, including onset, premonitory symptoms, pro-
drome, location of pain, character and duration of pain,
associated symptoms, precipitating and aggravating fac-
tors, and relieving factors (135). An acute, severe, new-
onset headache with neurologic deficit would include in
the differential diagnosis intracranial hemorrhage, tem-
poral arteritis, internal carotid artery dissection, cerebral
venous thrombosis, and pituitary apoplexy, whereas a
subacute onset would encompass a wider diagnostic
spectrum (136).

A thorough general and neurologic examination not
only is reassuring to patients with migraine, but also may
suggest appropriate tests. Examination is usually normal
in patients with migraine but one should be wary of the
“migraine mimics.” New-onset migraine with aura can
be caused by an underlying disorder, such as vasculitis,
brain tumor, or occipital arteriovenous malformation.
Neurologic abnormalities may be present in patients with
traction and inflammatory headaches. Exhaustive tests
are usually unnecessary in patients with chronic, constant,
and nonprogressive headache. Laboratory and radiologic

tests are usually indicated if the headaches are of recent
onset, if there has been a recent change in a previously
stable headache pattern, or if neurologic examination is
abnormal (136).

Radiologic investigations on pregnant patients
should be performed only when absolutely necessary, and
if possible, they should be delayed until the third trimester
or postpartum. Magnetic resonance imaging (MRI) is a
useful test, especially for posterior fossa examination. The
potential risk of MRI  in pregnancy remains controver-
sial. Gadolinium should be avoided because it crosses the
placental barrier. Cranial computed tomographic (CAT)
scan, used especially for the diagnosis of intracranial hem-
orrhage, provides significant information with the least
risk. Total radiation exposure to the uterus is less than 1
mrad. Electroencephalography without the administra-
tion of drugs is a harmless procedure of low diagnostic
yield that may demonstrate abnormalities in patients with
suspected focal lesions. Lumbar puncture is necessary in
patients with severe rapid-onset headache, progressive
headache, and chronic intractable headache. It is without
major complications in patients who do not have raised
intracranial pressure from focal lesions. Lumbar puncture
is definitely indicated in patients with suspected menin-
gitis or encephalitis. Cerebral angiography is useful in the
evaluation of aneurysm or arteriovenous malformation.
When medically necessary, radiologic studies should be
performed with the abdomen appropriately shielded and
field size as limited as possible (136,137).

DIFFERENTIAL DIAGNOSIS

Traction and inflammatory headaches enter the differen-
tial diagnosis in patients who develop headache for the
first time during pregnancy. Because migraine headache
often improves after the first trimester of pregnancy,
severe headache persisting into the third trimester may be
a warning sign of an underlying structural disease. A 10-
year study of maternal mortality during pregnancy and
up to 6 months postpartum disclosed that 23% of all
maternal deaths were due to CNS complications. Of
these, the majority were caused by intracranial tumors,
subarachnoid hemorrhage, intracranial hemorrhage, and
arterial and venous occlusions. Brain tumors, especially
meningiomas, choriocarcinoma, and pituitary tumors
may grow rapidly in pregnancy, probably due to hor-
monal stimulation or fluid retention. Intracranial hem-
orrhage from arteriovenous malformation and sub-
arachnoid hemorrhage demands definitive treatment. A
retrospective study of 146 patients found the incidence of
arteriovenous malformations to be four times greater in
association with pregnancy. These tended to bleed during
the middle and end of pregnancy. Aneurysms were more
likely to bleed between weeks 30 and 40 of pregnancy.
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Strokes from major arterial occlusions are more common
than venous occlusions and carry a higher mortality. Most
of them occur during the puerperium (136,137). Cerebral
venous thrombosis may present with migraine-like visual
disturbance and progressive headache. Although it can
occur in the first and second trimesters, it usually occurs
around labor, possibly due to a hypercoagulable state.

PHARMACOTHERAPY

Pharmacotherapy, which has otherwise been the mainstay
of migraine treatment, is limited in the pregnant patient
because of its potential effects on the fetus. Nonpharma-
cologic treatments constitute an extremely useful alter-
native to drug therapy. The nonpharmacologic approach
includes:

• Reassurance after a detailed and sympathetic eval-
uation with an explanation of the mechanisms of
migraine.

• Identification and removal of trigger factors to
diminish susceptibility. These trigger factors may
include emotional stress, bright sunlight, fatigue,
poor sleep hygiene, and fasting for more than 5
hours during the day or 13 hours overnight (138).
The patient should avoid alcohol and vasoactive
foods such as cured meats, aged cheese,
monosodium glutamate, and chocolate.

• Physical measures such as local use of ice packs for
at least 12 minutes (139) and rest in dark and quiet
surroundings. Physiotherapy to cervical muscles, use
of a cervical collar, trigger point injections, dental
treatment for uneven bite, and correction of refrac-
tory error may be useful.

• Psychophysiologic methods, including biofeedback
and relaxation therapy (140). Schraft and colleagues
demonstrated the beneficial effects of physical ther-
apy, relaxation training, and biofeedback in 80%
of 30 pregnant women for up to 1 year following
delivery (141).

Pharmacotherapy (Table 14.4) in a pregnant patient
should be used only when absolutely necessary and with
full understanding of the risks and benefits, especially dur-
ing the most teratogenic period of 6 weeks, lasting from
approximately 4 weeks through 10 weeks from the last
menstrual period. The patient should be made aware of
the incidence of major and minor malformations in the
general population, which may be as high as 7 to 10%.
The side effects of various medications to the patient and
the fetus should be explained, and advice should be duly
documented in the progress notes. The prescription of
medications should preferably be limited to FDA risk cat-
egories A (no risk) and B (no evidence of risk to humans

but no control studies available). Drugs in category C
(risk to humans not ruled out) should be used with some
trepidation. Drugs in category D (positive evidence of
risk) and category X (contraindicated) should not be pre-
scribed. The treatment of migraine in a pregnant patient
is directed toward control of an acute attack and pro-
phylaxis for recurrent attacks (136,137).

For acute episodes, ergotamine, an effective med-
ication, is contraindicated during pregnancy because of
its oxytocic potential (142). Sumatriptan (category C)
has been reported to cause embryo lethality in rabbits,
at three times human plasma concentration (137).
Meperidine and acetaminophen, which both belong to
FDA risk category B, can be used to treat acute attacks
(143). Codeine and butalbital, category C drugs, and
a component of many pain pills, should be used with
caution. For severe acute attacks, intravenous hydra-
tion, intravenous rectal administration of prochlorper-
azine (category C), and prednisone (category B) may be
effectively employed (137). For prophylaxis, use drugs
in minimal but effective doses and avoid the use of mul-
tiple drugs. These patients should be managed as high-
risk pregnancies, and longitudinally followed with
ultrasonography of the fetus; prophylactic drugs should
be discontinued 2 weeks before delivery. The beta
adrenergic blocking agent propranolol (category C), the
calcium channel blocker verapamil (category C), and
serotonin uptake inhibitor fluoxetine (category B) may
be used in severe and refractory cases. Fluoxetine and
verapamil, although safer, have not been extensively
used in the treatment of migraine headache. The ter-

TABLE 14.4
Pharmacologic Treatment of Pregnant 

Women with Migraine Guidelines

• Avoid drugs during the first trimester
• Use drugs only when absolutely necessary
• Make patient aware of the side effects to her and the

fetus
• Use drugs in minimal but effective doses
• Avoid the use of multiple drugs
• Recommend management as “high-risk pregnancy”
• Discontinue drugs 2 weeks before delivery

Acute Attack
• Acetaminophen
• Meperidine
• Codeine
• Prochlorperazine
• Prednisone

Prophylaxis
• Propranolol
• Verapamil?
• Fluoxetine?
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atogenic potential and relative safety of these drugs
have been substantiated in various studies (Table 14.5)
(144–150).

Breast-feeding has regained popularity in the United
States. A mother suffering from severe migraine may not
comply with the recommendation that she should either
not nurse her baby or not take medication. Several antimi-
graine drugs are excreted into breast milk. During lacta-
tion, acetaminophen, caffeine, narcotics, and prochlor-
perazine can be used for the treatment of acute attacks
(Table 14.5). Beta-blockers and verapamil may be rela-
tively safe choices for prophylaxis (151,152).

MENOPAUSE

“Hemicrania generally diminishes in advanced age, or
entirely ceases; in females it often terminates at the
period of decrepitude,” said Romberg in 1853 (1). In
contrast to this traditional view, migraine may regress,
worsen, or show no change with menopause. In some
women, migraine may become a problem only after
menopause. The type of menopause seems to be impor-
tant. The women with surgical menopause following
bilateral oophorectomy are more likely to get worse
(153–155). Lichten and colleagues gave 5 mg depoestra-
diol injection to 16 postmenopausal women with previ-
ous history of menstrual migraine and 12 postmenstrual
women without any history of headache. Control sub-
jects reported no migraine during the month. All 16
women with a history of migraine developed severe
migraines 18.5 6 2.8 days after the injection. Thus, in
postmenopausal patients, estrogen withdrawal precipi-
tated migraine (156).

ORAL CONTRACEPTIVES

Oral contraceptives (OCs) produce a state of pharmaco-
logic anovulation by interfering with the midcycle
gonadotropin surge at both the hypothalamic and pitu-
itary levels. OCs are used by women at the prime of their
reproductive life, coincident with the peak prevalance of
migraine. Therefore, the twin issues of the effect of OCs
on the migraine headache and the stroke risk imposed by
OCs on female migraineurs are important (157).

Headache is a common side effect of oral contra-
ceptive use. In a study of 1,800 women using three dif-
ferent low-dose OC preparations, Ramos and associates
noted that headache was a predominant reason for ter-
mination of treatment. The incidence of headache varied
between 8.3 and 11.5% (158). There are conflicting data
regarding the relationship of OC use to the occurrence
of migraine. The studies are not comparable because of
the variable dosages of synthetic estrogens, small sample
size, and the selection bias. Furthermore, evidence con-
cerning risk or benefit is based primarily on observational
epidemiologic studies.

It has been generally accepted that migraine wors-
ens when the patient uses OCs. The first such report was
probably made by Mears and Grant in 1962 (159).
Kudrow studied 239 women, of whom 60 used OCs, 87
used replacement or supplemental estrogen, and 92 used
no hormone. Of the 60 OC users, 42% had migraine
headache before starting the OC. Fifty-eight percent of
the women, however, developed migraine only after start-
ing the OC. The withdrawal of OCs resulted in a marked
improvement in 70% of the women (160). Dalton
observed that of the women with menstrual migraine,
81% reported an increase in migraine while on the OCs,

TABLE 14.5
Teratogenicity of Antimigraine Drugs

DRUGS RISK CATEGORIES LACTATION REMARKS

Acute Attack FDA TERIS
Acetaminophen B N Compatible Best choice
Meperidine B N-min Compatible Sporadic use
Codeine C N-min Compatible Sporadic use
Caffeine B N-min Compatible <300 mg/day
Prochlorperazine C N Compatible
Prednisone B N-min Compatible Occasional use
Prophylaxis
Propranolol C U Compatible In severe cases
<160 mg/day
Verapamil C U Compatible
Fluoxetine B N Caution

TERIS = Teratogenic risk based on consensus of expert opinion and literature evidence.
N: None; N-min: none to minimal; min: minimal; H: high; U: undetermined.
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as opposed to 57% of women with sporadic migraine
(150). In a retrospective study of 1,676 women from Upp-
sala, taking combined, sequential, or low-dose gestagen
OCs, 10.3% of women without a prior history of
headache developed headache. However, of 362 women
with pretreatment migraine, 87 experienced a reduction
of their symptoms, 42 had no headaches, and 66 had
more headaches (162). At present, the various effects of
OCs on female migraineurs include (163,164):

• No change in migraine pattern in the majority of
women

• Worsening of migraine in terms of frequency and
severity, and reversal following discontinuation

• Onset of migraine for the first time within days or
weeks of starting the OCs, usually in the early cycles
of usage but occasionally after prolonged use

• Change of migraine without aura into migraine with
aura

• Distinct improvement in some patients

Strong evidence suggests that migraine itself
increases the risk of ischemic stroke (163). Tzourio and
associates investigated this relationship by studying 72
women under 45 years of age with ischemic stroke and
173 randomly selected controls. Ischemic stroke was
associated with history of migraine without aura (odds
ratio 3:0) as well as with migraine with aura (odds ratio
6:2) (165). A significantly increased risk of ischemic
stroke in women migraineurs was also observed by
Lidegaard, who reported an odds ratio for stroke at 2.9
in users of combined OCs containing 50 µg synthetic
estrogen, 1.8 in OCs containing 30–40 µg of estrogen,
but no excess risk for progestogen-only OCs (166).
This has been attributed to vasoconstriction, dehydra-
tion, and platelet activation during migraine attack
(163).

OCs increase the risk of stroke in young women. A
1973 collaborative study revealed a ninefold increase of
stroke risk among OC users (167). Stroke risk from
migraine and OCs may be additive. Tzourio and col-
leagues observed a fourfold increased risk of ischemic
stroke in female migraineurs who used OCs (165).

The use of OC in migraine patients is controversial,
but recommendations outlined by Becker should be help-
ful (163).

General Recommendations

• Individualize the risk–benefit ratio for each patient.
Weigh the risk of stroke against medical, psycho-
logical, social, and economic benefits to the patient.

• When patients with migraine are prescribed OCs,
monitor them carefully for an increase in migraine
headache and the development of focal symptoms.

• Prescribe OCs that contain low-dose estrogens and
progestins in women with migraine without aura.

Specific Recommendations

• Avoid OCs if the patient is older than 34 years or
has additional risk factors, such as smoking and
hypertension.

• Discontinue OCs if headache attacks become severe
in frequency or severity or if they change into
migraine with aura.

• In women with migraine with aura, avoid OCs
except in younger women with short-lasting visual
aura and discontinue OCs if aura is prolonged.

• Avoid OCs in patients who have prolonged aura,
multiple aura symptoms, recurrent aura symptoms,
complicated migraine, and transient ischemic
attacks.

HORMONE REPLACEMENT THERAPY

Vasomotor symptoms or osteoporosis prophylaxis may
necessitate hormone replacement therapy (HRT). In a
study of 112 women receiving HRT, 50 women reported
improvement, 52 believed their migraine worsened, and
10 noted no change (168). HRT may result in a new onset
“migraine” in approximately 3% of patients (169–171).
The association between HRT and stroke risk remains
controversial. The Framingham study found an increased
risk of stroke in postmenopausal women who used estro-
gens (relative risk = 2.3). Recent studies show either no
effect or an adverse effect on stroke risk (172,173). In
patients with migraine exacerbation, Silberstein suggests
reducing estrogen dose, changing estrogen type (from con-
jugate estrogen to pure estradiol, to synthetic ethinyl estra-
diol, or to pure estrase), and converting from interrupted
to continuous dosing or from oral to parental dosing.
Rarely, androgen addition may be beneficial (97,174).
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pilepsy is a common neurologic dis-
order that affects 1 in every 100
individuals, both children and
adults. With the exception of

epilepsy related to head trauma, the incidence is equal for
men and women. All persons with epilepsy live with the
concern that a seizure could occur at any time, must take
medications every day for years or even a lifetime, and
endure the social and economic hardships that accom-
pany this misunderstood condition (1,2).

Women with epilepsy face additional challenges.
Neuroactive ovarian steroid hormones alter the clinical
expression of seizures and of epilepsy syndromes over a
woman’s reproductive life. Some antiepileptic drugs
(AEDs) reduce the levels of physiologic ovarian sex steroid
hormones and may reduce the efficacy of contraceptive
steroids. Women with epilepsy have a greater risk for syn-
dromes associated with infertility, such as hypothalamic-
pituitary axis disruption, polycystic ovary–like syndrome,
and anovulatory cycles. Bone loss related to AEDs is more
likely to lead to pathologic fracture in women. In addition,
women with epilepsy taking AEDs are at higher risk for
pregnancy complications related to seizures, morphologic
abnormalities in offspring, and, perhaps, neurodevelop-
mental compromise. Unfortunately, most physicians are
not knowledgeable about these health risks (3).

Women receiving AEDs for conditions other than
epilepsy face challenges similar to women with epilepsy.

AEDs are used widely in the treatment of affective dis-
orders such as bipolar disorder, migraine, and pain.
AED effects on the metabolism of carbohydrates, hor-
mones, and bone place these women at equal risk con-
cerning long-term health consequences. Therefore, this
topic is addressed in two chapters—one discussing
issues that relate more specifically to women with
epilepsy (to women receiving AEDs for other indica-
tions; see also Chapter 5).

EPIDEMIOLOGY OF SEIZURES
AND EPILEPSY IN WOMEN

Seizures are transient alterations in neurologic function
that arise because of excessive and/or hypersynchronous
abnormal electrical discharges in neurons of the cerebral
cortex. Approximately 10% of the population will expe-
rience a seizure in their lifetime. Epilepsy is defined as a
chronic neurologic condition characterized by recurrent
unprovoked epileptic seizures.

The incidence of epilepsy and of all unprovoked
seizures in Rochester, Minnesota, from 1935 through
1984 was 44 per 100,000 person-years (4), and the inci-
dence and prevalence rates for epilepsy are higher in men
than in women (see Table 15.1). 

The cumulative incidence of all epilepsy is also sig-
nificantly higher in men than women. The cumulative
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incidence for men is 3.4% through age 74 years, com-
pared with 2.8% in women through 74 years (4). After
a single seizure, the risk of recurrence (second seizure) is
no different for men and women (5,6) and the probabil-
ity of remission in men and women with epilepsy is also
not different (7). The higher prevalence and incidence
rates for epilepsy in men is attributable to the greater fre-
quency of neurologic disorders such as cerebral palsy (8),
head trauma, cerebrovascular disease, and alcohol-related
epilepsy in men (9).

Epileptic Seizures

Table 15.2 lists the classification of epileptic seizures, as
established by the International League against Epilepsy
(10).

Using the Rochester, Minnesota database, the age-
adjusted incidence per 100,000 person-years for partial
seizures is 25 years and for generalized seizures is 17
years. As shown in Table 15.3, the age-adjusted incidence
for simple partial, complex partial, and generalized tonic-
clonic seizures is higher in men than in women (4). Only
absence seizures (petit mal) show a predilection for
females.

Epilepsy Syndromes

An international classification for the epilepsies defines
syndromes by seizure type and etiology and is provided
in Table 15.4 (11).

Syndromic classification predicts the response to
treatment and prognosis and is therefore a useful clinical

TABLE 15.1
Incidence and Prevalence Rates

for Epilepsy by Gender

Male Female

Incidence per 100,000 person-years1 49 41
Prevalence per 1,000 persons2 6 5.6

1Hauser et al., 1993.
2Hauser and Kurland, 1975.

TABLE 15.2 
International Classification of Epileptic Seizures1

Partial (focal, local) Seizures
Simple partial seizures (consciousness not impaired)

Motor signs
Somatosensory or special sensory symptoms
Autonomic symptoms or signs
Psychic symptoms

Complex partial seizures (consciousness impaired)
Simple partial onset followed by impaired consciousness
Consciousness impaired at onset

Partial seizures evolving to generalized seizures (tonic, clonic, or tonic-clonic)
Simple partial seizures evolving to generalized seizures
Complex partial seizures evolving to generalized seizures
Simple partial seizures evolving to complex partial seizures evolving to generalized seizures

Generalized Seizures (convulsive or nonconvulsive)
Absence seizures Myoclonic seizures

Typical (brief stare, eye flickering, no motion) Clonic seizures
Atypical (associated with movement) Tonic seizures

Tonic-clonic seizures
Atonic seizures

Unclassified Epileptic Seizures

1From the Commission on Classification and Terminology of the International League Against Epilepsy, 1981.

TABLE 15.3
Age-adjusted Incidence of Seizures

per 100,000 Person-Years by Gender1

Male Female

Partial seizures 28 24
Generalized tonic-clonic 20 15
Absence 2 3

1Hauser et al., 1993.



TABLE 15.4
International Classification of Epilepsies, Epilepsy Syndromes, and Related Seizure Disorders1

(Syndrome defined by seizure type and other clinical features, including anatomic localization and etiology)

1From the Commission on Classification and Terminology of the International League Against Epilepsy, 1989.
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Localization-Related (focal, local, partial) Epilepsies:
Idiopathic

Benign childhood epilepsy with centrotemporal
spikes
Childhood epilepsy with occipital paroxysms
Primary reading epilepsy

Symptomatic
Temporal lobe epilepsy
Frontal lobe epilepsy
Parietal lobe epilepsy
Occipital lobe epilepsy
Chronic progressive epilepsia partialis continua

Cryptogenic (presumed to be symptomatic but cause
is unknown)

Temporal lobe epilepsy
Frontal lobe epilepsy
Parietal lobe epilepsy
Occipital lobe epilepsy
Chronic progressive epilepsia partialis continua

Generalized Epilepsies
Idiopathic

Benign neonatal convulsions (familial and nonfa-
milial)
Benign myoclonic epilepsy in infancy
Childhood absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with generalized tonic-clonic seizures on
awakening

Cryptogenic
West’s syndrome (infantile spasms)
Lennox-Gastaut syndrome
Epilepsy with myoclonic-astatic seizures
Epilepsy with myoclonic absences

Symptomatic
Nonspecific etiology
Early myoclonic encephalopathy
Early infantile epileptic encephalopathy with sup-
pression burst
Other symptomatic generalized epilepsies

Undetermined Epilepsies
Generalized and focal features

Neonatal seizures
Severe myoclonic epilepsy of childhood
Epilepsy with continuous spike waves during
slow-wave sleep
Acquired epileptic aphasia (Landau-Kleffner syn-
drome)
Other undetermined epilepsies

Without unequivocal generalized or focal features
Special Syndromes

Situation-related seizures
Febrile convulsions
Isolated seizures or status epilepticus
Seizures caused by an acute or toxic event, such
as alcohol or drug overdose, eclampsia, or hyper-
glycemia

TABLE 15.5
Epileptic Syndromes and Gender1

1Adapted from Wallace, 1991.

Syndromes Equally Common in Men and Women
Benign familial neonatal convulsions
Benign epilepsy with occipital paroxysms
Epilepsy with continuous spike and wave during slow
sleep (ESES)
Juvenile myoclonic epilepsy

Syndromes More Common in men
Febrile seizures
Ohtahara syndrome
West syndrome (infantile spasms)
Benign and severe myoclonic epilepsy in infants
Lennox-Gastaut syndrome
Benign partial epilepsy with centrotemporal spikes
(Rolandic epilepsy)
Juvenile absence epilepsy

Epilepsy with generalized tonic-clonic seizures upon
awakening
Localization related epilepsy of frontal or temporal 
origin
Landau-Kleffner syndrome
Epilepsies associated with X-linked disorders:

Fragile-X
Menke’s disease

Syndromes More Common in Women
Childhood absence epilepsy
Photosensitive epilepsy

Syndromes Occurring Exclusively in Females 
Associated with Epilepsy

Retts syndrome
Aicardi syndrome
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construct. As illustrated in Table 15.5, most epilepsies
preferentially affect men.

Several epilepsy syndromes, however, are more likely
to affect women. Childhood absence epilepsy is a rela-
tively common genetic epilepsy of childhood character-
ized by absence seizures and, rarely, by generalized tonic-
clonic seizures as well. Age of onset is between 3 and 5
years and puberty (12), and 60% of affected individuals
are female (13). This epilepsy is not associated with other
neurologic dysfunction and carries a favorable progno-
sis for remission by puberty (14). Photosensitive epilepsy
is a rare form of epilepsy characterized by generalized
seizures provoked by flickering light. Seizures are typi-
cally generalized tonic-clonic, although absence and
myoclonic seizures may occur as well (15). Developmen-
tal and neurologic exams are normal, but the EEG dis-
plays a photoconvulsive response with photic stimulation
(16). The ratio of affected women to men is 1.5 to 1 (15).
Juvenile myoclonic epilepsy (JME) is a genetically medi-
ated epilepsy syndrome that arises around puberty (17).
The hallmark is myoclonic seizures. Persons with JME
typically have infrequent generalized tonic-clonic seizures
and may have absence seizures as well. Women are more
often affected than men. This epilepsy syndrome does not
remit but usually responds quite well to AED therapy.

Seizures occur in some neurologic syndromes that
affect only females. Rett syndrome (18) is a genetic dis-
order that is lethal in males and is characterized by devel-
opmental arrest and regression at age 6 months, mental
retardation, loss of purposeful use of hands, and hyper-
ventilation. Approximately 75% of girls with Rett syn-
drome develop epilepsy. Aicardi syndrome (19) affects
females only and is characterized by severe mental retar-
dation, infantile spasms, agenesis of the corpus callosum,
hypotonia or spasticity, and typical lesions in the optic
fundus (lacunae). Seizures in Aicardi syndrome begin
early in life and are rarely controlled.

Nonepileptic Seizures

Seizures manifest as paroxysmal, transient alterations in
neurologic function. A number of clinical entities can
mimic epileptic seizures (20). A differential diagnosis for
seizures is provided in Table 15.6.

Within this category of events mimicking seizures in
adults, the most commonly encountered entities are car-
diogenic or vasovagal syncope, migraines, anxiety disor-
ders, and psychogenic seizures. Nonepileptic psychogenic
seizures affect women more often than men. Nonepilep-
tic psychogenic seizures are also called pseudoseizures and
represent the most frequent seizure-like event presenting
to epilepsy centers (21), arising in between 20 and 30%
of patients referred to epilepsy centers.

Nonepileptic psychogenic seizures may resemble
epileptic seizures but do not arise as a result of abnor-

mal paroxysmal discharge of cerebral neurons. Most
psychogenic seizures are precipitated by psychologic fac-
tors, which, in many cases, remain subconscious.
Patients with these spells are often young and female
(22,23) and may suffer from somatoform, panic, or dis-
sociative disorders, from psychosis, and less commonly,
malingering (22).

TABLE 15.6
Differential Diagnosis of Epileptic Seizures

Syncope of Cardiac Origin
Arrhythmias

Supraventricular and ventricular
Stokes Adams attacks
Heart block/asystole

Congenital heart disease
Cardiomyopathy
Atrial myxoma

Syncope of Noncardiac Origin
Vasovagal

Micturition, tussive, carotid sinus disturbance
Valsalva
Medication induced (related to drop in systemic 
vascular resistance)

Tricyclic antidepressants, levodopa, antihyperten-
sives, phenothiazines

Orthostatic
Shy Drager syndrome, Parkinson’s disease
Autonomic neuropathies

Hypovolemia
Hyperventilation
Breath-holding

Benign Paroxysmal Vertigo
Migraine
Transient global amnesia
Cerebrovascular disease
Toxic/metabolic disturbance

Alcohol, strychnine, carbon monoxide poisoning,
cyanide
Hypoglycemia
Porphyria
Renal/hepatic disease
Pheochromocytoma

Psychiatric disease
Anxiety/panic disorder, conversion disorder, inter-
mittent explosive disorder (episodic dyscontrol)

Sleep disorders
Narcolepsy, parasomnias,  paroxysmal nocturnal
choreoathetosis

Movement disorders
Paroxysmal dyskinesias

Psychogenic seizures

1Adapted from Morrell, 1993.
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No behaviors absolutely differentiate nonepileptic
from epileptic seizures (21–23,24). Psychogenic seizures
present with a wide spectrum of behaviors from subtle
alterations in sensation mimicking simple partial seizures
to generalized motor events that resemble tonic-clonic con-
vulsions. Dramatic motor events such as fluctuating,
arrhythmic, “struggling” type movements, pelvic thrusting,
trunk and extremity extension, alternating to-and-fro head
movements, bizarre facial grimacing, body posturing, and
opisthotonos are more characteristic of psychogenic
seizures. Prolonged nonresponsiveness with motor arrest
(more than 5 minutes) is a common presentation in psy-
chogenic seizures, as is a motionless collapse. Retained con-
sciousness, despite bilateral motor manifestations, has been
described as typical for psychogenic spells. The length of
the episode may help differentiate between epileptic and
nonepileptic events. Although most tonic-clonic seizures are
less than 60 seconds in duration, psychogenic convulsive
seizures may be considerably longer. Urinary incontinence
and injury have been described in as many as 20% of
patients with pseudoseizures and therefore does not serve
as a useful distinguishing criterion.

These behavioral distinctions serve as guidelines
only. Each of these behaviors can also arise with epilep-
tic seizures, particularly seizures originating in the frontal
lobe (20). Frontal lobe seizures may be brief and bizarre,
containing many behaviors previously thought to suggest
psychogenic seizures, such as back arching, pelvic thrust-
ing, asynchronous movements, retained consciousness
despite bilateral movements, and a brief or nonexistent
post-ictal phase.

Although behaviors may not be specific, nonepilep-
tic events can be suspected when behaviors are unusual
and not stereotyped, when the events do not respond to
appropriate AEDs, and when the events have a constant
precipitant related to psychosocial stresses. The psy-
chogenic seizure may bring secondary benefits such as
increased attention from significant individuals, relief
from home and work responsibilities, and disability insur-
ance or other financial benefits.

Psychogenic seizures may be more likely to affect
women because sexual and physical abuse appear to be
risk factors, and women are more likely than men to expe-
rience such abuse. In one study of women presenting to
two urban emergency departments, one in four had a his-
tory of physical or nonphysical partner violence in the
previous year (25). It is estimated that 5 to 10% of the
female population has experienced severe, penetrative
sexual abuse (26). Individuals experiencing such signifi-
cant life traumas are more likely to have psychogenic
seizures that arise as a consequence of conversion disor-
ders or dissociative disorders similar to posttraumatic
stress disorder or multiple personality disorder. Other
psychologic and psychodynamic mechanisms leading to
psychogenic seizures include misinterpretation of other

somatic events such as anxiety episodes or panic attacks,
or of paroxysmal behaviors such as movement disorders,
explosive behaviors, and even daydreaming. Less com-
monly, the psychogenic seizure represents malingering.

WHY EPILEPSY IS DIFFERENT IN
WOMEN THAN IN MEN

Phenotypic Expression of Epilepsy

Ovarian sex steroid hormones alter neuronal excitability
and affect seizure frequency (27). Gonadal and adrenal
steroid hormones have immediate, short-term effects on
neuronal excitability, as well as long-acting, delayed
genomic effects. Estrogen acts at the cell membrane to
increase net excitation, whereas progesterone enhances
net inhibition. In experimental models of generalized and
focal epilepsies, estrogen exerts a seizure activating effect.
In contrast, progesterone elevates the seizure threshold
and acts as a CNS depressant. Dynamic changes occur
in neuronal excitability and morphology over the men-
strual cycle. The seizure threshold in animal models of
epilepsy is altered over the estrous cycle. It is presumed
that the same phenomenon occurs in humans and
explains the phenomenon of catamenial seizures and
changes in seizure expression at puberty and menopause.

Molecular Mechanism
of Action of Ovarian Steroids

Estrogen has both genomic and membrane effects that
increase excitation and reduce inhibition (28). Estrogen
exerts immediate effects on membrane excitability at the
A receptor for gamma aminobutyric acid (GABA-A). When
estrogen occupies a recognition site on the GABA-A recep-
tor, chloride conductance is altered so that GABA-mediated
inhibition is less effective. Estrogen also acts as an agonist
at the N-methyl-D-aspartate (NMDA) receptor to medi-
ate excitation in the CA-1 region of the hippocampus. This
serves to increase excitation in this region of the medial tem-
poral lobe. The genomic effects of estrogen include alter-
ation of the messenger RNA that encodes for GABA amino
decarboxylase (GAD), an enzyme that regulates the syn-
thetic rate for the neurochemical GABA. Estrogen also
reduces the rate of synthesis of the GABA-A receptor sub-
units. The net effect of estrogen is a reduction in numbers
of GABA-A receptor subunits, a reduction in GABA con-
centration, and subsequently, less inhibitory effect.

Progesterone has the opposite effect of estrogen
(28). The occupation of the GABA-A receptor subunit
by progesterone results in increased inhibitory effect and
reduced glutamate-mediated excitatory effect in the tem-
poral lobe. Genomically, progesterone enhances GABA
synthesis and increases the total number of GABA-A
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receptor subunits.
In animal models, estrogen is proconvulsive and

progesterone is anticonvulsive. Estrogen reduces the elec-
troconvulsive shock threshold in animals, which is
thought to be a model for human generalized tonic-clonic
seizures. Estrogen induces, aggravates, or prolongs
seizures in animal models of epilepsy. In some women
with epilepsy, estrogen increases the frequency of EEG
epileptiform activity. The reduced metabolites of proges-
terone increase the seizure threshold and suppress seizures
in animal models. In some women with epilepsy, proges-
terone reduces EEG epileptiform discharges.

The proconvulsant effect of estrogen was demon-
strated by studies conducted by Woolley et al. (29,30).
These investigators compared the effect of exposure to
physiologic concentrations of estrogen on CA-1 neurons
taken from ovariectomized animals to the effects of a con-
trol an oil vehicle (30). Estrogen exposure profoundly
altered neuronal morphology; numerous dendritic spines
were formed, representing potential synaptic connections.
These morphologic changes were evident within 12 to
24 hours of estrogen exposure. Conversely, when estro-
gen levels fell, these changes reversed within a similar
period. Recently, Woolley et al. (29) demonstrated the sig-
nificance of these findings. In CA-1 neurons from ovariec-
tomized animals, glutamate treatment resulted in a sig-
nificant increase in excitatory outputs [input/output (I/O)
slope] in CA-1 neurons that were pretreated with estro-
gen, compared with control neurons pretreated with oil.
The increased height of the input/output slope with estro-
gen exposure represents an increased likelihood of a
synaptic event and neural firing after glutamate exposure.

Responsiveness to steroid hormones may be more
pronounced in the postpubertal than in the prepubertal
brain. Hormonal influences on epilepsy may also be dif-
ferent in the premenopausal versus the postmenopausal
woman.

Effect of Puberty on Epilepsy

The reported effects of puberty on epilepsy are contra-
dictory. Niijima and Wallace (31) reported a transient
worsening of localization-related epilepsy syndromes that
they attributed to a reduction in AED plasma concentra-
tions rather than a hormonally driven effect.
Rosciszewska (32) found that generalized tonic-clonic
and complex partial seizures were likely to worsen at
puberty. In contrast, Diamantopoulos and Crumrine (33)
reported a reduction in the frequency of complex partial
seizures at puberty.

Catamenial seizures

The ovulatory phase of the human menstrual cycle is
characterized by an estrogen peak, the perimenstrual or

menstrual phase by progesterone withdrawal (decline),
and menses by an increase in the estrogen to progesterone
ratio. Catamenial seizures are influenced by these cycli-
cal hormonal changes and occur in one-third to one-half
of women with epilepsy (34). Seizures are more frequent
perimenstrually and sometimes also at ovulation.

Indeed, research on seizure patterns finds a strong
relationship between the stage of the menstrual cycle and
seizures, with the majority of seizures occurring during
the perimenstrual period (about 3 days before the onset
of menstrual flow) and at ovulation (34). This seizure pat-
tern is not seen in anovulatory cycles when the ovula-
tory estrogen surge and luteal progesterone peak do not
occur. Rather, during an anovulatory cycle, the estrogen-
to-progesterone ratio remains elevated and relatively con-
stant. Not surprisingly, seizure distribution is more ran-
domly distributed, and seizure frequency is greater,
compared with ovulatory cycles (34).

Catamenial seizures may occur as a result of the
reduced plasma concentration of AEDs. Current opinion,
however, is that catamenial seizures arise because of
cycle-related changes in neuroactive steroids. Elevated
estrogen at ovulation, progesterone withdrawal at
menses, and an elevated estrogen:progesterone ratio
(anovulatory cycles) are the major proposed hormonal
mechanisms (34).

Epilepsy at Menopause

Little is known about the effects of menopause on
epilepsy. During the perimenopausal period, significant
fluctuations in pituitary gonadotrophins and ovarian
steroids may precede the menopausal ovarian failure by
many years. In one retrospective descriptive study (32),
seizures were likely to improve at menopause if  seizure
onset had been relatively later in life, there was a cata-
menial relationship, and seizures were already well con-
trolled. Women with frequent partial or tonic-clonic
seizures were likely to become worse. A recent survey in
an epilepsy center in Maryland identified a small group
of women in whom seizures appeared to arise in the
menopausal period (35). Another retrospective study
found that women often experienced a seizure exacer-
bation over the perimenopause (36).

Treatment of Hormonally 
Sensitive Seizures

No sufficient data exist to develop guidelines for the treat-
ment of hormone-sensitive seizures. The results of small
open trials (37) suggest that some women may benefit
from sustained therapy with natural progesterone, but
further research is needed to confirm this in clinical prac-
tice. Currently, these seizures are treated conventionally
with AEDs and acetazolamide.
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RESPONSE TO TREATMENT: AED EFFICACY
AND TOLERABILITY BY GENDER

The treatment of epilepsy is directed towards suppression
of seizures by AEDs. The most widely used drugs are phe-
nobarbital, phenytoin, carbamazepine, and valproate—
all released before 1978. These drugs have been evaluated

for efficacy individually and in comparative trials (38,39)
so that differential efficacy can be defined. The efficacy
of the most commonly used AEDs by epilepsy syndrome
and seizure type is listed in Table 15.7.

An analysis of efficacy by gender is mandated by the
U.S. Food and Drug Administration (FDA) for each new
pharmacologic product tested in the United States (40).

TABLE 15.7
Commonly Used Antiepileptic Drugs: Use by Seizure Type* and Pharmacokinetic Characteristics

Usual Effect on
Usual effective hepatic
adult plasma cytochrome Bound

Seizure dose Half-life concentration P450 fraction
Drug types (mg/day) (h) Metabolism (µg/mL) enzymes (%)

Phenytoin Partial 300–400 22 >90% hepatic 10–20 Induction 90–95
(Dilantin) and GTC with induction

Carbamazepine Partial 800–1600 8–22 >90% hepatic 8–12 Induction 75
(Tegretol, Carbatrol) and GTC with induction

Phenobarbital Partial 90–180 100 >90% hepatic 15–40 Induction 45
and GTC with induction

Valproate Broad 1000–3000 15–20 >95% hepatic 50–120 Inhibition 80–90
(Depakote, spectrum with inhibition
Depakene)

Ethosuximide Absence 750–1500 60 65% hepatic, 40–100 No effect <5
(Zarontin) no induction

Felbamate Broad 2400–3600 14–23 60% hepatic 20–140a No significant 25
(Felbatol) spectrum effect

Gabapentin Partial 1800–3600 5–7 >95% renal 4–16a No effect <5
(Neurontin) and GTC

Lamotrigine Broad 100–500 12–60b >90% hepatic, 2–16a No effect 55
(Lamictal) spectrum no induction

Topiramate Broad 200–400 19–25 30% hepatic 4–10 Induction at 9–17
(Topamax) spectrum no induction higher dosage

Tiagabine Partial 32–56 5–13 >90% hepatic, NE No effect 95
(Gabitril) no induction

Oxcarbazepine Partial 600–1800 8–10c >90% hepatic, 10–35c Induction at 40c

(Trileptal) and GTC mild induction higher dosage

Levetiracetam Broad 1000–3000 6–8 >65% renal 5–45a No effect <10
(Keppra) spectrum? excretion

Zonisamide Broad 100–400 63 70% hepatic 10–40a No effect 40
(Zonegran) spectrum no induction

a Not established; represents usual concentration in patients receiving therapeutic dose.
b Varies with concomitant ASD (lower with enzyme inducers; higher with inhibitors).
c Of MHD, active metabolite.
GTC=generalized tonic–clonic; NE=not established.
*Use by seizure type represents expert opinion and practice and does not necessarily correspond to FDA approved indications.
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In 1993, the FDA called for a careful characterization of
drug effects by gender so that differences in efficacy and
safety relative to physiological gender differences could
be detected (41). “For Phase III trials… women and
minorities and their subpopulations must be included such
that valid analysis of differences in intervention effect can
be accomplished. In order to detect efficacy and safety dif-
ferences related to physiologic gender differences, such as
the effects of hormones, substantial representation of both
sexes is expected, as is analysis by gender of effectiveness,
adverse-event rates and dose-response” (41).

The gender-specific analysis of AED efficacy and tol-
erability is indicated because the pharmacokinetic and
pharmacodynamic effects of some drugs may be altered
in women because of smaller body size, higher body fat,
lower body water content, and a lesser muscle mass. Phar-
macokinetic interactions with endogenous hormones and
with therapeutic hormones—such as contraceptive sex
steroid hormones and hormone replacement therapy
(HRT), might also alter AED efficacy. The neuroactive
steroids could also modulate the pharmacodynamic
effects of the AEDs.

An analysis of efficacy by gender is available for the
majority of the newly marketed and soon to be released
AEDs, but has not been provided for the older AEDs.
Gabapentin, felbamate, lamotrigine, tiagabine, and top-
iramate were as effective and well tolerated in women as
in men during premarketing trials. Zonisamide was as
efficacious in men as in women but was somewhat bet-
ter tolerated by women (42). Further analysis of efficacy
and tolerability over the menstrual cycle and with changes
in reproductive status has not been provided.

Although federal guidelines encourage the inclusion
of women of child-bearing potential in investigational drug
trials, these same agencies assume that pregnant and lac-
tating women will be excluded (43). DHHS regulation 46,
Subpart B directs that pregnant women may not be
research subjects except under two circumstances: either
that the purpose of the activity is to meet the health needs
of the mother, and the fetus will be placed at risk only to
the minimum extent necessary to meet such needs, or the
risk to the fetus is minimal. The consequence of this pol-
icy is that very little information is available regarding the
safety of an AED in the pregnant and lactating woman,
even though these drugs will be used by many women with
epilepsy throughout gestation and while breastfeeding.

This policy has been re-examined recently by the
National Institutes of Health (NIH) and FDA, which
directed the Institute of Medicine (IOM) to examine poli-
cies regarding the inclusion of pregnant and lactating
women in clinical trials. In 1994, The IOM committee on
women in research made a controversial recommenda-
tion that pregnant and lactating women be considered eli-
gible to be subjects in clinical research. The IOM report
stated, “…the prevailing presumption regarding the par-

ticipation of pregnant women in clinical trials…(should)
be shifted from one of exclusion to  one of inclusion.” The
IOM felt that women who are, or may become pregnant
during the course of a research study should be viewed
as any other competent adult who is a potential research
subject (44).

Health Concerns for Women with Epilepsy

Chronic illnesses often carry comorbidities. Health con-
cerns for the woman with epilepsy who must receive
AEDs include reproductive dysfunction, metabolism dis-
turbances such as unfavorable lipid profiles, changes in
carbohydrate metabolism, and bone disease. Metabolic
disorders appear to be the consequence of AEDs, rather
than epilepsy. This topic is discussed in Chapter 5. Only
a brief summary regarding contraceptive choice and bone
health is included here.

Family Planning

Contraceptive choice is limited for women who take an
AED that induces the hepatic cytochrome P450 enzyme
system. Because of AED induction, steroid hormone
metabolism and binding are increased. The failure rate of
hormonal contraception in women on cytochrome P450
enzyme–inducing AEDs may exceed 6% per year (45).
A detailed discussion concerning the effect of AEDs on
hormonally based contraception is included in Chapters
4 and 5.

Bone Health

Persons with epilepsy are at a greater risk for bone dis-
ease, which typically presents as pathologic fracture. Bone
biochemical abnormalities described in people with
epilepsy include hypocalcemia, hypophosphatemia, ele-
vated serum alkaline phosphatase, elevated parathyroid
hormone (PTH), and reduced levels of vitamin D and its
active metabolites (46). The most severe bone and bio-
chemical abnormalities are found in patients receiving
AED polytherapy and in patients who have taken AEDs
for a longer time. Further information regarding bone loss
and diagnostic and treatment strategies is contained
within Chapter 5.

Reproductive Health

Reproductive health may be compromised in women with
epilepsy. Women with epilepsy are more likely to experi-
ence infertility, failure of hormonal contraception, and
adverse pregnancy outcome. Anticipating these risks per-
mits the clinician to provide treatment for the woman
with epilepsy that is least likely to compromise repro-
ductive health.
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Women with epilepsy are at risk for reduced fertil-
ity and reproductive endocrine abnormalities (47,48).
Women with epilepsy are only 37% as likely to have had
a pregnancy as their nonepileptic sisters, independent of
marital status (49–51). The cause of lower fertility rates
is multifactorial. A study in Finland found that persons
with epilepsy were less likely to marry and to have off-
spring (52). In part, this reflects a choice. Much of that
choice comes from wrong information suggesting that
women with epilepsy are not fit parents, the risk of trans-
mission of epilepsy is very high, or the risk of birth defects
in children born to mothers with epilepsy is higher than
it really is. A recent survey of health care professionals
likely to encounter women with epilepsy finds that there
is a marked lack of knowledge regarding pregnancy and
fetal risks associated with maternal epilepsy and that
many physicians would not support the decision of a
woman with epilepsy to become pregnant (3). In addition
to psychosocial challenges to parenting, lower birth rates
are a consequence of menstrual cycle abnormalities,
anovulatory menstrual cycles, reproductive endocrine dis-
orders, and sexual dysfunction.

Abnormalities in the basal concentrations of pituitary
gonadotrophins and in ovarian steroids may be one mech-
anism for infertility in women with epilepsy. Hypo-
gonadotrophic hypogonadism, hypergonadotrophic hypo-
gonadism, and polycystic ovaries are described in women
with partial and generalized seizures (53–56). Hypothal-
amic dysfunction is suggested by observations that the
pituitary release of LH is altered spontaneously and in
response to gonadotrophin-releasing hormone (56–58).
These alterations in reproductive hormones are described
in women both treated and not treated with AEDs.

Some AEDs, however, alter the risk for specific
reproductive disturbances, in part by altering the con-
centration of sex steroid hormones. Hypothalamic-pitu-
itary axis function is altered as a consequence of changes
in sex steroid hormone feedback inhibition and excita-
tion. Women receiving CYP450 enzyme–inducing AEDs
have significant reductions in serum concentrations of
estradiol, testosterone, and dihydroepiandrostenedione,
as well as elevations in sex hormone binding globulin
(SHBG) (5962). Women taking valproate (which does not
induce liver cytochrome enzymes) have higher gonadal
and adrenal androgen levels (53,59,63). Enhanced steroid
metabolism and binding reduces the concentration of bio-
logically active steroid. In contrast, adrenal and gonadal
androgens are significantly elevated in women receiving
the CYP450 enzyme inhibitor valproate. Women with
epilepsy taking gabapentin or lamotrigine—two AEDs
that do not alter CYP450 enzymes—have sex steroid hor-
mone levels no different from those of nonepileptic con-
trols not taking medications (59). See Table 15.8.

Infertility may also arise because of menstrual cycle
irregularity, an inadequate luteal phase, and ovulatory

failure (1). Women with epilepsy are more likely to expe-
rience menstrual cycles that are abnormally short (less
than 23 days) or long (greater than 36 days). About one-
third of menstrual cycles in women with epilepsy are
anovulatory, compared with a rate of about 10% in
women without epilepsy (1,64). Women with primary
generalized epilepsy are more likely to have anovulatory
cycles than women with localization-related epilepsy (1).
The antiepileptic medication valproate, unlike carba-
mazepine, gabapentin, lamotrigine, phenobarbital, or
phenytoin, was significantly associated with anovulatory
cycles in two studies (1,64). Women with primary gener-
alized epilepsy receiving valproate were at highest risk. In
fact, 55% of menstrual cycles were anovulatory in this
group of women with epilepsy (1). Ovulatory failure asso-
ciated with epilepsy and some AEDs may be a result of
endocrine and end organ disturbances. Hypothalamic-
pituitary axis dysfunction is suggested by observations
that pituitary release of lutenizing hormone (LH) in
women with epilepsy is altered spontaneously and in
response to gonadotrophin-releasing hormone (GnRH)
(54,57,58).

Polycystic Ovary Syndrome

The polycystic ovary syndrome (PCOS) is a gynecologic
disorder affecting approximately 7% of reproductive-age
women. Polycystic appearing ovaries, while often present
in women with this syndrome, are not required for diag-
nosis. In fact, asymptomatic polycystic ovaries may be rel-
atively common in normal women of reproductive age,
occurring in 21 to 23% of women (65–67).

The diagnostic requirements for PCOS are pheno-
typic or serologic evidence for hyperandrogenism and
anovulatory cycles (68). Phenotypic signs of hyperan-

TABLE 15.8
Categorization of AEDs by Effects on

CYP450 Liver Enzymes

Drugs that inhibit 
Drugs that induce or have no effect 
CYP450 enzymes on CYP450 enzymes

Carbamazepine Felbamate
Oxcarbazepine Gabapentin
Phenobarbital Lamotrigine
Phenytoin Valproate
Topiramate Vigabatrin

Drugs that induce this enzyme system can be anticipated to lower
the concentration of biologically available hormone and therefore
reduce efficacy of hormonally based contraception. Drugs that
inhibit or have no effect on this enzyme system will not alter the
efficacy of hormonal contraception.
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drogenism include hirsutism, truncal obesity, and acne.
Hirsutism presents as increased facial and body hair,
coarsening of pubic hair with extension down the inner
thigh and male pattern scalp hair loss—temporal reces-
sion and thinning over the crown. Obesity is in an axial
distribution. Acne tends to be cystic, involving the lower
face and often the back. Women with this syndrome
have frequent anovulatory cycles, may have elevated
androgen levels, an abnormal ratio of pituitary LH to
follicle-stimulating hormone (FSH), elevated cholesterol
with abnormal lipid profiles, elevated fasting or post-
prandial insulin levels, and glucose intolerance. The
health consequences of PCOS include infertility, accel-
erated atherosclerosis, diabetes, and endometrial carci-
noma, thus underscoring the importance of detection
and treatment.

Women with epilepsy appear to be at risk for devel-
oping features of this syndrome, although no study in
a cohort of women with epilepsy is adequately designed
to permit an accurate diagnosis of this syndrome. In a
random sample of 20 women with epilepsy of tempo-
ral lobe origin, five had PCOS, characterized clinically
by oligomenorrhea, hirsutism, and androgen and LH
elevation, or by ovarian cysts visualized directly or by
ultrasonography (69). Another evaluation of 50 women
with partial seizures arising from the temporal lobe
found that 28 had menstrual cycle disturbance and 19
had reproductive endocrine disorders and polycystic
ovaries (56). Polycystic-appearing ovaries and hyper-
androgenism are reported to arise in as many as 40% of
women with epilepsy receiving valproate (1,53,64) and
may be more likely to occur in women who first receive
valproate at puberty (69) or before age 20 (53). Other
studies have shown that valproate is more often associ-
ated with polycystic ovaries than are carbamazepine,
phenytoin, gabapentin, and phenobarbital (1,53,70).
However, one study found no difference in the fre-
quency of polycystic appearing ovaries in 52 women
taking valproate and 53 women taking carbamazepine
for epilepsy (71).

In a prospective assessment of 94 reproductive-age
women with epilepsy, polycystic ovaries were detected by
transvaginal ultrasound in 26% of women with localiza-
tion-related epilepsy, 41% of women with primary gen-
eralized epilepsy, and 16% of nonepileptic controls (1).
Women receiving valproate within the preceding 3 years
were more likely to have polycystic-appearing ovaries
(38%) than women receiving other AEDs. Other investi-
gators have similarly reported a higher frequency of
anovulatory cycles and polycystic ovaries in women
receiving valproate for epilepsy (64). This condition in
women receiving valproate may be reversible when med-
ication is changed to lamotrigine (70).

The relative effect of epilepsy versus AED therapy
on reproductive physiology can be considered by evalu-

ating reproductive health in persons receiving AEDs for
conditions other than epilepsy. Two studies have assessed
menstrual cycle regularity and ovarian morphology in
women with bipolar disease (BPD). One study of women
with bipolar disease treated with either valproate or
lithium found no difference in the length of the menstrual
cycle or appearance of polycystic ovaries, although both
groups had a high prevalence of prolonged menstrual
cycles (72). More than 40% had cycles longer that 35
days, suggesting that these cycles were anovulatory. How-
ever, another group of investigators evaluated the length
of the menstrual cycle, ovarian morphology, and testos-
terone levels in women with bipolar disorder treated with
valproate or other agents. Abnormally long menstrual
cycles occurred in 47% of those receiving valproate, as
compared with 13% of those not receiving valproate and
none of the healthy controls. Polycystic ovaries and ele-
vated androgens were found in 41% of women with BPD
on valproate and in none of the other women with BPD
or the controls (73).

Whether reproductive endocrine and reproductive
cycle disturbances are primarily a consequence of the
brain disorder or the AED has been addressed in a
human study and a primate study. Menstrual cycle
length, androgen status, and pituitary gonadotrophins
were assessed in women with BPD receiving lithium or
valproate, and in women with primary generalized
epilepsy receiving valproate (74). Both groups of women
receiving valproate had more frequent menstrual cycle
abnormalities (20% of women with BPD and 47% of the
women with epilepsy). Women treated with lithium or
valproate for BPD, however, did not exhibit the pheno-
typic signs of hyperandrogenism such as hirsutism and
truncal obesity, although serum androgens were elevated
in this group. Pituitary hormone abnormalities, as rep-
resented by significantly lower FSH levels and an
increased ratio of LH to FSH, were observed only in the
women with epilepsy. The investigators conclude that
the valproate-associated phenotype is influenced by the
brain disorder.

Additional evidence that these reproductive health
disturbances are a consequence of an underlying brain
disorder comes from a study in female primates (75).
Seven nonepileptic, regularly cycling healthy primates
were treated with valproate over 1 year, achieving serum
concentrations of valproate similar to those of adults
with epilepsy. Over the prospective 1-year assessment,
the primates did not develop abnormalities in menstrual
cycle length, ovarian morphology, or response to GnRH
stimulation.

These data suggest that epilepsy and some AEDs
individually affect fertility and that these effects may be
additive. This implies that the most sophisticated therapy
for epilepsy will consider disease treatment effects on
reproductive health.
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Sexual Function

Many men and women with epilepsy have sexual dys-
function (76–78). Studies evaluating sexual attitude and
behavior find an incidence of sexual dysfunction rang-
ing from 30 to 66% of men with epilepsy and from 14
to 50% of women. The variability in these estimates
reflects varying cultural norms for sexual behavior and
differing methods for assessing sexual function.

Studies obtaining information by patient self-report
have cataloged a variety of sexual complaints. Women
with epilepsy are reported to experience a global hypo-
sexuality (79). However, in one recent study of 116
women with epilepsy seen as outpatients in an epilepsy
clinic (77) sexual desire and sexual experience were nor-
mal, but more than one-third experienced deficits in
arousal such as dyspareunia, vaginismus, lack of lubri-
cation, and arousal insufficiency—symptoms more often
attributed to disorders of physiologic sexual arousal
rather than a disorder of sexual desire. One quantitative
study of sexual arousal in women with temporal lobe
epilepsy found an impairment in the first phase of phys-
iologic sexual arousal (increased genital blood flow) as
measured by the relative increase in genital blood flow
after presentation of erotic video stimuli (80). In this
experimental model of sexual response, subjective sex-
ual arousal was not diminished in the women with
epilepsy. These results suggest an impairment in sexual
arousal, with relative preservation of sexual desire.

Sexual behavior requires the normal and integrated
function of the peripheral and central nervous system
(CNS), peripheral vasculature, and hormones, as well as
normal psychologic responsiveness.  Areas of the CNS
subserving sexual behavior in mammals include regions
of the frontal lobe,  hypothalamus, and limbic cortex. The
hypothalamic-pituitary axis also mediates sexuality via
the regulation of gonadotrophins, prolactin, and gonadal
steroids. Extensive reciprocal connections between the
amygdala and hypothalamus allow limbic structures to
modulate the release of hypothalamic trophic factors. In
addition, high-affinity uptake receptors for sex steroids
in the amygdala provide a pathway by which hormones
alter limbic function.

A number of mechanisms for sexual dysfunction are
active in women with epilepsy (79). Social development
and self-esteem may be impaired. Sexual feelings may elicit
anxiety. Women with partial seizures were more likely to
report anxiety associated with sexual activity (77).
Although the basis for heightened sexual anxiety in this
population is not known, sexual desire and arousal may
be negatively reinforced when sexual activity precipitates
seizures or when sexual sensations or behaviors become
identified as part of the seizure or postictal period.

Epileptic discharges in limbic structures may also
contribute to sexual dysfunction. Sexual dysfunction

usually arises after the onset of seizures and may be most
common in patients with partial, rather than generalized,
seizures. Some patients treated for partial epilepsy with
temporal lobectomy report postoperative improvement
in sexual desire and arousal, with the greatest improve-
ment seen in those patients achieving the best seizure
control.

Sexuality in people with epilepsy may be adversely
affected by abnormalities in the basal and pulsatile release
of LH, elevations in prolactin, and alterations in gonadal
and adrenal steroid hormones. AEDs may contribute to
sexual dysfunction by direct cortical effects or secondar-
ily through alterations in the hormones supporting sex-
ual behavior. Treatment with enzyme-inducing AEDs
reduces the biologically active fraction of gonadal and
adrenal steroid hormone. These steroid alterations, as
well as AED-induced changes in pituitary hormones could
adversely impact sexual behavior. Elevated pituitary pro-
lactin is recognized as a common cause of sexual dys-
function in nonepileptic men and women and is known
to be elevated interictally in women and men receiving
AEDs. Although the effect of individual AEDs on sexual
function has not been evaluated, AED polytherapy
appears to be more often associated with sexual dys-
function than is AED monotherapy (77).

A woman with epilepsy presenting with sexual dys-
function should be questioned about precipitating factors,
such as acute or chronic life stresses, recent medications,
illnesses, surgery, or symptoms of depression. A recom-
mended evaluation strategy is provided in Table 15.9.

If no correctable organic cause of sexual dysfunction
is identified, the patient can be referred for the most
appropriate form of intervention, such as  marriage ther-
apy, primary psychiatric therapy, sex education, behavior

TABLE 15.9
Evaluation Strategy for Women with

Epilepsy and Sexual Dysfunction

Past medical and psychiatric history
Detailed sexual and relationship history
Medication history
Physical, gynecologic, and neurologic examinations
Serum studies

Complete blood count, liver function tests, and
fasting glucose
Thyroid function tests
Pituitary hormones

Luteinizing hormone and follicle stimulating
hormone
Prolactin

Gonadal and adrenal steroids
Estradiol, progesterone, testosterone, 
dihydroepiandrostenedione (DHEA)



NEUROLOGIC DISEASE IN WOMEN230

therapy, or psychotherapy. A simple explanation that sex-
ual dysfunction is an epiphenomenon of epilepsy may
assuage guilt and relieve marital strain. Women with
vaginismus and dyspareunia may benefit from relaxation
techniques and graded dilation. Inadequate vaginal lubri-
cation can be treated with products available for vaginal
moisture replenishment and with lubricating agents.

PREGNANCY IN THE WOMAN
WITH EPILEPSY

Pregnancy in the woman with epilepsy is most often
uneventful. About 30% of women with epilepsy, how-
ever, will experience more frequent or more severe
seizures during pregnancy, many will become noncom-
pliant with AED treatment, others will experience
changes in AED pharmacokinetics that lead to alterations
in CNS concentrations of AEDs, and approximately 10%
will experience a pregnancy complication. Of children
born to epileptic mothers, 5 to 10% will have malfor-
mations, and 10 to 30% will have a congenital anomaly.
Recent information regarding the mechanisms by which
AEDs can act as teratogens encourages treatment strate-
gies that will optimize pregnancy and fetal outcome.

Transmission of Epilepsy to Offspring

A family history of epilepsy places individuals at two to
three times greater risk for developing epilepsy than indi-
viduals with no family history of epilepsy (81). In addi-
tion, a child born to a mother with epilepsy has twice the
risk of developing epilepsy than does a child born to a
father with epilepsy (82–84). These observations suggest
that epilepsy “susceptibility” may be preferentially trans-
mitted from the mother—perhaps by a mitochondrial
gene or the imprinting of a nuclear gene (82).

If the mother’s epilepsy syndrome can be classified,
then the clinician can provide a better estimate of the risk
of transmission. A symptomatic localization-related
epilepsy with partial seizures is unlikely to be transmitted
to the offspring, whereas idiopathic localization-related
epilepsy, such as benign rolandic epilepsy with cen-
trotemporal spikes, carries a higher likelihood of trans-
mission. The primary generalized epilepsy syndromes,
such as childhood absence and JME, are recognized to
be genetically transmitted diseases and, as such, carry a
higher likelihood of transmission (85).

Pregnancy Complications

Women with epilepsy taking AEDs are at greater risk for
a pregnancy complicated by spontaneous abortion, mis-
carriage, and preterm delivery. In part, these adverse out-
comes may be a consequence of maternal tonic-clonic

seizures that are associated with fetal hypoxia and aci-
dosis and may compromise placental perfusion (86,87).
Abnormalities in the pulsatile release of LH in women
with convulsive and nonconvulsive seizures may disrupt
the formation of the uterine endometrium and compro-
mise implantation.

Infants of mothers with epilepsy may be at risk for
other adverse pregnancy outcomes, as well. Women with
epilepsy are more likely to give birth to fetuses with low
birth weight (88). Other literature suggests that the
infants of epileptic mothers are more likely to have fetal
head growth retardation, although this appears in part
to be attributable to smaller parental head circumference
(89).

AED Pharmacokinetics during Pregnancy

Seizure frequency may change during pregnancy. Approx-
imately 35% of pregnant women with epilepsy experi-
ence an increase in seizure frequency, 55% have no
change, and 10% have a decrease in seizure frequency
(9,90). The factors that are believed to alter seizure fre-
quency include changes in sex hormones, AED metabo-
lism, sleep schedules, and medication compliance.

An increased volume of distribution and increased
clearance reduces serum levels (91,92). A reduction in
serum albumin and increased competition by sex steroid
hormones for binding sites, however, leads to a relative
increase in the free (non–protein bound) fraction of drug.
For AEDs that are highly protein bound, such as val-
proate, a specific determination of the free level may be
needed to accurately portray the CNS level. Another fac-
tor contributing to the decline in serum levels of AEDs is
poor medication compliance, prompted by fears that
medication will have adverse effects on the fetus. To opti-
mize medical management during pregnancy, women
must be counseled that uncontrolled seizures are delete-
rious to the fetus.

AED concentrations may change during preg-
nancy. Physiologic changes during pregnancy that can
alter AED pharmacokinetics and total AED concentra-
tions include decreased gastric tone and motility; nau-
sea and vomiting, which arise in 40% of women dur-
ing the first trimester; an increase in plasma volume of
40 to 50%; and an increase in renal clearance. The phar-
macokinetics of some AEDs is more profoundly affected
than others, probably because of the pregnancy-related
differential effects on cytochrome P450 enzymes. Two
cytochrome P450 enzymes, CYP2C9 and CYP2C19, are
induced to a greater extent than is CYP3A4. This could
account for the greater reduction in phenytoin com-
pared to carbamazepine, which is principally metabo-
lized by CYP3A4, and valproate, which is predomi-
nantly eliminated by glucronidation and beta-oxidation
(91,93). See also Chapters 4 and 5.
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Although the total concentration falls for many
AEDs, there tends to be an increase in the percentage of
unbound or free drug because of a reduction in albumin
and thus, in protein binding (92). Lamotrigine undergoes
significant alterations in metabolism over the course of
pregnancy. An increase in apparent clearance of more
than 65% was observed between conception and the sec-
ond and third trimesters and a decrease in apparent clear-
ance occurred between the second and third trimesters,
and postpartum (94). These data suggest that lamotrig-
ine levels must be monitored throughout pregnancy, that
dose increases to maintain steady serum levels can be
anticipated, and that the dosage achieved over the preg-
nancy will need to be reduced after delivery.

Antiepileptic Drugs and Fetal Outcome

The AEDs are commonly divided into the “older drugs”—
carbamazepine, phenobarbital, phenytoin, and val-
proate—and the “newer” drugs—gabapentin, levetirac-
etam, lamotrigine, tiagabine, topiramate, and zonisamide.
Whereas the older AEDs are teratogenic in animal repro-
ductive toxicology studies, the newer drugs are not. 
Nevertheless, the lack of direct human experience with
many of the newer agents has made it difficult for clini-
cians to feel comfortable advocating their use during preg-
nancy. Also, it has not been clear how much the malfor-
mations and anomalies associated with gestational
exposure to the older AEDs are due to medication expo-
sure, and how much are due to the maternal trait of
epilepsy and maternal seizures.

The children of women with epilepsy exposed in
utero to AEDs have a risk of major malformations of 4 to
8%, in contrast to the rate in the general population of
approximately 3%. Studies including women with epilepsy
who have not taken AEDs during pregnancy indicate that
these children do not have a higher risk for birth defects.
Although it can be argued that untreated mothers with
epilepsy probably do not have epilepsy as severe as moth-
ers who have received AED treatment during pregnancy,
these observations suggest that the elevated risk for birth
defects in children of mothers with epilepsy is primarily a
consequence of AED exposure. For that reason, a complete
discussion of birth defects associated with individual
AEDs, mechanisms for teratogenesis, and a review of data
thus far available from prospective pregnancy registries for
individual AEDs is included in Chapters 4 and 5. Never-
theless, it is important to mention strategies for managing
pregnancy in the woman with epilepsy that may reduce the
risk of adverse fetal outcome (95).

The management of epilepsy in reproductive-age
women should focus on maintaining effective control of
seizures while minimizing fetal AED exposure (96,97). This
applies to dosage and to number of AEDs. Medication
reduction or substitution should take place prior to con-

ception. Altering medication during pregnancy increases
the risk of breakthrough seizures and exposes the fetus to
an additional AED. The recommended management dur-
ing pregnancy is AED monotherapy at the lowest effective
dose. The best drug to choose is the drug most likely to be
effective and well tolerated for that woman’s seizure type.
At present, there is insufficient information to identify any
particular AED as the drug of choice during pregnancy. In
addition, if there is a family history of neural tube defects
(NTDs), an agent other than carbamazepine or valproate
might be considered. (See Table 15.10).

Guidelines for the medical management of the preg-
nant woman with epilepsy are:

• Reevaluate the need for AEDs.
• Choose the most effective drug for that woman’s

epilepsy and seizure type.
• Utilize AED monotherapy at the lowest effective

dose.
• Provide periconceptional folate supplementation.
• Monitor the free (unbound) level of the AED.
• Provide prenatal diagnostic testing.
• Supplement vitamin K1 at 10 mg/day during the last

month of pregnancy.

TABLE 15.10
U.S. Food and Drug Administration Pregnancy

Risk Categories for Antiepileptic Drugs

Category C

Risk cannot be ruled out. Human studies are lacking,
and animal studies show no evidence for fetal risk.

Felbamate
Gabapentin
Lamotrigine
Oxcarbazepine
Tiagabine
Topiramate
Zonisamide

Category D

Positive evidence of risk in animals. Investigational or
postmarketing data show risk to the fetus. Nevertheless,
potential benefits may outweigh potential risk.

Phenytoin
Valproate
Carbamazepine
Phenobarbital

Not Categorized

Ethosuximide
Clonazepam
Diazepam
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Breast-feeding is, in general, encouraged for women
with epilepsy taking AEDs. The benefits of breast-feed-
ing are believed to outweigh the risks associated with fur-
ther exposure of the neonate to AEDs (96,98). Exceptions
to this recommendation are made when the infant
appears lethargic or irritable, or if there is feeding diffi-
culty or poor weight gain. Further discussion regarding
the concentrations of individual AEDs in breast milk is
provided in Chapter 5.

Concerns are mounting that exposure to AEDs in
utero may confer long-lasting neurodevelopmental or
neurocognitive deficits. Fetal head growth retardation
and low intelligence (89,99) has been associated with the
maternal use of AEDs. Although prospective trials are
lacking, retrospective studies show that children exposed
in utero to valproate in monotherapy or polytherapy are
more likely to require special educational resources (100).
Prospective studies are under way to better define the neu-
rodevelopmental risks of AED exposure to the develop-
ing brain.

Recent efforts by the American Academy of Neu-
rology (96) and the American College of Obstetric and
Gynecologic Physicians (97) to highlight those issues rel-
evant to the care of women with epilepsy will enhance
clinician familiarity with these diverse health concerns.
These professional efforts, as well as a large-scale pro-
fessional and public initiative by the Epilepsy Foundation
of America, provide the medical professional with infor-
mation and educational resources to enhance the com-
prehensive care of women with epilepsy.

RESOURCES AVAILABLE FOR HEALTH CARE
PROVIDERS AND WOMEN WITH EPILEPSY

Epilepsy Foundation of America
4351 Garden City Drive
Landover, MD 20785-2267
Telephone: 800-EFA-1000
Web site: www.efa.org

The Antiepileptic Drug Pregnancy Registry
Genetics and Teratology Unit
14CNY-MGH East
Room 5022A
Charlestown, MA 02129-2000
Telephone: 888-233-2334
Web site: neuro-www2.mgh.harvard.edu/aed/
registry.nclk

The American Epilepsy Society
638 Prospect Avenue
Hartford, CT 06105-4240
Telephone: 860-586-7505
Web site: www.aesnet.com
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oxemia of pregnancy (preeclampsia,
or toxemia gravidarum) is a syn-
drome that is characterized by preg-
nancy-induced hypertension (PIH),

proteinuria, and edema after week 20 of pregnancy.
Although this complex disorder can involve a number of
organ systems, its clinical presentation varies. Patients may
present with multisystem failure that results in oliguria;
disseminated intravascular coagulation (DIC); hemor-
rhages into the liver; Hemolysis, Elevated Liver enzymes
and Low Platelets (HELLP) syndrome; pulmonary edema;
and a number of neurologic problems. The neurologic pre-
sentation frequently includes confusion, headaches, visual
hallucinations (from which the name eclampsia arises), and
blindness. With the appearance of seizures or coma, the
patient’s condition is that of eclampsia. No constant rela-
tionship exists, however, between the various neurologic
manifestations and the severity of preeclampsia. Seizures
and ischemic events, for example, may appear with few
heralding signs of preeclampsia (1).

Worldwide, preeclampsia and eclampsia are major
causes of perinatal morbidity and death (2). In the United
States, 6 to 8% of pregnancies have preeclamptic complica-
tions (3). This affects 5 to 10% of whites, 15 to 20% of black
primigravidas, and up to 30% of twin pregnancies (4). The
incidence of preeclampsia also has other demographic dif-
ferences. It is most frequently seen in poorly nourished, nul-
liparous woman, multiparous women over the age of 35

with extrauterine pregnancies, and women with multiple
pregnancies or hydatidiform mole. The American College of
Obstetricians and Gynecologists proffers criteria for
preeclampsia-eclampsia shown in Table 16.1 (5).

CLINICAL CHARACTERISTICS

Hypertension

Preeclampsia is characterized by hypertension. Although
blood pressure values may vary, guidelines suggest a sys-
tolic pressure of 140 mm Hg or above; or 90 mm Hg or
above, diastolic (5). A blood pressure above 160 to 180
mm Hg systolic, or 110 mm Hg diastolic during bed rest
signals severe preeclampsia in the presence of proteinuria
of (.5 g/24 h), or 3+ to 4+ by dipstick (5). The diagnosis
is usually established by elevation in blood pressure on two
occasions separated by 6 hours, but not infrequently,
eclamptic seizures supervene over a shorter period and may
occur in the absence of edema or proteinuria.

Edema

Normal pregnancy frequently results in edema of the legs.
The edema of preeclampsia, however, is more marked in
degree and affects not only the legs but also the hands
and face.

Eclampsia
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Proteinuria

Proteinuria in preeclampsia is defined as the accumula-
tion of more than 300 mg of protein in a 24-hour urine
collection, whereas severe preeclampsia induces >5 g/24h
proteinuria (3+ to 4+ by dipstick).

Seizures

The exact nature of eclamptic seizures remains unclear,
but increasing evidence suggests that focal neuronal
excitability arises from cortical damage produced by a
number of neuropathologic changes in preeclampsia and
eclampsia. These include vasospasm with ischemia, hem-
orrhages of various sizes, and cerebral edema; these are
discussed later. Epileptic seizures usually remit with
delivery of the baby, treatment of the hypertension, or
the use of magnesium sulfate. Focal seizures from a vari-
ety of etiologies may secondarily spread, resulting in a
generalized tonic-clonic seizure. Because of the other
neurologic abnormalities that may appear during preg-
nancy that may also result in seizures, consideration
should be given to the differential diagnosis of peripar-
tum seizures (Table 16.2).

Seizures in eclampsia may be focal or generalized
tonic-clonic. Although they usually appear before child-
birth, they frequently occur during or shortly after child-
birth. In some patients, seizures occur more than a week
postpartum, and there are case reports of seizures occur-
ring up to 26 days postpartum (6,7). One series noted that
44% of eclampsia cases occurred postpartum; 12%
within 48 hours, but 2% more than a week postpartum

(8). In another series, late postpartum seizures (those
occurring >48 hours postpartum) accounted for up to
16% of cases of eclampsia (9) whereas others reported a
48% incidence for the same period (4). Late onset eclamp-
sia may present without the heralding features of
preeclampsia such as edema, proteinuria, or even hyper-
tension (10,11). If untreated, approximately 10% of
women with eclampsia have further seizures (12).

Visual Problems

Visual symptoms are common. They may involve differ-
ent parts of the visual axis from the retina to the occipi-
tal cortex. There may be hypertension-induced retinal
arteriolar dilatation, papilledema, occlusion of the cen-
tral retinal artery, and vasospasm (13). Retinal edema,
hemorrhages, and exudates (Figure 16.1) as well as reti-
nal detachment can occur. Although some permanent
visual changes may occur, most symptoms resolve with
control of hypertension or in the postpartum period. In
the posterior visual pathway, there may be microinfarc-
tions, microhemorrhages, and edema of the visual cor-
tex with cortical blindness (14) (Figure 16.2).

Other Clinical Features

Other problems with severe preeclampsia include a fall in
urine output to below 400 mL/day; cyanosis or pulmonary
edema and ARDS, upper abdominal quadrant pain,
thrombocytopenia, or hemolysis (HELLP syndrome).

TABLE 16.1
Clinical Manifestations of Severe Disease in

Patients with Pregnancy-Induced Hypertension

Blood pressure .160–180 mm Hg systolic, .110 mm
Hg diastolic

Proteinuria .5/g/24 h (normal ,300 mg/24 h)
Elevated serum creatinine
Grand mal seizures (eclampsia)
Pulmonary edema
Oliguria ,500 mL/24 h
Microangiopathic hemolysis
Thrombocytopenia
Hepatocellular dysfunction (elevated alanine 

aminotransferase, aspartase aminotransferase)
Intrauterine growth retardation or oligohydramnios
Symptoms suggesting significant end-organ involve-

ment: headache, visual disturbances, or epigastric or
right-upper quadrant pain

Adapted with permission from the Committee on Terminology of
the American College of Obstetricians and Gynecologists, ACOG
technical bulletin, #219, January 1996, p. 2.

TABLE 16.2
Causes of Seizures around Pregnancy

Epilepsy Central stimulants (e.g., 
Toxins amphetamines cocaine); 

theophylline

Metabolic Hyponatremia, hypocalcemia,
problems hypoglycemia, hyperglycemia

Cerebrovascular Cerebral infarction
problems Cerebral edema

Cerebral hemorrhage
Cerebral venous sinus thrombosis
Subarachnoid hemorrhage

Infections/ Bacterial
infestations Viral

Parasitic infestations
HIV

Space-occupying Benign and malignant tumors
lesions Arterovenous vascular 

malformations
Cerebral abscess
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PATHOPHYSIOLOGY

Myriad pathophysiologic mechanisms have been invoked
to explain the changes in preeclampsia-eclampsia, and it is
probable that a number of these mechanisms contribute to
the symptom complex (15–17) (Table 16.3). Some derive
from the physiologic changes that occur during pregnancy,

with changes in immunologic tolerance between maternal
tissues and paternal elements in the fetus, morphologic arte-
rial changes in the uteroplacental bed, vasodilatation from
prostaglandin secretion, and abnormalities of platelet aggre-
gation. Particular fetal or uterine factors are not essential for
the appearance of preeclampsia because it may occur fol-
lowing extrauterine or molar pregnancies. Data suggest that
the vascular damage in the preeclamptic period arises from
the interactions of neutrophils and activated macrophages,
T-cell lymphocytes, and the interaction between comple-
ment, coagulation systems, and platelets. Endothelial dam-

FIGURE 16.1

Fluorescein retinal angiography in eclampsia showing sub-
retinal leakage. (Reproduced with permission from Oliver M,
Uchenk D. Bilateral exudative retinal detachment in eclamp-
sia without hypertensive retinopathy. Am J Ophthalmol
1980;90:794. Copyright by Ophthalmic Publishing Company.)

FIGURE 16.2

The occipital poles of a brain showing multiple cortical petechial
hemorrhages that may cause cortical blindness. (Reproduced
with permission from Sheehan HL, Lynch JB. Pathology of tox-
aemia of pregnancy. Edinburgh: Churchill Livingston, 1973.)

TABLE 16.3
Mechanisms Suggested as

Possible Etiologies for Preeclampsia

Abnormal Placentation
Abnormal trophoblast invasion
Increased trophoblast mass
Abnormal uteroplacental location

Immunologic Dysfunction
Primarily a disease of primigravida
Immunologic complexes in placenta and various
organs
Immunologic complexes in maternal serum
Multisystem involvement

Coagulation Abnormalities
Abnormal prostaglandin metabolism
Disseminated intravascular coagulopathy
Platelet activation and consumption
Low antithrombin III

Endothelial Damage
Cytotoxic factors against endothelial cells
Increased capillary permeability
Damaged endothelium on electron microscopy
Increased fibronectin levels

Dietary Factors
Protein and caloric intake
Magnesium, calcium, zinc deficiency
Excessive sodium intake
Essential fatty acids deficiency

Endocrine Abnormalities
Activated renin-angiotensin-aldosterone system
Abnormal catecholamines
Abnormal progesterone metabolism

Genetic Predisposition
Increased incidence in daughter and granddaughters
Increased incidence in sisters
Increased incidence in patients with previous disease

Vasospasm
Sensitivity to vasoactive substances
Reduced plasma volume in severe disease

Reproduced with permission from Sibai BM. Eclampsia. In: Gold-
stein PJ, Stern BJ, (eds.) Neurological disorders of pregnancy, 2nd
ed. Mount Kisco, NY: Futura Publishing Co., Inc., 1992.
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age may be produced by platelet consumption and increased
platelet aggregation (18) and hypertension.

Pregnancy-induced hypertension appears to be a
multifactorial process. No single mechanism can account
completely for the rise in blood pressure; however, multi-
organ vasospasm associated with endothelial dysfunction
appears to be a significant contributor. Additionally, the
increased vascular responsiveness to catecholamines and
angiotensin adversely affect renal function, with conse-
quent proteinuria, hypoalbuminemia, edema, and hyper-
tension. A shrinking intravascular volume may result in
decreased cardiac output and renal function, adversely
affecting utero-placental profusion. Multi-organ, includ-
ing central nervous system (CNS) morbidity, may arise
from the HELLP syndrome, consisting of a number of
clinical abnormalities, including hemolysis, elevated liver
enzymes, and low platelets.

With the invasion of the muscular layer of the uterus
by the endovascular trophoblast during the first trimester,
deactivation of autonomic innervation of the spiral arter-
ies occurs; these result in vascular changes in the inner third
of the myometrium (19,20). The spiral arteries then trans-
form into uteroplacental arteries, which release nitric oxide
(NO) (21,22). Nitric oxide produces a low-pressure, low-
resistance, uteroplacental circulation. In preeclampsia,
however, an impaired transformation of the spiral arter-
ies of the nonpregnant uterus to uteroplacental arteries
occurs, only the decidual layers of the uteroplacental arter-
ies are involved in the transformation, and fewer arteries
are produced (23). There is failure of NO production,
immunologic maladaptation of nondilating spiral arteries,
increasing inactivation of NO, and further vasoconstric-
tion from oxygen free radicals and lipid peroxides. The
balance is shifted between the vasoconstrictor and platelet-
aggregation promoting effects of platelet-derived throm-
boxane-A2 (TXA2) (24), and the vasodilator and platelet-
aggregation inhibiting effects of prostacyclin (PGI2)
elaborated in the maternal vascular walls. Decreases in
PGI2 and NO decrease platelet activation and the pro-
duction of circulating serotonin. Mild increases in sero-
tonin in mild preeclampsia may restore vascular PGI2 and
NO release, in turn improving uteroplacental perfusion by
increasing perfusion pressure. Thus, an increase in mater-
nal blood pressure satisfies the vascular needs of the fetus.
Further increases in serotonin result in increased vaso-
constriction and platelet aggregation, however, worsen-
ing the pathologic process. Other abnormalities include
the renin-angiotensin-aldosterone system (25,26) and the
prostacyclin-thromboxane-A2 systems (15).

Increasing evidence suggests a mitochronidal defect
that impairs cytotrophoblastic differentiation and inva-
sion (27). This involves the mitochondrial mutation of the
nuclear or mitochondrial genomes, resulting in mutant
mitochondria in the daughter cells. These impaired mito-
chondria in syncytial tissues are subject to high metabolic

demands. The mitochondrial defects are thought to
impair normal placentation in pregnancy. Higher inci-
dences of the disease exist in immediate blood relatives,
especially in a line from mother to daughter (28,29). Such
lack of concordance could be explained by differing pro-
portions of wild-type and mutant DNA segregating to
twins or siblings, thus engendering different cytoplasmic
phenotypes (30). These genetic differences are linked to
changes in function and morphology, with loss of cristae
in the mitochondria, indicating a systemic metabolic dys-
function associated with a decrease in cytochrome oxi-
dase (31). The same chromosomal locus for pregnancy-
induced hypertension is found for the mitochondrial
production of endothelial NO synthetase (32).

More recent work by Redman and colleagues
underscores the probable contribution of an intravas-
cular inflammatory response to the preeclamptic process
(33). Excessive inflammatory stimulation proportional
to placental size (in keeping with the finding that
preeclampsia is more frequently seen in multiple gesta-
tions and increasing placental size near term), is thought
to activate leukocytes and stimulate proinflammatory
cytokine production. In this fashion, the increasing pla-
cental size, with its concomitant proinflammatory role,
generates signals that may stimulate a more generalized
inflammatory response in the mother. This balance may
decompensate possibly from excessive placental stimu-
lus or excessive maternal response. As part of the nor-
mal pregnancy process, inflammatory response is shared
in the states of normal pregnancy and preeclampsia, and
the pathophysiologic processes are thought to reflect
exaggerated responses in an otherwise normal preg-
nancy. The problem lies, therefore, not with pre-eclamp-
sia per se, but the physiology of pregnancy itself. Inter-
current toxic, genetic, septic, or other factors may impair
the normal downregulation of particular components of
the immune activation system that normally keep the
inflammatory reactions in check. This dynamic repre-
sents the normal maternal-fetal “genetic conflict” (34).

Hypertension, which accounts for many of the neu-
rologic features seen with the resulting hypertensive
encephalopathy and vasospasm, however, is not univer-
sally present in all patients with eclampsia.  Hence, the
reliance placed by a clinician on hypertension to make the
diagnosis might result in a delay in management, even with
patients manifesting other signs of preeclampsia, but with-
out significant increase in blood pressure. HELLP syn-
drome, with its associated coagulopathy, may result in
major neurologic sequelae and intracranial hemorrhage
without hypertension (35) or indeed, proteinuria or edema.

Cerebral Pathology

A major contributing factor to the cerebral pathology in
preeclampsia-eclampsia is cerebral edema supervening
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when the cerebral blood pressure exceeds the limits of
cerebral autoregulation. Cerebral autoregulation is main-
tained by the modulation of cerebral arteriolar resistance
in the face of the arterial pressure of the blood supply to
the brain. This mechanism maintains the independence of
cerebral perfusion pressure from the systemic arterial
blood pressure. With the relative hypertension seen in
preeclampsia, the autoregulation of the cerebral circula-
tion is impaired, resulting at one extreme in hyperten-
sion and encephalopathy and at the other extreme in cere-
bral hypoperfusion (36,37). The ensuing damage to
precapillaries and capillaries, disruption of the “tight
junctions,” and the extravasation of red cells and proteins
in the perivascular spaces contribute to the blood–brain
barrier disruption at particular areas of risk, which are
the border zones between the larger cerebral arteries.
There is local vulnerability to cortical petechiae, microin-
farctions, and pericapillary brain hemorrhages. Some of
these changes are due to the regional differences in the
control of cerebral blood flow (38), with regions of alter-
nating arteriolar dilatation and constriction resulting in
capillary breakdown, extravasation of blood elements,
increased platelet consumption, and the triggering of
coagulation with fibrin deposition (39). When the pro-
tective precapillary arteriolar vasoconstriction fails, the
increase in blood pressure exerts a direct effect on the cap-
illary bed, resulting in hemorrhages.

The neurologic manifestations of preeclampsia-
eclampsia, although sudden, may be transient. Progressively
severe headache lasting days may occur with visual distur-
bances, hallucinations, or even the perception of “flashing
lights” (from whence the name eclampsia is derived). Even
the occipital blindness can be reversible. The pathologic
processes may progress, presenting clinically with focal neu-
rologic deficit, confusion, seizures, or even coma. The visual
system may be affected by retinal arteriolar dilatation or
spasm, retinal hemorrhages and exudates, or even retinal
detachment. Papilledema may result from raised intracere-
bral pressure. The posterior cortical watershed zones, less
protected by sympathetic vasoconstrictor tone, are partic-
ularly subject to microhemorrhages and infarctions, as well
as to subcortical gray–white zone edema. Any part of the
cerebral hemisphere can be involved, however, resulting, for
example, in aphasia or pareses.

Eclampsia is a significant risk factor for stroke dur-
ing pregnancy in the first 6 weeks postpartum (40) and
accounts for about half of the case-related strokes (41).

PATHOLOGY

Pathologic changes affect various parts of the neuraxis
(14). Aside from cerebral edema, hemorrhaging may occur
in the subarachnoid, subcortical, and intraparenchymal
areas. Small- to medium-sized infarctions can occur in the

cerebral cortex, corona radiata, basal ganglia, and brain-
stem. Metabolic and hypertensive encephalopathy are also
seen. Although damage predominantly affects the water-
shed zones in the parieto-occipital regions, vascular
changes may also affect the parietal and frontal lobes.
Many of these processes may be a source of seizures.

Subarachnoid hemorrhages may occur in circum-
scribed areas of cerebral cortex, whereas larger hemor-
rhages can be seen in the hemispheres, basal ganglia, and
pons (14,42). Hemorrhages in the gray matter may then
erupt into the ventricles or subarachnoid spaces (14).
Smaller hemorrhagic areas, in the form of sulcal petechiae
and microinfarctions appear in the precapillary and cap-
illary areas as well as around arterioles (14,42–43). These
result in splitting of the elastic fibers, necrosis of the arte-
rial wall, and edema. Deep-seated hemorrhages in the
corona radiata, basal ganglia, and brainstem may be seen
along with larger cortical hemorrhages (14,43). A recent
study of stroke in pregnancy, with eclampsia given as a
leading cause, showed the incidence of intraparenchymal
hemorrhages and ischemic strokes to be similar (hemor-
rhages usually account for approximately 15% of strokes),
suggesting that pregnancy increases the risk of cerebral
hemorrhage (44). Diffuse cerebral edema is associated with
a rise in cerebrospinal fluid pressure and papilledema (45).
On postmortem, there may be marked central or trans-
verse herniation as well as gyral flattening (14,42).

A number of organ systems can be damaged because
of the pathologic vascular changes that occur in
preeclampsia and eclampsia. Platelet consumption and
active coagulopathy may occur in various organs. There
is an increasing literature of angiographic and transcra-
nial Doppler studies attesting to the vasospastic compo-
nent in cerebral pathology (46–48) (Figure 16.3).

DIAGNOSIS

Preeclampsia is characterized by variable weight gain,
pregnancy-induced hypertension, and edema. An exces-
sive weight gain is defined as more than 2 pounds per
week. Pathologic edema is that which involves the hands
and face. However, seizures may appear before the edema,
weight gain, or proteinuria (10,11,49). Standard defini-
tions of preeclampsia and hypertension are given in Table
16.1. The proteinuria may appear late in the course of
preeclampsia. Neurologic features frequently include
headache and photophobia, pain in the upper abdomi-
nal area, and brisk reflexes (Table 16.4).

LABORATORY STUDIES

Preeclampsia-eclampsia is a clinical diagnosis. Some
accompanying laboratory abnormalities are the raised
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serum creatinine and uric acid that occur in approxi-
mately 60% of patients. In approximately one-third or
fewer patients, a fall in platelets below 150,000 per mm3

may occur; hemolysis from disseminated intravascular
coagulation; and elevation of liver enzymes (HELLP syn-
drome), an entity that is associated with significant mater-
nal morbidity (49,50).

IMAGING

In most cases of eclampsia, particularly those without
focal neurologic findings, computed tomography (CT)
head scans are usually normal, but magnetic resonance
imaging (MRI) may still show T2-weighted abnormali-
ties in watershed zones. Patients with focal neurologic
findings and atypical cases warrant investigation to

address neurologic complications. Various series of CT
head scans have shown abnormalities in 29% to 75% of
eclamptic patients (51). These changes include cerebral
edema; hemorrhages in the brain stem, subependymal
regions, subarachnoid spaces, and parenchymal areas;
and infarction (52). Other large series have reported no
abnormalities (12,53). MRI scans have documented
hypodensities in the basal ganglia, border zone ischemia,
and focal cerebral edema, which usually resolve on sub-
sequent scanning (49, 54,55) (Figure 16.4). In eclampsia,
there may be the characteristic multifocal curvilinear
abnormalities at the gray–white junction of the poste-
rior watershed zones. Such reversible angiopathy has
been further documented using angiography (Figure
16.5), single photon emission computerized tomography
(SPECT), and transcranial Doppler ultrasound (TCD)
(46,48,54–57).

Most patients under obstetric care with eclampsia
do not get head MRI or CT scans, and it is only after focal
neurologic findings appear that a neurologic consult and
imaging are requested. Women with focal neurologic find-
ings warrant further investigation, but without it, clinical
diagnosis usually leads to treatment with magnesium sul-
fate and expeditious delivery of the baby.

FIGURE 16.3

Left common carotid artery injection shows spasm of periph-
eral branches of left anterior and middle cerebral arteries.
Arrows point to beaded appearance of these vessels. Paucity
of peripheral branches is shown. (Reproduced with permis-
sion from Trommer BL, et al. Cerbral vasospasm and eclamp-
sia. Stroke 1988;19:326–329.)

TABLE 16.4
Clinical Features Preceding Eclampsia

Clinical Features Percent of Patients

Headache 83
Hyperreflexia 80
Clonus 46
Visual signs 45
Epigastric pain 20

Adapted with permission from Sibai et al. Obstet Gynecol 1982;
57:199.

FIGURE 16.4

MRI scan. Hyperintense areas in the posterior parietal area
on a higher section. (Reproduced with permission from
Raroque HG, Orrison WW, Rosenberg GA. Neurology
1990;40:167–169.)
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ELECTROENCEPHALOGRAPHY

Electroencephalography is usually abnormal (49). There
may be diffuse or focal slowing, and/or focal or general-
ized epileptiform activity (58,59).

THE MANAGEMENT OF ECLAMPSIA

The treatment of mild, moderate, or even severe eclamp-
sia is usually handled by obstetricians, and only rarely are
neurologists consulted for management. More frequently,
neurologists are involved with the appearance of seizures,
focal neurologic deficits, or coma. The treatment goal is
the rapid delivery of a viable baby, with preservation of
maternal health. Therapeutic strategies are directed at
decreasing blood pressure to the autoregulatory range,
preventing seizures or their recurrence, and preventing or
minimizing cerebral edema. Preeclampsia and eclampsia
represent a spectrum of neuropathologic change, and
management should be directed at the process as a whole.

Treatment of Hypertension

Cerebral edema may rapidly resolve when hypertension
is lowered to within the boundaries of cerebral perfusion
autoregulation, usually a fall in 20 to 25% of the mean
arterial pressure. Antihypertensive agents used have
included diazoxide, sodium nitroprusside, nitroglycerin,
and hydralazine (60–62). Nifedipine and labetalol are
currently favored agents (61) (Table 16.5).

FIGURE 16.5

A cerebral angiogram with injection of contrast into the right (A) and left (B) internal carotid arteries. Diffuse narrowing of anterior
cerebral arteries can be seen bilaterally (arrowheads). Focal areas of vasospasm are also seen (arrows). (Reproduced with per-
mission from Geraghty JJ, et al. Fatal puerperal cerebral vasospasm and stroke in a young woman. Neurology 1991;41:1146–1147.)

A B

TABLE 16.5

Pharmacologic Management of Hypertensive
Crisis Persistent Blood Pressure—160/110

Drug Administration

Hydralazine 5 mg IV; repeat in 10 min-
utes; then 10 mg IV every 20
minutes until stable blood
pressure (140–150/90–110
mm Hg) achieved

Labetalol 5–15 mg IV push; repeat
every 10–20 minutes by dou-
bling dose to a maximum of
300 mg total

Sodium nitroprussidea,b Controlled infusion 0.5–3.0
(best used for refractory mg/kg/min, not to exceed 800
hypertension) mg/min
Nifedipineb 10 mg sublingual, repeat in

30 minutes; then 10–20 mg
PO every 4–6 hours

Nitroglycerine Should be used only by prac-
titioners thoroughly familiar
with its use in obstetrics

aRequires arterial line for continuous blood pressure monitor-
ing.

bAvoid use in antepartum patients. Profound hypotension may
result.

Reproduced with permission from Repke JT. A longitudinal
approach. In: Moore TR, Reiter RC, Rebar RW, (eds.) Gynecol-
ogy and obstetrics. Hypertension and preeclampsia 1993;
29:463–477.
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With the appearance of intracranial hemorrhage,
management should follow the guidelines for the moni-
toring and acute management of raised intracranial pres-
sure. Intubation with hyperventilation, diuresis, and occa-
sionally intracranial pressure monitoring in an intensive
care setting may all be warranted.

Treatment of Seizures

The pathophysiologic changes underlying seizures and
eclampsia remain unclear. Seizure activity arises from the
abnormal excessive neuronal excitability and its subse-
quent spread, but the changes that precipitate neuronal
excitability have been the subject of much discussion. In
preventing epileptogenesis, management is directed both
at treating the underlying cause of cerebral damage and
at preventing the precipitation and spread of seizure activ-
ity. In the United States, the camps have been divided
between the emphasis placed by obstetricians on magne-
sium sulfate as an “anticonvulsant,” and the position
taken by neurologists that the principal cause of epilep-
togenesis is the hypertensive encephalopathy and associ-
ated cerebrovascular abnormalities—with the seizures
remaining a problem that is best treated by known anti-
convulsants. Some evidence suggested that the aggressive
treatment of hypertension diminished eclamptic seizures,
but the controversy remained over how best to treat
impending seizures and preeclampsia and prevent recur-
rence of seizures in eclampsia. The evolution of this con-
troversy led to large multicentered trials that have
answered the question of which treatment is best in pre-
venting eclamptic seizures or their recurrence before the
clear underpinnings or rationale for this treatment had
been clearly established. In part motivated by the con-
troversies regarding magnesium sulfate in eclampsia
(63–65), a large multicenter trial in 1,680 women with
eclampsia demonstrated that 4 g intravenous (IV) mag-
nesium sulfate over 5 minutes, followed by 5 g intra-
muscular (IM) in each buttock and 5 g every 4 hours was
superior to a loading dose of phenytoin 1 g or diazepam
10 mg IV over 2 minutes repeated if seizures recurred, fol-
lowed by 40 mg in 50 mL of normal saline over 24 hours
(66). Patients who received the magnesium sulfate treat-
ment had a 67% lower risk of recurrent seizures than
those who received phenytoin, and a 52% lower risk than
those who were treated with diazepam (Figure 16.6).
Some criticism could be leveled at this study for the
absence of phenytoin levels and data showing only mean
blood pressures in defining the diagnosis of eclampsia in
both treatment arms. A subsequent multicenter trial that
examined 2,138 patients with preeclampsia, however,
clearly showed the superiority of magnesium sulfate at 10
g IM and 5 g every 4 hours to treatment with 1 g pheny-
toin (67). In this paper, none of the 1,049 patients who
were given magnesium sulfate went on to have eclamp-

tic seizures, whereas 10 of the 1,089 patients treated with
phenytoin had seizures. Phenytoin levels in nine of the ten
women with seizures, however, were documented to be
in the lower therapeutic range (,13.1 mg/mL). More
recent data from the Magpie Trial, in over 10,000 preg-
nant women with hypertension, showed a decrease in
maternal death (68). For a protocol for the administra-
tion of magnesium sulfate and advice on monitoring
patients, see Tables 16.6 and 16.7.

The cellular and vascular mechanisms underlying
eclamptic seizures are still unresolved, but some evidence
suggests that the N-methyl D-asparate (NMDA) subtype
of the glutamate receptor, which can be blocked by mag-
nesium ions, is involved in neuronal firing thresholds
(69,70). Magnesium blocks these receptors, thus pre-
venting neuronal damage that would in turn lead to
seizures. Animal models have shown that magnesium sul-
fate suppresses neuronal burst firing and interictal EEG
spike generation (71), but other investigators using the
same model failed to support these findings and revealed
that the decrease in neuronal firing was a decay phe-
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FIGURE 16.6

A study of 1,680 women with eclampsia showed a 52% lower
risk of recurrent seizures with magnesium sulfate compared with
diazepam, and a 67% lower risk compared with phenytoin.
(Reproduced with permission from Lancet 1995;45:1455–1463.)
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nomenon (72). In vivo studies in animals and humans
do not show evidence suggesting that magnesium sulfate
infusion controls or prevents seizures. When given to
rodents subjected to electroshock and pentylenetretazol,
which are rodent models for epilepsy, magnesium sulfate
had little effect in preventing seizures (73). Seizures out-
side the setting of eclampsia, in renal failure or porphyria,
have occasionally been prevented by magnesium sulfate

infusion, whereas in other situations it is either ineffec-
tive (74,75) or has not been tried. However, magnesium
sulfate might act as a calcium antagonist, preventing cere-
bral vasoconstriction and the subsequent cortical injury
that leads to seizures. Curiously, dietary supplementation
with calcium decreases the incidence of preeclampsia in
high-risk patients (76).

Magnesium sulfate is not without side effects. The
higher serum levels of magnesium sulfate suppress patel-
lar reflexes at 6 mEq/L, and at higher levels of 8 to 10
mEq/L it results in lethargy and respiratory depression,
with cardiac arrest occurring at levels above 12 mEq/L.
There are reports of women with eclampsia having
seizures refractory to magnesium sulfate (12,60), and up
to one-third of patients may have recurrent seizures
(12,77). Phenytoin has been used with good effect
(78–80) and may also control seizures that are resistant
to magnesium sulfate (81).

Rapid Control of Seizures

Intravenous diazepam can rapidly control ongoing pro-
longed seizures, usually with minimal effect on the fetus.
Diazepam may, however, result in neonatal hypothermia,
lethargy, apnea, hypotonia, and poor sucking effort.
Although phenobarbital is an effective antiepileptic drug,
it is less often used because of its sedating effects.

PREVENTING ECLAMPSIA

Low-dose aspirin (60 to 100 mg) has been reported to
decrease preeclampsia in women at risk but may not work
in nulliparous women (82). Another study reported an
increased risk of placental abruption (83). As mentioned
previously, calcium supplements may also help forestall
eclampsia (76).

SUMMARY

Neurologists can make an important contribution to the
management of eclampsia. When consulted by their
obstetric colleagues, they can provide input into the man-
agement of seizures and the intracerebral vascular events
that occur with eclampsia and the peripartum period
(Table 16.5). Much remains to be done in elucidating the
pathophysiology of preeclampsia and eclampsia, partic-
ularly with regard to the vascular and antivasospastic
effects of treatments such as magnesium sulfate on the
cerebral circulation. The most recent studies have shown
a benefit of magnesium sulfate over phenytoin in the pre-
vention of seizures in preeclampsia and the prevention
of recurrent seizures in eclampsia. A need exists for more
basic and clinical research from both obstetric and neu-

TABLE 16.6
Magnesium Sulfate Administration

for Seizure Prophylaxis

Intramuscular
10 g (5 g deep IM in each buttock)
5 g deep IM every 4 hours alternating sides
Made up as 50% solution

Intravenous
6 g bolus over 15 minutes
1 to 3 g/h by continuous infusion pump
May be mixed in 100 mL of crystalloid; if given as
intravenous push, make up as 20% solution;
push at maximum rate of 1 g/min

40 g Mg SO4 7H2O in 1000 mL Ringer’s lactate; 
run at 25 to 75 mg/h (1 to 3 g/h)

Reproduced with permission from Repke JT. A longitudinal
approach. In: Moore TR, Reiter RC, Rebar RW, et al., (eds.) Gyne-
cology and obstetrics. Hypertension and preeclampsia 1993;
29:463–477.

TABLE 16.7
Monitoring the Patient 

Who Is Receiving Magnesium Sulfate

Assess patient vital signs, urine output, and reflexes
every 2–4 hours

Patellar reflexes .1+
Respiratory rate .12 breaths per minute
Monitor pulse for arrhythmia
Watch for O2 desaturation
Watch for widening QRS or prolonged QT intervals on
electrocardiogram
If urine output ,30 ml/h, check level, adjust infusion.

Laboratory
Therapeutic levels accepted as 4–8 mEq/L

Toxicities
Absence of deep tendon reflexes (.4–6 mEq/L)
Somnolence (.8 mEq/L)
Respiratory depression (.8 mEq/L)

Cardiotoxicity (.15 mEq/L)

Reproduced with permission from Repke JT. A longitudinal
approach. In: Moore TR, Reiter RC, Rebar RW, et al., (eds.) Gyne-
cology and obstetrics. Hypertension and preeclampsia 1993;
29:463–477.
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rologic perspectives in the optimal management of
patients with eclampsia.
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troke continues to be the third lead-
ing cause of death and the leading
cause of disability in the United
States. In women, stroke is the sec-

ond leading cause of death, with 102,892 women dying
of stroke in 2000, accounting for 61.4% of total stroke
deaths (1). Interestingly, the overall rate of stroke among
women is lower than that in men but women are more
likely to die from stroke (1,2). Because women live longer
and stroke rates increase with age, women have a higher
incidence of stroke when over 85 years (2–4).

Furthermore, treatments geared toward the general
population may not be applicable to women, because
women may have different risk factors and may appear
to respond differently to certain therapies. For women
who are premenopausal, the stroke rate is low except
when associated with hormonal contraception; smoking
also clearly increases the stroke rate among women.
Pregnancy does not increase stroke rates significantly
until the last trimester, although pregnancy can compli-
cate pre-existing cerebrovascular disease. Oral hormone
replacement used by menopausal women may increase
the stroke rate.

This chapter reviews the statistics, epidemiology,
stroke presentation, and treatments directed to women.
Issues related to stroke and pregnancy, oral contracep-
tion, and hormone replacement also are discussed.

STROKE PRESENTATION, TREATMENT
DIFFERENCES IN WOMEN

Stroke is a word that refers to acute neurologic damage
and dysfunction from vascular causes. Many types of
strokes and etiologies exist. It is generally preferable to
avoid acronyms like CVA (cerebral vascular accident).
Strokes are not always cerebral, not necessarily primar-
ily vascular, and they are never an accident.

Ischemic strokes are typically due to the throm-
boembolism of intra- or extracranial arteries. This is due
to either local arterial disease with or without emboliza-
tion, hypercoagulable states, or from aorto/cardiac
embolization, which results in bland ischemia and cell
death. Treating the cause of thromboembolism conse-
quently reduces the risk of recurrent ischemic strokes. Such
ischemic strokes are prevented by using antiplatelet agents
or anticoagulation for emboli arising from medium and
small vessels, carotid endarterectomy (CEA) for a carotid
disease source, or anticoagulation for emboli of cardiac
origin. The determination of etiology is important because
it defines treatment. In general, those hypercoagulable
states that mainly affect the venous system cause strokes
by means of “paradoxical” emboli, which cross over from
the right to the left side of the heart via anatomic deficits
such as an atrial septal defect on a patent foramen ovale,
often with an atrial septal aneurysm.
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Hemorrhagic strokes can occur because of the hem-
orrhagic transformation of a previous bland ischemic
infarct, and these have the same etiologies. Hemorrhagic
strokes can occur due to cerebral venous thrombosis
(CVT) or venous strokes. CVT causes strokes by slow-
ing exiting blood flow and increasing intracerebral pres-
sure. This results in bland and hemorrhagic infarcts in
nonarterial vascular distributions. The classic triad of
papilledema, seizures, and headache is a typical presen-
tation. CVT is often caused by hypercoagulable states,
similar to those that predispose to deep venous throm-
bosis, such as smoking and oral contraceptive use, or
dehydration. Structural lesions such as meningiomas or
congenital bony abnormalities can obstruct the venous
outflow and predispose to venous thrombosis. Treatment
often includes anticoagulation, despite the presence of
hemorrhage.

Primary central nervous system (CNS) hemorrhages
are often due to hypertension and can result in hemor-
rhages in the thalamus, basal ganglia, cerebellum, or
pons. Treatment is mainly supportive and includes the
reversal of bleeding disorders. Primary CNS hemorrhages
can also occur due to trauma, blood dyscrasias, hyper-
coagulable states, and structural vascular lesions such as
arteriovenous malformations, cavernous angiomata, or
cerebral aneurysms. Structural vascular lesions are often
best treated using surgical or interventional radiologic
procedures.

Acute Stroke Presentation

It is unclear why women die more often from stroke
than men do, while the stroke rate for men is higher
(Figure 17.1). One study showed that women may
experience a longer delay from arrival in emergency
rooms to the time they are evaluated for stroke symp-
toms (5). This may be due to a possible sex difference
in the reporting of acute stroke symptoms. One study
looked at 1,189 admissions that ended with a validated
stroke diagnosis in emergency rooms. The traditional
stroke symptoms of postural imbalance (men 20% vs.
women 15%) and hemiparesis (men 24% vs. women
19%) were more likely to be the presenting symptoms
for men than for women. Women were more likely to
present with symptoms that were somewhat atypical
for stroke, including pain (men 8% vs. women 12%)
and change in level of consciousness (men 12% vs.
women 17%). Women reported nontraditional stroke
symptoms 62% more often than men did (6). That this
accounts for the gender difference in death from stroke
seems unlikely. Although the use of intravenous for
acute stroke is potentially life-saving and is highly time-
dependent, a majority of active stroke centers probably
treat only about 1.8% of stroke patients with this ther-
apy (7).

Stroke Treatment in Women

Once the diagnosis of stroke in women has been made,
how men and women are treated may be different (Table
17.1). Management of stroke may differ based on pre-
sumed differences in the efficacy of medications and pro-
cedures. In fact, this may be due to the comparatively
greater age of women with stroke. Significant gender dif-
ferences exist in the treatment of cardiac disease. Women
are less likely to receive major diagnostic and therapeu-
tic procedures for cardiac disease (8,9). Further, evidence
suggests that men with stroke are more likely to have sig-
nificant comorbidities, such as a higher rate of ischemic
heart disease (men 18.1% vs. women 15.3%) and dia-
betes (men 20.1% vs. women 18.7%), but women have
higher rates of hypertension (women 33.8% vs. men
30.0%) and higher rates of atrial fibrillation (women
12.9% vs. men 10.2%) (3). This study also showed that
men 85 years and older were more likely to receive
aspirin and ticlopidine for their strokes than did women
aed 85 and older, although both groups received war-
farin at the same rate; these problems of therapy were
similar at younger ages. This may be because women
with a lesser burden of cardiac disease or diabetes are
less likely to have received preventive medications for
these two disorders, and these medications may also pro-
tect against stroke.

Aspirin is an effective medication for stroke preven-
tion in men and is most likely useful in stroke prevention
in women. Some studies suggest little benefit, but may lack
power to demonstrate efficacy, whereas others have shown
benefit (3). Present recommendations are to use aspirin.
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Women are more likely to present with nontraditional stroke
symptoms. (Reproduced with permission from Labiche LA,
Chan W, Saldin KR, Morgenstern LB. Ann Emerg Med
2002;40:453–460.)
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A recent study showed that aspirin may be effective for pri-
mary prevention of stroke in women but not in men. The
study suggets that while the data for aspirin use men has
been poor for primary prevention of stroke aspirin tends
to protect women from having their first stroke. Inter-
estingly aspirin seems less effective at preventing myocar-
dial infarction than in men. Presently women at risk for
having their first stroke need to consider aspirin for pre-
vention (3a).

Aspirin and dipyridamole in combination is a new
treatment and is available in a combination pill. After the
analysis of the European Stroke Prevention Study, it was
found that women had lesser benefit from this combina-
tion therapy than men. Men had a risk reduction for
stroke of 49% compared to 41% for women. Risk reduc-
tion for all vascular endpoints of the study showed a risk
reduction for men of 39% compared to 30% for women.
The combination medication is effective for both sexes,
but seemingly less effective in women than in men (10).

Ticlopidine is an antiplatelet agent that is still in use,
but has largely been supplanted by clopidogrel because of

gastrointestinal and hematologic side effects. In the Cana-
dian American Ticlopidine Study (CATS) trial, ticlopidine
was found superior to aspirin 650 mg twice a day in both
sexes, with a nonstatistically significant trend toward
greater risk reduction in women for stroke or death (risk
reduction of 27% for women; 19% for men over aspirin)
(11). Other ticlopidine and clopidogrel trials have shown
no difference between sexes. Both sexes had reductions
in stroke and vascular death at similar rates (12).

Warfarin is probably as effective in women as in
men. It is the treatment of choice for antiphospholipid
antibody syndrome and stroke from cardiac source.
Abnormalities of protein C, protein S, antithrombin III,
and factor V Leiden are treated with warfarin if they are
suspected to be the cause of stroke. In general, these fac-
tors lead to venous clots but may cause stroke when
associated with right to left shunts, or a patent fora-
men ovale with an atrial septal aneurysm. A higher inci-
dence of stroke occurs among women with coronary
artery disease and atrial fibrillation (13), however, pos-
sibly giving women greater benefit from warfarin than
men (3).

Carotid endarterectomy is an important treatment
for the primary and secondary prevention of stroke in
patients with significant carotid stenosis. Carotid disease
is more common in men than women. A male to female
prevalence ratio ranges from 3:2 to 8:1 (14). Studies lack
congruence as to whether women have a higher postop-
erative stroke rate than men. Studies show a higher rate
of postoperative complications in women: in one study,
postoperative stroke was seen in women patients more
often (p=0.050), the urgency of intervention (p=0.026),
and carotid reoperation (p=0.024) (15,16). Other pop-
ulation studies have found no difference in morbidity
and mortality (17,18). Cited causes for the higher com-
plication rate in women have been old age of patient at
presentation, presence of hypertension, and surgical
issues regarding the smaller size of carotid arteries in
women (14).

Stroke Risk Factors Specific to Women

Some specific differences have been found between men
and women that may predispose them to stroke (Table
17.2). One study found that women with stroke had an
elevated tissue plasminogen activator antigen, which was
an independent risk factor for stroke in nondiabetic
women aged 15 to 44 years old. It was suggested that
impaired endogenous fibrinolysis might be a risk factor
for stroke in women (19). This does not seem to be a mod-
ifiable risk factor.

Another study showed that a significant proportion
of young women (13% of studied) have elevated total
homocysteine serum levels, an independent risk factor for
stroke and vascular disease. Increased serum homocys-

TABLE 17.1
Workup/Treatment for Stroke by Etiology

Evaluate Size and Location of Stroke
• CT or MRI of brain strokes may not appear for 6–24

hours unless diffusion MRI is done
• Assess whether stroke is ischemic, hemorrhagic, or

primary CNS hemorrhage
• Assess whether stroke is in normal arterial vascular

distribution

Evaluate Location of Arterial Occlusion
• Evaluation of intra- and extracranial vessels
• MR angiography, CT angiography, transcranial

Doppler of intracranial vessels
• Warfarin may be required for high-grade sympto-

matic stenosis intracranially
• Carotid imaging with duplex, CT angiography, MR

angiography, or conventional angiography
• Symptomatic carotid stenosis .70% should be

treated surgically

Evaluate Possibility of Aortic or Cardiac Thrombus
Embolization

• Transthoracic echocardiography—LVEF, valvular
lesions, right to left shunts

• Transesophageal echocardiography—aortic
artherosclerosis, left atrial appendage clot

• Warfarin often required for cardiac source emboli

Evaluate Risk Factors and Treat
• Antiplatelet agents for small- and medium-vessel 

disease
• Warfarin for hypercoagulable states
• Treat hypertension, diabetes, and hyper-

cholesterolemia
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teine levels were correlated with increasing age, higher
serum cholesterol levels, alcohol intake (more than 7
drinks a week), and cigarette smoking. Serum homocys-
teine levels were decreased in women who took daily mul-
tivitamins with vitamin B6, B12, and folate (20).

The drug phenylpropanolamine, commonly found
in cough remedies and appetite suppressants, was asso-
ciated with hemorrhagic strokes in women, but not in
men. Most affected women were between the ages of 17
to 45 years. The FDA has also received reports of 22 cases
of spontaneous intracranial hemorrhage in association
with phenylpropanolamine. Most cases (16 patients)
occurred when the drug was used as an appetite sup-
pressant. In the study, no men had used
phenypropanolamine as an appetite suppressant, and
there was no association between men and cold remedy
use of the drug and stroke. These women were also more
likely to be African-American, to smoke, and to have
recently used cocaine. Phenylpropanolamine appetite
suppressants should thus be avoided in women (21).

For stroke and heart disease, the recognized risk fac-
tors of smoking, elevated cholesterol, a previous stroke,
and large artery atherosclerotic disease hold true for both
men and women. Workup for new strokes should be sim-
ilar in both sexes and in the elderly. Hypertension and

elevated cholesterol become more common in women as
they age. Typically, cholesterol levels will increase after
the age of 45, presumably due to the onset of menopause.
Women should have routine checks of blood pressure and
cholesterol after they become menopausal, even if previ-
ously normotensive with normal cholesterol levels (22).
Strategies for lowering cholesterol with statin medica-
tions are similar for men and women.

AUTOIMMUNE AND COLLAGEN
VASCULAR DISEASE

Autoimmune disorders and collagen vascular diseases are
more common in women than in men; therefore, cere-
brovascular diseases from these causes are also more com-
mon. The three major causes of stroke in women from col-
lagen vascular diseases are from systemic lupus erythematosus
(SLE), the antiphospholipid antibody (APLA) syndrome, and
from large-, medium-, and small-vessel vasculitis.

Systemic Lupus Erythematosus

Systemic lupus erythematosus can cause neurologic dis-
orders including psychosis, chorea, neuropathies, and
stroke. SLE is found in a ratio of men to women of 1:7;
it predisposes to stroke and therefore is a significant risk
factor for stroke in women (23). Data regarding SLE and
stroke are difficult to interpret because SLE is a systemic
autoimmune disorder and may be associated with
antiphospholipid antibodies, which cause a hypercoagu-
lable state and lead to both venous and arterial disease.
The presence of antiphospholipid antibodies with SLE is
referred to as a secondary antiphospholipid antibody syn-
drome. In one study of patients with SLE, stroke occurred
at an average age of 35 years, with the diagnosis of SLE
being made on average 4.4 years previously; 86% of SLE
patients had active SLE at the time of their stroke.
Headache was common at onset (24). The presumed
mechanisms of stroke were coagulopathy, cardiogenic
embolism, large cerebral vessel vasculitis, occlusive vas-
culopathy, cervical arterial dissection, and premature ath-
erosclerosis. On evaluation of the patients, findings
included major intracranial or extracranial vessel occlu-
sive processes from thrombus, dissection, fibromuscular
dysplasia or vasculitis, and atherosclerosis (24). A vas-
culopathy is associated with SLE, but it is debatable
whether an actual small- and medium-vessel vasculitis is
associated with SLE, because autopsy studies have not
found evidence of true vasculitis. Echocardiography stud-
ies show that a significant number of patients with SLE
have Libman-Sacks endocarditis, which has the poten-
tial to generate emboli to the cerebral circulation and
cause stroke (25,26). The treatment of stroke associated
with SLE mirrors the treatment of SLE flares. Immuno-

TABLE 17.2
Work-up for Uncommon Causes of Stroke

in Selected Patients

Arterial Stroke
• MRI with MR angiogram evaluating Circle of Willis
• CT with either TCD, CT angiography, or conven-

tional angiogram
• Carotid and transesophageal echocardiography
• Anti-thrombin III
• Antiphospholipid antibodies IgG/IgM
• Lupus anticoagulant
• Fasting homocysteine level
• Toxicology screen

Venous stroke
• MRI with MR venogram or CT with conventional

angiography
• Protein C, Protein S
• Factor V Leiden, antithrombin III
• Phospholipid antibodies IgG/IgM
• Lupus anticoagulant
• Prothrombin gene mutation
• Can cause arterial stroke if right to left shunt present

Primary CNS hemorrhage
• MRI with contrast and MR venogram and 

arteriogram
• CT with contrast
• Conventional angiography
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supression is often required, and anticoagulation is rec-
ommended for occlusive events associated with antiphos-
pholipid antibodies (as discussed in Chapter 22).

Antiphospholipid Antibody Syndrome

Antiphospholipid antibody represents a group of
autoantibodies that present with thrombo-occlusions
and include both anticardiolipin antibodies and the
lupus anticoagulant. The syndrome of antiphospholipid
antibody (APLA) syndrome occurs when the antibodies
are found in the absence of SLE. Presence of these anti-
bodies is an independent risk factor for stroke in young
women (28) and is associated with early fetal loss. In one
series of 93 patients with vascular occlusions and APLA
syndrome, there occurred occlusions (59%), arterial
occlusion (28%), and both arterial and venous occlu-
sions (13%) (27). The Stroke Prevention in Women
study is a population-based case-control study in which
anticardiolipin antibody was found in 26.9% patients
with stroke and in 18.2% of nonstroke controls. The
lupus anticoagulant was found in 20.9% of stroke
patients and in 12.8% of controls. The presence of either
anticardiolipin antibody or lupus anticoagulant was
found in 42% of patients with strokes and in only 27.9%
of controls. Thus, the presence of either antibody leads
to a relative odds ratio of stroke of 1.87 (1.25-2.83,
p=0.0027) (28).

The APLA syndrome may present with strokes,
death, cerebral vein thrombosis, or retinal occlusive syn-
dromes. Diagnosis is made by finding elevations of acti-
vated partial thromboplastin time (aPTT). Confirmation
can be made by finding prolongation of the dilute Russell
viper venom time (dRVVT) (29). The presence of mildly
elevated anticardiolipin antibodies, especially IgM, does
not appear be associated with stroke, but elevations of
IgG, especially in range above 40 GPL, is associated with
stroke recurrence and death (30).

The treatment of APLA syndrome in patients with
prior stroke involves long-term anticoagulation with an
INR of 2.0 to 3.0. Low-dose aspirin is probably not help-
ful, and warfarin has been shown to be more effective
than aspirin alone (29,30). Low molecular weight heparin
or unfractionated subcutaneous heparin is used in preg-
nant women because warfarin is teratogenic (29,30).

Vasculitis

Takayasu’s arteritis was originally described in young and
middle-aged women. It is a large-vessel vasculitis affect-
ing the aortic arch and the major branches. The major-
ity of symptoms arise from the stenosis or occlusion of
these great vessels. It causes stroke secondary to the
malignant hypertension from arterial stenosis and steno-
sis of the major arterial blood supply to the brain. It pre-

sents with fever, malaise, anemia, and loss of peripheral
pulses. Treatment includes immunosuppression and sur-
gical and nonsurgical treatment of large artery stenosis
(31).

Polyarteritis nodosa (PAN) is a medium- and small-
vessel vasculitis that affects arteries. PAN patients pre-
sents with fever, malaise, and weight loss. The skin lesions
may help to differentiate it from other vasculitides; lesions
are erythematous, purpuric, and nodular (32). Renal
involvement occurs in over 70% of patients. As with
Takayasu’s arteritis, the long-term morbidity is due to
hypertension affecting the heart and cerebral vessels.
Stroke usually occurs later in the course of disease. Fre-
quent presentations of PAN include encephalopathy, mul-
tifocal strokes of the brain and spinal cord, and sub-
arachnoid hemorrhage. It is treated by immunosupression
with steroid and cyclophosphamide (Cytoxan®) (32–34).

Isolated angiitis of the CNS is a small-vessel vas-
culitis restricted to the brain, with few systemic symptoms
or laboratory findings. It occurs in the fourth to sixth
decades, more commonly in women. Strokes or sub-
arachnoid hemorrhage are often the only symptom (32).
Patricia Moore and colleagues set forth the following
diagnostic criteria for the disorder: (i) patients must have
clinical features consistent with recurrent, multifocal, or
diffuse disease; (ii) a systemic inflammatory process or
infection must be excluded; (iii) neuroradiographic stud-
ies, usually a cerebral angiogram, must indicate a vascu-
lopathy; and (iv) brain biopsy is required to establish the
presence of vascular inflammation and exclude infection,
neoplasia, or alternate causes of vasculopathy (32,35).
Mortality from angiitis of the CNS either may be due to
strokes or hemorrhage over a short period of time, or
occasionally the disorder can smolder for years. Therapy
for isolated angiitis of the CNS is a combination of
cyclophosphamide with a low dose of prednisone. Remis-
sion and cure have been reported (32).

Fibromuscular Dysplasia

Fibromuscular dysplasia (FMD) of the carotid or the
intracranial arteries is a disorder of the arterial wall pre-
senting with constricting bands of fibrous material alter-
nating with smooth muscle (36); this results in alternat-
ing constriction and dilatation of the artery. A rare
disorder, it is found in 0.6% of nonselective angiograms
(37). It is most prevalent among middle-aged women. In
one study where 70 patients were diagnosed with cere-
brovascular FMD, 89% of the patients were women with
a mean age of 64; 91% of these patients presented with
transient ischemic attacks (TIAs), stroke, or pulsatile tin-
nitus (36). It is not thought to be an inflammatory disor-
der. Patients with FMD are at a higher rate of sponta-
neous carotid artery dissection. The etiology of the small
strokes and TIAs is generally unknown.
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Treatment of FMD depends on the symptoms.
Asymptomatic FMD is often treated with aspirin only.
Carotid endarterectomy alone does not effectively treat
the disease, because the vascular disorder is not isolated
to the extracranial carotid. Intra-arterial angioplasty and
stenting have been performed successfully. The most
important issue is that patients with intracranial FMD
need screening for aneurysms that may bleed magnetic
resonance angiography or computed tomography (CT)
angiography for aneurysms that may bleed (36).

Moya-Moya

Moya-moya is Japanese for “puff of smoke.” It is less of
a disorder per se, than the normal response to large-vessel
cerebral occlusions (Figure 17.2). The syndrome classically
presents with unilateral or bilateral intracranial carotid
stenosis or occlusions. Collateral vessels form to compen-
sate for lost blood flow and form a myriad of small col-
lateral vessels that are small and tangled in appearance and
look like a “puff of smoke” on angiography (37).

Moya-moya is 50 times more likely to occur in
women than men and is found more commonly in
women who smoke and use oral contraceptives (38,39).
It can present with headaches, seizures, and intracere-
bral hemorrhage as well as stroke. Angiography, which
demonstrates the small perforating collaterals, is needed
for diagnosis. The presumed etiology for the hemor-
rhage is the aneurysmal thinning of blood vessels and
disease of the very small end vessels from atherosclerotic
disease (37).

Treatment is difficult because strokes are more com-
mon in children, but hemorrhage is more likely in adults.
Aspirin or warfarin are thought to worsen the risk of
hemorrhage. Abnormal cerebral blood perfusion has
been demonstrated using SPECT or magnetic resonance
imaging (MRI) perfusion and may account for the bland
infarcts associated with the disease. Pial synangiosis or
encephalomyosynangiosis surgery can be performed and
has been shown to improve cerebral blood perfusion as
measured by MRI (40) and may improve neurologic func-
tion in a very small number of patients (40). 
No improvement is gained in long-term morbidity  or
mortality.

CEREBRAL VASOSPASTIC DISORDERS

Migraine is a prevalent disorder affecting about 6% of
men and 15 to 18% of women. It occurs most often
between the ages of 25 and 55 years (41). Stroke is a
known complication of migraine and has been shown to
be an independent risk factor, especially in those less than
35 years of age. In one study, 160 patients were evaluated
for migrainous strokes with other causes excluded.
Migraine was found to be a significant risk factor for juve-
nile stroke, with an odds ratio for individuals under 35
of 3.26 and for women of 2.68 (42).

Not only are patients who have migraine at risk for
stroke but also women of childbearing age who have
migraine with aura are at greater risk. Another study fol-
lowed 86 women with migrainous strokes and found that
women were more likely to have strokes if they had
migraine with aura instead of migraine without aura, and
if they had 12 or more migraines with aura per year. No
correlation was found among oral contraceptive use,
migraine, and stroke (43).

Treatment for migrainous strokes has typically
included prophylaxis, because the fewer migraines with
aura, the lesser the chance of a stroke. Because of the
vasospastic quality to the stroke etiology, a calcium chan-
nel blocker (verapamil) is used in combination with
aspirin. Smoking should be discontinued. A careful work-
up for stroke etiology should always be done, including
screening for antiphospholipid antibody; migrainous
strokes are often thought of as a diagnosis of exclusion.

Reversible segmental vasoconstriction or Call’s syn-
drome is a poorly understood disorder. It presents with
headaches, seizures, lethargy, and strokes, typically in
young women with a history of migraine. The stroke
workup shows multifocal areas of vasodilation and vaso-
constriction in multiple vascular territories in the Circle
of Willis.  Diffuse brain edema, hemorrhages, and death
can also occur.  Repeat angiography may show sponta-
neous resolution of vasoconstriction. It is treated using
calcium blocking agents, corticosteroids, and increased

FIGURE 17.2

Cerebral angiograms. Lateral intracranial view of the left com-
mon carotid injection (A) shows occlusion of the distal inter-
cranial carotid artery with a tuft of enlarged collaterals distal
to the occulation. Lateral intercranial view after vertebral
artery injection (B) shows extensive collateral vessels resem-
bling ‘puff of smoke’ arising from the basilar artery and the
posterior cerebral arteries. (Reproduced with permission from
Wityk RJ, Hillis A, Beauchamp N, Barker PB, Rigamonti D.
Perfusion-weighted magnetic resonance imaging in adult
moya-moya syndrome: characteristic patterns and change
after surgical intervention: case report. Neurosurgery
2002;51:1499–1506.)
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intracranial pressure management; a functional outcome
is variable (44,45).

Angiitis of pregnancy is a similar disorder that tends
to present with hemorrhages and strokes in the postpartum
period. It tends to present more often with hemorrhages. It
occurs in the absence of typical clinical findings suggestive
of eclampsia or preeclampsia. It also presents initially with
diffuse and severe vasoconstriction on conventional angiog-
raphy. How this disorder relates in etiology to reversible seg-
mental vasoconstriction, migraine, and eclampsia or
preeclampsia is not clear. Whether these are distinct
vasospastic disorders or ends of the same spectrum is
unclear. Angiitis of pregnancy is treated with corticosteroids,
blood pressure control, and intensive care management; it
generally has a good functional outcome (45,46).

CNS HEMORRHAGE

Cerebral Venous Thrombosis

Cerebral venous thrombosis (CVT) occurs more fre-
quently in women than in men; pregnancy and oral con-
traceptive use are significant risk factors for the disease.
CVT is often described as the deep venous thrombosis
(DVT) of the brain. An occlusion of the cerebral veins
causes a back-up of pressure and bland ischemic infarcts
with hemorrhagic transformation. The infarcts from
venous occlusions are often in nonclassic arterial vascu-
lar distributions and provide the clue to the diagnosis. It
presents typically with a constellation of symptoms:
headache, papilledema, seizures, and focal neurologic
deficits. In the largest published series of 160 patients,
headache occurred in 82%, papilledema occurred in
55.5%, focal deficits occurred in 42%, seizures occurred
in 39%, and alteration of coma occurred in 30.5% (47).
CVT can also present with isolated intracranial hyper-
tension only. Pulsatile tinnitus and multiple cranial neu-
ropathies have also been described.

CVT is caused by trauma, tumors compressing on
the sagittal sinus, dehydration, and prothrombotic states.
In general, those prothrombotic states that predispose to
DVT can also predisposed to CVT and include sickle cell
disease, factor V Leiden, prothrombin G20210A muta-
tion, resistance to activated protein C, APLA syndrome,
oral contraceptive use, and antithrombin III deficiency
(47,48). These hypercoagulable factors predispose more
to venous clots than arterial clots or stenosis. Hemorrhage
in CVT may be cortically based and appear as a primary
CNS hemorrhage; only with workup is a sagittal or cor-
tical vein thrombosis noted. Workup includes brain imag-
ing with CT and MRI. Finding of the “delta sign,” in
which a clot within the confluence of the sinuses is seen
as a bright triangle, can be difficult to see on brain CT
(Figure 17.3). New techniques of venograms using CT

and MRI have made this easier to diagnose. The “gold
standard” remains conventional angiography.

Treatment is with anticoagulation; therefore, diag-
nosis must be clear, because hemorrhage is often associ-
ated with the venous infarct. The studies showing bene-
fit have few patients but the results are fairly robust.
Heparin showed benefit in a randomized prospective trial
in which 20 patients with CVT were studied. Eight
patients in the heparin group recovered completely,
whereas only one in the placebo group did; there were
no deaths in the heparin group and three in the placebo

FIGURE 17.3

A. MRI with clot within the superior sagittal sinus see arrows.
Blood will be bright in subaxute setting. B. CT scan with
nonarterial distribution stroke. Arrow points to ‘delta sign.’
(Special thanks to Robert Wityk, Johns Hopkins Hospital,
for providing these images.)

A

B
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group (49). Studies looking at low molecular weight
heparin showed less robust findings. Heparin has been
shown to provide an absolute risk reduction of 70% for
mortality from CVT (50).

Newer techniques include rt-PA administered
endovascularly and the use of vacuum catheters. Patients
seem to suffer more often from new or progressive hem-
orrhages with endovascular thrombolytics but the occlu-
sions resolve more quickly with endovascular techniques
than with systemic anticoagulation. It is unclear at present
whether patients do better with heparin alone or with
endovascular treatment (47,51). Mortality is reduced with
treatment, and 80% of patients were living independently
after 3 years, although three out of four patients had resid-
ual symptoms including seizures, weakness, headaches,
and visual field defects (52). Outcome is often poor with-
out intervention.

Cerebral Aneurysms

Cerebral aneurysms are lesions consisting of weakening
of the wall of a cerebral artery and thinning of the vessel
wall. The aneurysm itself can compress local structures,
but the most dangerous consequence is subarachnoid
hemorrhage (SAH). The most common presentation is
severe acute-onset headache, vomiting, focal neurologic
findings, and meningeal signs. Cerebral aneurysms with
subarachnoid hemorrhage are more common in women
over 55 years of age than in age-matched men (53,54).
Women are more likely to have multiple aneurysms, as
shown in one study (281 women; 80 men). The propor-
tion of patients with multiple aneurysms and subarach-
noid hemorrhage was higher in women for all age cate-
gories (5.2%:15.2%). Women tended to have worse
outcomes than men (54). There is no gender difference
in outcome in SAH with a single aneurysm (55). Diag-
nosis is made based on head CT and lumbar puncture
findings and confirmed with conventional angiography.
Recently, MR angiography and CT angiography have
become less invasive screening tests for both symptomatic
and asymptomatic cerebral aneurysms.  Treatment
involves surgical clipping or endovascular coiling of the
aneurysmal dilatation.

HORMONES AND STROKE

Oral Contraceptive Pills and Stroke

Oral contraceptive pills (OCPs) and hormonal contra-
ception have been linked to an increased stroke risk in
multiple studies (56–60). Much of this perceived
increased stroke risk is based on early studies of higher
dose preparations containing >50 mcg of estradiol
(57,61,62). In normotensive, nonsmoking women, OCPs

containing 35 mcg of estradiol or less do not increase the
risk of stroke (63,66). The majority of studies of second-
and third-generation OCPs containing these lower doses
of estrogens did not find an increased risk of stroke
(61,62,67–70). A pooled analysis of two large population
case-control studies showed no increased risk of hemor-
rhagic or ischemic stroke in current users of OCPs con-
taining less than 50 mcg of estradiol, compared with past
users or “never-users” (71). One case-control study did
report an increased risk of stroke using first-, second-, or
third-generation OCPs, however, but the reasons for this
discrepancy are unclear (72).

Among OCP users, cigarette smoking, hypertension,
diabetes, migraine headache, and prior noncerebral
thromboembolic events also increase the risk of stroke
(64,65,67,71,73). Some data (71) suggest, however, that
women with chronic hypertension can use combination
OCPs containing 35 mcg of estradiol or less, provided
that they are otherwise healthy nonsmokers under the age
of 35, and that their blood pressure is well-controlled and
monitored before beginning OCPs and for several months
after starting use (74). The pooled analysis of two case-
control studies found no elevation in stroke risk in OCP
users who were over the age of 35, smokers, obese, or
those with uncontrolled hypertension (71). The Ameri-
can College of Obstetricians and Gynecologists (ACOG)
recommends that OCPs should be prescribed with cau-
tion, if ever, to women who are older than 35 and are
smokers (74).

Migraine headaches are common in women of
reproductive age. Some women with migraines experi-
ence an improvement in their headaches on OCPs but,
in women on OCPs, most migraines occur during the hor-
mone-free interval. A large case-control study found that
women with a history of migraines and who were using
OCPs did not have a significantly increased risk of
ischemic stroke compared with women who were not
using OCPs and were without migraines (75). Compared
with women who did not smoke, did not use OCPs, and
were without migraines, women who smoked, were using
OCPs, and had a history of migraines had a 34-fold
increased risk of stroke in this study. The pooled analy-
sis of two large, U.S. population-based case-control stud-
ies also observed a statistically significant twofold
increased risk of ischemic stroke among women on OCPs
with migraine headaches (71). In a large Danish popula-
tion-based case-control study, the risk of stroke was ele-
vated approximately threefold among women with a his-
tory of migraines (73). Neither study categorized
migraines by type, however. The additional risk of stroke
attributable to OCPs for women with migraines has been
estimated as 8 per 100,000 women at age 20 years, and
80 per 100,000 women at age 40 years (76). Because the
absolute risk of a cerebrovascular event remains low
among women of reproductive age, the use of OCPs may
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be considered for women with migraine headaches who
do not have focal neurologic signs, do not smoke, are
younger than age 35, and are otherwise healthy. OCPs
should be discontinued in these women if the frequency
or severity of headaches increases or focal neurologic
signs or symptoms arise.

A strong association between CVT and use of oral
contraceptives has been established in several case-con-
trol studies (77–79). Mutations in the prothrombin gene
and the factor V Leiden gene are associated with CVT.
The presence of both the prothrombin gene mutation and
oral contraceptive use further increases the risk of CVT
(77,78). Routine screening for the prothrombin gene
mutation in young women is not currently recommended
before prescribing them OCPs.

A recent meta-analysis concluded that the risk of
ischemic stroke is increased in OCP users, but that the
absolute increase in risk would be small due to the low
stroke incidence in this young and healthy population (80).
An individual’s risk of stroke must be weighed against the
benefits of effective contraception and the risks of unin-
tended pregnancy. The impact of stroke in a woman of
reproductive age is so devastating, though, that clinicians
should consider alternative forms of contraception such as
progestin-only (oral or injectable), barrier, or intrauterine
contraceptives in the setting of the additional risk factors
mentioned above (81). Stroke risk is not increased with the
use of progestin-only OCPs or injectables, except among
women with hypertension (82,83).

HORMONE REPLACEMENT THERAPY

Hormone replacement therapy (HRT) is commonly used
for the treatment of vasomotor symptoms and urogeni-
tal atrophy, as well as for the prevention of osteoporosis
and cardiovascular disease in women. Data on the asso-
ciation of postmenopausal HRT and stroke have been
inconsistent. The impact of HRT on stroke risk is ill-
defined due to a lack of well-designed, controlled studies;
as a result, definitive conclusions cannot be reached. Since
1980, at least 18 studies have been published on this sub-
ject (84). The Framingham Heart Study found a 2.6-fold
increase in the relative risk of atherothrombotic stroke
among women receiving HRT versus nonusers (85). None
of the other studies detected a large increase in stroke risk,
and several reported a slight (but often insignificant)
decrease in risk (86–92).

In the 20-year report from the Nurses’ Health Study,
the investigators noted for the first time an increased risk
of stroke in women taking estrogen alone (35%) and in
women taking combined therapy of estrogen and a prog-
estin (93). However, the overall risk in current users for
all HRT regimens was increased by only 13%. The risk
of fatal stroke was decreased by 19% in women on estro-

gen alone, compared with an increase of 22% in those on
combined HRT.

These findings conflict with those of previous obser-
vational reports. Neither estrogen alone nor combined
therapy increased the risk of nonfatal stroke in a large
Danish case-control study (94). In another prospective
cohort, estrogen therapy was associated with a 46% over-
all reduction in stroke mortality, with a 79% reduction
in current users (95). Finucane et al. showed a similar
reduced risk for women who had used HRT compared
with those who had never used HRT, with stroke inci-
dence lower by 31% and stroke mortality by 63% (90).
The Copenhagen City Heart Study, a case-control study
of women aged 45 to 69 years in the United Kingdom,
showed no effect of HRT on stroke incidence (86). The
much-publicized Women’s Health Initiative (WHI) trial
revealed an excess of eight nonfatal strokes per 10,000
women per year in the combined therapy group, but, as
in the Nurses’ Health Study, the rate of fatal strokes was
not increased (96). The limitations of this study include
the older average age of enrolled patients, use of only one
HRT regimen, and increased unblinding of the study
patients on HRT.

The most compelling evidence for the benefit of
HRT in stroke prevention are the data on mortality from
stroke. As discussed above, the larger cohort studies that
have assessed the impact of hormone use on stroke mor-
tality have demonstrated a beneficial impact, with the
exception of the Nurses’ Health Study (89,90,95,97).
These data are consistent with the possibility that hor-
mone therapy decreases the severity of strokes and there-
fore the incidence of stroke-related mortality, if not
stroke events. Hormone replacement therapy appears to
influence stroke risk factors positively. The Copenhagen
City Heart Study showed a reduced stroke risk for smok-
ers taking HRT compared with smokers not taking HRT
(86). The Lipid Research Clinics of North America
revealed that HRT decreases cholesterol, decreases low-
density lipoprotein, and raises high-density lipoprotein
compared with women not receiving HRT after con-
trolling for compounding risk factors (97). Therefore,
HRT may be especially protective for women who
smoke and/or have elevated cholesterol. Multiple case-
control and cohort studies offer overwhelming evidence
for at least a 40 to 50% reduction in the risk of primary
coronary heart disease and myocardial infarction in
estrogen users (98). The recently reported results of the
randomized WHI trial would indicate the situation is
otherwise, but this was not a primary prevention trial—
the findings also may have been biased by the new and
unreported statin and aspirin use in the placebo group
after the trial started (96). The WHI data not with-
standing, HRT may be particularly beneficial for reduc-
ing stroke risk in patients with preexisting occlusive ves-
sel disease, even after adjusting for any “healthy-user”
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effect, although additional studies are necessary and
ongoing.

For women who have already suffered a stroke, the
Women’s Estrogen for Stroke Trial (WEST) study was
designed to evaluate estrogen and the secondary prevention
of stroke. In this trial, no significant differences were found
between treated and placebo groups in outcomes for fatal
and nonfatal stroke, nonfatal myocardial infarctions, or
coronary death (99). The risk was actually greater in the
first year of estrogen exposure. The WEST group concluded
that estrogen therapy was not effective for preventing a new
or recurrent cerebrovascular event in stroke patients.

In 2003, the results of the Women’s Health Initiative
Study was published in JAMA. Specifically it looked at
dementia and possible protective effects of estrogen plus
progestin in postmenopausal women. A paper describing
stroke risk in treatment and placebo groups was reviewed.
The study found that of the there were significantly more
strokes in the treatment group versus the placebo group.
Looking at the article one finds that of 16,608 women there
were 258 strokes of which almost 80% were ischemic
strokes. There were 151 strokes in the treatment group and
107 strokes in the placebo group which constituted a haz-
ard ratio for ischemic stroke (greater than 1 suggesting
harm, less than one suggesting protection) of 1.44 (95%
CI, 1.09–1.90) and for hemorrhagic stroke, 0.82 (95% CI,
0.43–1.56). This, despite similar background stroke risks
in the women aged 50–79, there was greater risk of
ischemic stroke. Admittedly the number needed to harm
(the number of patients needed to put on therapy to cause
one stroke) is approximately 226, still there is statistically
significantly greater risk of stroke with HRT in this trial.
care should be taken when HRT is considered as there is a
small but significant risk of stroke (99a).

In summary, the risk of stroke associated with HRT
appears low but requires further study. The existing data
have methodologic limitations, including nonspecific end-
points, lack of control for prior HRT use or specific reg-
imens, a lack of sufficient numbers of women from minor-
ity racial or ethnic groups, and possible confounding by
a healthy-user effect. No healthy postmenopausal women
should be denied the benefits of hormone therapy for fear
of stroke alone; the other potential benefits, risks, and side
effects of therapy must be considered and tailored to the
individual patient.

Hormone Replacement Therapy and
Subarachnoid Hemorrhage

The etiology of SAH is poorly understood. Because the
incidence of SAH is highest in women after menopause
(100), it has been hypothesized that estrogen might be
protective for this condition (101,102). Unlike ischemic
stroke, most of the epidemiologic data have shown that
the risk of hemorrhagic stroke, including SAH, is not

affected by either hormone replacement therapy or OCPs.
A large population-based, case-control study of women
with SAH showed significant independent associations
between use of either HRT or OCPs and reduced risk of
SAH (102). In this study, premenopausal women had a
markedly reduced risk of SAH compared with post-
menopausal women. The protective effect of HRT in
postmenopausal women was highest in postmenopausal
smokers receiving HRT compared with those not receiv-
ing HRT. The Nurses’ Health Study (103) compared SAH
risk in current versus former users of HRT; current users
had a reduced risk compared with nonusers after adjust-
ing for other variables. No protective effect was observed
in women who had used HRT in the past.

The studies of HRT and risk of SAH have been dif-
ficult to interpret due to methodologic problems of small
studies, incomplete data, differences in therapy, and
potential confounding variables. A study of women in
Sweden showed that SAH risk was reduced for users of
combined estrogen and progestin therapy compared with
those using estrogen alone (104). Additionally, there was
no protective effect of former estrogen use, whereas for-
mer estrogen-progestin use may be beneficial. A recent
prospective, multicenter, population-based, case-control
study demonstrated that estrogen, either alone or in com-
bination with a progestogen, reduces the risk of SAH
(105). The inverse association was moderately strong for
any use of HRT and risk of SAH, but only borderline
when current or past use of HRT was considered sepa-
rately. Data pertaining to the risk in relation to endoge-
nous hormonal factors, such as menstrual patterns, are
limited. One study (102) demonstrated that among pre-
menopausal women with SAH, 74% were menstruating
at the time of the event, suggesting that states of relative
estrogen deficiency, such as menopause and the premen-
strual period, may increase the risk of SAH in women.

HRT has been shown consistently to decrease the risk
of fatal stroke (106,107). Stratification by fatal and non-
fatal strokes may be important in clarifying the link
between HRT and both ischemic and hemorrhagic stroke,
because the majority of nonfatal strokes are ischemic,
whereas approximately one- and two-thirds of fatal strokes
are hemorrhagic, including SAH (108). The currently avail-
able data support a key role for hormonal therapy in the
prevention of SAH among postmenopausal women.

STROKE AND PREGNANCY

Ischemic Stroke

Risk factors for stroke in pregnancy and the postpartum
period (or puerperium) include all the established causes
for any young nonpregnant stroke patient, such as vas-
culopathy, cardiogenic embolism, drug use, migraine, and
hematologic disorders. Pregnancy and the puerperium
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(defined as up to 6 weeks postpartum) are states of hyper-
coagulability (109) and increased risk of thromboem-
bolism (110), one of the leading causes of maternal mor-
tality. The theoretical increased risk of stroke in
pregnancy has been largely unsubstantiated by data
(111,112). A recent population-based study found an
incidence of stroke during pregnancy and the puerperium
of 1 in 7,500 pregnancies (112). Kittner et al. showed that
the relative risk (RR) for ischemic stroke was not
increased during pregnancy (RR, 0.7) but was signifi-
cantly elevated in the puerperium (RR, 5.4), especially
during the first postpartum days. For hemorrhagic stroke,
the relative risk was 2.5 during pregnancy and 28.3 dur-
ing the puerperium. The causes of ischemic strokes and
hemorrhages were heterogeneous, although preeclamp-
sia-eclampsia was present in 24% of cases. Other identi-
fied causes included vasculopathy, dissection, thrombotic
thrombocytopenic purpura (TTP), and CVT.

Stroke during pregnancy and the puerperium has
been attributed to pregnancy-related hypertensive dis-
eases and to cesarean delivery (113). Preeclampsia affects
3 to 8% of all pregnant women (114). It is described as
an endothelial disorder (115) with decreased venous dis-
tensibility and altered cerebral blood flow velocity
(116,117), which may, therefore, influence the pregnancy-
related incidence of stroke. Multiple pregnancy is asso-
ciated with an increased risk of preeclampsia, higher cir-
culating levels of estrogens, and a greater rise in cardiac
output, all of which may affect the risk of stroke
(114,118,119). (See also Chapter 16 on preeclampsia-
eclampsia). Cesarean delivery is more commonly per-
formed for women with preeclampsia-eclampsia or with
multiple pregnancy; it is also associated with an increased
risk of thromboembolism, increased platelet counts, and
fluctuations in blood pressure due to general or regional
anesthesia (120). A recent large, population-based cohort
study in Sweden revealed a three- to twelvefold increased
risk of stroke during late pregnancy, at delivery, and in
the puerperium for women with preeclampsia, multiple
gestation, and cesarean delivery (121). These conditions
do not fully explain the inherent pregnancy-related risk
of stroke, however, and do not account for the majority
of this excess risk. The actual contribution of stroke to
maternal mortality may be underestimated because
proven risk factors for stroke, such as systemic embolism
(including intracranial embolism) and hypertensive dis-
ease of pregnancy, are often identified as the cause of
death, even when they have resulted in stroke.

Numerous other etiologies and risk factors for
ischemic stroke are present during pregnancy and puer-
perium. Cardioembolism is extremely common in young
stroke patients (122) and may be due to peripartum car-
diomyopathy (123,124) or amniotic fluid embolism
(125,126) during this time. Large-artery atherosclerosis is
a common cause of stroke in the general population, but

it is a relatively uncommon cause of stroke in women of
childbearing age. Arterial dissection may lead to ischemic
stroke, but no data linking pregnancy or labor with an
increased risk of dissection have been found. SLE is the
most frequent type of symptomatic vasculitis during preg-
nancy (127), and there are reported cases of stroke dur-
ing pregnancy in a patient with lupus (128,129). Pregnancy
may increase the risk of stroke in patients with hemato-
logic abnormalities such as sickle cell anemia, APLA syn-
drome, other hypercoagulable states, and inherited throm-
bophilias such as antithrombin deficiency, protein C
deficiency, protein S deficiency, and activated protein C
(APC) resistance (112,113,130–133). TTP occurs with an
increased incidence in pregnancy and may cause multiple
small infarctions (134,135). Gestational thrombocytope-
nia, also called benign or essential thrombocytopenia of
pregnancy, is the most common cause of thrombocytope-
nia during pregnancy, but does not increase the risk for
maternal hemorrhage or bleeding complications (136).

CVT and Pregnancy

The incidence of CVT is approximately 1 in 11,000 deliv-
eries (137). CVT usually occurs during the postpartum
period, particularly during the first week (138–140). The
cause of CVT has been attributed to factors such as infec-
tion, a hypercoagulable state during pregnancy, a relative
dehydration during the puerperium, and the unique
anatomy of cerebral venous drainage (141). The pregnant
or postpartum patient with CVT tends to differ from
other patients with CVT; patients with CVT associated
with pregnancy tend to be younger, the disease onset is
more acute, the resolution is faster, and the prognosis is
better (140). The mortality rate varies between 0% (29)
and 50% (142), depending on the study; recovery tends
to be almost complete in those who survive.

Arteriovenous Malformation and
Aneurysm in Pregnancy

The incidence of nontraumatic intracerebral hemorrhage
(ICH) in pregnancy is about 1 in 10,000. Arteriovenous
malformation (AVM) and preeclampsia-eclampsia are the
most common causes when an etiology can be determined
(112). SAH can be caused by ruptured aneurysms or the
extension of ICH into the subarachnoid space, which
commonly occurs with AVMs. The most frequent cause
for SAH during pregnancy is ruptured aneurysm, fol-
lowed by AVM (112). SAH leads to most intracranial
hemorrhages during pregnancy. Although symptomatic
aneurysms and AVMs during pregnancy are rare, the
mortality rate ranges from 40 to 80% (143). The rate of
asymptomatic aneurysmal rupture appears higher during
pregnancy, especially in the second and third trimester
and the puerperium, compared with the general popula-
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tion (143). After surgical clipping of an aneurysm, mode
of delivery proceeds according to obstetrical indications
(143). The mode of delivery remains controversial if the
aneurysm has been managed conservatively and still has
the potential to rupture; many authors recommend an
operative vaginal delivery using forceps or a vacuum
under epidural anesthesia to shorten the second stage of
labor (143–146). The management of aneurysmal SAH
in the pregnant patient is based on neurosurgical princi-
ples (143–145); in the postpartum patient, management
is the same as in the nonpregnant patient. The risk of
bleeding from AVMs during pregnancy is thought to be
increased (143), with most cases occurring late in preg-
nancy and during labor and delivery (146,147). AVMs
present with hemorrhage about three times more often
in pregnant women compared with nonpregnant women
(146,148,149). AVMs also result in a larger proportion
of SAH during pregnancy—up to 50%—(146,148) com-
pared with about 10% in nonpregnant women and 6%
in the general population. The reason for the relatively
higher incidence of AVM-associated hemorrhage com-
pared with aneurysm-associated hemorrhage in preg-
nancy is not known. Neurosurgical criteria are used in the
decision to operate on ruptured and unruptured AVMs
(141,143), and the optimal mode of delivery in patients
with unoperated AVMs is unclear. Women with success-
fully corrected AVMs are delivered according to obstet-
rical indications (143).

Management of Stroke in Pregnant Women

In the acute stoke, the use of thrombolytic agents includ-
ing rt-PA, streptokinase, and urokinase may be used if the
mother’s condition warrants therapy (144). None of these
therapies represents a major risk to the fetus or newborn
and may be used safely during pregnancy and lactation
(145). Anticoagulants such as aspirin, ticlopidine,
heparin, and warfarin are the standard treatments for
acute stroke. Low-dose aspirin (less than 150 mg daily)
can be used for primary and secondary stroke prevention
during pregnancy; it selectively inhibits maternal
cyclooxygenase without impairing fetal coagulation
(146,147). There is considerable clinical experience with
heparin use in pregnancy because it does not cross the
placenta and is not excreted in human milk (148). The
major concerns with heparin use during pregnancy
include maternal heparin-induced osteoporosis and
thrombocytopenia. The reversibility of this osteoporosis
has not been clearly established, nor does there appear to
be a clear dose–response relationship (149). The post-
partum evaluation of bone density may have prognostic
and therapeutic implications for osteoporosis (151,152).
The most common type of heparin-induced thrombocy-
topenia (HIT) is benign and reversible, occurring within
the first few days of therapy, resolving spontaneously, and

not requiring the cessation of heparin therapy. The less
common but more severe type is the immune form of
HIT, which occurs within 5 to 14 days of full-dose
heparin therapy in as many as 3% of patients (9) and may
cause widespread thrombosis (153,154). Low molecu-
lar weight heparin (LMWH) reduces three of the com-
plications caused by unfractionated heparin: bleeding,
osteoporosis, and thrombocytopenia (152,154,155).
LMWH does not cross the placenta in pregnancy or
appear significantly in breast milk. Additionally, LMWH
has improved bioavailability, and dosing may be limited
to once or twice daily (156–159). Both standard heparin
and LMWH may be discontinued at the onset of labor
and resumed after delivery due to their short half-lives.
Warfarin crosses the placenta and has been linked to
spontaneous abortion, fetal hemorrhage, fetal anomalies
and abnormalities, and increased fetal mortality
(160–162). Therefore, its use is relatively contraindicated
in pregnancy or nursing mothers, because it is also
excreted in breast milk (163). It is unknown whether
ticlopidine results in maternal, fetal, or neonatal toxic-
ity in humans; use of this agent would require consider-
ation of the relative risks of the drug versus the risk of
recurrent stroke.

Limited data exist on the influence of pregnancy on
recurrent stroke, making it difficult to counsel women
with a history of ischemic stroke on stroke risk in future
pregnancies (164,165). A recent large, multicenter series
found that young women with a history of ischemic
stroke have a low recurrence during subsequent preg-
nancies (166). The postpartum period, not the pregnancy
itself, was associated with an increased relative risk of
stroke recurrence, as described above. This suggests a
causal role for the large decrease in blood volume or the
rapid changes in hormonal status during the puerperium,
possibly due to hemodynamic, coagulative, or vessel wall
changes (112,166). The outcome of pregnancies in these
women was similar to that of the general population
and, therefore, a previous ischemic stroke should not be
a contraindication to a subsequent pregnancy (166). No
data or guidelines are available for the obstetrical man-
agement of labor and delivery in women with a history
of ischemic stroke.
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ultiple sclerosis (MS) is one of the
major acquired disorders of the cen-
tral nervous system (CNS) and a
leading cause of neurologic disabil-

ity in young adults (1). It is notable for its strong sex pref-
erence, and for the fact that it affects young people in their
prime years. MS is more common in women than men,
by a ratio of at least 2 to 1 (2,3). The disease involves
ongoing CNS lesion formation, with accumulating total
disease burden. It is estimated that up to 10% more brain
tissue is damaged annually in untreated MS patients (4).
The pathologic CNS lesions are called plaques and range
in size from a millimeter to a centimeter or greater. They
may be single or coalesce, and they tend to form close to
cerebrospinal fluid (CSF) and around small veins. Plaques
involve varying degree of inflammation, demyelination,
remyelination, reactive gliosis, axonal loss, and oligo-
dendrocyte and neuronal cell loss (5).

SUBTYPES

MS is probably heterogeneous. Not only does a spectrum
of severity exist, but discrete clinical disease types are rec-
ognized (Table 18.1) (6). It has been postulated, although
not proven, that true biologic differences underlie the var-
ious clinical subtypes of MS. The mildest end of the spec-
trum is subclinical or asymptomatic MS. Autopsy stud-

ies indicate that subclinical disease may account for some
20% of all cases. Among symptomatic MS patients, the
majority begin with relapsing disease, characterized by
the acute to subacute onset of neurologic deficits. These
episodes are referred to as relapses, attacks, or exacerba-
tions. Most relapsing MS patients have relatively com-
plete recovery from their attacks, at least early in the dis-
ease course. Between discrete relapses, they appear
clinically stable. A subgroup of relapsing patients, ulti-
mately only 5 to 10%, have a mild (benign) disease that
never leads to permanent disability. The remaining relaps-
ing patients ultimately develop disability based on an
incomplete recovery from attacks, as well as later entry
into a progressive subtype.

In a minority of MS patients, a slow development of
neurologic deficits occurs without acute relapses. This
form of MS, referred to as primary progressive disease,
is markedly different from the other subtypes. These
patients have an older age onset of their MS, show an
equal sex ratio, most often have a clinical course consis-
tent with progressive myelopathy, and show pathologic
and neuroimaging features emphasizing tissue or axon
damage of the spinal cord, as opposed to contrast enhanc-
ing inflammatory lesions in brain (7).

Ultimately, 90% of relapsing MS patients enter a
secondary progressive stage of slow worsening. They are
then considered to have changed from relapsing to sec-
ondary progressive MS. Patients may stop having attacks,
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or show less frequent attacks superimposed on slow pro-
gression. The risk of entering this secondary progressive
phase appears to be time locked. It occurs later in early
onset relapsing disease and sooner in late onset relapsing
disease.

Finally, a few patients begin with a primary pro-
gressive course but subsequently experience one or more
acute relapses. They are considered to have progressive
relapsing disease.

In general, the progressive forms of MS are more
severe than relapsing disease and associated with greater
disability. The clinical subtypes of MS are important to
recognize because they have distinct disease courses, prog-
nostic profiles, and therapeutic responses. When thera-
peutic trials test new drug treatments for MS, they enter
patients based on their clinical subtype.

PATHOGENESIS

The etiology of MS is not well understood. Genetic, envi-
ronmental, and immune factors all appear to be involved
in the development of MS. Up to 20% of MS patients
report a family member with the disease, and familial
clustering of cases can occur. The risk of MS steadily
increases when there is a third-, second-, or first-degree
relative with MS (8). The risk increases from 0.2% (in the
general Caucasian population) to 3 to 5% (9).

Although MS is not an inherited disease, it is genet-
ically heterogeneous, and multiple genes appear to be
involved. These genes are associated with disease sus-
ceptibility, protection, and severity. Recent multiple stage
all-genome screens in multiplex MS families find evidence
for multiple interacting susceptibility loci (10). The
strongest link thus far is with the human leukocyte anti-
gen (HLA) DRB1*1501 haplotype DQA1* 0102-

DQB1*0602, the DR2 extended haplotype (11). Addi-
tional genes have also been implicated. One study
reported that combinations of two non-HLA cytokine
genes, the interleukin-1 (IL-1) receptor antagonist allele
2+ and the IL-1b allele 2-, was associated with more rapid
progression and more severe disease (12). These genes
may be MS severity genes, and the IL-1 receptor antago-
nist allele 2 has been associated with disease severity in a
variety of disorders (e.g., alopecia areata, psoriasis, lichen
sclerosis, and ulcerative colitis).

Other genes appear to contribute to the development
of the MS phenotype. So-called Asian (Japanese, Chinese-
Taiwanese, Indian) MS patients show a form of MS with
predominant optic nerve and spinal cord involvement,
similar to neuromyelitis optica. These patients have an
increased frequency of HLA-DPB1*0501 allele (13). Cer-
tain women with presumed MS and prominent visual
deficit have a pathogenic mitochondrial mutation, con-
sistent with Leber’s hereditary optic neuropathy (14–16).

Overall however, it is clear that genetics alone can-
not explain MS (17). Twin studies find a higher concor-
dance rate for monozygotic than dizygotic twins with MS,
but the maximum genetic loading for monozygotic twins
is no greater than 40% (8). Concordance is much higher
for female monozygotic twins.

Many studies implicate environmental exposures.
The number of MS cases is not uniform worldwide, and
zones of high risk, medium risk, and low risk are recog-
nized (18). In many global regions where the disease has
been mapped, MS cases are unusual at the Equator but
increase as one moves into the northern and southern
hemispheres. Migration studies suggest that the lifetime
risk of MS is determined by where one spends the first
15 years of life. Epidemics of MS are described, particu-
larly in the Faroe Islands and Iceland, in addition to a
number of geographic clusters (19). Although the criti-

TABLE 18.1
Clinical Subtypes of Multiple Sclerosis

Type Estimated frequency Characteristics

Subclinical Up to 20% of all cases Asymptomatic; diagnosis based on pathologic study

Relapsing 85% at onset and 55% overall Acute attacks; clinically stable between attacks

Mild relapsing 5–10% of relapsing cases Few attacks with good recovery; attacks involve optic
nerve, sensation, brainstem; minimal impairment
despite >20-year history of MS

Primary progressive 10% of symptomatic cases Slow worsening; never experience acute attacks

Secondary progressive 90% (ultimately) of relapsing cases After initial relapsing course, patients slowly worsen
with or without superimposed attacks

Progressive relapsing 5% Initial primary progressive course, with subsequent
acute attack
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cal environmental factors are not identified, many believe
them to be ubiquitous infectious agents, including viruses
and bacteria (Table 18.2). Exposures to common viruses
and bacteria relatively early in life, in a way that is not yet
understood, set the stage for MS. Infections probably act
as disease triggers, although continued active neural or
extraneural infection has not been ruled out in selected
patients. Molecular mimicry (shared epitope sequences or
structurally similar sequences between ubiquitous infec-
tious agents and autoantigens, including CNS antigens)
is well documented. It is commonly believed, although
not proven, that infection-triggered cross-reactivity to a
myelin component initiates MS in genetically vulnerable
individuals. Epitope spread occurs when CNS damage
releases multiple sequestered antigens to the systemic
immune system. The initial attack, even if due to cross-
reactivity to a dominant epitope on myelin basic protein,
results in subsequent immune responses to multiple cryp-
tic myelin and even nonmyelin epitope targets (20). This
expands the immune attack and acts to enhance and per-
petuate organ-specific autoimmune disease. Epitope
spread occurs in animal models of MS, and preliminary
data indicate it is also a factor in MS (21).

The concept of epitope spread carries important
therapeutic implications. It argues for starting effective
MS treatment at the earliest possible time (ideally, at the
first attack of definite MS), to minimize expansion and
reinforcement of the damage process. The concept even
provides a rationale for considering initial induction ther-
apy (with broad-spectrum immunosuppression), followed
by maintenance therapy. Supporting evidence that the
early disease process is critical also comes from natural
history studies of first-attack, clinically isolated syndrome
(CIS) patients (22).

The final factor in the pathogenesis of MS is the host
immune system. Although MS does not appear to be an
autoimmune disease in the strict sense of the word, it is
clearly an immune-mediated disease. Pathologic lesions in
this disease involve localized immune responses within the
CNS (5). CNS inflammation is most marked in the early

stages of MS, corresponding to the relapsing, reversible
phase (23,24). Later, neurodegeneration with axon loss
appears to predominate, corresponding to the irreversible
progressive phase. A lesion may be initiated when activated
T cells from the blood compartment bind, via adhesion
molecules, to CNS endothelial cells. Cells then release
enzymes, including matrix metalloproteinases, that allow
them to pass through the basement membrane and extra-
cellular matrix into CNS parenchyma. This cell penetra-
tion is the earliest detectable abnormality; it corresponds
to contrast enhancement on magnetic resonance imaging
(MRI). Cell entry is followed by the development of an
immune cascade of other blood immune system cells,
including B cells and antigen presenting cells, the release
of cytokines and chemokines, the production of antibod-
ies and enzymes, and the upregulation of immune activa-
tion molecules on resident CNS cells, particularly
microglia. This localized immune response results in the
formation of the plaque, which contributes to an increas-
ing permanent lesion burden.

The new concept in the pathogenesis of MS indicates
that both axon density and volume are reduced in MS, not
just within the plaque but also in normal-appearing CNS
tissue (25,26). The analysis of n-acetyl aspartate (NAA),
an axon/neuron marker measured by MR spectroscopy,
indicates that whole-brain NAA is reduced even in early
MS (27). Loss or shrinkage of axons is a major contribu-
tor to brain and spinal cord volume loss (atrophy). In
patients with MS, prominent CNS atrophy is present very
early, even at the time of the first clinical attack (28,29).
On a yearly basis, brain volume loss in MS is accelerated
three- to tenfold over that of matched controls.

Recent studies suggest immunopathologic hetero-
geneity. A multinational consortium of neurologists and
neuropathologists has studied acute plaque pathology in
MS brain tissue samples obtained at biopsy or autopsy
(30). Results of this study reveal four distinct
immunopathologies (Table 18.3). These observations
await confirmation but, if true, suggest 4 distinct cate-
gories of MS based on primary damage mechanisms; this
would have profound therapeutic implications.

EPIDEMIOLOGY

Frequency

MS is the most common acquired neurologic disease of
young adults. In the United States, it is estimated that up
to 400,000 individuals have MS, and these numbers
increase with subclinical cases. The frequency of MS varies
in different locations. High risk zones (.30/100,000)
include the northern United States, northern Europe,
Canada, southern Australia, and New Zealand. Medium
risk zones (5–30/100,000) include southern parts of the

TABLE 18.2
Infectious Agents Implicated in MS

• Herpes viruses
– Human herpes virus type 6 (HHV-6)
– Epstein-Barr virus (EBV)
– Herpes simplex virus (HSV)

• Retroviruses
– Human T cell lymphotropic virus type 1 (HTLV-1)
– Human immunodeficiency virus (HIV)

• Bacteria
– Chlamydia pneumoniae
– Borrelia burgdorferi and other spirochetes
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United States and Europe, and northern Australia. Low
risk zones (,5/100,000) include Asia and possibly parts
of South America. Latitude seems to play some role, since
little MS is seen at the Equator but numbers increase as
one moves away from the Equator. This observation
remains unexplained and has been challenged but not
refuted (31). Over 90% of MS patients are Caucasian. MS
is rare in Africans. It is unusual in Afro-Americans, who
have an incidence that is much less than Caucasian-Amer-
icans, but appear to have more severe disease. This likely
reflects genetic factors. In certain racial populations MS
virtually never occurs, such as the Eskimos and Bantus.
There are also restricted populations who experience very
little MS despite living in high-risk zones, such as the Lapps
in Finland and the Inuit in Canada.

MS may be on the rise. Studies suggest an increase
among women and an increase as natural infections in
early childhood become less common. MS is now being
seen in countries such as China, India, Saudia Arabia, and
Egypt, where previously the disease had been rare.

Sex Preference

Over 70% of MS patients are women. This clearcut sex
preference is an unexplained but central feature of MS
and implicates possible hormonal factors, maternal fac-
tors, and X-linked gene factors in the disease (32–35). In
general, women predominate in diseases considered to be
autoimmune. The immune system is sexually dimorphic,
and women as a group show stronger immune responses
than men. The nervous system is also sexually dimorphic,
with important anatomic, physiologic, hormonal, and cir-
cuitry differences based on sex, all of which could also

play a role. The only clinical type of MS where this pref-
erence is not seen is in the primary progressive subtype.
As noted, these MS patients show a number of differences
from the more common relapsing and secondary pro-
gressive forms of the disease. Sex impacts on multiple
aspects of MS (Table 18.4). This includes such disparate
observations as the fact that MRI disease activity may be
influenced by sex hormones, sexual dysfunction is a fre-
quent symptom of MS, and symptomatic therapies may
have distinct side effects based on sex.

Age of Onset

MS commonly affects young adults within a few years
of puberty. Ninety percent of MS patients present
between the ages of 15 and 50 years. The mean age of
onset is approximately 30 years. Only 0.5% of patients
have onset of MS under age 10, or over age 60. Approx-
imately 5% have onset before age 16.  Again, the primary
progressive form differs from the other clinical MS sub-
types in this regard, since the typical onset is 40 years.

Morbidity and Mortality

MS is almost never a primary cause of death, although on
occasion, deep brainstem lesions can affect vital cardio-
vascular and respiratory centers, resulting in mortality.
The lifespan of MS patients is minimally shortened (by
about 2 years) compared to matched controls. Mortality
relates directly to disability. Mortality rates are lowest in
ambulatory MS patients, higher in wheelchair-bound

TABLE 18.3
Heterogeneous MS Immunopathology

of Acute Brain Plaques

Frequency 
Pattern of patients Characteristics

I 16% MO mediated demyelination,
oligodendrocytes 
preserved, remyelination

II 59% Antibody/complement 
mediated demyelination,
oligodendrocytes preserved,
remyelination

III 24% Distal dying back oligoden-
drogliopathy and apoptosis
(ischemic, toxic, virus-
induced, injury)

IV 1–2% Primary oligodendrocyte
degeneration (metabolic
injury)

TABLE 18.4
Sex Impact on MS

• Increased disease risk in women
– 70–75% females
– Likely to involve genetic, hormonal, and immune

factor
• Increasing risk for women postpuberty, declines with

perimenopause
– 90% have onset between ages 15 and 50
– Average onset age 20 to 30 and peak is early 20s

• Men are more likely to show primary progressive
(PP) course, older age at onset
– No sex preference in PP MS

• PP males have older age onset than PP females
• MS may be increasing (in women only in one study)
• Males have worse prognosis

– May reflect in part older age onset, but this does
not explain the whole picture

• Contrast brain MRI lesion activity may be higher
in women

• Polymorphisms in estrogen receptor gene associated
with increased disease risk, onset age (Japanese)
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patients, and highest in very disabled, bedfast patients.
Death in MS patients is generally due to the secondary
complications of increased infections, aspirations, and
skin breakdown. Death also occurs from suicide. The sui-
cide rate is increased in MS, a reflection of the fact that
depression is a common symptom in this disease (36).

The major effect of MS is on morbidity, with impact
on the ability to remain mobile, to think, and to hold
down a job.

DIAGNOSTIC CRITERIA

Clinical

The basic clinical principles for diagnoses of MS were out-
lined by Schumacher in 1965 (Table 18.5) (37). The cri-
teria recognized characteristic age, clinical pattern, and
objective white matter features, as well as the fact that
lesions had to be disseminated in time and space. The cri-
teria also recognized the need to consider other diagnos-
tic possibilities. MS ultimately is a clinical diagnosis,
because there are no definitive laboratory tests. It is dis-
turbing, however, that despite modern medical advances,
the misdiagnosis rate remains 5 to 10%.

The recently published International Panel (IP)
McDonald criteria define formal MRI parameters for dis-
semination in space and time (Table 18.6) (38). They also
specify criteria for the diagnosis of primary progressive
MS that requires abnormal CSF (Table 18.7). These new
criteria emphasize the principles of documenting dis-
semination in time and space and for relying on objective
abnormalities for diagnosis. They specify diagnostic cat-
egories of “MS, possible MS, not MS,” and endorse as
useful supportive laboratory tests MRI, CSF analysis, and
visual evoked potentials (VEPs). They do not allow a def-
inite diagnosis on the first attack, because an ongoing dis-
ease process is not documented. Documentation of MRI
activity, however, now can be used in place of clinical
activity. The new diagnostic requirements for relapsing
MS, based on initial assessment, are outlined in Table
18.8.

Clinical features that suggest misdiagnosis of MS are
lack of ocular involvement, progressive disease beginning
before age 35, localized disease explained by involvement
of a single region of the neuraxis, and presence of atypi-
cal features (37–41). Atypical features include disease
onset before age 10 or over age 65, abrupt onset of hemi-
paresis, prominent pain syndrome (with the exception of
trigeminal neuralgia), associated peripheral neuropathy,
nonscotomatous field defect, prominent gray matter dis-
ease, complete sparing of sensation and bladder involve-
ment, progressive myelopathy without bladder and bowel
involvement, impaired level of consciousness, and very
prominent uveitis.

TABLE 18.5
Clinical Criteria for the 

Diagnosis of Multiple Sclerosis

• Objective CNS abnormalities
• Appropriate age
• CNS white matter disease process
• Lesions disseminated in time and space
• Compatible time course

– Attacks lasting over 24 hours, spaced 1 month apart
– Slow or stepwise progression over 6 months

• No better explanation

TABLE 18.6
IP McDonald Diagnostic Criteria for MRI-Based

Dissemination in Space and Time (38)

• MRI dissemination in space criteria
– 3 of 4 Criteria:

• 1Gd+lesion, or 9T2 hyperintense lesions
• >1 infratentorial lesion
• >1 juxtacortical lesion
• >3 periventricular lesions

– Lesions ordinarily .3 mm
– 1 spinal cord lesion may substitute for brain lesion

• MRI dissemination in time criteria
– A. First scan >3 months after clinical event

• 1. Gd+lesion (at independent site) demonstrates
dissemination in time

• 2. Gd-scan: follow-up MRI >3 months; new T2 or
Gd+ lesion demonstrates dissemination
in time

– B. First scan ,3 months after clinical event; on sec-
ond scan >3 months after event

• 1. Gd+lesion demonstrates dissemination
in time

• 2. Gd-scan: follow-up third MRI >3 months after
first; new T2 or Gd+lesion disseminated in time

TABLE 18.7
IP McDonald Diagnostic

Criteria for Primary Progressive MS (38)

1. Abnormal CSF (oligoclonal band positivity or
intrathecal lgG production)

2. Any one of the following:
a. >9 T2W brain MRI lesions
b. >2 spinal cord lesions
c. 4–8 brain + 1 cord lesion(s)
d. 4–8 brain lesions + abnormal visual evoked

potential (VEP)
3. Dissemination in time by MRI criteria or continued

progression for 1 year
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Laboratory Studies

A selective laboratory workup can help to minimize mis-
diagnosis (Table 18.9). Blood studies are used to exclude
other diagnoses or confounding conditions. MRI is used
to detect suggestive lesion patterns. Brain MRI is ultimately
abnormal in at least 98% of MS patients, but at present
lacks the specificity to assure that imaged lesions are due
to MS. The value of brain MRI for diagnosis decreases
after age 50, when age-related vascular changes become
more frequent. Typical abnormalities are scattered white
matter lesions, which are hyperintense on T2 and proton
density scans. Some are also hypointense on T1 scans. MS
MRI lesions have distinctive features (Table 18.10). It is
unusual in MS to see basal ganglia (<25%) or internal cap-
sule (10%) lesions. Spinal cord MRI is particularly valu-
able in patients over age 50, because there are no age-
related changes. Spinal MRI is also helpful with spinal cord
presentations and in patients with normal or nonsupport-
ive brain MRI. A minority of MS patients will show MRI
lesions confined to the spinal cord.

CSF immune changes that support a diagnosis of MS
involve the presence of detectable oligoclonal bands inde-
pendent of serum bands or the presence of intrathecal IgG
production. Bands should be detected through isoelec-
tric focusing followed by immunoblot, and can be done
on 100 mcL of unconcentrated CSF. These CSF immune
changes become more common over time and, once pos-
itive, stay positive. Although not specific for MS, in the
setting of a suggestive clinical history, they provide strong
supportive data for the diagnosis.

Differential Diagnosis

The differential diagnosis of MS is quite broad (Table
18.11) (42–44). MS should be considered in any young
or middle-aged woman with unexplained CNS disease.
It is particularly troublesome that women presenting with

their first symptoms are often considered to have nonor-
ganic or psychologic diagnoses. In one study of the ini-
tial medical assessment of MS patients, 30% of Afro-
American and 11% of Caucasian women, but no men,
were told that their symptoms were emotional or psy-
chological in origin (45).

TABLE 18.8
Diagnostic Requirements for Relapsing MS

Clinical Dissemination in Dissemination in
presentation space criteria time criteria

>2 attacks; objective Not needed Not needed
clinical evidence of >2 lesions

>2 attacks; objective Abnormal MRI or Not needed
clinical evidence of 1 lesion >2 MRI lesions + abnormal 

CSF or new attack at new site

1 attack; objective Not needed MRI criteria,
clinical evidence >2 lesions or second attack

1 attack; objective MRI criteria, MRI criteria,
clinical evidence of 1 lesion (CIS) or >2 MRI lesions + abnormal CSF or second attack

TABLE 18.9
Laboratory Diagnostic Workup for MS

• Selective blood work to exclude other conditions:
– Collagen vascular disease
– Infections (Lyme, HHV-6, retroviruses, syphilis)
– Endocrine disease
– Nutritional deficiency (B12, vitamin E, folate)
– Vasculitis
– Adrenoleukodystrophy (very long chain fatty acids)
– Specific genetic testing (CADISIL, Leber’s, familial

spastic paraplegia)
– Antiphospholipid antibodies
– Angiotensin converting enzyme, quantitative IgG,

calcium
– Antineuronal antibodies

• Magnetic resonance imaging
– Brain
– Spinal cord

• Cerebrospinal fluid
– Oligoclonal bands
– Intrathecal IgG production
– Other tests

• Evoked potentials
– Visual
– Somatosensory of lower extremities

• Urologic
– Urodynamics
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MANAGEMENT ISSUES IN WOMEN

Symptomatic Therapies

MS produces many symptoms that are bothersome and dis-
ruptive. The management of these symptoms is a major
component of current MS therapy. Symptoms include
fatigue, which is considered to be the single most disabling
feature of MS, as well as depression, cognitive difficulties,
spasticity, bladder and bowel disturbances, pain, tremor,
sexual dysfunction, and impaired mobility. Their treatment
is multifactorial. The first step is to identify bothersome
symptoms, the extent to which they are disrupting the
patient’s life, and potential complicating factors (medica-
tions, sleep pattern, diet, activity, concurrent problems).
This is followed by an individualized therapeutic approach,
which may combine changes in lifestyle, physical strategies,
surgical therapies, and pharmacologic therapies.

Certain drugs are frequently used for symptom relief
(Table 18.12). These drugs can have interactions or
potential side effects that women with MS must be aware
of, such as the interaction of carbamazepine or phenytoin
with estrogen-containing contraceptives. The pregnant or
breast-feeding MS patient is at unique risk and must be
very familiar with potential drug problems.

Steroids

Glucocorticoids are 21-carbon, four-ringed steroid mole-
cules with potent anti-inflammatory and immunosup-

pressive actions (46). They also affect carbohydrate, lipid,
and protein metabolism, stimulate neurotransmitter
release, enhance conduction and, at high dose, increase
neuron excitability. Several synthetic glucocorticoids are
used in MS as symptomatic therapy for acute relapses, to
hasten recovery (Table 18.13). They temporarily repair the
damaged blood–brain barrier, in part through effects on
matrix metalloproteinases, and improve acute edema
within developing plaques (47–50). They may also influ-
ence T cell subsets within the CNS, promote apoptosis in
selected cell populations, and have direct physiologic
effects on the plaque microenvironment (51). They are not
believed to influence the degree of recovery, nor the under-
lying and ultimate MS disease course. Two recent studies,
however, found that steroids at the time of new brain MRI
lesion formation led to less permanent tissue damage and
that, in a single center phase II trial, regular pulse steroid
treatment over 5 years resulted in less disability (52,53).

At present, intravenous methylprednisolone, given
as 1 gram over 30 minutes once a day for 3 to 5 days, is
the most common steroid treatment regimen. Alterna-
tive regimens include dexamethasone 200 mg IV daily,
and oral prednisone 1,000 mg daily (give over two

TABLE 18.10
MRI Features Suggestive of MS

Brain MRI
• Large lesions (>3 mm in size)
• Multiple lesions
• Lesions in specific locations

– Predominantly white matter
– Periventricular
– Infratentorial/brainstem
– Juxtacortical
– Corpus callosum (best seen on sagittal T2 scan,

lesions pointing away, moth-eaten appearance, or
even frank atrophy)

• Ovoid shape
• Perpendicular orientation to ventricles
• Contrast enhancing lesions

– Especially open ring

Spinal MRI
• Cervical, thoracic regions
• <50% cross-sectional diameter
• ,2 segments in length
• Edema unusual
• Lateral, posterior anterior columns
• Asymmetric, multiple scattered lesions

TABLE 18.11
Differential Diagnosis of Multiple Sclerosis

• Variant demyelinating conditions
– Balo concentric sclerosis
– Schilder disease/myelinoclastic diffuse sclerosis
– Infectious/postinfectious encephalomyelitis

(acute disseminated encephalomyelitis)
– Neuromyelitis optica (Devic syndrome)
– Central pontine myelinolysis

• Collagen vascular disease
• Metabolic/toxic disorders
• Nutritional
• Sarcoidosis
• Uveomeningoencephalitides
• Behçet disease
• Neoplastic
• Structural
• Complicated migraine
• Neurodegenerative diseases
• Psychologic disturbance
• Genetic disorders

– Hereditary ataxias
– Mitochondrial cytopathies
– Adrenoleukodystrophy
– Metachromatic leukodystrophy
– Fabry disease
– Krabbe disease
– Organic acidemias
– Hepatolenticular degeneration
– Adult polyglusan body disease
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doses). Steroids have a number of potential side effects.
Acute side effects include insomnia, emotional lability,
fluid retention, weight gain, and increased appetite. With
high-dose intravenous methylprednisolone, cardiac
arrhythmias, acute psychosis, and hypotension have
been seen. With longer use, glucocorticoids can result
in cosmetic side effects such as worsening of acne,
cushingoid habitus, prominent stretch marks, and skin
atrophy. Other side effects include hypertension, hyper-
glycemia, increased susceptibility to infection, and gas-
trointestinal upset. Women must be aware of potential
negative effects on bone density. Glucocorticocoids
decrease body calcium through several mechanisms,

including inhibition of calcium absorption, increase in
calcium excretion, and induction of secondary hyper-
parathyroidism. Sustained and intense glucocorticoid
treatment can result in osteonecrosis, such as aseptic
necrosis of the femoral head, while chronic treatment
can lead to osteoporosis. MS patients at risk may need
to take supplemental calcium and vitamin D. Physical
activity is encouraged, and postmenopausal women
should be on hormone replacement. Osteoporotic MS
patients may need to be monitored with periodic bone
density studies and may benefit from bisphosphonates.

Glucocorticoid side effects can be minimized through
the use of a single daily dose, preferably in the morning

TABLE 18.12
Symptomatic Drugs Used in MS

Drug Indication Side effects/problems of specific concern to women

Amantadine Fatigue – Livedo reticularis (skin lesions on legs) more common in women
– Insomnia (take earlier in day)
– Excreted in breast milk
– Causes birth defects in some animals; no human data

Modafinil Fatigue – May reduce effectiveness of steroid contraception
(for up to 1 month after discontinuation)

Fluoxetine Depression, fatigue – Can interfere with sleep (AM dose)
– Paradoxical suicidal ideation
– Excreted in breast milk
– May decrease libido, cause menstrual pain

Tricyclics Depression, pain – Photosensitivity
– Excreted in breast milk
– Newborn problems may be noted (muscle, heart, respiratory, 

urinary) with dose just before delivery
– May cause weight gain, increased appetite, decreased sexual per-

formance, enlarged breasts, lactation, hair loss, yellow skin

Carbamazepine Pain – Interferes with estrogen contraceptives
– Photosensitivity
– Potential fetal effects (low birth weight, small head, skull/face

defects, undeveloped fingernails, growth delay)
– Excreted in breast milk
– May cause hair loss

Phenytoin Pain – Interferes with estrogen contraceptives
– Gingival hyperplasia
– Excreted in breast milk
– May increase risk of birth defects

Baclofen Spasticity, – Acute withdrawal syndrome
trigeminal neuralgia – Excreted in breast milk

– Animal fetal effects at high dose (hernia, bone, low birth weight)

Tizanidine Spasticity – Decreased drug clearance with oral contraceptives
– Animal effects at high dose (decreased fertility, fetal loss)
– May be excreted in breast milk
– Hepatotoxicity

Benzodiazepines Spasticity, tremor – Excreted in breast milk
(Clonazepam, – Fetus may become dependent
Diazepam) – Use prior to delivery may cause newborn problems

(weakness, breathing/feeding/temperature problems)

Oxybutynin Bladder urgency, frequency May reduce breast milk flow, sexual performance
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to minimize effects on the hypothalamic pituitary adrenal
axis, and by limiting the duration of therapy.

Glucocorticoids are not contraindicated in later
pregnancy. Overuse during pregnancy may slow postna-
tal growth, and in animal studies, birth defects have been
noted. As is true for all drugs, with the exception of vit-
amins (such as folic acid to minimize neural tube defects),
one tries to avoid medication use in the early weeks of
pregnancy. For the MS patient who is breast-feeding, glu-
cocorticoids are excreted in milk and may affect growth.

Disease-Modifying Agents

Five disease-modifying agents (DMTs) (four immuno-
nomodulators and one immunosuppressive) and are cur-
rently approved by the Food and Drug Administration
(FDA) for the treatment of MS (Table 18.14). The clini-
cal and MRI benefits of these agents are best documented
for relapsing forms of MS (Table 18.15), but there is also

evidence of benefit for selected first attack high risk and
secondary progressive patients.

TABLE 18.13
Synthetic Glucocorticoids Used to Treat MS Relapses

Biologic Relative 
half life anti-inflammatory Equivalent Treatment

Drug (hours) potency dose (mg) protocol*

Methylprednisolone 8–12 5 4 1,000 mg IV daily 3–5 days
(6 PO prednisone taper)

Prednisone 8–12 4 5 High dose: 1,000–1,250 mg QD for 3–5
days
Low dose: 60–100 mg PO daily
(taper over 2–16 weeks)

Dexamethasone 36 30 0.75 PO, IV, or IM in doses equal to above high-
dose regimens (200 mg daily for 3–5 days)

*Drug routes include intravenous (IV), oral (PO), and intramuscular (IM); use of oral taper is becoming much less frequent.

TABLE 18.14
DMT for MS

Class Agent Recommended dose FDA pregnancy category

Immunomodulator: Avonex® (IFN-b1a) 30 mcg IM once weekly C
antiinflammatory Rebif® (IFN-b1a) 44 mcg SC three times weekly
cytokine Betaseron® (IFN-b1b) 875 mcg (28 MIU) SC every week

Immunomodulator: Copaxone® 20 mg SC once daily B
random polymers (glatiramer acetate)
of 4AA (T cell 
manipulator)

Immunosuppressant Novantrone® 12 mg/m2 IV every 3 months D
(mitoxantrone) (to a lifetime maximum dose

of 140 mg/m2)

TABLE 18.15
Documented Benefits of the DMTs

in Relapsing Forms of MS

• Clinical benefits
– ↓ relapse rate and relapse severity
– ↑ time to next relapse
– ↑ proportion of relapse-free patients
– ↑ time to sustained disability/worsening on the

neurologic examination
– ↓ in development of disability
– ↑ quality of life

• MRI benefits
– ↓ in lesion (new, contrast) number and size
– ↓ or stabilize burden of disease
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The National MS Society has recently updated its
consensus guidelines for use of MS DMT (Table 18.16)
(38). It endorses the use of an immunomodulator in
relapsing forms of MS and selected first-attack/high-risk
patients. These agents are not to be used in women who
are pregnant, attempting to become pregnant, or are
breast-feeding, however. The American Academy of Neu-
rology and the MS Council have provided practice guide-
lines for the use of the DMTs based on a rigorous evi-
dence-based medicine review of the literature (Table
18.17) (55).

Interferon b

Three recombinant interferon bs are currently available
in the United States for the treatment of relapsing MS
(Table 18.14) (56–58). Several issues in the use of these
agents are especially pertinent to women with MS. In cer-
tain animal models, interferon b is an abortifacient,
although it is not documented to be a teratogen. Every
female MS patient on therapy who is of childbearing age
and at risk for pregnancy should use some form of con-
traceptive. If a woman becomes pregnant, interferon b is
usually stopped. The limited group data indicate that
babies born to mothers who were taking interferon b have
been normal, but the FDA has recently mandated inter-
feron b pregnancy registries (see Pregnancy section).

Interferon b has side effects of particular interest to
women. Generally, side effects are dose related and spon-
taneously remit after several months. Because higher and
more frequent doses are more efficacious, for most
patients, the goal should be optimal management strate-
gies to maintain patients on treatment at the highest tol-
erated dose. High-dose interferon b therapy can affect
menstruation. The disturbances are mild to moderate
rather than severe. In the phase III trial of interferon b 1b,
menstrual disorders were noted in 17% of the 124
patients receiving high dose, compared with 8% of the
123 patients receiving placebo (59). When pre-
menopausal women were specifically reviewed, 28% on
interferon b had menstrual abnormalities compared with
13% of placebo-treated women. Menstrual problems
included intermenstrual bleeding/spotting, intramenstrual
clotting/spotting, early or delayed menses, and decreased
flow days. Patients who begin therapy must be informed
about this particular side effect.

The interferon bs cause a flu-like reaction, charac-
terized by variable combinations of fever, chills, myalgias,
fatigue/malaise, and sweats. This is the major side effect
of interferon b therapy. Because flu-like symptoms are
more likely to occur in young patients and in patients with
small body size, young MS women are at increased risk
(60). Flu-like reactions are prevented by initial dose esca-
lation (such as 25% dose for 2 weeks, 50% for 2 weeks,
75% for 2 weeks, then full dose), and consistent pre-
medication for the first 4 to 12 weeks of therapy. Pre-
medication can consist of antipyretics (such as aceta-
minophen), anti-inflammatory agents (such as ibuprofen),
low-dose corticosteroids (such as prednisone 30 mg QD),
or pentoxifylline (60,61).

When interferon b is injected subcutaneously, it ini-
tially causes injection site reactions in up to 85% of
patients. This rate falls to 44 to 50% over time. Reactions
include redness, inflammation, bruising, pain, hypersen-
sitivity and, very rarely, worsening of psoriasis or subcu-
taneous atrophy. The most serious reaction, skin necro-
sis, occurs in less than 1 to 3% of cases and may be more

TABLE 18.16
NMSS Disease Management Consensus Statement

(46)

• Immunomodulator treatment should be initiated as
soon as possible following diagnosis of relapsing MS.

• Immunomodulators should be considered for selected
first-attack/high-risk patients.

• Relapse frequency, age, level of disability, or most 
medical conditions should not limit access to therapy.

• It is permissible to change drugs.
• Immunosuppressant (mitoxantrone) therapy may be

considered for selected worsening and/or relapsing
patients.

• None of the DMTs are approved for use in women
who are pregnant, nursing, or trying to become preg-
nant.

• Therapy continues indefinitely except in the event of
– Clear lack of benefit
– Intolerable side effects
– New data
– Better therapy

TABLE 18.17
AAN/MS Council Clinical Practice Guidelines

for the Use of DMT (55)

• Type A recommendations (proven)
– Consider IFNbs in first attack/high risk patients,

relapsing MS, SP with relapses
– Consider GA in relapsing MS

• Type B recommendations (probable)
– Consider mitoxantrone in relapsing
– IFNb dose response curve (may in part reflect 

dosing frequency)
– Route of IFNb administration does not affect 

efficacy

• Type C recommendations (possible)
– Consider mitoxantrone in progressive MS

• Type U recommendations (unknown)
– The benefit of GA in progressive MS is uncertain
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likely to occur when there is intercurrent infection. Necro-
sis has become quite rare with use of an autoject, which
is now standard with SC injections. Management includes
changing technique, changing depth of the needle, avoid-
ing problematic body parts, injecting body temperature
drug, using ice on the site prior to injection, and using
sunscreen to block injection site exposure.

The only significant laboratory effects associated
with interferon b therapy are depression of the white
blood cell count and elevation in liver transaminases.
These usually normalize spontaneously by 3 to 4 months,
although lymphopenia may persist. Rare problems
involve effects on red blood cells, platelets, and thyroid
function. It is uncommon to have to stop interferon b
therapy because of an abnormal laboratory test.

Glatiramer Acetate

The fourth immunomodulator is glatiramer acetate
(Copaxone®), a synthetic polypeptide consisting of the
random polymers of four amino acids (L-alanine, L-glu-
tamic acid, L-lysine, L-tyrosine). It is a biophysical ana-
log of myelin basic protein and disrupts the immune
response to this important myelin protein. Glatiramer
acetate is given by subcutaneous injection 20 mg daily.

Although it is not known to be an abortifacient, ter-
atogen, or to damage the fetus, pregnancy is still consid-
ered a contraindication to treatment with glatiramer
acetate and, while on therapy, fertile women must practice
contraception. Glatiramer acetate carries a FDA category
B pregnancy risk, however, as opposed to the category C
of the interferon bs. A recent large registry involving sev-
eral hundred pregnancies found nothing to indicate any
risk from glatiramer acetate use (see Pregnancy section).

This immunomodulator is very well tolerated, with
mild injection site reactions. Rare examples occur of
lipoatrophy, hard nodules, or urticaria. A small propor-
tion of patients (10 to 15%) experience an immediate
postinjection (systemic) reaction. Typically, this is a sin-
gle self-limited attack that occurs within minutes of injec-
tion, lasts 0.5 to 30 minutes, and involves a variable com-
bination of flushing, chest pain, palpitations, anxiety,
dyspnea, and throat constriction. No morbidity (in par-
ticular cardiac) has been associated with this reaction,
although it can be frightening, and no gender preference
has been noted in the occurrence of this side effect.

Mitoxantrone is the only FDA-approved immuno-
supressant agent for MS. In the pivotal MIMS trial con-
ducted in relapsing and secondary progressive MS
patients, mitoxantrone given at 12 mg/m2 IV every 3
months for 2 years had significant clinical and MRI ben-
efits over placebo (62). Induction strategies with mitox-
antrone, given monthly for 6 months, have also been
shown to decrease disease activity lasting for up to 4 years
(63). The major issue with mitoxantrone is the lifetime

maximum of 140 mg/ m2, because of concerns about car-
diotoxicity. The majority of premenopausal women
treated with mitoxantrone will note menstrual abnor-
malities. A small risk for permanent sterility exists, espe-
cially in women aged 40 or higher.

Immunosuppressives

Immunosuppressive agents have been used to treat the
progressive forms of MS as well as severe relapsing dis-
ease unresponsive to other therapies (Table 18.18). They
include antimetabolites (azathioprine, methotrexate) that
are active during the cell cycle S phase (DNA synthesis),
and alkylating agents (chlorambucil, cyclophosphamide)
that are active throughout the cell cycle (64). These drugs
are basically cytotoxic agents that are not only terato-
genic, but also carry a risk for late malignancy. Sterility
may occur with intensive cyclophosphamide use, and
menses may stop or be affected by all these agents. Con-
vincing efficacy data is lacking for any of these agents,
although it is clear that individual MS patients may ben-
efit from their use.

A number of therapeutic trials are currently avail-
able to MS patients. These range from small single cen-
ter and relatively brief (weeks to months) phase I stud-
ies, to large multicenter phase III studies lasting several
years. A great interest exists in assuring that sufficient
numbers of women participate in formal studies, partic-
ularly in a sex preference disorder such as MS. Pregnancy
is a routine exclusion criterion in treatment trials, and
women who wish to participate are routinely requested
to use contraception to assure that pregnancy does not
occur. The rationale is based on avoiding potential risks
to a fetus. This is an added responsibility for women who
take part in these studies. It is important to emphasize
compliance with their chosen birth control method for
the required time period.

Hormonal Issues

The increased frequency of MS in women of childbearing
age is not unique to this disease. Women are more com-

TABLE 18.18
Immunosuppressive Drugs

Used to Treat Multiple Sclerosis

Azathioprine
Chlorambucil
2-Chlorodeoxyadenosine
Cladnibine
Cyclophosphamide
Methotrexate
Mycophenolate mofetil
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monly affected in a number of disorders believed to be
autoimmune or immune mediated, including systemic
lupus erythematosus (SLE), rheumatoid arthritis,
Hashimoto’s thyroiditis, Sjögren’s syndrome, systemic
sclerosis, and myathenia gravis. Symptoms in these dis-
eases are often affected by hormonal changes related to
pregnancy, menopause, or exogenous hormone use. These
diseases likely reflect multiple levels of interaction
between the individual’s immune system, nervous system,
endocrine system, and genetic makeup.

Sex hormones have many nervous system actions
including effects on cognitive function, synaptogenesis,
coordinated movement, tropic properties (promotion of
axon and myelin growth and formation), and modulation
of specific neurotransmitter systems (65). Sex hormones
affect immune responses (66–69). During pregnancy, for
example, a shift occurs in the T helper cell population to
favor T helper 2 cells. This subpopulation downregulates
cell-mediated responses and promotes antibody
responses. Hormonal manipulation can bias towards
either a T helper 1 or T helper 2 immune response. In gen-
eral, women show higher immunoglobulin levels than
men but decreased cell-mediated immune responses, con-
sistent with a T helper 2 bias (70). Sex hormone receptors
are present on a number of immune system cells, includ-
ing CD8 T cells and macrophages (antigen presenting
cells), thus assuring crosstalk between the endocrine and
immune systems. CD4+ T cells respond to estrogens in a
dose-related manner, with antigen-stimulated cell
cytokine production modulated based on the amount of
estrogen present (71). The cytokines involved all have
very important roles in controlling immune responses. In
animal models of MS, such as the adoptive experimental
allergic encephalomyelitis (EAE) model in the SJL strain
mouse, gender-related immune differences are clearly
demonstrated (35). In fact, multiple sex-specific effects
exist in EAE (Table 18.19). It seems likely that sex hor-
mones play some role in MS. Preliminary studies of oral
estriol appeared to show MRI and possibly clinical ben-
efits. Ongoing studies are also evaluating testosterone
patch therapy in men with MS.

Recent studies suggest that gender impacts on MRI
findings in both healthy controls and MS patients. In a
3-year phase III trial of subcutaneous IFNb1a in sec-
ondary progressive MS, men in the placebo arm showed
fewer active lesions and less accumulation of T2 lesion
burden than women (72). In a cross-sectional study of
413 consecutive patients who underwent MRI at a sin-
gle outpatient center, male MS patients were found to
have fewer contrast-enhancing lesions and active scans,
but more T1 hypointense lesions (73). In contrast,
women showed fewer T1 hypointense lesions and lower
T1:T2 ratios (a lower proportion of their T2 hyperin-
tense lesions were visible on T1 as hypointense), find-
ings consistent with less severe tissue damage. These

results suggest that men with MS develop less inflam-
matory but more destructive lesions than women with
MS. When analyzed based on relapsing versus sec-
ondary progressive MS, a significant sex effect occurred
on the T1:T2 lesion ratio: For relapsing MS, the male
to female ratio was 0.36 versus 0.27 (p=0.001), whereas
for secondary progressive MS it was 0.40 versus 0.33
(p=0.008). A trend was seen in both clinical subtypes
for fewer enhancing lesions in men. As expected, the
T1:T2 lesion ratio was higher in the secondary pro-
gressive group (p=0.003). Studies of primary progres-
sive MS have also noted a higher median T1:T2 lesion
ratio in men (74,75).

In another preliminary study, brain water content
was measured using MRI T1 mapping on a 4T MRI
machine instrument, in 23 healthy adult controls (12 men,
11 women) and 25 MS patients (eight men, 17 women).
The MS group (both men and women) shows increased
water in brain white matter compared with healthy con-
trols. Among the controls, women had significantly
higher white matter water content (76). No significant sex
difference was observed in the MS group, although the
fact that patients were not well age-matched may have
been a possible confounding factor.

In another study, healthy women showed smaller
white matter volume fractions and larger gray matter vol-
ume fractions than men (77). White matter volume did
not change with age, whereas gray matter volume showed
significant decrease with age, but only in men. A trend for
decreased gray matter with age was observed in women.
In men (but not women), CSF volume fraction and white
matter water content increased with age. These results
give further support for sexual dimorphism in structural
and chemical brain parameters.

TABLE 18.19
Sex-Specific Effects in the EAE 

Animal Model of MS

• Disease course and therapeutic response may differ
based on sex

• Female animals are generally more susceptible and
show more severe disease

• Pregnancy is protective
• Exogenous estrogen ameliorates disease, whereas

removal of ovaries worsens disease
• The disease influencing effects of estrogen are lost in

estrogen receptor alpha knockout mice
• Testosterone suppresses or ameliorates disease
• Castration worsens disease and changes a male dis-

ease pattern to a female disease pattern
• Combination therapy with estrogen can change a

monotherapy nonresponder to a responder.
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Pregnancy

Pregnancy is a major issue in MS because the disease
affects so many young women. Questions arise not only
about the effect of pregnancy on MS disease onset, activ-
ity, and prognosis, but whether MS in turn affects the
fetus and the birth process. Until 1949, pregnancy was
considered to have a negative effect on MS and was dis-
couraged. Over the next few years, several studies were
published that failed to confirm this widely held impres-
sion (78,79). A number of publications have addressed
pregnancy in MS (80–98). Overall, pregnancy does not
increase the risk of developing MS. A Scandinavian study
found the risk of MS was higher for nulliparous than
parous women, and that the risk ratio increased over time
(99). Pregnancy does not worsen MS (100). In fact, sug-
gestive data show that pregnancy may improve the dis-
ease course and slow time to disability endpoints for
relapsing patients (101–103). Anecdotal data suggest this
may not be true for secondary progressive MS, however.
MS has no significant effects on fertility, conception, fetal
viability, and delivery. No increases occur in ectopic preg-
nancies, spontaneous abortions, stillbirths, or congenital
malformations (17,82).

In counseling MS patients on pregnancy, they should
be told that there is no negative effect in the short- or
long-term. In fact, pregnancy may have a positive effect
on their prognosis. A very small but finite increased risk
exists for MS in the child. Finally, there is increased risk
of relapse in the months following delivery. The extent
of physical disability of the MS patient is an obvious fac-
tor in deciding on pregnancy. If possible, arrangements
should be made to have help available, in the event the
mother has an acute relapse.

Pregnancy appears to be protective in MS. Relapses
are decreased during the 9 months of gestation, particu-
larly in the latter half. This probably relates to the fact
that pregnancy is an immunosuppressive state. Maternal,
fetal, and placental factors combine to produce immune
suppression by way of pregnancy-associated immunoreg-
ulatory proteins; an overall net inhibitory effect of preg-
nancy-related hormone, prostanglandin, and cytokine
changes; maternal–fetal MHC class II disparity; preg-
nancy-associated inhibition of cell-mediated immune
responses; and pregnancy-associated enhancement of
immunoglobulin (including blocking antibody and
immune complex) responses (93). This pregnancy-asso-
ciated decrease in disease activity was confirmed by MRI.
In two pregnant MS patients scanned serially, the num-
ber of new and/or enlarging brain lesions decreased dur-
ing the second half of pregnancy (104). Of note was the
fact that MRI disease activity returned to prepregnancy
levels in the first months’ postpartum.

Most studies indicate a postpartum rebound in dis-
ease activity. A threefold increase in relapses occurs in the

3 to 6 months after giving birth, with 30% of women
experiencing clinical attacks. Consistent with findings
from this small neuroimaging study, the European study
on Pregnancy–related Relapses in MS (PRIMS study),
which involved 254 women and 269 pregnancies, docu-
mented a 70% decline in the prepregnancy relapse rate
during the last trimester (105). A rebound 70% increase
also occurred in relapses in the first 3 months postpar-
tum, before the attack rate returned to the prepregnancy
baseline level. A recent report provided 2-year postpar-
tum follow-up in the PRIMS cohort. From postpartum
month 4, the relapse rate remained at the prepregnancy
level. Disability and relapse rate at 2 years were not influ-
enced by pregnancy, type of delivery, use of epidural anes-
thesia, or decision to breast feed (106). Postpartum
relapses should be preventable using available
immunotherapies. In one study, nine MS patients who
had previously had 12 childbirth-associated relapses
received prophylactic intravenous immune globulin post-
partum. None went on to have clinical relapses (107).

The mode of delivery, as well as whether the mother
breastfeeds, have no adverse effects on MS disease course
(98). The only type of anesthesia not recommended for
MS patients is spinal anesthesia.

The recently revised National MS Society Disease
Management Consensus Statement emphasizes that current
DMTs are not approved for use in women who are preg-
nant (38). These drugs have distinct classifications with
regard to their risk. Glatiramer acetate is classified category
B (no identified animal/human risk), interferon bs are cat-
egory C (abortofacients in animal models), and mitox-
antrone is category D (cell toxic immunosuppressive agent).

Some data are available on pregnancy outcome in
patients exposed to MS DMT. In the United States, nor-
mal pregnancy outcome rates are 62% live births, 22%
elective abortions, 16% spontaneous abortions, and
0.8% ectopic pregnancies. Congenital anomaly rates are
7 to 10% overall, and 2 to 3% for significant defects. A
pregnancy registry for subcutaneous IFNb1a (Rebif®)
cases, collected from clinical trial data (both placebo-con-
trolled and extension studies), examined a range of doses
from 22 mcg once a week to 44 mcg three times a week.
There were 37 pregnancies among approximately 1,400
women; 30 women were on drug or close to taking drug
when they became pregnant. Of these, there were 13
(45%) healthy live births, two (6.9%) premature births,
six (21%) elective abortions, and eight (27.6%) sponta-
neous abortions, including one fetal death. One preg-
nancy was lost to follow-up (108).

A glatiramer acetate (Copaxone®) pregnancy reg-
istry, the largest reported to date, was based on 21 global
clinical trials (placebo-controlled and open label), and
postmarketing surveillance data from 1996 to September
2002 (109). The clinical trials data involved 2,380
women. There were 40 reported pregnancies. Ten were
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lost to follow-up. For the 30 with outcome data, there
were 18 (60%) elective abortions, five (16.7%) sponta-
neous abortions, six (20%) healthy live births, and one
(3.3%) cleft lip anomaly. In the cleft-lip anomaly, the
mother had used carbamazepine during pregnancy, so it
was felt that the anomaly was most likely due to the anti-
convulsant. In the postmarketing surveillance, 345 preg-
nancies were reported. The large majority of women dis-
continued drug once they found they were pregnant. Over
90% had clear DMT exposure in the first trimester. One
hundred and thirty women were either lost to follow-up
or did not have outcome data because they had not
reached their due date. Of the 215 known outcomes, there
were 155 healthy live births, 43 spontaneous abortions,
9 elective abortions, 1 ectopic pregnancy, 1 still birth, and
6 congenital anomalies (failure to thrive, finger anomaly,
cardiomyopathy, urethrostenosis, anencephaly, adrenal
cyst). Overall then, there are 245 pregnancies with out-
come data: 66% healthy live births, 20% spontaneous
abortions, 11% elective abortions, 2.9% congenital
anomalies, 0.4% ectopic pregnancies, and 0.4% still
births.

In summary, the DMT immunomodulators and
glatiramer acetate in particular do not appear to have sig-
nificant adverse effects on pregnancy.

Breast-Feeding

Data are conflicting on breast-feeding. Two studies
reported no effect, whereas a third found a positive one
(110–112). At present, it is not known whether breast-
feeding has any real benefit in reducing relapses postpar-
tum. This is an important that needs to be resolved,
because breast-feeding is considered a contraindication to
use of the DMTs.

Menses

Very little data are available on the menstrual cycle and
MS. In one self-report study of 149 women with MS,
70% noted symptom changes associated with their cycle.
The majority (60%) noted changes in the week prior to
or the week of their menses, while 44% reported relapses
at a consistent cycle phase (113). In one study of 30
patients, a single MRI was done in the early follicular (day
1–3), late follicular (days 14–18), or luteal (days 21–23)
phase. MRI activity increased when progesterone was low
and estradiol was high (114). In another study, eight
relapsing patients had two MRI scans during their follic-
ular (days 3–9) and luteal (days 21–28) phases. Although
overall MRI activity did not differ between the phases,
in the luteal phase, a higher progesterone to estradiol ratio
correlated with an increased number and volume of con-
trast enhancing lesion (115). In a follow-up study of 17
relapsing patients, the association of greater contrast

lesion activity with a higher progesterone to estradiol
ratio in the latter half of the menstrual cycle was con-
firmed. In addition, these MS women showed lower
testosterone levels than matched controls. MRI activity
was greater in the MS patients with low testosterone lev-
els, whereas the MS patients without any MRI activity
had much higher levels (116). These preliminary studies
are very intriguing and suggest that sex hormones may
affect MRI disease activity markers.

With regard to menopause issues, MS is not a con-
traindication to hormone replacement therapy (HRT).
Menopause is a time of increased bone loss and enhanced
risk for osteoporosis, so this should be monitored. Vir-
tually no data are available on whether a relationship of
menopause to symptoms, disease activity, or prognosis
exists. Anecdotally, symptoms that worsen post-
menopause may respond to HRT (40,117). Although his-
torically there has been a sense that the MS disease
process lessens with age, this is probably not the case,
because ongoing atrophy and axon damage occurs, even
though CNS inflammation must be less.

Contraception

The limited data available indicate that the use of oral
contraceptives has no effect on the risk of developing MS
(118), and no adverse effects on the overall disease course.
Data may suggest that young patients on the pill may
show less disability and are less likely to experience men-
strual worsening of their disease (82). This is another issue
that awaits clarification.

PSYCHOSOCIAL ISSUES

MS impacts on virtually all aspects of life, career, and fam-
ily. Therefore, the woman with MS faces a number of psy-
chosocial issues (Table 18.20). They run the gamut from
questions about self image and interpersonal relation-
ships, to economic issues. Women, particularly when
there are obvious neurologic deficits, may have a poor self
image and feel that they are unattractive and undesirable.
They may not be able to apply makeup, fix their hair, or
practice appropriate hygiene. Suddenly they are depen-
dent on others to perform very personal tasks. The unpre-
dictable nature of MS and the uncertain prognosis are
unsettling. Sexual dysfunction, including decreased sen-
sation, decreased libido, and problems with orgasm, are
reported in up to 74% of women with MS (119). This is
an extra stress for a marriage, in addition to those stresses
caused by the loss of a partner and the need for a spouse
or other family member to assume the role of caretaker.

As a whole, MS patients are less likely to be involved
in vocational, educational, and homemaking activities.
They are more likely to require personal assistance care
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and to use medical services. The entire MS family unit
experiences increased stress, with decreased available
resources, and decreased satisfaction with life in general.

Psychosocial factors are critical to quality of life. A
poor quality of life for MS patients is associated in par-
ticular with social isolation, as well as an unstable disease
course, denial rather than acceptance of illness, disease
symptoms that are moderate to severe, limitations in
mobility, and unemployment (117). Women with MS,
particularly those who are married, are more likely to be
unemployed than men with MS (120). They tend to leave
the work force while they are less physically disabled to
assume a role in the home. Women tend to feel guilty at
perceived failure to meet obligations to their family,
whereas men tend to react with anger and frustration at
their limited work and other activities.

Some studies suggest that the cost of MS is higher
for women (121). Estimated on 1991 dollars, the average
lifetime costs of MS were $746,819 for single women,
$450,845 for married women, $360,320 for married
men, and $332,001 for single men.

Finally, access to health care may be limited for more
disabled MS patients. It is important that routine non-
neurologic care for female patients, including an annual
gynecologic examination, assessment for osteoporosis,
and periodic mammography, not be neglected.

SUMMARY

MS is a major neurologic disease of young women. A
great deal of accurate information is available on diag-
nosis, prognosis, and effects of pregnancy in this disease,
and expanding options are available to treat both disease
activity and symptoms. A well-informed health care team
can provide not only useful information to the female MS
patient, but can assure that she will receive the optimal
management of her neurologic disease.
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ptic neuritis is the most common
optic nerve-related cause of visual
loss in young women of childbear-
ing age. It is important not only

with respect to visual function in affected patients but also
to their neurologic prognosis.

The term optic neuritis means inflammation of the
optic nerve. When optic neuritis occurs with a swollen
optic disc, it is called papillitis or anterior optic neuritis.
When the optic disc appears normal, the terms retrobul-
bar optic neuritis or retrobulbar neuritis are used.

The pathogenesis of most cases of isolated optic neu-
ritis is presumed to be demyelination, similar to that seen
in multiple sclerosis (MS). In the absence of signs of MS
or other systemic disease, however, optic neuritis is
referred to as isolated, monosymptomatic, or idiopathic.

Optic neuritis does not always present as an acute
loss of vision. It may develop as insidious progressive or
nonprogressive visual dysfunction, and it may even be
asymptomatic. Patients with asymptomatic optic neuritis
have laboratory evidence of optic nerve dysfunction and
may also have subtle clinical evidence of optic nerve dam-
age if appropriate studies are performed.

Because this book is about those neurologic diseases
that occur mainly in women, this chapter deals exclusively
with acute, chronic, and subclinical demyelinating or idio-
pathic optic neuritis. For a discussion of optic neuritis

caused by processes other than MS, the reader is referred
to the chapter entitled “Optic Neuritis” by Smith (1).

IDIOPATHIC AND PRIMARY
DEMYELINATING OPTIC NEURITIS

Optic neuritis almost always occurs as an isolated phe-
nomenon without any neurologic or systemic accompa-
niments or sequelae or as a demyelinating process that pre-
cedes the development of MS. There are three forms of
optic neuritis: (i) acute, (ii) chronic, and (iii) subclinical.

Acute Idiopathic or 
Demyelinating Optic Neuritis

Acute idiopathic or demyelinating optic neuritis is by far
the most common type of optic neuritis that occurs
throughout the world and is the most frequent cause of
optic nerve dysfunction in the young adult population (2).
Much of our knowledge regarding this form of optic neu-
ritis was obtained from a study, begun in 1988, called
the Optic Neuritis Treatment Trial (ONTT) and contin-
ued throughout the 1990s as the Longitudinal Optic Neu-
ritis Study (LONS) (3–18). The ONTT was a multicen-
ter controlled clinical trial that was funded by the
National Eye Institute of the National Institutes of Health
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(NIH) in the United States. The investigators in this trial
enrolled 455 patients with acute unilateral optic neuri-
tis. A similar study was performed in Japan (18).
Although the primary objective of these studies was the
assessment of the efficacy of corticosteroids in the treat-
ment of optic neuritis, the ONTT and LONS, as well as
the Japanese Optic Neuritis Study have also provided
invaluable information about the clinical profile of optic
neuritis, its natural history, and its relationship to MS.

The entry criteria for patients who were entered into
the ONTT were a clinical syndrome consistent with uni-
lateral optic neuritis, including a relative afferent pupil-
lary defect and a visual field defect in the affected eye.
Visual symptoms had to have begun within 8 days of ran-
domization. The patient could have no history of a pre-
vious episode of optic neuritis in the affected eye, no pre-
vious corticosteroid treatment for optic neuritis or MS,
and no evidence of a systemic disease other than MS as
a cause for the optic neuritis. The Japanese trial had sim-
ilar criteria for entry.

Demographics

The annual incidence of acute optic neuritis is estimated in
population-based studies to be between 1 and 5 per
100,000 (19–25). The majority of patients are between the
ages of 20 and 50 years, with a mean age of 30–35 years.
Nevertheless, optic neuritis can occur at any age, includ-
ing children in the first and second decades of life and
adults in their sixth to eighth decades. Women are much
more commonly affected than men, at a ratio of approx-
imately 4:1. Caucasians are affected much more often than
are African-Americans, Africans, or Hispanics (26,27).

Symptoms

The two major symptoms in patients with acute optic
neuritis are loss of central vision and pain in and around
the affected eye.

LOSS OF CENTRAL VISION. Loss of central visual
acuity is reported by over 90% of patients (4,19). Vision
loss is typically abrupt, occurring over several hours to
several days. Progression over a longer period can occur
but should make the clinician suspicious of an alternative
disorder. The degree of visual loss varies widely from a
minimal reduction to complete blindness with no
perception of light. The majority of patients describe
diffuse blurred vision, although some recognize that the
blurring is predominantly central. Occasionally, patients
complain of a loss of a portion of peripheral field, such
as the inferior or superior region or even the temporal
or nasal region.

The visual loss is monocular in most cases in adults,
but in children and in a small percentage of adults, both

eyes are simultaneously affected.

OCULAR OR ORBITAL PAIN. Pain in or around the
eye is present in more than 90% of patients with acute
optic neuritis. It is usually mild, but it may be extremely
severe and may be more debilitating to the patient than
the loss of vision. It may precede or occur concurrently
with visual loss, usually is exacerbated by eye movement,
and generally lasts no more than a few days (4,19). The
presence of pain is a helpful differentiating feature from
anterior ischemic optic neuropathy, particularly when the
pain is severe and when it occurs or worsens during
movement of the eyes, features uncommon in the 10 to
12% of ischemic optic neuropathy patients who
experience pain (28,29).

POSITIVE VISUAL PHENOMENA. Up to 30% of
patients with optic neuritis experience positive visual
phenomena, called photopsias, both at the onset of their
visual symptoms and during the course of the disorder.
These phenomena consist of spontaneous flashing black
squares, flashes of light, or showers of sparks, sometimes
precipitated by eye movement or certain sounds (30–33).

Signs

An examination of a patient with acute optic neuritis
reveals evidence of optic nerve dysfunction (Table 19.1).
Visual acuity is almost always decreased, but varies from
a mild reduction (e.g., 20/15 to 20/20) to no light per-
ception.

Contrast sensitivity and color vision also are
impaired in almost all cases. The reduction in contrast
sensitivity often parallels the reduction in visual acuity
(34), although in some cases, it is much worse (3). The
reduction in color vision is often much worse than would
be expected from the level of visual acuity (35,36). Stan-
dard color vision testing with the Ishihara or Hardy-
Rand-Rittler pseudoisochromatic plates commonly
reveals abnormalities in the affected eye, whereas the

TABLE 19.1
Features of Typical Optic Neuritis in Adults

• Acute unilateral loss of visual acuity and color vision
• Periocular pain, often exacerbated with eye movement
• Visual field defect, usually central
• Ipsilateral relative afferent pupillary defect
• Absence of anterior or posterior segment inflammation
• Normal or swollen optic disc
• Spontaneous visual improvement beginning in 2 to 4

weeks
• Strong relationship with multiple sclerosis
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more sensitive Farnsworth-Munsell 100-Hue test can
reveal more subtle defects. Even when the patient can
detect all the pseudoisochromatic figures correctly, a care-
ful comparison of the appearance of a single plate by each
eye may reveal a striking difference in color and bright-
ness between the two eyes.

Like visual acuity, visual field loss can vary from
mild to severe, may be diffuse or focal, and can involve
the central or peripheral field (37–39). Indeed, although
the classic visual field defect in acute optic neuritis is the
central scotoma, almost any type of field defect can occur
in the affected eye (39).

A relative afferent pupillary defect (RAPD) is
demonstrable with the swinging flashlight test in all uni-
lateral cases of optic neuritis and in cases with bilateral
but asymmetric neuritis (40–43). When such a defect is
not present, either there is a coexisting optic neuropathy
in the fellow eye (e.g., from previous or concurrent
asymptomatic optic neuritis) or the visual loss in the
affected eye is not caused by optic neuritis or by any other
form of optic neuropathy.

The use of a neutral density filter may help uncover
a subtle relative afferent pupillary defect in patients with
suspected optic neuritis (44). In this test, a 0.3 log-unit neu-
tral density filter is placed in front of one eye and a swing-
ing flashlight test is performed. The filter is then placed in
front of the other eye and the swinging flashlight test is
again performed. If there is no RAPD, the result of the
swinging flashlight test should be the same regardless of
which eye is behind the neutral density filter; that is, there
should be a mild observable RAPD. On the other hand, if
a minimal RAPD is already present, then placing the filter
in front of the eye with the RAPD should make it more
obvious, whereas placing the filter in front of the oppo-
site eye should result in normal pupillary responses (44).

Patients with optic neuritis also can be shown to
have a reduced sensation of brightness in the affected eye
by asking them to compare the brightness of a light shone
in one eye and then the other (1). This test is simple to
perform and extremely helpful in the patient with a ques-
tionable RAPD.

About one-third of patients with acute optic neuri-
tis have some degree of disc swelling (4,19) (Figure 19.1).
In most cases, the degree of swelling is quite mild; how-
ever, in some cases, the swelling is so severe that it mim-
ics the “choked disc” seen in patients with papilledema
(Figure 19.2). The degree of disc swelling usually does not
correlate with the severity of either visual acuity or visual
field loss (4,19,45). Disc or peripapillary hemorrhages
and segmental disc swelling are less common in eyes with
acute optic neuritis than in eyes with anterior ischemic
optic neuropathy (4,46).

The majority of patients with acute idiopathic or
demyelinating optic neuritis have a normal optic disc in
the affected eye, unless they have had a previous attack

of acute or asymptomatic optic neuritis or have ongoing
chronic optic neuritis (4,19). With time, however, the
optic disc usually becomes pale, even as visual acuity,
color vision, visual field, and other aspects of visual sen-
sory function improve. The pallor may be diffuse or local-
ized to a particular portion of the optic disc, most often
the temporal portion (Figure 19.3).

Slit lamp biomicroscopy in eyes with demyelinating
optic neuritis is almost always normal. In some patients

FIGURE 19.1

Mild optic disc swelling in a patient with acute anterior optic
neuritis (papillitis).

FIGURE 19.2

Severe optic disc swelling in a patient with acute anterior optic
neuritis (papillitis). Note resemblance to papilledema.
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with anterior optic neuritis, a few vitreous cells may be
observed, particularly in the vitreous overlying the optic
disc. In such cases, sheathing of retinal veins also may be
present, especially in patients with MS. Indeed, patients
with acute optic neuritis and mild uveitis or retinal
phlebitis have an increased risk of developing MS com-
pared with patients with isolated optic neuritis (47,48).
When the cellular reaction is extensive, however, etiolo-
gies other than demyelination should be considered,
including sarcoidosis, syphilis, cat scratch disease, and
Lyme disease.

Visual Function in the Fellow Eye

Although bilateral, simultaneous acute optic neuritis is
uncommon in adults, a relatively high percentage of
patients with acute unilateral optic neuritis have abnor-
mal visual function in their asymptomatic fellow eye,
including decreased visual acuity, disturbances of color
vision, and visual field defects (4,8). The majority of these
deficits resolve over several months, suggesting that such
abnormalities are caused by subclinical but concurrent
acute inflammation.

Diagnostic, Etiologic, and Prognostic Studies

Studies in patients with presumed acute optic neuritis are
usually performed for one of three reasons: (i) to deter-
mine if the cause of the optic neuropathy is something
other than inflammation, particularly a compressive
lesion; (ii) to determine if a cause other than demyelina-

tion is responsible for inflammation of the optic nerve; or
(iii) to determine the visual and neurologic prognosis of
optic neuritis.

DIAGNOSTIC STUDIES. The major concern of a
physician evaluating a patient with sudden visual loss
associated with evidence of an optic neuropathy is
whether the optic neuropathy is truly optic neuritis or is
an acute manifestation of compression from an orbital,
canalicular, or intracranial mass. Magnetic resonance
imaging (MRI) is the neuroimaging technique of choice
in the setting of presumed optic neuritis. It can identify
with a high degree of sensitivity mass lesions such as
aneurysms that can cause an acute optic neuropathy, and
it also can detect evidence of demyelination in the optic
nerve, including foci of T2-bright signal, areas of
enhancement, and/or enlargement of all or a portion of
the nerve (49–54) (Figure 19.4). These abnormalities are
much less likely to be seen in patients with other forms
of acute optic neuropathy, such as anterior ischemic optic
neuropathy (54).

ETIOLOGIC STUDIES. Although systemic and local
infectious and inflammatory disorders can cause acute
optic neuritis, the majority of such rare cases can be
identified by a thorough history and confirmed by
appropriate laboratory studies. Thus, in patients without
a history of (or suggestive of) sexually transmitted
disease, sarcoidosis, cat scratch disease, Lyme disease,
systemic lupus erythematosus, or similar disorders, the
likelihood of such a condition being responsible for acute
optic neuritis is exceptionally low (4,5,55). Serologic
tests, chest radiographs, and cerebrospinal fluid (CSF)
analysis are unwarranted in such cases unless the
patient’s course does not follow that of typical optic
neuritis.

The most important application of MRI in acute optic
neuritis is the identification of signal abnormalities consis-
tent with demyelination in the white matter of the brain,
usually in the periventricular region (Figure 19.5)
(9,19,56,57). The presence of such lesions suggests not only
that the diagnosis of optic neuritis is correct but that the
cause of the optic neuritis is demyelination.

Another application of MR in patients with acute
optic neuritis is MR spectroscopy. This technique can be
used to determine changes in the concentration of N-
acetyl-aspartate, a neuronal marker, which may reflect
axon dysfunction or loss in normal-appearing white mat-
ter and may predict those patients who are at increased
risk to develop MS (58).

PROGNOSTIC STUDIES. A substantial percentage
of patients with isolated optic neuritis develop MS
within months to years after the onset of optic neuritis.
It would be helpful if there were certain studies that

FIGURE 19.3

Diffuse optic disc pallor after an attack of acute retrobulbar
optic neuritis. Despite appearance of disc, the patient had
20/20 vision in this eye.
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could be performed in a patient with isolated optic
neuritis that would allow the accurate prediction of the
odds of subsequent development of MS. In fact, multiple
studies indicate that the results of MRI in the patient
with isolated acute optic neuritis correlate with the
eventual development of MS (59–61). The more white-
matter lesions that are present in the brain of a patient
with acute optic neuritis, the greater the risk of MS over
the subsequent 10 years (Figure 19.6) (61). Among
patients with isolated optic neuritis in the ONTT, the
cumulative percentage developing MS within 10 years
of the onset of the optic neuritis was 39%; however,
among patients with normal MRI, 24% developed MS
compared with 64% of patients with more than three
lesions (61).

As noted above, MR spectroscopy may one day be
useful in predicting which patients with optic neuritis are
at increased risk to develop MS; however, there is at 
present insufficient information to determine if this is the
case or if the technique could ever be cost-effective.

Just as patients with acute optic neuritis and multi-
ple white-matter lesions in the brain have a high risk of
developing MS, certain patients with acute optic neuritis
have a very low risk of developing MS. Patients with
acute, painless anterior optic neuritis associated with a

normal MRI scan have a probability similar to that of a
normal age- and sex-matched population of developing
optic neuritis over the succeeding 10 years (61).

SEROLOGIC AND CEREBROSPINAL FLUID STUDIES.
Immunologic abnormalities in the CSF are common in
patients with optic neuritis, occurring in up to 79% of
cases (55,57,62,63). As in patients with MS, CSF
pleocytosis, elevated protein concentration, elevated
levels of myelin basic protein, increased IgG ratio and
IgG synthesis, oligoclonal bands, kappa-light chains, and
increased concentrations of cytokines may be detected.
Although the predictive value of these CSF findings for
the development of MS is somewhat controversial, there
appear to be certain CSF and even serologic risk factors
that increase the likelihood that a patient with isolated
optic neuritis will eventually develop MS. These include
oligoclonal banding and elevated levels of myelin basic
protein, CSF and serum elevations of cytokines, and
positivity for certain HLA types (55,57,64–66).
However, the robust predictive value of baseline MRI
diminishes the relative usefulness of these other studies
in the individual patient with acute optic neuritis who
wishes to have some idea of prognosis for the
development of MS.

FIGURE 19.4

Magnetic resonance imaging (MRI) of the optic nerve in a young woman with acute optic neuritis affecting the right eye. A.
Enhanced T1-weighted axial image shows extensive enhancement and diffuse enlargement of the right optic nerve from the back
of the eye to the optic canal. B. Enhanced T1-weighted coronal image shows enhancing right optic nerve in cross section.

A B
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Natural History

The natural history of acute demyelinating optic neuritis
is to worsen over several days to 2 weeks, and then to
improve. The improvement initially is fairly rapid. It then
levels off, but further improvement can continue to occur
1 year after the onset of visual symptoms (11,15,67).
Among patients in the ONTT who received placebo,
visual acuity began to improve within 3 weeks of onset
in 79% and within 5 weeks in 93%. For most patients
in this study, the recovery of visual acuity was nearly com-
plete by 5 weeks after onset. The mean visual acuity 1
year after an attack of otherwise uncomplicated optic
neuritis, is 20/15, and this level of vision remains for up
to 10 years following the attack, unless the patient devel-
ops another process (61). Indeed, even patients who have
recurrences of optic neuritis tend to experience a return
of visual acuity to near normal levels, and fewer than
10% of patients have permanent visual acuity less than
20/40 10 years after an attack (61). Other parameters of
visual function, including contrast sensitivity, color per-
ception, and visual field, improve in conjunction with the
improvement in visual acuity and also tend to remain sta-
ble over the subsequent decade (61).

The visual improvement that occurs with acute
optic neuritis tends to do so regardless of the degree of
visual loss, although some correlation exists between the

severity of visual loss and the degree of eventual recov-
ery (5,12,68). In the ONTT, of the 167 eyes in which
the baseline visual acuity was 20/200 or worse, only 10
(6%) had this level of vision 6 months later. Of 28
patients whose initial visual acuity in the affected eye
was light perception or no light perception, 18 (64%)
recovered to 20/40 or better (5,12). Factors such as age,
gender, optic disc appearance, and pattern of the initial
visual field defect do not appear to have any apprecia-
ble effect on the visual outcome (15). Race does seem to
be a factor, however, with Africans and African-Amer-
icans tending to have a poorer outcome than Caucasians
(26,27).

Even though the overall prognosis for visual acuity
after an attack of acute optic neuritis is extremely good,
some patients have persistent severe visual loss after a sin-
gle episode (4,5,19,69). Furthermore, patients with recov-
ered optic neuritis frequently complain that their vision
in the affected eye is “not right,” “remains fuzzy,” or that
colors are “washed out” (70). One cause of these symp-
toms is probably a subtle abnormality in the visual field,
in which patients experience an abnormally rapid disap-
pearance of focal visual stimuli and abnormally rapid
fatigue in sensitivity. These patients typically complain that
when they look at something, it appears as if they have
“holes” in their vision, some of which fill in while other
new ones appear: the so-called “Swiss cheese” visual field
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FIGURE 19.6

Graph showing relationship of risk of developing multiple
sclerosis (MS) after an attack of acute optic neuritis and ini-
tial appearance of brain magnetic resonance imaging (MRI)
in patients enrolled in Optic Neuritis Treatment Trial and fol-
lowed for at least 10 years since the attack. Grade 0–1 indi-
cates normal MR scan, whereas grades 2–4 indicate increas-
ing numbers of white-matter lesions in the periventricular
region. Note that the more lesions present at the time of an
attack of acute optic neuritis, the higher the likelihood of
developing MS over the subsequent 10 years.

FIGURE 19.5

Magnetic resonance image (MRI) of the brain in a young
woman at the time of an attack of acute retrobulbar optic neu-
ritis. The patient had no history of previous neurologic symp-
toms and had no neurologic signs on examination. T1-
weighted axial image shows multiple ovoid lesions in the
periventricular white matter of both cerebral hemispheres.
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(71). This phenomenon is not limited to optic neuritis,
however; it can occur in other optic neuropathies.

Following an episode of acute optic neuritis, some
patients describe transient visual blurring during exercise,
during a hot bath or shower, or during emotional stress
(72,73). This phenomenon, called Uhthoff’s symptom,
also may occur with chronic or subclinical optic neuri-
tis, with Leber hereditary optic neuropathy, and with
optic neuropathies from other causes (74,75). Neverthe-
less, it occurs in about 10% of patients after an attack of
demyelinating optic neuritis and, when present, may be
a marker for abnormal brain MRI and for the subsequent
development of MS (76). Some patients with Uhthoff’s
symptom note that their visual symptoms improve in
colder temperatures or when drinking cold beverages.
Two major hypotheses regarding Uhthoff’s symptom are
that (i) the elevation of body temperature interferes
directly with axon conduction and (ii) exercise or a rise
in body temperature changes the metabolic environment
of the axon which, in turn, interferes with conduction
(77–79).

Patients who experience an attack of acute optic
neuritis have an increased risk of developing a recurrent
attack in the same eye or an acute optic neuritis in the
fellow eye (5,80). The risk of a recurrent or new attack
of optic neuritis in patients enrolled in the ONTT over 10
years was 35%, with most of the patients experiencing
recurrent or new events in the first 5 years after the ini-
tial attack (5,61,80). Patients who experience one or two
recurrent attacks of acute optic neuritis usually experi-
ence substantial improvement in vision, often to normal;
however, after multiple attacks of optic neuritis, visual
function may improve little or not at all (81,82).

Neurologic Prognosis

Optic neuritis is the initial manifestation of MS in about
20% of patients (83). Several prospective studies have
been performed to determine the potential for the devel-
opment of MS in patients who experience an attack of
acute optic neuritis. Although retrospective studies pro-
vide figures ranging from 11.5% to 85%
(20,24,81,82,84), a study from Germany reported that the
risk of developing MS after an attack of acute optic neu-
ritis was 54% over the subsequent 8 years (85). The LONS
found that the overall risk of developing MS was almost
40% in patients followed 10 years after an attack of acute
optic neuritis (61), and an Australian group of investiga-
tors reported a 52% risk of MS after acute optic neuritis
in a 13-year prospective study (86). Other prospective
studies indicate that the risk of MS eventually increases
to about 75% in women and 34% in men with 15 to 20
years of follow-up (87–89). Among 95 incident cases of
acute optic neuritis in Olmstead County, Minnesota, the

estimated risk of MS was 39% by 10 years, 49% by 20
years, 54% by 30 years, and 60% by 40 years (25). The
average time interval from an initial attack of optic neu-
ritis until other symptoms and signs of MS develop varies
considerably; however, most studies indicate that the
majority of persons who develop MS after optic neuritis
do so within 7 years of the onset of visual symptoms
(83,61). It therefore seems appropriate to consider most
cases of acute optic neuritis a limited form of MS and to
counsel patients appropriately (90). We believe that most
patients should be told about the relationship between
optic neuritis and MS and that this conversation should
include a frank discussion of MS and its prognosis. Most
patients appreciate this approach and handle this infor-
mation much better than most physicians anticipate.
Indeed, if the physician does not discuss the association
of optic neuritis and MS with his or her patient, the patient
will almost certainly find out about it from a friend,
acquaintance, another physician, or the Internet.

Certain risk factors increase the likelihood that a
patient with acute optic neuritis will eventually develop
MS. As noted above, the most highly predictive baseline
factor is multiple lesions in the periventricular white mat-
ter on MRI (60). Gender also appears to be a risk factor,
but only in patients with a normal MRI. Among patients
in the ONTT who had a normal MRI at the time of their
attack of acute optic neuritis, 8% of men and 28% of
women have developed evidence of MS (61). Other risk
factors for the development of MS in both men and
women are Caucasian race, a family history of MS, a his-
tory of previous ill-defined neurologic complaints, a pre-
vious episode of acute optic neuritis, and winter onset of
optic neuritis (10,17). None of these factors predicts the
development of MS as much as the results of MRI, how-
ever (60).

Although the evidence of immunologic dysfunction
(especially oligoclonal banding) in the CSF is common in
patients with acute optic neuritis, whether or not their
presence in patients with clinically isolated optic neuritis
increases the risk for the subsequent development of MS
remains controversial. Studies indicate that 25 to 50% of
patients with isolated acute optic neuritis and abnormal
CSF remain free of neurologic manifestations of MS for
many years (if not for life), whereas 10 to 50% of patients
with acute optic neuritis and normal CSF develop other
manifestations of MS during the same period (55,91). In
view of these findings, it seems that CSF abnormalities
alone are not a primary risk factor in determining whether
a patient with acute optic neuritis eventually develops clin-
ical evidence of disseminated demyelination.

Considerable evidence suggests that genetic factors
play a role in the development of MS (92–95). This is based
on the familial incidence of the disease, twin studies, and
HLA typing patterns. The major predisposing genes in MS
are the HLA class II molecules, in particular the haplo-
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type HLA-DR2, which is especially common among MS
patients of Northern and Western European ancestry. This
haplotype represents a susceptibility locus in specific pop-
ulations, but a direct contribution to the pathogenesis of
the disease is likely small, and presence of the haplotype
is not necessary for disease expression in all patients.
Indeed, patient groups with MS in different ethnic popu-
lations are immunogenetically distinct and thus have HLA
polymorphisms that are common within each population
but that are different from other populations. HLA type
does not seem to strongly influence the subsequent risk for
MS in patients with isolated optic neuritis, however.
Although the combination of HLA typing and MRI may
slightly increase predictive ability, MRI is a much stronger
and reliable indicator of risk.

Most studies suggest that patients in whom acute
optic neuritis is the initial manifestation of MS tend to
have a more benign course than patients in whom MS
presents with nonvisual symptoms and signs. Other stud-
ies, however, report no difference in the eventual outcome
of the disease.

Treatment

Several theoretical reasons exist to consider treating
patients with acute optic neuritis: i) to improve visual out-
come, ii) to speed visual recovery, and iii) to protect the
patient against the development of MS (96,97).

No drugs have been shown to improve the ultimate
visual prognosis after an attack of acute optic neuritis
compared with the natural history of the disorder. Specif-
ically, the ONTT, the LONS, and similar studies per-
formed in Japan and Europe indicate that the treatment
of acute optic neuritis with a 2-week course of low-dose
prednisone (1 mg/kg/day) does not improve short- or
long-term visual outcome and does not speed visual
recovery (5,19,61,98). In addition, this treatment is asso-
ciated with a higher incidence of recurrent and new
attacks of optic neuritis (5,61). Thus, it is inappropriate
to treat any patient with acute, presumed demyelinating
optic neuritis with this regimen.

Treatment with 1 gram of methylprednisolone
sodium succinate for 3 days, in either divided doses or a
single daily dose, followed by a 2-week course of lower-
dose prednisone (1 mg/kg/day) speeds recovery of visual
function by 3 to 6 weeks, although it does not affect visual
outcome (5).

As noted earlier, a substantial percentage of patients
who experience an attack of acute optic neuritis subse-
quently develop MS. In addition, MS may present as a soli-
tary nonvisual manifestation, such as an episode of weak-
ness or numbness of an extremity or double vision from
an oculomotor nerve paresis or internuclear ophthalmo-
plegia. The Controlled High-Risk Subjects Avonex® Mul-
tiple Sclerosis (CHAMPS) study was designed to determine

if interferon beta-1a has any effect on the development of
MS in patients who experience an initial acute demyeli-
nating episode (99). The CHAMPS study followed a ran-
domized, double-blind, placebo-controlled design with a
total of 383 patients enrolled between 1996 and 2000. All
subjects had experienced an initial, acute demyelinating
event, 50% of whom had acute optic neuritis and had at
least two white-matter lesions consistent with prior sub-
clinical demyelination in the brain by MRI. All patients
were first treated according to the ONTT protocol within
14 days of symptom onset with IV methylprednisolone (1
gm/day) for 3 days, followed by oral prednisone (1
mg/kg/day) for 11 days, followed by a rapid taper. Dur-
ing the second week of steroid therapy, about 50% of the
patients began receiving weekly intramuscular injections
of Avonex® (30 mcg), whereas the remaining 50% began
receiving weekly IM placebo injections. The primary out-
come measure chosen for the CHAMPS study was the rate
of development of clinically definite MS defined as a new
neurologic lesion in a different central nervous system
(CNS) location lasting more than 48 hours, progressive
neurologic disease following 1 month of stable or
improved symptoms, or an increase in Kurtzke Expanded
Disability Status Scale (EDSS) of 1.5 points without
relapse. The secondary outcome measure of the study was
the effect of Avonex® on objective MRI findings.

The CHAMPS study was terminated early when an
interim preplanned review of the data showed that
Avonex® had a beneficial effect in slowing the rate of
development to clinically definite MS (CDMS). Most
patients had been enrolled in the study for 24 months,
and the positive effect of interferon beta-1a had been
noted at each 6-month follow-up visit. Kaplan-Meier
analysis revealed that Avonex® reduced the development
to CDMS in these patients by 43% compared with
placebo (p=0.002). The cumulative probability of devel-
oping CDMS after 3 years demonstrated a rate ratio of
.56 (p=0.002) and an adjusted rate of .49 (p,0.001), with
a 35% chance of developing MS on the drug versus a
50% chance on placebo. Flu-like symptoms were seen in
the Avonex®-treated group, but the safety and tolerabil-
ity of Avonex® was comparable to placebo (99).

With regard to the second outcome measure, Avonex®

was associated with a 1% increase in the volume of lesions
seen on MRI versus a 16% increased volume seen with
placebo after 18 months. There were also fewer new and
enlarging lesions and 67% fewer enhancing lesions in the
treated group compared with the placebo group.

The results of the CHAMPS study indicate that
treatment with Avonex® shortly after an initial demyeli-
nating event in patients with white-matter brain lesions
on MRI substantially reduces the risk of the development
of CDMS in such patients (99,100).

Another clinical trial in Europe, PRISMS (Preven-
tion of Relapses and Disability by Interferon beta-1a Sub-
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cutaneously in Multiple Sclerosis), was a double-blind,
placebo-controlled study of 560 patients with EDSS
scores of 0 to 50, from 22 centers in nine countries (101).
These patients were randomly assigned to receive subcu-
taneous recombinant interferon beta-1a (Rebif®) in a dose
of 22 mcg (n=189), the same drug but in a dose of 44 mcg
(n=184), or placebo (n=187) 3 times a week for 2 years.
Neurologic examinations were performed on all patients
every 3 months. All patients had MRI twice yearly, and
205 patients had monthly scans during the first 9 months
of treatment.

It was found that the relapse rate was significantly
lower at 1 and 2 years with both doses of Rebif® com-
pared with placebo. In addition, time to first relapse was
prolonged to 3 and 5 months in the 22 mcg and 44 mcg
groups, respectively, and the proportion of relapse-free
patients was significantly increased (p,0.05). Rebif® also
delayed the progression in disability and decreased accu-
mulated disability compared with placebo; the accumu-
lation of burden of disease and number of active lesions
on MRI was lower in both treated groups than in the
placebo group (101).

PRISMS 4 reported the 3- and 4-year follow-up of
patients in the original study (102). This report also
included 172 randomized patients who initially received
placebo but who were subsequently placed on Rebif® in
a dose of 22 or 44 mcg 3 times a week. The investigators
concluded that clinical and MRI benefit continued for
both doses up to 4 years, with evidence of a dose
response; however, outcomes were consistently better for
patients treated all 4 years with Rebif® than for patients
in the crossover groups (102).

Trials with a third form of interferon beta—
Betaseron®—have shown results similar to those of the
PRISMS and CHAMPS studies (103).

Several therapies other than interferon beta have
been or are currently being evaluated in patients with
optic neuritis. For example, Noseworthy et al. (104)
found that the administration of intravenous
immunoglobulin (IVIg) to patients with persistent visual
loss after an attack of acute optic neuritis did not improve
vision to a degree that merited general use.

Management Recommendations

In a patient with the typical features of optic neuritis, a
clinical diagnosis can be made with a high degree of cer-
tainty without the need for ancillary testing. (See Table
19.2). Brain MRI is a powerful predictor of the short-term
probability of MS (for at least the first 10 years) and
should be considered for all patients with acute optic neu-
ritis. We would avoid the use of low-dose oral prednisone
alone to reduce the risk of recurrent or new attacks of
optic neuritis, but we would consider treating patients
with abnormal MRIs and patients with normal MRIs

who wish to experience a greater speed of recovery with
1 g of methylprednisolone per day for 3 days, followed
by a 2-week course of oral prednisone in a dose of 1
mg/kg/day (105,106). We and others also recommend
referral of all patients with white-matter lesions on MRI
to a neurologist for the consideration of treatment with
interferon beta-1a to reduce the risk of subsequent MS
(105-108).

CHRONIC DEMYELINATING OPTIC NEURITIS

It was once stated that, for all intents and purposes,
chronic optic neuritis does not occur. The reason for this
dogmatic statement was that many patients with mass
lesions compressing the intracranial portion of the optic
nerve were being diagnosed as having chronic optic neu-
ritis, thus leading to the delayed treatment of the under-
lying lesion, with resultant permanent visual loss and even
death in some cases. Thus, the statement that chronic
optic neuritis was never a tenable diagnosis was made in
an effort to raise the consciousness of the majority of
physicians to look for another potentially treatable cause
of unilateral progressive optic neuropathy.

In fact, chronic optic neuritis not only occurs but is
not uncommon, occurring in about 10% of patients with
MS. There are two types of chronic optic neuritis, both
of which occur insidiously. One does not progress,
whereas progressive visual loss occurs in the other.

Some patients with chronic MS are aware of their
visual disturbance, whereas others are unaware of the
problem but can be shown to have an optic neuropathy
by clinical testing (e.g., visual acuity, color vision, visual
fields, ophthalmoscopy) (109–111).

Most patients with chronic unilateral optic neuritis
develop visual symptoms after other signs and symptoms
of MS have developed, and it is for this reason that the per-
centage of patients with MS and evidence of chronic pro-
gressive optic neuritis increases the longer patients are fol-
lowed. Nevertheless, slowly progressive visual loss or

TABLE 19.2
Management of Acute Optic Neuritis in an Adult

• Avoid low-dose oral steroids
• Obtain a brain MRI before and immediately after IV

injection of a paramagnetic contrast agent
• Use high-dose IV/low-dose oral steroid regimen in

patients with an abnormal MRI or those in need of
rapid visual recovery, such as monocular patients or
those with occupational requirements

• Consider treatment with interferon beta-1a for patients
with abnormal MRI scan to reduce the risk of develop-
ing clinically definite MS
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complaints of blurred or distorted vision in one or both eyes
are the first symptoms of underlying neurologic disease in
some patients. We are unaware of any consistent efficacious
treatment for chronic progressive demyelinating optic neu-
ritis, although individual case reports detailing improve-
ment after treatment with various immunomodulatory
agents have been published (112). As new therapies for
other forms of chronic progressive MS become available,
it is possible that the symptoms and signs of chronic optic
neuritis also may respond to treatment.

SUBCLINICAL OPTIC NEURITIS

A substantial percentage of patients with MS have labo-
ratory evidence of optic nerve dysfunction even though
they have a normal clinical examination. This is not sur-
prising given that the anterior visual pathways in patients
with MS show damage in up to 100% in autopsy studies.

Visually asymptomatic patients suspected or known
to have MS may be demonstrated to have disturbances of
the visual sensory pathways by electrophysiologic testing.
Visual evoked potentials (VEPs) seem to be a particularly
sensitive indicator of optic nerve and other visual sensory
pathway disturbances in such patients (37,113–117). In
addition, psychophysical tests of visual function, such as
contrast sensitivity using a Pelli-Robson chart, Arden
gratings, oscilloscope screen projections, or similar tech-
niques, may reveal abnormalities in patients with MS who
are visually asymptomatic (37,110,116–118). Some psy-
chophysical tests, such as the measurements of sustained
visual resolution and the assessment of chromatic, lumi-
nance, spatial, and temporal sensitivity, give similar
results (119) but are too complex and time-consuming
to be of use in screening patients in clinical practice. Other
tests, give little more information that one can obtain by
an otherwise complete clinical and electrophysiologic
examination. One such test assesses the presence or
absence of the Pulfrich phenomenon by having the patient
gaze at a pendulum swinging at right angles to the line
of sight and determine if the pendulum appears to the
patient to be swinging in a elliptical path. In another test,
the “light of colors” test, a bright light is aimed directly
in one eye at a distance of 2.5 cm for 10 seconds while
the other eye is covered; the patient then closes both eyes
and reports the sequences of colors and duration of the
afterimage.
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t different stages of life, women are
uniquely predisposed to injury or
disease of the peripheral nervous
system (PNS). Symptoms involving

the PNS are perhaps some of the more common neuro-
logic complaints during pregnancy. Although many com-
plaints are of minor significance, severe peripheral nerve
dysfunction may threaten the mother and fetus, and this
deserves immediate recognition and treatment. An aware-
ness of the structural, immunologic, and metabolic con-
tributions to peripheral nerve disease in pregnancy assists
in its appropriate diagnosis and management. Other
rheumatologic, neoplastic, and environmental conditions
that also exist in the nonpregnant state often have dele-
terious consequences to the PNS. The special circum-
stances surrounding these frequently encountered condi-
tions call for a closer evaluation of the diagnosis and
management of peripheral nerve disease in women.

PREGNANCY-RELATED DISORDERS 
DURING PREGNANCY

Mononeuropathies of Pregnancy

Cranial Nerves

FACIAL NERVE. Idiopathic facial nerve palsy has a
slightly higher incidence in women, particularly in

women of childbearing age (1). The risk for developing
Bell’s palsy during pregnancy or early puerperium is
reported to be three times greater than in nonpregnant
women (2). Several case series have demonstrated the
increased risk to occur during the third trimester and first
2 weeks postpartum (2,3). Hypercoagulopathy,
hypertension, edema, and a propensity for viral infections
have all been proposed etiologies, though none proven.
Hypertensive disorders of pregnancy occur five to six
times more often in patients with Bell’s palsy (3,4).

The clinical course of the facial palsy is similar to
that in the nonpregnant state. Abrupt upper and lower
unilateral facial weakness without objective sensory loss
may follow a recent viral syndrome. Bilateral involvement
is rare. Ear pain, absence of taste, and hyperacusis may
be reported on the affected side. Maximal weakness
occurs within the first few days, with the preservation of
some degree of motor function is a good prognostic sign
for recovery. Electrophysiologic studies are useful in pre-
dicting recovery. Complete or near complete recovery of
facial weakness occurs in the vast majority of cases. The
recurrence of Bell’s palsy during subsequent pregnancies
has been reported (5).

Treatment with any agent in pregnant patients has
not been systematically studied. The early use of pred-
nisone therapy in the nonpregnant patient with Bell’s
palsy is probably helpful, whereas the role of acyclovir is
less clear (6). Patients with complete motor loss should
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receive stronger consideration for steroid treatment. Close
blood pressure monitoring is recommended due to the
possible exacerbation of hypertension that may occur
with steroid treatment, especially in patients with
increased risk for hypertensive disorders of pregnancy.
Maintaining adequate lubrication of the eye and pro-
tecting the cornea from abrasions remain the mainstay
of treatment.

NERVES OF OCULAR MOTILITY. Diplopia from
isolated muscle paresis is distinctly rare in pregnant
patients. An abducens nerve palsy may occur as a
consequence of elevated intracranial pressure in
idiopathic intracranial hypertension. Similarly, abrupt
hypertension has caused increased intracranial pressure
and subsequent abduction palsies in cases of
preeclampsia (7). More commonly, transient
abnormalities of ocular conversion lasting weeks may
occur during labor or the days following delivery.
Persistent isolated paresis should prompt a search for
causes occurring in the nonpregnant patient, such as
aneurysm and nerve infarction. Myasthenia gravis often
presents with external ocular muscle dysfunction and
may mimic an isolated muscle paresis.

OPTIC NERVE. Visual loss secondary to lesions of
the optic nerve is infrequent in pregnancy. Idiopathic
intracranial hypertension causing visual loss and
headache is an uncommon complication of pregnancy
that is important to recognize and manage. The shunting
of cerebrospinal fluid by an optic nerve sheath
fenestration may be needed to preserve vision, because
weight loss and acetazolemide are suboptimal
alternatives.

Retrobulbar neuritis has been reported in the second
trimester, sometimes producing optic atrophy. This may
be bilateral and severe. A detailed clinical neuro-ophtho-
mologic evaluation is useful to clarify this etiology.

Neuroimaging is recommended to pursue other
causes of visual loss, including multiple sclerosis or struc-
tural lesions such as meningioma, optic nerve glioma, and
aneurysmal compression, which may enlarge during preg-
nancy.

Trunk Intercostal Nerves

Chest or abdominal pain may be attributable to inter-
costal neuralgia (Figure 20.1) in the last trimester of preg-
nancy (8). Stretch injury to the intercostal nerve or root
from a large fetus or other mechanical factors is the sus-
pected cause. Mild to severe pain follows the distribu-
tion of one or two thoracic roots and typically subsides
after delivery. Epidural anesthesia has successfully treated
disabling cases (9). Examining the skin to exclude her-
pes zoster is essential. Diabetes mellitus may also cause a
thoracolumbar radiculopathy with similar symptoms.

Upper Extremities

MEDIAN NERVE. Hand symptoms of paresthesias
and pain are among the most common complaints during
pregnancy. They are present in up to one-third of
pregnancies (10). Most hand symptoms are attributed
to compression of the median nerve in the carpal tunnel.
Objective findings of carpal tunnel syndrome (CTS) have
been identified in 7 to 10% of pregnancies (11).
Symptoms most often begin in the third trimester but can
occur at any time. Pregnant and nonpregnant patients
often report hand or arm pain that arouses them at night
and is relieved by shaking of the affected hand (Flick
sign) (12). Interestingly, pregnant patients may experience
more pain than nonpregnant patients (13). Paresthesias
may occur in the median nerve distribution or the entire
palmar hand. Complaints of hand weakness are
infrequent early in CTS. Symptoms are usually bilateral
and more severe in the dominant hand. Tinel’s sign,

FIGURE 20.1

Sensory loss from stretch injury to the intercostal nerves,
intercostal neuralgia, anterior and lateral views.
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Phalen’s sign, median nerve distribution sensory loss,
thenar atrophy, and weakness of the abductor pollicis
brevis and opponens pollicis may be observed on
examination.

Nerve conduction studies allow an accurate diagno-
sis and assessment of the severity of disease. Serial electri-
cal studies are often useful in following the disease course.
Conservative therapy using nighttime wrist splints and
modification of activities are usually sufficient to relieve
pain. Many find injections of steroids into the carpal tun-
nel helpful if splinting fails. Other conventional therapies,
such as diuretics and nonsteroidal anti-inflammatory drugs
(NSAIDs), are discouraged during pregnancy.

Symptoms resolve shortly after pregnancy in about
half of the patients (14). Patients developing CTS before
the third trimester, however, may have a more severe
course and are less likely to improve after delivery. Rarely,
patients with hand weakness and significant symptoms
unresponsive to conservative therapy, especially when
occurring in the first two trimesters, may need surgical
decompression (15). The short-term inability to use the
hand in the postoperative period may have significant con-
sequences to the expectant or recently delivered mother.

The role of pregnancy on CTS has not been eluci-
dated completely. Increased rates of edema have been
associated with pregnancy-related CTS (14,16). Hor-
monal changes may influence the rates of pregnancy-
related CTS just as in the nonpregnant patient (17). Alter-
ation in sleep position has been another proposed risk
factor. As pregnancy progresses, sleeping on one’s side is
necessary. This position is often associated with wrist flex-
ion while sleeping, which may lead to increased pressure
in the carpal tunnel, ischemia, and nocturnal pain (18).

ULNAR NERVE. Symptoms of sensory dysfunction
and pain in the ulnar nerve distribution occur in 2 to
12% (10,19) of pregnancies. The ulnar nerve may be
injured near the elbow at the condylar groove or cubital
tunnel by a variety of mechanisms. It is often difficult to
distinguish from a wrist lesion at Guyon’s canal, which
usually spares the dorsal and palmar ulnar cutaneous
sensory nerves. Weakness of the flexor digitorum
profundus of the fourth and fifth digits and flexor carpi
ulnaris suggests a proximal lesion, whereas the absence
of weakness in these muscles does not help further
localization due to the frequent sparing of these fascicles
with injury near the elbow. If no obvious trauma has
occurred, limiting compression and flexion of the elbow
is important until full recovery, which usually occurs
following delivery.

BRACHIAL PLEXUS. Idiopathic brachial plexopathy
(neuralgic amyotrophy or Parsonage-Turner syndrome)
and hereditary brachial plexus neuropathy have similar
peaks of occurrence in the postpartum period (see the

section Neuropathies in the Puerperium). Their incidence
during pregnancy is significantly less frequent, with only
two cases of idiopathic brachial plexopathy reported
(20,21). Plexopathies can occur at any time during
pregnancy and may have recurrence in the puerperium in
the current or subsequent pregnancy (21,22). Unilateral
pain of the shoulder or upper arm is the initial, primary
feature, followed by weakness, atrophy, and sensory loss
in a variable distribution. Axonal damage is the
predominant feature on electromyography. In
nonpregnant patients, nearly 80% of patients completely
recover by two years (23).

Lower Extremities

LATERAL FEMORAL CUTANEOUS NERVE OF THE THIGH

(FIGURE 20.2). Pain, paresthesias, and numbness may
occur in the anterolateral thigh as a result of damage to
the lateral femoral cutaneous nerve of the thigh—

FIGURE 20.2

Characteristic sensory loss with injury of the lateral femoral
cutaneous nerve of the thigh, meralgia paresthetica.
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meralgia paresthetica. Pregnancy is commonly an inciting
factor. Symptoms usually begin in the last trimester of
pregnancy (24). Increased abdominal protuberance and
weight gain may cause a stretch injury to the nerve, alter
the angle of the nerve through the inguinal ligament
causing mechanical injury, or entrap the nerve as it
penetrates the tensor fascia lata muscle. Reassurance of
resolution of symptoms after pregnancy is often all that
is required. Local anesthetic injection for disabling cases
may be preferred over relatively contraindicated
neuropathic pain medications. Lidoderm patches
sometimes are benficial.

LUMBOSACRAL PLEXUS. Uncommonly, pregnancy
is complicated by a lumbosacral plexopathy developing
during the third trimester (25,26). The proposed etiology
is compression of the plexus by the fetus. A large fetal-
to-pelvis size ratio and fetal position are presumed
factors. Rarely, a lumbosacral plexopathy occurs during
pregnancy as part of hereditary brachial plexus
neuropathy (22). Complete recovery occurs within
months after delivery.

TIBIAL NERVE. Pregnancy has been implicated in
the cause of isolated reports of tarsal tunnel syndrome.
Pain at the ankle and/or foot and paresthesias on the
sole of the foot are caused by lesions of the tibial nerve
in the tarsal tunnel, just inferior to the medial malleolus.
The most common etiology in nonpregnant patients is
ill-fitting shoes (11), a factor only enhanced by the
edema of pregnancy. Symptoms usually abate after
delivery and the resolution of pedal edema.
Compression of the tibial nerve in the popliteal fossa is
easily distinguished from tarsal tunnel syndrome by the
presence of plantar flexion weakness and reduced
Achilles reflex.

Polyneuropathies of Pregnancy

Autoimmune–Related Polyneuropathies

GUILLAIN-BARRÉ SYNDROME. Acute inflammatory
demyelinating polyradiculoneuropathy or Guillain-Barré
syndrome (GBS) is an acute or subacute predominantly
motor neuropathy with a monophasic course. Patients
generally develop ascending symmetric distal weakness
and paresthesias. Weakness may progress for 4 weeks,
followed by a gradual return in strength over many
weeks or months. Impaired strength, relatively preserved
sensation, hyporeflexia, and albuminocytologic
dissociation in cerebrospinal fluid are encountered.
Electrophysiologic studies may be normal early in the
disease but typically show prolonged F-wave latencies,
prolonged distal latencies, and slowed conduction
velocities later in the disease course.

The incidence of GBS during pregnancy is thought to
be similar to that of the nonpregnant state (27). Women
may develop rapidly progressive weakness anytime during
the course of pregnancy, but more commonly during the
third trimester (28). GBS is an immune-mediated illness,
although the exact mechanism is unclear. Preceding infec-
tion or viral syndrome is present in about two-thirds of
patients (29). Associated illnesses may have significant
implications for the mother and fetus and warrant screen-
ing at the time of diagnosis. Cytomegalovirus has been
implicated in a case of CMV placentitis in a patient who
developed GBS in the first trimester (30). Epstein-Barr
virus, human immunodeficiency virus (HIV), varicella
zoster virus, and Campylobacter jejuni infections may also
have added implications during pregnancy.

Complications of GBS may be more common late
in gestation (31). Respiratory decompensation occurs
more readily in the third trimester due to diminished
lung volumes from an elevated diaphragm, which is
restricted by the growing fetus. Serial vital capacities
should be performed. Early intubation is indicated when
vital capacities are 15mL/kg or less (29). Patients requir-
ing mechanical ventilation may be at a higher risk for
premature labor (32), thromboembolic complications,
sepsis, and acute respiratory distress syndrome. Care
should be taken to ensure adequate nutrition, prevent
thromboembolic complications with subcutaneous
heparin and sequential compression devices, and prevent
aortocaval compression and skin breakdown with fre-
quent turning of the patient. Autonomic dysfunction
may be present, and treatment is made difficult by unpre-
dictable responses to even low doses of medications.
When possible, fluid management and other conserva-
tive measures to treat variations in blood pressure should
be initiated.

Treatment with plasmapheresis or intravenous
immune globulin (IVIg) is effective in nonpregnant
patients (33,34). No consensus on treatment preference
exists. Plasmapheresis and IVIg have been used safely and
effectively in pregnant patients. (See the section “Immune
Modulation Therapy in Pregnancy” for further discus-
sion.) Patients may undergo vaginal delivery, because GBS
has no effect on uterine contraction or cervical dilatation.
Vacuum extraction may be needed due to an inability to
bear down (35), and only rarely is C-section indicated in
GBS. Consultation with an experienced anesthesia team
may prevent complications of autonomic dysfunction due
to inadequate regional pain control or respiratory fail-
ure due to a high regional block (36). If general anesthe-
sia is required, succinylcholine should be used with cau-
tion because cardiac arrest from succinylcholine-induced
hyperkalemia has been reported (37).

The fetal survival rate has been reported to be 96%
(31). A case of congenital GBS associated with maternal
inflammatory bowel disease has been reported (38), reaf-
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firming the need for adequate pediatric respiratory sup-
port at delivery.

CHRONIC INFLAMMATORY DEMYELINATING

POLYRADICULONEUROPATHY. Chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP) is a motor
and sensory autoimmune neuropathy that has features
similar to GBS. The time course is much different,
however. One-half of the women present with steady or
stepwise progressive weakness over many months. The
remainder of patients have a chronic relapsing course
(39). One case series of nine pregnancies with CIDP
noted an increased incidence of relapses during
pregnancy, with worsening strength during the third
trimester and immediate postpartum period (40).
Steroids, plasmapheresis, and IVIg are effective
treatments in CIDP (41–43). Indication for treatment and
treatment preference is not established in pregnancy.
Treatment considerations similar to the pregnant GBS
patient should be made. (See the section “Immune
Modulation Therapy in Pregnancy” for further
discussion.) The patient wanting to become pregnant
who is on chronic immunosuppressants for CIDP should
be educated about the risks involved for herself and the
fetus and switched from potentially harmful agents such
as azathioprine, cyclosporine, or cyclophosphamide to
the lowest dose of steroids that controls the disease.

MULTIFOCAL MOTOR NEUROPATHY. Pregnancy
appears to worsen episodes of weakness in patients with
multifocal motor neuropathy (MMN). In one series of
three patients, weakness developed in previously affected
and unaffected muscles during pregnancy. The patients
responded incompletely to IVIg during pregnancy and
returned to their prepregnancy state after delivery (44).
Several mechanisms for the worsening have been
described. Increased maternal steroid production may
have similar worsening effects to treatment of MMN
with corticosteroids (44). Also, MMN is most likely a
humorally mediated disease with antibodies to the
gangliosides GM1, GM2, and GD1a. Other humoral
disorders are adversely affected by a state of relative
cellular immunosuppression and humoral immuno-
stimulation during gestation.

Immune Modulation Therapy in Pregnancy

The improved identification and treatment of autoim-
mune neuromuscular disease has brought new challenges.
Immunosuppressive medications (IS), many of which
have significant repercussions on the fetus, are often
needed to control the autoimmune neuromuscular dis-
ease in pregnancy. Determining a balance between the
mother’s health and the lowest risk of fetal toxicity can
be difficult. Careful medication selection is instrumental

in successfully treating the neuromuscular disease and
preventing complications in the mother and child.

Corticosteroids are often used in treating CIDP,
myasthenia gravis (MG), and inflammatory muscle dis-
ease. Prednisone and prednisolone cross the placental bar-
rier with levels eight- to ten-fold lower than in maternal
blood (45). Fluorinated preparations, such as dexametha-
sone, are less well metabolized by the placenta (46). Con-
genital malformations are not typically seen with corti-
costeroid use. However, the incidence of cleft palate may
exceed the general population when fetuses are exposed to
high doses in the first trimester (47). High doses of the
pulsed intravenous preparations frequently used in treat-
ing certain neurologic disorders may have more toxicity,
given their teratogenicity at extreme doses in animals. The
major consequences of corticosteroid therapy include pre-
mature rupture of the membranes, intrauterine growth
retardation, and maternal complications of steroid use
such as diabetes and hypertension (46). After delivery, the
newborn is at a theoretic risk for adrenal insufficiency.
Steroids are the only IS deemed safe during lactation (48).
Low-dose corticosteroid treatment appears to be among
the least harmful IS during pregnancy.

Azathioprine is frequently used in the treatment of
MG. Epidemiologic data suggest relative safety during
pregnancy, despite pregnancy category D status. While
there is no definite increased risk of major malformations,
a substantial number of pregnancies are premature or
small for gestational age (49). Immunologic and hema-
tologic abnormalities have been reported in infants
exposed to azathioprine (50,51). Lactation is contraindi-
cated, despite little to no transmission to breast milk (52).

Cyclophosphamide is infrequently used to treat
inflammatory and vasculitic neuropathies. No specific
malformation has been associated with fetal exposure,
although sporadic anomalies have been reported. A case
of multiple neoplasms in an offspring exposed to
cyclophosphamide has been reported (53). Infertility is
the most common adverse effect. Breast-feeding is con-
traindicated with its use (54).

Mycophenolate mofetil has been gaining acceptance
in the treatment of myasthenia gravis and there are anec-
dotal reports of its use with other immune-mediated dis-
orders. Little data exist regarding its use in pregnancy.
Teratogenicity has been established in animals. Two cases
of structural malformations have been noted in offspring
exposed to mycophenolate mofetil (55). It is not recom-
mended during pregnancy or lactation.

The treatment of refractory neuromuscular diseases
with cyclosporine has many of the same effects on preg-
nancy as azathioprine. There is an increased risk of mater-
nal hypertension, premature labor, spontaneous abortion,
and intrauterine growth retardation (56,57). No signifi-
cant major malformations have been identified. The long-
term effects of cyclosporine exposure to the fetus are
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unknown. A maternal risk of reversible posterior leukoen-
cephalopathy in the third trimester or immediate post-
partum period exist (58,59), perhaps as a result of the
additive effects of endothelial damage and hypertension,
evident in both cyclosporine toxicity and eclampsia. Cau-
tion should be used when starting this medication late in
pregnancy. Breast-feeding should be avoided.

Methotrexate is a folic acid antagonist infrequently
used in the treatment of refractory autoimmune neu-
ropathies, myopathies, and MG. Early fetal exposure to
methotrexate may cause fetal demise, whereas exposure
later in pregnancy is associated with skeletal abnormal-
ities and cleft palate (60). Lower doses of methotrexate,
less than 10 mg per week, taken early in pregnancy may
be better tolerated (61). Pregnancy termination should be
considered on an individual basis. Patients desiring to
become pregnant should discontinue this medication
many months before conception. Women of childbearing
age taking methotrexate should receive contraceptive
counseling. Breast-feeding is not recommended during
treatment.

Plasmapheresis and IVIg have been used safely and
effectively in pregnant patients with GBS. The complica-
tions of plasmapheresis are similar to those of the non-
pregnant state. Complications of venous access, hypocal-
cemia, hypothrombinemia, and hypotension are
encountered infrequently with a trained plasmapheresis
team. Hypotension may occur less frequently when the pro-
cedure is performed in the left lateral decubitus position.

IVIg treatment in pregnancy has been used less often
based on the literature (62). Infusion-related reactions
including headache, myalgias, chills, and nausea are com-
mon and often respond to acetaminophen and diphenhy-
dramine. Hyperviscosity associated with thromboembolic
events occurs in up to 5% of nonpregnant patients. This
risk may increase in pregnant patients who are already
prone to clot formation. Anaphylaxis in IgA deficient
patients, aseptic meningitis, renal failure in patients with
pre-existing renal insufficiency, and a reversible
encephalopathy are reported rare complications (63).

Metabolism-Related Polyneuropathies

DIABETES MELLITUS. Diabetic neuropathy is a
heterogenous disorder. Commonly, patients present with
a chronic distal sensorimotor neuropathy. Other
neuropathic manifestations seen in diabetics at any age
or level of glycemic control include acute sensorimotor
neuropathy, autonomic neuropathy, diabetic
amyotrophy, and thoracolumbar radiculopathy, which
may be more frequent in diabetic women during
pregnancy. Electrophysiologic abnormalities vary from
essentially normal in a patient with a painful small fiber
neuropathy to markedly slowed conduction velocities
and reduced amplitudes in an asymptomatic patient.

These are just some of the factors that have hindered the
accuracy of epidemiologic studies.

Prior pregnancy does not appear to increase the
prevalence of diabetic neuropathy in women with
insulin-dependent diabetes mellitus (IDDM). The inci-
dence of peripheral neuropathy at postpartum reexam-
ination increased tenfold in one study, however, sug-
gesting neuropathy may progress more rapidly during
pregnancy (64). Smaller studies using neurophysiologic
testing have failed to demonstrate induction or wors-
ening of sensorimotor or autonomic neuropathies
(65–67). A direct correlation between glycemic control
and diabetic peripheral neuropathy exists in the non-
pregnant patient (68).

Diabetic autonomic neuropathy may have serious
consequences in pregnancy. Gastroparesis may worsen
during pregnancy, thus significantly jeopardizing the
health of the mother and fetus (69). Adequate nutrition
and vitamin supplementation should be administered.
Gastric motility agents such as erythromycin or meto-
clopramide may be needed. Also, rapid blood pressure
fluctuations and cardiac dysrhythmias may occur during
pregnancy and labor, secondary to diabetic autonomic
neuropathy; these require close monitoring and therapy.

THIAMINE DEFICIENCY. Pregnant patients with
marginal nutritional status or hyperemesis gravidarum
may develop thiamine deficiency. A sensorimotor,
occasionally asymmetric axonal neuropathy develops
with or without signs of Wernicke’s encephalopathy.
Intravenous thiamine should be administered until the
patient tolerates oral medicines and a satisfactory diet.
The neuropathy typically improves within weeks to
months with proper treatment.

PORPHYRIA. Sensorimotor and autonomic
neuropathies are manifestations of the hepatic porphyrias
in young to middle-aged women. In acute intermittent
porphyria, variegate porphyria, and hereditary
coporphyria, enzymatic defects affecting the heme
biosynthesis pathway result in excessive production of
porphyrins and their precursors. Precipitating factors,
such as sex hormones, induce delta-aminolevulinic acid
(ALA) synthase, the rate-limiting enzyme in heme
biosynthesis, leading to the excessive production of
porphobilinogen and delta-ALA. Oral contraceptives and
hormonal changes during the menstrual cycle may
produce exacerbations of neuropathy, abdominal, or
psychiatric disturbance.

Many women experience relapses during pregnancy
(70). Proper medication selection during pregnancy and
at the time of labor can prevent an attack of porphyria.
The treatment of the pregnant patient with a porphyric
relapse should be similar to that of the nonpregnant
patient. The elimination of exacerbating medications, glu-
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cose administration, and high carbohydrate meals should
be undertaken. Persistent symptoms should prompt con-
sideration for hematin therapy to prevent permanent neu-
rologic sequella (71).

Toxin-Related Polyneuropathies

NITROFURANTOIN. An acute axonal sensorimotor
neuropathy may develop during the treatment of urinary
tract disorders with nitrofurantoin, with or without renal
failure (72). Symptoms may persist even after
discontinuation of this medication. Congenital neuropathies
have been proposed to be a consequence of nitrofurantoin
therapy during the first trimester (73). Also, due to the
possibility of hemolytic anemia due to glutathione
instability, this drug is contraindicated near term or delivery,
further discouraging its use during pregnancy.

Since the recognition of fetal toxicity associated with
use of thalidomide in the 1950s, restricted use of med-
ications during pregnancy has reduced fetal exposure to
other toxins.

Hereditary Polyneuropathies

CHARCOT-MARIE-TOOTH (CMT) DISEASE. The
hereditary dysmyelinating disorder CMT1 has been
associated with exacerbations of weakness during
pregnancy. In one review of CMT1 patients (74), 38%
of patients reported an exacerbation with at least one
pregnancy. Patients who developed symptoms earlier in
life appear more prone to these exacerbations. A
temporary worsening occurs in one-third of the patients,
while deficits persist in the remainder of patients.
Improvement after treatment with corticosteroids has
been reported in one pregnancy (75), although steroids
have not proved to be efficacious in this disorder.

PREGNANCY-RELATED DISORDERS 
DURING LABOR AND DELIVERY

Acute neuropathies of the lower extremity may develop
during labor from injury at the spinal root, lumbosacral
plexus, or peripheral nerve. Fortunately, the incidence of
intrapartum neuropathies is declining due to modern
obstetric practice and awareness of common compression
sites.

Lumbosacral Plexopathy

Intrapartum lumbosacral plexopathy occurs during
active labor, although cases of lumbosacral plexopathy
during the third trimester exist (26). Its estimated inci-
dence is 1:2000 to 1:6400 deliveries (76,77). Patients

may become aware of numbness or pain in the lateral leg
during labor or notice foot drop immediately postpar-
tum. Examination typically reveals dysfunction of L4
and L5 innervated muscles. Most patients have an inabil-
ity to dorsiflex and weakness of foot inversion and ever-
sion. Additional muscles may be involved. Sensory
impairment predominates along the L5 dermatome.
Achilles reflex is usually preserved. Electrodiagnostic
testing is typically consistent with a demyelinating lesion
of the lumbosacral trunk.

The lesion is most likely a consequence of compres-
sion of the lumbosacral trunk by the fetal head at the
pelvic brim where the nerve is unprotected by the psoas
muscle (78). Other infrequent causes include lumbar disc
herniation, injury from gluteal injection (79), and spinal
nerve root damage from epidural anesthesia (80). Neu-
rophysiologic testing may be the only means to distin-
guish lumbosacral plexopathy from compression of the
peroneal nerve at the fibular neck. Risk factors for intra-
partum lumbosacral plexopathy include maternal short
stature, large gestational weight, cephalopelvic dispro-
portion, and protracted labor (78). Forceps delivery alone
is probably not a risk factor. The majority of patients have
complete recovery within 6 months. An ankle-foot ortho-
sis is often helpful until strength returns.

Femoral Neuropathy

Femoral mononeuropathy has an estimated incidence of
1.5:1000 deliveries (81). Most women become sympto-
matic after labor. A few pregnancies may be complicated
by unilateral or bilateral femoral neuropathies during the
third trimester, however (82). Patients complain of their
leg giving away while standing, difficulty climbing stairs,
and sensory loss of the anterior and medial thigh. Exam-
ination reveals reduced patellar reflex and restricted
weakness of the quadriceps femoris or the iliopsoas and
the quadriceps femoris. In the former, more common con-
dition, labor and vaginal delivery is in the lithotomy posi-
tion. Compressive injury of the femoral nerve occurs at
the inguinal ligament. Although technically difficult to
perform, electrodiagnostic testing is consistent with an
area of demyelination at the level of the inguinal ligament
(83). Complete recovery occurs within 6 months. Physi-
cal therapy may be helpful.

When the iliopsoas is weak, the lesion is likely to
be in the pelvis proximal to the inguinal ligament. Fetal
compression and stretch injury by excessive hip abduc-
tion and external rotation may be the cause. When deliv-
ery is by caesarian section, instrumentation may injure
the femoral nerve (84). Suspicion for other intrapelvic
pathology, such as an iliacus or retroperitoneal hemor-
rhage should be high when pain is a presenting complaint.
Computed tomography (CT) scan or magnetic resonance
imaging (MRI) of the pelvis is warranted.
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Obturator Neuropathy

Protracted labor may also cause an obturator neuropathy
by nerve compression between the fetal head and bony
pelvic wall, exacerbated by external rotation and abduc-
tion of the thighs. Women report leg weakness while walk-
ing, pain in the groin and upper thigh, or paresthesias
along the medial thigh. Symptoms may be transient, last-
ing only days, and the diagnosis is often unrecognized.
Weakness of thigh adduction, sensory deficit over the
medial thigh, and a circumducting gait are found on eval-
uation. Normal patellar reflex and quadriceps femoris
power help eliminate from suspicion upper plexus lesions
or L3 or L4 radiculopathies. Vaginal examination and
imaging studies can exclude compression from hematoma
or tumor. If pelvic surgery was performed, neurophysio-
logic testing to assess the continuity of the nerve should
be considered. Patients generally recover completely from
this compressive neuropathy. Residual neuropathic pain
requiring nerve blocks has been reported (85). If symptoms
persist, nerve compression from an obturator hernia or
endometriosis should be considered.

Peroneal Neuropathy

Foot drop also occurs as result of injury to the peroneal
nerve during labor. Patients may report paresthesias along
the anterolateral aspect of the leg during labor or foot drop
after delivery. Weakness of dorsiflexion, toe extension, and
foot eversion are evident on examination. Full foot inver-
sion power can help distinguish a peroneal neuropathy

from a lumbosacral plexopathy or L5 radiculopathy,
although the tibialis anterior has a minor contribution to
foot inversion (Table 20.1). Neurophysiologic testing can
readily distinguish the two conditions, because conduction
block at the fibular neck or head is common in peroneal
neuropathy. Pressure on the peroneal nerve at the fibular
head by manual compression during forced knee flexion
(86) or by compression against stirrups occurs (85).
Mechanical injury to the common peroneal nerve during
prolonged squatting or forced abduction of the knees may
be other causes (87). The prognosis for recovery is good.
Patients should avoid further compromise by abstaining
from leg crossing. Many women may need an ankle-foot
orthosis until recovery usually within 6 months.

Ilioinguinal, Genitofemoral, and 
Iliohypogastric Neuropathies

Lesions of the ilioinguinal, genitofemoral, and iliohy-
pogastric nerves may occur during normal pregnancy and
delivery from stretch injury or nerve entrapment follow-
ing Pfannenstiel incision (88). Patients report lower
abdominal, inguinal, or upper thigh dysesthesias and pain.
Sensory abnormalities from ilioinguinal and gen-
itofemoral lesions occur on the skin overlying the mons
pubis, labium majora, inguinal ligament, and upper
medial thigh. Iliohypogastric neuropathy may cause sen-
sory dysfunction above the pubis and upper buttocks and
a bulging of the lower abdominal muscles. Frequently, the
three cannot be differentiated at the bedside or by elec-

TABLE 20.1
Localization of Sensory and Motor Complaints in Pregnancy

Motor findings Sensory findings Reflex Onset Common causes

Carpal tunnel Abductor Median None 3rd trimester, Possibly edema,
syndrome pollicis brevis distal fingers postpartum wrist flexion in sleep,

hand position
holding infant

Intercostal None One or two None 3rd trimester Stretch injury
neuropathy thoracic nerve roots from large fetus

Lumbosacral Variable
plexopathy
Lumbar Thigh flexion, Anterior and Patellar Labor and Compression by fetal
plexus adduction medial thigh delivery head at pelvic brim,

hematoma, gluteal 
injection, instrumentation

Sacral Thigh extension, Posterior thigh Achilles Labor and Compression by fetal
plexus abduction delivery head at pelvic brim,

hematoma, gluteal
injection, instrumentation

Femoral Thigh flexion, Anteromedial Patellar Labor and Compression by fetal
neuropathy leg extension thigh delivery head, inguinal

ligament, hematoma
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trodiagnostic testing. Symptoms typically resolve if the eti-
ology is presumed to be a stretch injury. Therapeutic and
diagnostic nerve blocks may be needed if neuropathic pain
medications fail. Rarely, nerve resection is needed.

Pudendal Neuropathy

The pudendal nerve innervates the muscles of the per-
ineum, external urethral and anal sphincters, and the skin
of the perineum, labia majora, and clitoris. Damage to
the nerve can occur with large episiotomies and local tis-
sue damage from prolonged fetal compression (89).
Numbness and incontinence are the typical sequela.

More commonly, patients develop urinary stress
incontinence or fecal incontinence later in life. The role of
pudenal neuropathy in incontinence is less clear. Sphinc-
ter injury, pelvic floor descent, and cumulative nerve dam-
age from stretch injury during prolonged labor may all
have a role (90,91). Neuropathic changes of the anal
sphincter by EMG, temporary prolongation of pudendal
nerve latencies, and fiber type grouping can be seen in
women with fecal incontinence after vaginal delivery
(92–94). Continence is poorly achieved by surgical repair
of the anal sphincter muscles or Burch colposuspension if
pudendal neuropathy is present (95,96). Caesarean section
should be offered to patients with incontinence, as pro-
gression with subsequent vaginal deliveries is the rule (97).

Anesthesia-Related Neuropathies 
and Myelopathy

The incidence of neurologic complications from regional
anesthesia may be as high as 1:1000 (98). Spinal anes-
thesia appears to carry a higher risk of neurologic com-
plications than does epidural anesthesia (99). Lum-
bosacral radiculopathy, polyradiculopathy, thoracic
myelopathy, and cauda equina syndrome may result from
direct trauma, neurotoxic medications, epidural
hematoma, and epidural abscess. Complications are more
common with lumbar stenosis, prolonged medication use,
and the inadvertent administration of high volumes into
subarachnoid (98) space. Neuroimaging should be con-
sidered to rule out treatable causes of major neurologic
deficits, especially when back pain is a primary complaint.
Fortunately, neurologic deficits typically seen with labor
and delivery are mild and reversible.

PREGNANCY-RELATED DISORDERS 
OF THE PUERPERIUM

Carpal Tunnel Syndrome

A small percentage of women develop CTS in the puer-
perium. Women are typically older and primiparous, have

no evidence of peripheral edema, and are breast-feeding
(100). Hand positioning during breast-feeding may be a
significant contributing factor. Symptoms persist for
months and subside with the discontinuation of lactation.
Reassurance, proper positioning, and nocturnal splinting
are often the only therapy needed.

Guillain-Barré Syndrome

GBS has an increased incidence in the 2 weeks following
delivery (27). Possible explanations include exposure to
certain risk factors at the end of pregnancy and an
increased cell-mediated immunity that is relatively sup-
pressed during pregnancy. Other cell-mediated autoim-
mune diseases, such as multiple sclerosis, have an
increased risk of relapse during the puerperium (see Chap-
ter 18). This supporting evidence of the cell-mediated con-
tribution to GBS is not necessarily contradictory to the
presence of anti-ganglioside antibodies found in a vari-
ety of GBS subtypes, as a synergistic role of T-cell autoim-
munity and humoral response is most likely (101,102).
An overview of treatment considerations is discussed in
the section under Autoimmune-Related Polyneuropathies.

Brachial Plexus Neuropathy

Hereditary and idiopathic brachial plexus neuropathies
develop hours to weeks following delivery (103,104).
Patients initially develop pain, more commonly in the
dominant extremity, followed by weakness days to weeks
later. Clinical weakness varies from single nerves to bilat-
eral plexus lesions. The pathogenesis is believed to be
autoimmune in both hereditary and idiopathic condi-
tions. Upper extremity nerve biopsies have revealed
inflammatory infiltrates associated with epineural
microvessels in patients with hereditary and idiopathic
brachial plexus neuropathies (103). Treatment in the
hereditary form with high-dose intravenous steroids has
proved beneficial in relieving pain in some patients. Other
analgesics and narcotics are potentially safer alternatives.
Prognosis is good in the nonhereditary form. Relapses,
without predictability, do occur in some patients with
subsequent deliveries.

NON–PREGNANCY-RELATED
POLYNEUROPATHIES

Systemic Diseases Common in Women

Connective Tissue Diseases

SJÖGREN’S SYNDROME. Sjögren’s syndrome (SS) is
a poorly recognized cause of peripheral neuropathy in
women. Several forms of peripheral neuropathy exist
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with this disorder including pure sensory neuronopathy,
distal sensory or sensorimotor neuropathy, digital
sensory neuropathy (Figure 20.3), trigeminal sensory
neuropathy, autonomic neuropathy, and mononeuritis
multiplex (105,106). Frequently, patients present with
neuropathic complaints of sensory dysfunction without
a diagnosis of SS. On further questioning, symptoms of
the sicca complex, xerophthalmia, and xerostomia, are
elicitable. Schirmer’s test of lacrimal secretion, slit lamp
examination for filamentary keratitis, and salivary gland
biopsy are abnormal. Prominent extraglandular
involvement and one of the serologic studies needed for
definite SS [rheumatoid factor, anti-Ro(SSA), anti-
La(SSB), or ANA] are not necessary for neuropathy to
coexist (107). Neuropathies are typically sensory,
involving large fibers secondary to lymphocytic
infiltration of the dorsal roots and ganglia (106,107).
Antineuronal antibodies to the dorsal root ganglia and
other neural tissues suggest immunotherapy may benefit
patients with early presentation (108,109). Case reports
of improvement using plasmapheresis, IVIg, D-
penicillamine, and infliximab exist in patients with a
sensory neuronopathy, as do reports of spontaneous
recovery (110,113). Typically, mild sensory or
sensorimotor neuropathies require no further treatment.
Rarely, a vasculitic neuropathy as a result of SS can
present with mononeuritis multiplex, suggesting the need
for advanced immunotherapy. Pain can be prominent and
require intervention.

RHEUMATOID ARTHRITIS. A variety of
neuropathies can be associated with rheumatoid arthritis
(RA). The most common presentation is a symmetric
sensory or sensorimotor polyneuropathy. Frequently,

patients have no symptoms (114). A mild reduction in
vibration and pinprick may be the only signs.
Neurophysiologic testing demonstrates a predominantly
axonal sensorimotor neuropathy. RA patients treated
with steroids may have a lower occurrence of this form
of neuropathy (114). A superimposed CTS is often
evident, and successful treatment of the underlying
disease can relieve CTSs (115). Rheumatoid vasculitis can
occur in longstanding RA, presenting with multiple
mononeuropathies or, less commonly, a distal
symmetrical sensory or sensorimotor axonal
polyneuropathy (116). Despite improvement of the
vasculitic neuropathy in the majority of cases, long-term
prognosis for these patients is poor (117). Symptoms
mimicking polyneuropathy may rarely occur as a result
of a myelopathy secondary to high cervical spine
dislocation.

SYSTEMIC LUPUS ERYTHEMATOSUS. Systemic
lupus erythematosus (SLE) is a multisystem inflammatory
autoimmune disease frequently affecting young women.
Although central nervous system manifestations are most
common, clinical evidence of neuropathy is found
relatively infrequently. Electrophysiologic testing can
detect a distal symmetric axonal sensorimotor neuropathy
in up to one-quarter of SLE patients (118). Neuropathy
may be more prevalent with active disease. Rarely, a severe
form of neuropathy causes significant weakness. Other
neuropathies associated with SLE include acute
demyelinating, autonomic, mononeuritis multiplex, and
compressive neuropathies (119–121). A vasculitic
neuropathy is rare, despite evidence of epineural vasculitis
on sural nerve biopsy in some cases (122,123).

THYROID DISEASE. A large number of patients
with hypothyroidism have neuromuscular complaints.
Compressive neuropathies, especially CTS, can occur in
up to 25% of patients (124). The etiology is likely related
to an accumulation of myxedematous tissue in the carpal
tunnel. Less commonly, a mild distal sensorimotor
neuropathy is evident. Both segmental demyelination and
axonal loss of predominantly large myelinated fibers
have been described on sural nerve biopsy (125–127).
Frequently, CTS and sensorimotor neuropathies improve
with thyroid replacement therapy. Hyperthyroidism is
less commonly associated with compressive and
sensorimotor neuropathies (124).

PORPHYRIA. The porphyrias are discussed in the
earlier section, Metabolism-Related Polyneuropathies.

Neuropathies Associated with Malignancy

The development of a neuropathy in a patient with malig-
nancy is not an uncommon occurrence. Neuropathies

FIGURE 20.3

Digital sensory neuropathy of the great toe.
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may be caused by direct invasion of the tumor, remote
effects of the cancer, or as a consequence of the cancer
treatment.

Neoplastic Infiltration

Neoplastic invasion of the PNS can occur at any location.
Peripheral nerve involvement is less common than nerve
root or plexus involvement. Isolated neuropathy of the
mental nerve may be the presenting complaint of patients
with breast cancer or lymphoproliferative diseases
(128,129). Patients with known cancer and radicular
symptoms should have an MRI of the spine with gadolin-
ium, to exclude epidural metastasis, followed by a lum-
bar puncture to evaluate for the presence of lep-
tomeningeal spread of the disease. Leptomeningeal spread
most commonly occurs in breast cancer, lung cancer,
melanoma, and nonsolid tumors (130,131).

Differentiation between neoplastic invasion of the
brachial plexus (NBP) and radiation-induced brachial
plexopathy (RBP) can be difficult in patients with breast
or apical lung cancers. NBPs usually present with moder-
ate to severe pain in the affected limb, whereas RBPs pre-
sent more commonly with paresthesias and dysesthesias.
Weakness predominantly affects the lower trunk of the
plexus in NBP. Although similar findings can be seen in
RBP (132), the entire plexus is usually involved. Horner’s
syndrome and a rapid progression are more commonly
associated with a neoplastic spread of disease. Myokymic
discharges can be identified using EMG in many muscles
in 63 to 78% of patients with RBP, while occurring in only
a few muscles, if at all, in NBP (132,133). MRI and CT
have been useful in demonstrating tumor recurrence (134).
If suspicion of tumor recurrence still exists, biopsy is indi-
cated.  Persistent pain is often difficult to treat. Neuro-
pathic pain medications, steroids, and NSAIDs may not
sufficiently treat the pain. Narcotic analgesics or a variety
of interventional procedures may be required.

Paraneoplastic Neuropathies

Neuropathies can present as remote manifestations of
cancer. In theory, tumor cells express an antigen, which
is antigenically similar to molecules expressed by cells in
the nervous system. An autoimmune reaction ensues, and
neurologic symptoms are manifested. Autoantibodies
often serve as a marker for a paraneoplastic process and
may appear before the diagnosis of cancer is made.
Because autoantibodies are not 100% sensitive for a para-
neoplastic process, further cancer evaluation should be
routinely performed if suspicion remains high (135).

Neuropathies are just one aspect of the paraneo-
plastic spectrum. In paraneoplastic neuropathies, typical
findings include prominent neuropathic pain, symptoms
outside of the peripheral sensory system, and cere-

brospinal fluid abnormalities such as increased protein,
mild pleocytosis, elevated IgG index, or oligoclonal bands
(136,137). Progression may be subacute, and there may
be unusual clinical or electrophysiologic characteristics of
the neuropathy. The most common paraneoplastic neu-
ropathy is a multifocal encephalomyelitis with sensory
neuronopathy, which seems to occur more often in
women. Asymmetric numbness and paresthesias involv-
ing the proximal extremities or face is often the present-
ing symptom (138). Severe sensory ataxia, impaired pro-
prioception, and hyporeflexia reflect dysfunction of the
dorsal root ganglia. Most cases have anti-Hu autoanti-
bodies and small cell lung cancer, although either anti-Hu
or anti-amphiphysin antibodies in breast cancer can have
similar presentations (139).

Breast cancer is associated with other paraneoplas-
tic neuromuscular syndromes. Motor neuron disease pre-
senting with pure upper or lower motor neuron dysfunc-
tion has been reported (140,141). Antibodies to
amphiphysin and GAD in breast cancer patients have been
implicated in cases of stiff-person syndrome (138,142).

Although the treatment of paraneoplastic neu-
ropathies using various forms of immunosuppression and
cancer treatment has shown infrequent benefit (136,143),
patients with early presentation or less severe neuropathies
deserve further consideration for immunotherapy.

Treatment-Related Neuropathies

Radiation therapy and chemotherapy for malignancy are
necessary insults to the PNS. In the past, radiation treat-
ment for breast cancer caused a brachial plexopathy in
up to 50% of patients, many of whom had a disabling
plexopathy (144). Sensory loss and hyporeflexia typically
occur more than a year after radiation therapy. Weakness
may follow months later. Progressive neuronal damage
can occur in cancer survivors (145). Short courses of large
fraction size and concomitant chemotherapy increase the
risk for developing radiation-induced plexopathies (146).
Differentiating radiation-induced plexopathies from
tumor invasion is paramount. Their diagnostic evaluation
and pain treatment are outlined above.

Chemotherapy-induced neuropathy is a common
problem in patients with breast and gynecologic cancers.
Cisplatin, commonly used for ovarian cancer, primarily
affects the dorsal root ganglion, where its dose-related
accumulation is greatest (147). Dysesthesias and pares-
thesias are reported in up to 90% of patients (148).
Marked sensory ataxia, proprioceptive loss, and hypore-
flexia are prominent features on exam. Nerve conduction
studies (NCS) reveals a purely sensory neuropathy. Nerve
biopsy demonstrates predominant loss of the large diam-
eter fibers (148).

Paclitaxel is often used to treat both breast and ovar-
ian cancer. The majority of women treated with high-dose
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paclitaxel develop a sensorimotor axonal neuropathy
shortly after infusion (149). Paresthesias in the distal
extremities are a common presentation. Uniform sensory
loss, mild weakness, and hyporeflexia are identified on
examination. Weakness develops at higher doses. The
neurotoxic effects appear dose related. Symptoms and
nerve conduction studies can normalize after 3 to 6
months, without further treatment (149). 

Concomitant exposure to cisplatin appears to
increase the severity of the neuropathy (150). Vincristine
causes a similar neuropathy, often with a burning pain
in the distal extremities secondary to small fiber dys-
function.

Nutritional Deficiencies

Chronic malnutrition associated with anorexia nervosa
and bulimia nervosa is associated with a sensorimotor
neuropathy and, more commonly, a metabolic myopathy.
One prospective study of anorexic patients demonstrated
an 8% incidence of a distal symmetric neuropathy. Neu-
ropathy was more common in patients with chronic mal-
nutrition. A 6% incidence of peroneal palsy also
occurred, presumably due to the lack of adipose causing
an increased risk for compressive neuropathies (151).
Bulimics using ipecac are at a significant risk of a toxic
myopathy with or without cardiomyopathy (152,153).
Myopathies and neuropathies induced by malnutrition
are reversible within months with adequate nutrition and
discontinuation of ipecac.

NON–PREGNANCY-RELATED
MONONEUROPATHIES

Carpal Tunnel Syndrome

Compressive median neuropathy at the carpal tunnel has
a fourfold higher incidence in women than men (154).
Smaller carpal canal size, occupational ergonomic risks,
hormonal factors, and increased prevalence of diseases
known to contribute to CTS are some of the factors that
predispose women to CTS (155,156). Diagnosis and man-
agement is outlined previously in the section on
Mononeuropathies of Pregnancy.

Neuropathies Associated with Endometriosis

Normal endometrial tissue abnormally located outside of
the uterus is a common cause of abdominal pain and infer-
tility. Pelvic endometriosis without actual nerve involve-
ment may be the most common cause of cyclic radiating
leg pain (157). Pain usually starts shortly before menses
and ends after cessation of flow (158). When neurologic
signs such as weakness or sensory dysfunction develop,

nerve compression by an endometrioma or nerve sheath
infiltration by endometrial tissue at any location in the
lumbosacral nerves may be the cause. Lesions of the sci-
atic nerve (11) at the sciatic notch and the lateral femoral
cutaneous nerve of the thigh (meralgia paresthetica) occur
most commonly (Figure 20.2). Lower abdominal tender-
ness particularly after pelvic examination often accompa-
nies neuropathic findings. Electrodiagnostic studies and
imaging of the pelvis and lumbosacral plexus using MRI
may be useful in the diagnosis (159). Pathologic confir-
mation is needed. A trial of conservative treatment with
hormonal therapy is reasonable for patients without neu-
rologic signs or obvious nerve compression. When nerve
dysfunction is present, surgical excision of the lesion may
prevent further scarring and accelerate recovery of weak-
ness, which often persists (158,160).

Iatrogenic Mononeuropathies

Ruptured breast implants and subdermal contraceptive
implants have been implicated in isolated reports of local
nerve injury (161,162). Remote neurologic deficits asso-
ciated with breast implants have yet to be proved despite
an increased incidence of neurologic symptoms in women
with breast implants (163). Epidemiologic studies have
found no association with breast implants and neurologic
or rheumatologic disease (164,165). Variable pathologic
changes are seen in a minority of patients with neuro-
pathic complaints and implants (166). Other etiologies
should be sought in women with neuropathy.

Domestic Violence and Nerve Injury

Nearly one-third of American women report physical or
sexual abuse at some time in their lives (167). Peripheral
nerve injury from abuse should be treated similarly to
other traumatic nerve lesions. Early electrodiagnostic
evaluation is helpful in assessing the extent of nerve injury
and identifying patients who may need surgical repair.
Chronic pain syndromes may mimic peripheral neuropa-
thy and should alert the clinician to address the possibil-
ity of victimization (168). Inquiries concerning victim
support options and statutes regarding reporting domes-
tic violence should be sought.
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ny discussion of muscle disease in
women is dominated by the effects of
pregnancy and the puerperium. These
considerations aside, men and women

have similar disease presentations, prognoses, responses to
treatment, and demographic risks. Scant literature exists on
the effects of puberty, menarche, or menopause on muscle
disease. My own clinical experience has been that these oth-
erwise resounding events in the lives of every woman have
little effect on diseases of muscle. This chapter includes a dis-
cussion of prenatal genetic counseling and testing where
important, a brief explanation of maternal inheritance (Fig-
ure 21.1) as it pertains to mitochondrial encephalomy-
opathies and a summary of those diseases that have differ-
ent expressions depending on gender (Table 21.1).

MUSCULAR DYSTROPHY

Muscular dystrophy (MD) has several forms, such as ocu-
lopharyngeal MD and facioscapulohumeral MD, without
differences in women. Emery-Dreifuss MD is an X-linked
recessive trait, affecting only males, and is not addressed.

Duchenne and Becker Muscular Dystrophy

Duchenne muscular dystrophy (DMD) and Becker mus-
cular dystrophy (BMD) are allelic X-linked recessive dis-

orders that arise from defects in a gene situated in the
Xp21 region of the X-chromosome, coding for a large
structural protein called dystrophin (1). Boys become
symptomatic for Duchenne dystrophy at approximately
5 years of age, become wheelchair bound at approxi-
mately 10 to 12 years of age, and die by their early 20s.
Becker dystrophy is milder and the symptoms, although
similar, reach the same milestones a decade or so later (2).
By nature of the chromosomal location, females are at
risk for being carriers but not for the dystrophy (infre-
quently, carrier females can manifest a milder form of the
disease) (3,4) except for rare cases of Turner’s syndrome
(XO), X; autosome translocation (5,6), and uniparental
disomy of the female X chromosome (7). Female carri-
ers have an increased incidence of breech deliveries,
regardless of the genetic status of the neonate, indicating
a maternal factor such as subtle uterine or pelvic floor
muscle weakness (8).

Manifesting Carriers

Uncommonly (5 to 10%) (9), a female carrier of an
altered dystrophin gene will develop myopathic features
similar to but milder than those of Duchenne or Becker
dystrophy (3). These women have muscle fibers contain-
ing either normal or abnormal dystrophin, or none (10),
which in many cases may be related to a skewed (i.e., dys-
proportionate) inactivation of the X-chromosome carry-
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TABLE 21.1
A summary of disorders discussed in this chapter.

CLINICAL UNIQUE DIAGNOSTIC

DISEASE ONSET FEATURES FEATURES TEST TREATMENT PROGNOSIS

Manifesting 1st–3rd decade Proximal  Asymmetry, DNA deletion None Slow 
DMD carrier weakness, cardiomyopathy progression

contractures

X; autosome 1st decade Proximal Looks like  Muscle Consider Poor
translocation weakness DMD in a girl dystrophin prednisone
DMD

Limb-girdle 1st–3rd decade Proximal Muscle None Slow 
muscular weakness biopsy progression
dystrophy

FSH dystrophy 1st–3rd decade Proximal Facial, scapular, DNA test None Slow 
weakness humeral weakness progression

Congenital Birth-childhood Hypotonia, Early onset, CK, muscle None Poor
muscular weakness, progression biopsy
dystrophy retardation

Myotonic 2nd–6th decade Distal weakness Myotonia, EMG, DNA None Variable
dystrophy cataracts, triplet repeat
type 1 cardiomyopathy

Congenital Birth-childhood Hypotonia, Mental DNA triplet None Poor
myotonic respiratory retardation repeat
dystrophy distress

Myasthenia 2nd–7th decade Ptosis, diplopia, Fatigable AchR antibody, Antichol- Good
Gravis weakness weakness EMG inesterases, 

immuno-
suppression

Neanatal Birth Hypotonia, poor Lasts days Neostigmine Antichol- Excellent
myasthenia suck & cry to weeks test inesterases
gravis

Polymyositis Childhood, Proximal Myalgias CPK, EMG, Immuno- Fair
5th–6th decade weakness muscle biopsy suppression

Periodic 1st–3rd decade Intermittent Transient Serum Potassium Good
paralysis paralysis weakness, potassium replacement or 

myotonia lowering

Myotonia 1st–3rd decade Myotonia Muscle EMG Mexilitine, etc Good
Congenita hypertrophy

Metabolic 2nd–3rd decade Myalgia Myoglobinuria Muscle Dietary Fair
myopathies enzyme assay

Mitochondrial 1st–6th decade Proximal Opthalmoplegia, Muscle biopsy, None Poor
myopathy weakness lactic acidosis genetic test

Carnitine 1st–5th decade Proximal Carnitine assay Carnitine Good
deficiency weakness

Thyroid    3rd-5th decade Proximal Other signs of Thyroid tests Treat thyroid Good
myopathy weakness dysthyroidism disease

Congenital Birth Weakness, Skeletal Muscle biopsy None Stable
Myopathy hypotonia abnormalities

Toxic Myopathy 3rd–7th decade Weakness Cardiomyopathy History Abstinence Fair

Fibromyalgia 3rd–5th decade Myalgia Trigger points None Tricyclics Fair
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ing the normal dystrophin gene (11,12). Such nonrandom
inactivation would explain the occasional discordance for
myopathic disease in monozygotic female twins carrying
the gene defect (13).

The age of onset may be during childhood, but more
commonly is in the second and third decades, with more
severe disease following earlier onset. Proximal weakness,
which affects the legs first and then the arms, is often
asymmetric. Calf hypertrophy is very common but con-
tractures are not, except in the more severely affected and
wheelchair-bound, and unassisted ambulation commonly
persists for decades after onset. Unlike males with dys-
trophinopathy, carrier females with dystrophy may derive
significant and prolonged improvement in function from
exercise training, presumably via hypertrophy of normal
muscle fibers. The similarity of the clinical picture to that
of limb girdle muscular dystrophy (LGMD) has led to
speculation that females with sporadic LGMD may be
manifesting carriers of DMD or BMD (4). This has
important genetic implications, and a thorough evalua-
tion, including muscle biopsy with dystrophin analysis
and dystrophin deletion studies, should be done in appro-
priate females with LGMD (sporadic cases, or with no
affected males in the family).

Cardiomyopathy is a frequent occurrence in DMD
and BMD and can also be seen in symptomatic carriers,
occasionally as the only manifestation (14,15). A recent
study (16) found 84% of female carriers had preclinical
or clinical myocardial involvement, with incidence
increasing with age, from 55% of patients under 16 years
of age, to 90% of those over 16 years old. Myocardial
hypertrophy, dysrhythmias, and dilated cardiomyopathy
were found in clinically affected patients, a pattern simi-
lar to males with DMD and BMD.

X; Autosome Translocations

Rarely, DMD can be found in females due to de novo
translocations involving the Xp21 region. Twenty-four
such cases have been described, with the breakpoint
within the dystrophin gene, which is then disabled (17).
Skewed X-inactivation of the normal chromosome leads
to clinical manifestations of a severe myopathy beginning
in childhood and progressing to nonambulation by the
second decade. It is clinically indistinguishable from boys
with DMD.

Prenatal Diagnosis and Counseling

Because of the devastating effect on parent and child and
the lack of a cure, it is important to provide prepregnancy
genetic counseling regarding risk to women with affected
offspring, siblings, or other relatives. Unfortunately, the
dystrophin gene region is quite large, and up to one-third
of cases of Duchenne and Becker muscular dystrophy are

new mutations (2). Carrier detection and prenatal diag-
nosis of affected fetuses is available in families with
known dystrophinopathies, however (18). The calculated
risk of being a carrier depends on the pedigree; that is, the
number of affected males and their relationship to the
female patient. Bayesian analysis enables a calculation of
the genetic risk for being a carrier (2). For a known car-
rier, each of her offspring, male or female, carries a 50%
chance of inheriting the abnormal gene. The situation is
often more complex (2), and the calculation of risk may
be improved through DNAanalysis (18).

Abnormal dystrophin quantity and quality are the
sine qua non of Duchenne and Becker muscular dystro-
phy, and this can be determined through muscle assay
(19). Female carriers are not reliably diagnosed by quan-
titation of dystrophin, however (4). Immunostaining of
muscle for dystrophin may be useful (4), but a normal
examination does not exclude being a carrier and DNA
analysis is essential. Approximately 60% of Duchenne
cases arise from a deletion of the dystrophin gene,
whereas another 7% arise from duplications (20). If
either is present in the affected male(s) of a family, the
presence or absence of the deletion or duplication can
be easily and quickly determined in at-risk females by a
blood test for DNA. Absence of the DNA abnormality
can exclude the risk, although germline mosaicism must
also be considered. The presence of the DNA defect indi-
cates the female is a carrier. If a large deletion or dupli-
cation is not found in the affected male, then a search
for small mutations [detection of virtually all mutations-
single strand conformational polymorphism (SSCP);
(DOVAMS-S)] can detect mutations in 78.5% of patients
with previously unidentified mutations (21). This blood-
based method improves the overall success rate in find-
ing the genetic defect in DMD and BMD to 93%. In the
remaining 7% of families, DNA linkage analysis is indi-
cated (18). This necessitates obtaining blood from mem-
bers of the family, especially affected males, if alive. Pre-
natal testing can be used to identify affected fetuses in
families known to be at risk. If the fetus is male, DNA
linkage using polymerase chain reaction (PCR) tech-
niques can be done to determine if the fetus carries the
defective gene. This may be done by chorionic villus sam-
pling or amniocentesis. Other methods include fetal mus-
cle biopsy for dystrophin analysis (22), cleavage cell
embryo biopsy (23), and dystrophin delection analysis of
nucleated maternal erythrocytes (24). At least one report
documents maternal contamination of a fetal muscle
biopsy (25). These tests are only helpful if therapeutic
abortion is being considered (see also Chapter 5).

Limb-Girdle Muscular Dystrophy

A diagnosis of LGMD has long been a respository for
patients who have muscle disease that is not otherwise
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explained. Typically, it appears in the second and third
decades of life, with proximal legs and then arms affected
over a prolonged course. Ambulation may be lost, but not
until 20 years or so after onset. LGMD is sporadic or
inherited as a autosomal recessive trait in 95% of
patients, with the remaining cases inherited in an auto-
somal dominant pattern.

A severe childhood form of the disease is seen less
commonly. This form looks very much like DMD but is
distinguishable from it by an autosomal recessive pattern
of inheritance (severe childhood autosomal recessive mus-
cular dystrophy; SCARMD).

The molecular genetics of LGMD have been clarified
to a great extent in the past 10 years, with localization of
10 autosomal recessive forms and five autosomal domi-
nant forms (26,27). Several of the genes code for proteins
of the dystrophin-associated glycoprotein complex, which,
with dystrophin, comprise the major underlying structural
support of the muscle fiber membrane (28).

LGMD and Pregnancy

The incidence and severity of LGMD does not vary
between the sexes, so it does not convey a special risk or
benefit to females. There may well be an effect of the dis-
ease upon pregnancy and vice versa, however. In an unpub-
lished study, Lauren Donald and I did a retrospective sur-
vey of 38 women with autosomal recessive LGMD from
31 families. There were 59 pregnancies in 22 women with
38 children, and a known spontaneous abortion rate of
31%, with one perinatal death. Difficulty with labor and
delivery was reported in 29% of births without other com-
plications. Seven women suffered significant and perma-
nent decline in function while pregnant, usually in the first
two trimesters, and most frequently in more severely
affected women. Similar findings were reported from a ret-
rospective review of nine LGMD women with 15 preg-
nancies (29). Therapeutic abortion occurred in three
(20%), with no miscarriages noted. Operative delivery was
necessary in five of the remaining 12 pregnancies, of which
two were emergencies. Five of the nine women experienced
worsening weakness during pregnancy, one of whom
improved after delivery. Five of the women required assis-
tance in child care after delivery because of physical limi-
tations. Women with LGMD should therefore be coun-
seled that pregnancy may increase spontaneous abortion
and may significantly and permanently increase weakness,
the risk being greater with increasing disease severity.

LGMD Genetic Counseling

The majority of LGMD patients have an autosomal
recessively inherited trait. Therefore, the risk of their
offspring inheriting the disease is increased only mar-
ginally over the general population, as long as the mat-

ing is not consanguinous. The challenge, then, is in fam-
ilies who already have one child with SCARMD and
wish to have another child. The risk of any further chil-
dren having the disease is 25% if there is no consan-
guinity. Prenatal screening is possible, but requires link-
age analysis, mutation analysis, or fetal muscle biopsy
at a center able to do the testing, which is not widely
available (30–32).

Facioscapulohumeral Dystrophy

Facioscapulohumeral dystrophy (FSHD) is inherited as
an autosomal dominant trait. Approximately 95% of
families have been linked to chromosome 4q35, near the
telomere (33). FSHD is an MD of characteristic and
defining weakness involving the face and scapular mus-
cles. The age of onset is variable, from childhood (these
patients are frequently more severely affected) to the early
third decade. The weakness is slowly progressive and may
arrest for several years or more. The disease also may
progress in sudden accelerations, however.

Despite the relative frequency of FSHD, there is only
one report of 26 pregnancies in 11 patients (29). Three
miscarriages (12%), two preterm births, and six opera-
tive deliveries occurred. Three women had symptomatic
worsening during gestation, but all recovered after deliv-
ery and there were no long-term sequelae.

FSHD Genetic Counseling

As with any autosomal dominant inherited trait, the risk
of intergenerational transmission is 50% for each child.
The gene for FSHD has not been found nor is the gene
product known. More than 90% of FSHD patients have
a deletion on chromosome 4q35, however, which results
in a small EcoR1 restriction fragment that can be used
to confirm the disease and for prenatal diagnosis (34). For
further information on the genetics of other neuromus-
cular diseases, please see Chapter 7.

Myotonic Dystrophy

Myotonic dystrophy (also known as dystrophica
myotonica, myotonia atrophica, and Steinert’s disease) is
a multisystem disorder affecting both sexes equally. It is
characterized by the variable expression of progressive,
predominantly distal, skeletal muscle weakness,
cataracts, frontal balding, cardiac conduction defects,
clinical and electrical myotonia, smooth muscle weakness
of the esophagus, stomach, bowel, and uterus, and
endocrine disturbances (35). Onset is usually in the sec-
ond to third decade but can be much later (35) or as early
as birth (36,37).

Myotonic dystrophy is inherited as an autosomal
dominant trait. The abnormal gene has been localized to
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chromosome 19 and cloned (38–40). It encodes for
myotonin, a member of the protein kinase family (38),
whose function is poorly understood. The disease is cor-
related to the presence of triplet repeats (CTG) inserted
in the gene, which then increase in size in succeeding gen-
erations, explaining the clinical phenomenon of “antici-
pation,” in which subsequent generations manifest the
disease more severely and at an earlier age (41). The
triplet repeat expansion is present in essentially all
patients who have myotonic dystrophy (41). The trans-
generational expansion of the triplet repeat sequence is
greater when the transmitting parent is male (42).

Congenital Myotonic Dystrophy

Myotonic dystrophy can present in the fetus during
pregnancy, at birth, or in early childhood. For reasons
still unexplained (43,44), this congenital myotonic dys-
trophy occurs only when the mother is the affected par-
ent (45). The risk of an affected woman having a con-
genitally affected child is 10%, but increases to almost
40% if she has already had congenitally affected off-
spring (43). Women who have multisystem disease at
the time of pregnancy and delivery are at the highest risk
for a child with congenital myotonic dystrophy (43), but
even asymptomatic women have borne congenitally
affected children (46). The mother’s age at birth may
have an effect on the severity of her offspring’s disease,
with the children of older women being more severely
affected (47).

The disease can manifest in utero as polyhydram-
nios and reduced fetal movements, resulting in arthro-
gryposis multiplex congenita at birth (48–52). Vanier
described congenital myotonic dystrophy in 1960 (53).
Dyken and Harper subsequently reported 38 patients
from 24 families who had symptoms referable to
myotonic dystrophy from birth (37). Symptoms vary
from severe respiratory involvement at birth to clumsi-
ness and mental retardation becoming evident in early
childhood. The neonatal onset of myotonic dystrophy is
frequently fatal, with a 25% mortality rate before age 18
months (52), often due to respiratory failure (50–52). Sur-
vivors are very impaired, with hypotonia, diffuse weak-
ness, developmental delay, poor feeding, mental retarda-
tion, talipes, and arthrogryposis (51,52). In these cases,
fetal muscle exhibits maturational arrest, principally
involving the limb, pharyngeal, and diaphragmatic mus-
cles (54). Rutherford and co-workers reported that res-
piratory function at birth determined survival in congen-
ital myotonic dystrophy, with the duration of mechanical
ventilation providing the best guide to prognosis (55).
Electrodiagnostic studies may confirm the diagnosis (56),
but they often do not show myotonia and may be more
informative when they are performed on the mother
rather than on the infant. In the infant with respiratory

failure and failure to feed, a high index of suspicion for
congenital myotonic dystrophy is important because the
mother often has not been diagnosed. Affected children
without fetal or neonatal presentation exhibit talipes,
facial diplegia, mental retardation, developmental delay,
weakness, clumsiness, strabismus, and dysarthria (36,37).

Pregnancy and Myotonic Dystrophy

Large sibships are not uncommon in families with
myotonic dystrophy, and fertility is not drastically
reduced. Women appear to have few clinical or hormonal
gonadal abnormalities (57,58) and, in two studies of six
women, no abnormalities of estrogen, gonadotrophin, or
testosterone were apparent (57,59). In a group of 33
women followed by Thomasen “menstrual irregularities
[were] more frequently found in women with severe
degrees of muscle dystrophy” (60) although others are
not sure this is significant (58). Harper studied 44
affected females and compared them to 25 unaffected sib-
lings and spouses. He found a tendency towards irregu-
lar and painful menses, and an earlier onset of menopause
(58). A case of amenorrhea with hypothalamic hypogo-
nadism reported normal gonadal hormone levels (61).
Fertility seems to be reduced to 75% of normal in both
sexes. Because this number includes severely affected
members who are unlikely to conceive, however, the fer-
tility of less affected women may well be normal or even
increased (62).

The Effect of Pregnancy on Myotonic Dystrophy

Pregnancy rarely has an adverse affect on the course of
myotonic dystrophy (63). No evidence suggests that
pregnancy has a beneficial effect upon the disease. Sev-
eral case reports indicate myotonia, muscle wasting, and
weakness can first become symptomatic or significantly
worsen during pregnancy (64–68). This usually occurs
during the third trimester (48,65), corresponding to the
time of maximal progesterone levels, and leading some
investigators to implicate progesterone in the temporary
worsening of the disease (65). Because progressive loss
of muscle function in the mother is expected regardless
of pregnancy, the question of whether pregnancy accel-
erates permanent disability is difficult to answer but may
rarely occur (63). A single report documents a pregnant
woman with recurrent myotonic spasms affecting distal
limbs beginning in the second trimester and continuing
until delivery (69).

Fall and co-workers (70) described a pregnant
myotonic woman who developed heart failure at 32
weeks gestation, with an endomyocardial biopsy sugges-
tive of myotonic dystrophy. She improved after delivery
but died suddenly from a cardiac arrhythmia 8 weeks
later.
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The Effect of Myotonic Dystrophy on Pregnancy

Myotonic dystrophy may have a devastating effect dur-
ing pregnancy (Table 21.2) due to the mother’s disease
(48,50,63,64,67,71–74) and the disease of the fetus
(48–50,63,71,75). Postpartum hemorrhage from a fail-
ure of uterine contraction may occur (71,73). The first
(65) and second stages of labor can be prolonged because
of poor uterine contraction from myometrial involvement
(48,64) and the inability to “bear down” because of vol-
untary muscle weakness (66,68). Despite this, most
women do not have prolonged labor (63). Women should
avoid prolonged bed rest leading to disuse of muscles,
which further weakens patients with myotonic dystrophy.

Special risks accrue to anesthesia and surgery. Depo-
larizing neuromuscular blockade with succinylcholine
may cause myotonic spasm (76,77), in which muscles dif-
fusely contract and cannot relax, thus preventing venti-
lation of the patient. Nondepolarizing agents (e.g., curare)
may safely be used. Myotonic dystrophy does not place
patients at higher risk for malignant hyperthermia (78).
Thiopental may cause marked respiratory depression in
patients with myotonic dystrophy (74). All things con-
sidered, local anesthesia is preferable (74).

Genetic Counseling

In the absence of a foreseeable cure for myotonic dystro-
phy, genetic counseling offers an opportunity to help
develop a patient’s understanding of the disease, establish
individual risk for symptoms, determine the risk for
myotonic dystrophy, and offer advice for dealing with
these risks. Carrier and prenatal detection can be done
with almost 100% accuracy (79,80), thus allowing bet-
ter genetic counseling and the option of elective abortion
of affected fetuses. For prenatal detection, chorionic vil-
lus sampling circa 10 weeks, or amniocentesis circa 16
weeks, is needed to establish fetal genotype. Trophoblast
cells from endocervical canal flushing between 7 and 9

weeks gestation can also provide fetal DNA (81). The
expansion of the trinucleotide repeat in fetal tissue com-
pared to maternal tissue does not reliably predict con-
genital myotonic dystrophy (82). Contraction of the tri-
nucleotide repeat expansion from parent to child may
complicate the determination of fetal status (83).

Proximal Myotonic Myopathy,
Myotonic Dystrophy Type 2

Accurate genetic testing for myotonic dystrophy has
revealed families without either a triplet repeat expansion
or linkage to DNA markers on chromosome 19. These
patients were clinically similar to those having myotonic
dystrophy except for proximal rather than distal weakness,
thus the newly coined diagnosis of proximal myotonic
myopathy (PROMM) (84). PROMM has been linked to
a locus on chromosome 3q, as have two other myotonic
entities—proximal myotonic dystrophy and myotonic dys-
trophic type 2 (85). Whether the three diseases are allelic
or represent phenotypic variation of single genetic muta-
tion is unknown (85). A new classification proposes call-
ing myotonic dystrophy linked to chromosme 19q
myotonic dystrophy type 1 and the entities linked to chro-
mosome 3q myotonic dystrophy type 2 (85). Newman and
associates report three sisters with PROMM who had
myotonic dystrophy present during pregnancy but the dis-
ease disappeared after delivery (86). One report documents
a congenital hypotonic infant with PROMM, born to an
asymptomatic mother (87). PROMM, or myotonic dys-
trophy type 2, affects genetic counseling because patients
without clinical signs but with a family history of myotonic
dystrophy and normal triplet repeat numbers cannot be
definitely excluded as carriers until an affected family
member has been shown to have an expanded triplet
repeat region (see also Chapter 7).

Congenital Muscular Dystrophy

Congenital muscular dystrophy (CMD) comprises a
group of inherited disorders with progressive muscular
weakness and variable amounts of CNS involvement.
CMD has been classified into the classic form without
CNS involvement, and Fukuyama muscular dystrophy.
The classic form has been further divided by the presence
or absence of merosin, a protein that connects the dys-
trophin-associated glycoprotein complex to the extracel-
lular matrix. Merosin-deficient CMD has been linked to
the locus of the laminin alpha2 chain of merosin on chro-
mosome 6q2 (88). Merosin-deficient and merosin-posi-
tive CMD share similar characteristics of hypotonia, mus-
cle weakness, and developmental delay with onset in early
infancy (89). Imaging studies of the brain reveal white
matter changes but no malformations. Mental retarda-
tion occurs in a minority of patients with classical CMD.

TABLE 21.2
The Effects of Myotonic Dystrophy on the

Pregnant Mother and Her Fetus

Maternal effects Fetal effects

Prolonged labor Hydramnios
Premature labor Increased neonatal mortality
Uterine atony Reduced fetal movements
Retained placenta
Placenta previa
Spontaneous abortion
Postpartum hemorrhage
Variable response to oxytocin
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The progressive weakness and the mental retardation may
be milder in the merosin-positive patients (89). Fukuyama
CMD has early infantile onset of severe weakness, brain
malformation, severe mental retardation, and early death.
It has been linked to a locus on chromosome 9q31 (90).

The finding of a genetic locus for merosin-negative
CMD and for Fukuyama CMD has made prenatal genetic
determination possible in families at risk. Trophoblast tis-
sue immunocytochemistry and DNA linkage analysis
have been used to determine affected and unaffected
merosin-negative CMD fetuses (91,92). Linkage analy-
sis using PCR markers has been used in Fukuyama CMD
for the same purpose (93,94).

MYASTHENIA GRAVIS

Myasthenia gravis (MG) is an autoimmune disorder in
which polyclonal antibodies are directed against the nico-
tinic acetylcholine receptor (AchR) of skeletal muscle
(95). This results in a degradation of the neuromuscular
junction and failure of neuromuscular transmission (95).
The clinical hallmark of the disease is fatiguable weak-
ness, causing intermittent symptoms (usually following
repetitive action) such as ptosis, diplopia, dysphagia,
dysarthria, and facial and limb muscle weakness. Respi-
ratory compromise can occur in severe cases.

MG has a bimodal peak incidence, affecting older
men and young women of childbearing age (96). Sex hor-
mones may play an important role in juvenile MG (dis-
ease onset before 20 years of age). Female predominance
is slight before puberty but becomes marked during and
after puberty (female:male incidence = 14:1) (97), as does
disease severity (more severe and persistent disease and
fewer spontaneous remissions in females with pubertal
onset than in males or prepubertal females) (98).

Although the clinical history and examination are
often typical and highly suggestive, confirmation of the
diagnosis rests on pharmacologic, immunologic, and elec-
trodiagnostic grounds. Tensilon® (edrophonium chlo-
ride), in doses from 1 to 10 mg given intravenously, will
quickly but briefly reverse the signs of myasthenia gravis
and thus serves as a good bedside test (99). Assay for the
presence of serum acetylcholine receptor antibodies is
very specific for MG, and is abnormal in 70 to 90 % of
cases (100). Sensitivity is lower in patients who have only
ocular signs. Electrodiagnostic tests of neuromuscular
transmission include repetitive nerve stimulation (abnor-
mal in 50 to 75% of cases) (101) and single fiber EMG
(abnormal in 98%) (102).

Treatment can be symptomatic or curative. Anti-
cholinesterases can be used to briefly improve the symp-
toms attributable to MG, but they do not affect the under-
lying immunologic dysfunction. These drugs work by
inhibiting the breakdown of acetylcholine, the neuro-

transmitter released by terminal motor nerve fibers. Edro-
phonium (Tensilon®), neostigmine, and pyridostigmine
(Mestinon®) are all anticholinesterases, the latter being the
most commonly used because of its longer duration of
action (2–4 hours) and lesser muscarinic side effects. A
time-release form of Mestinon® is also available, usually
for overnight use. Pyridostigmine is commonly used alone
in mild cases and in conjunction with immunosuppression
in more severe cases. Side effects include diaphoresis,
hypersalivation, diarrhea, nausea, abdominal cramping,
bradycardia, and fasciculations. Pyridostigmine can enter
the fetal circulation, at 85 to 90%  of maternal levels (103).
Despite this, only one case of disputed possible fetal ter-
atogenicity has been reported in the 50 years it has been
available, and that was in a woman taking four to eight
times (1,500 to 3,000 mg daily), the recommended dose
(104–106). At recommended doses (less than 600 mg
daily) pyridostigmine is safe to use during pregnancy. Par-
enteral formulations of neostigmine and pyridostigmine
are available when needed before or after surgery, during
labor, or early in pregnancy if emesis gravidarum is severe.
Intravenous dosages are 1/30 the oral dose for both drugs.

A suppression of the immune system attack on the
acetylcholine receptor is indicated when the disease is gen-
eralized, involves vital functions such as breathing or
swallowing, or is not satisfactorily responsive to anti-
cholinesterase drugs. Various treatments can be used
including corticosteroids; immunosuppressants such as
azathioprine, cyclosporine, and mycophenylate mofetil;
plasmapheresis; intravenous human immunoglobulin;
and thymectomy. In the pregnant patient, corticosteroids
are preferred over the other immunosuppressants. Corti-
costeroids can cause a dramatic worsening of symptoms
at the initiation of therapy, and patients must be carefully
monitored, preferably as inpatients (107–108). Deterio-
ration can be limited by starting at very low doses with
a gradual increase in dose, although this delays the clin-
ical benefit (109). Plasmapheresis is indicated in the
severely compromised patient, in the patient who is
refractory to other treatments, and in the patient in whom
an immediate response is desired. Plasmapheresis rapidly
lowers AchR antibody titers and may be indicated when
high maternal AchR titers threaten fetal development
(110) or when the possibility of neonatal myasthenia
exists. Plasmapheresis has been used to successfully treat
fulminant MG in a pregnant patient (111) without
increase in risk (112).

Thymomas are present in 10 to 15% of patients with
MG, and MG occurs in 30% of patients with thymomas
(113). Thymic hyperplasia is present in another 70% of
patients with MG (113). Malignant thymoma is uncommon
in the pregnant patient but appears to carry a poor prog-
nosis when it does occur (114). The thymus gland is the
likely site for initial sensitization to the acetylcholine recep-
tor (115). Removal of thymic tissue increases remission rate
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from 15 to 30% and results in significant clinical improve-
ment in two-thirds of patients, although the improvement
may take up to 5 years (116). Thymectomy has been noted
to decrease the incidence of neonatal MG (discussed in a
later section) (117). Thymectomy has been performed in
pregnant women with refractory disease (118) and, when
it is done before pregnancy, it can decrease disease exacer-
bation during pregnancy (119). If possible, it is advisable for
a woman with generalized MG who is considering preg-
nancy to have thymectomy before becoming pregnant (120).
I generally recommend thymectomy in all patients between
18 and 55 years of age who have generalized MG.

Menstruation

Menstruation exacerbates MG in approximately 40% of
women (121), particularly just before menses. After
thymectomy, this effect disappears in 50% of patients.
Pregnanediol, a measure of progesterone metabolism, is
at or below normal in the luteal stage of the menstrual
cycle in women with MG, increases dramatically within
weeks of thymectomy, and remains high for up to 2 years
(122). Birth control pills are not reported to affect myas-
thenia gravis, although progesterone, 50 mg daily, exac-
erbated one woman’s symptoms (123) and levonorgestrol
implants have been associated with MG in at least 35
women (124).

Effects of Pregnancy on Myasthenia Gravis

A review of the literature revealed 31% of pregnancies
in myasthenic women did not affect the disease, 28%
improved, and 40% worsened, usually in the puerperium
(125). Maternal mortality was 10%, most commonly
from myasthenic crisis, but also from cholinergic crisis
and postpartum hemorrhage (125). These numbers reflect
a reporting bias towards more severe disease, but indicate
that pregnancy frequently has an adverse effect on the
myasthenic patient. A study of 47 myasthenic women
with 64 pregnancies from a single institution (126)
showed that, during pregnancy, 39% improved, 42%
remained unchanged, and 19% deteriorated or relapsed.
After delivery, however, 28% had worsening of symp-
toms. Exacerbations tend to be most sudden and dan-
gerous in the postpartum period and are frequently
accompanied by respiratory failure (125). Physiologic
worsening of neuromuscular transmission has been con-
firmed by single-fiber EMG (126). Therapeutic abortion
is of little benefit in the treatment of MG (127,128).

Alpha-fetoprotein (AFP) very effectively inhibits the
binding of AchR antibodies (129). The presence of AFP
may explain the oft-seen symptomatic improvement in
the third trimester (117), and its absence may account for
the frequent postpartum exacerbation of MG, when AFP
levels precipitously fall.

Effects of Myasthenia Gravis on Pregnancy

MG slightly increases the risk of premature delivery
(114,130) but does not affect the incidence of preeclamp-
sia (130,131). Magnesium sulfate is contraindicated in
the myasthenic patient because it interferes with neuro-
muscular transmission and muscle fiber excitability (132),
thus leading to the onset or deterioration of myasthenic
symptoms and signs.

MG does not affect smooth muscle but may weaken
the voluntary muscles used during the second stage of
labor; parenteral anticholinesterases (e.g., pyridostigmine
2 mg IV) may be useful at this point. Care must be taken
not to push the myasthenic patient beyond her physical
capabilities during labor, and the criteria for caesarean
section should be relaxed (117). MG does not prolong the
overall length of labor (123,133). Women on corticos-
teroids during pregnancy should have stress doses of
steroids given during labor and delivery.

Regional anesthesia is preferred over other anes-
thetic methods. Myasthenic patients are particularly sen-
sitive to even small doses of neuromuscular blocking
agents, especially of the nondepolarizing type such as
curare, and these drugs should be avoided. Lidocaine is
the recommended local anesthetic because it is not
affected by the decreased cholinesterase activity seen in
patients who are receiving anticholinesterase drugs
(134,135). Combined spinal and epidural anesthesia
using intrathecal opioids can provide analgesia without
inhibiting muscular strength (136).

Perinatal infant death rates are increased in babies
with antenatal and neonatal MG (123). Both conditions
are presumed to be due to the transplacental transfer of
maternal AchR antibodies (137), which affects fetal acetyl-
choline receptors much more so than adult receptors
(138,139). Antenatal problems occur because skeletal mus-
cle movement and development are inhibited, resulting in
pulmonary hypoplasia, arthrogryposis multiplex, and poly-
hydramnios (110), consistent with the fetal akinesia defor-
mation sequence (140). Mothers with previously affected
infants or very high titers of AchR antibodies are at higher
risk. Ultrasound monitoring of total fetal and diaphrag-
matic movement, and an assessment of AchR antibody
titers—particularly determining the antifetal/antiadult
receptor antibody titer ratio (141)—may identify those
women at risk in whom an aggressive lowering of the anti-
body load to the placenta (such as with plasmapheresis)
might prevent congenital anomalies (110,142). The syn-
drome may occur in asymptomatic women (143).

Neonatal Myasthenia Gravis

A less severe but more common occurrence is neonatal
MG, which is characterized by transient weakness in the
newborn infant (144). Affecting up to 19% of children
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born to mothers who have myasthenia gravis, the disease
becomes symptomatic within the first 3 days of life and
can persist for weeks before improving (144). Symptoms
include poor feeding, weak suck, feeble cry, floppiness,
generalized weakness, and respiratory distress. Treatment
is supportive but can be supplemented by cholinesterase
inhibitors. Neostigmine 0.1 mg intramuscularly (IM) or
subcutaneously, or pyridostigmine 0.15 mg IM, are effec-
tive (103) but must be sparingly used because they may
increase oral secretions. Further therapeutic interventions,
such as plasmapheresis, are rarely needed. The disease is
self-limited and does not represent a risk to the infant for
later MG (145). Subsequent infants are at higher risk for
neonatal MG (144).

The etiology of neonatal MG is not entirely clear.
Nearly all infants born to myasthenic mothers are exposed
to intrauterine maternal AchR antibodies (146) yet only a
minority develop symptoms. The acetylcholine receptor
consists of five subunits, with the fetal and adult forms dif-
fering by an e subunit instead of a g subunit in the adult.
An increased ratio of antibodies against the fetal form of
the receptor predisposes to antenatal and neonatal MG
and may explain why both conditions have occurred in
infants born to mothers in remission (147). A positive cor-
relation exists between maternal AchR antibody titers and
neonatal MG (146). Because AFP binds AchR antibody
(129), its decline after birth may result in the emergence
of symptoms (125,130). See also Chapter 11.

POLYMYOSITIS AND DERMATOMYOSITIS

Polymyositis and dermatomyositis are inflammatory dis-
orders that affect striated and cardiac muscle. Dermato-
myositis differs from polymyositis primarily by the pres-
ence of skin involvement and is thought to be a
vasculopathy. The etiology of polymyositis/dermato-
myositis is unknown. Both diseases can occur in isolation
or in conjunction with connective tissue diseases. Both are
characterized by proximal weakness, elevated creatine
kinase (CK) levels, myopathic changes on electromyogra-
phy, and inflammatory myonecrosis on muscle biopsy.
Dermatomyositis in childhood affects girls (70%) much
more frequently than boys, and this female preponderance
persists into adulthood (55% female incidence) (148).

Dermatomyositis, and to a lesser extent, polymyosi-
tis (149) carry an increased risk of cancer, which can occur
before, at the time of, or years after the diagnosis is made,
particularly when the onset of dermatomyositis is after the
age of 40 years (150). Women with dermatomyositis have
a particular risk of gynecologic malignancies, including
vaginal (151) and most particularly, ovarian carcinoma
(152–154), which usually appear within months to years
after the diagnosis of dermatomyositis. One study cited the
incidence as high as 13% compared with 1% in the gen-

eral female population, with the risk rising to 21% in
women over 40 years of age (154). A thorough and con-
tinuing search for cancer, especially ovarian, is indicated
in all women with dermatomyositis, in an attempt to catch
the disease at an early stage. One study found that despite
repeated cancer screenings, several women still presented
with advanced stages of ovarian cancer (153). Indications
of susceptibility to ovarian cancer include severe, skin dis-
ease (153), and vesicle formation, a rare complication in
dermatomyositis (152).

Polymyositis and dermatomyositis rarely occur in
pregnancy. Although females are affected twice as often
as men, the bimodal age of onset largely spares the child-
bearing years, and the average age of onset of the inflam-
matory myopathies is 47 years (155). A review of the lit-
erature reveals 34 patients with 48 examined pregnancies,
approximately evenly split between polymyositis/der-
matomyositis antedating pregnancy or starting during
pregnancy (156–181). Preexisting inflammatory myopa-
thy does not result for the most part in gestational exac-
erbation but when it does, it occurs in later pregnancy
(156,181). This is in contrast with de novo disease, which
usually occurs during the first trimester (156), but can
appear postpartum (162). In preexisting polymyositis/der-
matomyositis, the inflammatory myopathy is rarely ful-
minant or difficult to control. De novo inflammatory
myopathy is often active throughout gestation, even with
treatment, but with remission following close on the heels
of delivery (156,181).

Several complications of pregnancy have been
reported in patients with polymyositis/dermatomyositis,
including postpartum microangiopathic hemolytic ane-
mia (160), placental abruption, uterine atony, and post-
partum maternal death (166, 175). More frequently
encountered are intrauterine growth retardation, spon-
taneous abortion, and preterm labor, the latter being quite
common (156). There are no reports of newborns of
mothers with myositis having myositis themselves, but
CK levels can be elevated dramatically in the newborn for
several weeks (177).

Fetal wastage is increased in pregnancies compli-
cated by inflammatory myopathies, with a rate of 50 to
60% found by Gutierrez and co-workers (162). My
review of the literature is not so gloomy: In de novo dis-
ease, 40% fetal deaths occurred; and in preexisting dis-
ease, the rate was 21%.

The treatment of gestational polymyositis/dermato-
myositis is predicated by the clinical condition of the
patient and the length of gestation. Mild disease may not
warrant treatment. For those patients who need treat-
ment, corticosteroids are the drugs of choice, in doses
approximating 1 mg prednisone/kg/day. Although the
effect of corticosteroids on fetal development is not clear,
they are a much better choice than the antimetabolites,
which in the first trimester almost invariably result in
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spontaneous abortion or fetal malformation (182) (see
also Chapter 4). Unfortunately, even with corticosteroids,
no controlled studies of efficacy are available.

In general, women with either mildly active inflam-
matory myopathy or women in remission should have
an uneventful pregnancy, while using corticosteroids to
manage exacerbations. Pregnancy should be avoided in
patients who have severe disease or in patients requiring
antimetabolite therapy. In patients who have onset in
pregnancy, corticosteroid therapy should be tried but, if
ineffective, should lead to consideration of therapeutic
abortion (183). Postpartum corticosteroid taper should
be done slowly to avoid severe exacerbations.

Myositis in pregnancy also occurs in systemic con-
nective tissue disorders, such as mixed connective tissue
disease (184), systemic lupus erythematosis (SLE), scle-
roderma (185), and interstitial lung disease (172). Inter-
stitial pneumonitis with myositis is more frequent in
women (55%) (186). See also Chapter 22.

CHANNELOPATHIES (MYOTONIA
CONGENITA AND PERIODIC PARALYSIS)

Channelopathy refers to a group of inherited muscle dis-
orders that are caused by genetic defects of the muscle
membrane channels. These include the SCN4A gene on
chromosome 17q23, coding for the adult sodium chan-
nel a-subunit (187); the CLCN1 gene on chromosome
7q35, encoding the chloride channel (187); the
CACNL1A3 gene on 1q31-32, coding for the dihy-
dropyridine receptor of the calcium channel (187); and
the RYR1 gene on 19q, coding for the ryanodine recep-
tor of the calcium release channel (27). Mutations of the
SCN4A gene result in several autosomal dominant phe-
notypes, including hyperkalemic periodic paralysis,
normokalemic periodic paralysis, and paramyotonia con-
genita (187). These diseases cause a transient paralysis
of muscles, beginning in legs and progressing to involve
arm and even facial muscles, and rarely, the muscles of
respiration. Each attack lasts hours to days, and onset is
in childhood. All have electrical, and to a lesser extent,
clinical myotonia. A form of hypokalemic periodic paral-
ysis has also been localized to a mutation of the SCN4A
gene (27). Mutations of the CLCN1 gene cause either
autosomal dominant (Thomsen disease) or autosomal
recessive (Becker-type myotonia) myotonia congenita
(187); the former is the more common. Both are charac-
terized by electrical and clinical myotonia of skeletal mus-
cles, with normal muscle strength. Patients complain of
stiffness, which abates with continued use of the muscle,
after “warming up.” Sudden movement, however, may
result in such stiffness as to cause falls. The multisystem
involvement of myotonic dystrophy is not present in any
of the channelopathies. Mutations of the calcium chan-

nel gene result in a hypokalemic periodic paralysis in
which patients suffer a transient weakness of limbs, as in
the hyperkalemic form, but have no myotonia. This
weakness is associated with low serum potassium. Muta-
tions of the RYR1 gene result in malignant hyperthermia.

In a multigeneration family with hyperkalemic peri-
odic paralysis that I follow, affected males suffer early, fre-
quent, and severe attacks, whereas affected women have
infrequent attacks that abate by the third decade.

The effect of pregnancy on myotonia congenita in
two women was a temporary worsening in the second
half of the pregnancy (188–190). As with myotonic dys-
trophy, increased symptoms in the pregnant mother occur
but are probably uncommon. Obstetric problems have
not been described. Exceptionally, patients with autoso-
mal dominant myotonia congenita may develop weakness
and fluctuating symptoms only during pregnancy (191).

Anesthetics pose some risks to the pregnant woman
with myotonia congenita. Myotonic spasms may occur
with the use of depolarizing neuromuscular blockers such
as succinylcholine (76). Malignant hyperthermia has been
reported in two cases of myotonia congenita (192,193),
although a connection between the two disorders remains
doubtful (78).

There are no reports of problems with pregnancy
in periodic paralysis. The women that I follow who have
hyperkalemic periodic paralysis have had multiple
uneventful pregnancies. It is uncertain whether certain
anesthetics precipitate attacks of paralysis (194). Para-
lytic attacks with surgery may be related more to the stress
of the operation, long periods of fasting, or overeating the
night before surgery than to any anesthetic agent.

METABOLIC MYOPATHIES

Myophosphorylase Deficiency

Metabolic myopathies are inborn errors of metabolism
affecting muscle. Several glycogen storage disorders involve
muscle, and all of them are rare. A gender effect on expres-
sion would not be expected, although nine of ten patients
with phosphorylase b kinase deficiency were males (195).
Little is known of the effect of glycogen storage deficiency
upon pregnancy. McArdle disease, or myophosphorylase
deficiency, which is another enzyme in the glycolytic path-
way, manifests as exercise-induced muscle contractures and
myoglobinuria. One report documents an uneventful preg-
nancy and delivery in McArdle disease (196). Dawson and
associates (197) mention one multiparous woman with
McArdle disease who had leg cramps and myoglobinuria
after her last delivery. Smooth muscle phosphorylase is nor-
mal in McArdle patients (198), and uterine activity should
be unimpaired. Neither deterioration nor exacerbation is
expected during pregnancy.
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Myoglobinuria

Myoglobinuria is a sign of rhabdomyolysis, not a specific
disease. Markedly elevated serum CPK and the presence
of myoglobin in the urine are the biochemical hallmarks
of the syndrome. Idiopathic and polymyositis-associated
myoglobinuria have been reported during pregnancy
(157,199). Extreme unaccustomed exertion also can be
associated with rhabdomyolysis, as illustrated by a
woman with severe hyperemesis gravidarum (200).

Malignant Hyperthermia

Malignant hyperthermia is a potentially fatal syndrome
that includes hyperpyrexia, muscle rigidity, and rhab-
domyolysis. It may be triggered by certain anesthetic
agents (e.g., depolarizing muscle relaxants, inhalation
anesthetics). It is inherited as an autosomal dominant
trait, and six chromosomal locations have been identified
(27). In susceptible patients, hyperpyrexia can be trig-
gered by stress and infection. The incidence in adults is
1:50,000 operative cases, which raises the question of
why malignant hyperthermia is not encountered more fre-
quently in pregnancy and delivery (201). Females may
be less susceptible (202), because only three cases have
been reported during pregnancy, all during cesarean sec-
tion (203–205). In susceptible patients, prophylactic
dantrolene may permit uneventful labor and delivery,
including cesarean section (206–208). Dantrolene crosses
the placenta (208) and has unknown effects upon the
newborn, but one study of 20 pregnancies found no
adverse effect upon fetus or newborn (207). Careful mon-
itoring and avoiding provocative anesthetics may obviate
the need for dantrolene (201,209).

MITOCHONDRIAL ENCEPHALOMYOPATHIES

Mitochondrial myopathies are a heterogenous group of
diseases in which mitochondrial metabolism is defective.
The disorders have been defined by morphologic, genetic,
and biochemical means but, at present, are best grouped
into four categories (210): (i) defects of mitochondrial
substrate transport, (ii) defects of the respiratory chain,
(iii) defects of substrate utilization, (iv) and defects of
energy conservation and transduction. In the context of
the pregnant woman, I discuss the first three categories.

Intramitochondrial fatty acid oxidation is largely
dependent upon the transport of long-chain fatty acids
across the mitochondrial membrane by attachment to
carnitine. Deficiency of carnitine can be purely myo-
pathic, which will not effect pregnancy, or systemic. Pri-
mary systemic carnitine deficiency is rare, and most defi-
ciencies are secondary to other metabolic disorders (210).
Weakness, predominantly of proximal muscles, is fre-

quent, and muscle biopsy shows abnormal lipid storage.
A rapid progression of weakness has been reported dur-
ing pregnancy (211) and in the postpartum period in
three cases (212,213), two of which were fatal (211,213).
The only patient who was treated with 2 g daily carnitine
replacement improved (212). A fourth patient with sys-
temic carnitine deficiency and a defect in the respiratory
chain had rapidly progressive worsening of her weakness
in the last trimester of her pregnancy. She improved fol-
lowing treatment with 6 g carnitine daily (210). Wors-
ening is probably related to the low carnitine stores in
pregnant women (214), which are further depleted by lac-
tation (212) and increased fetal demand. Carnitine is
actively transported to the fetus via the placenta (215),
which produces little carnitine (216). Untreated systemic
carnitine deficiency in pregnancy can be fatal: Treated
patients do well.

A rare disease but a common cause of myoglobin-
uria, carnitine palmitoyltransferase deficiency (CPT) pre-
vents linkage of long chain fatty acids to carnitine for
transport across the mitochondrial membrane, where
they will undergo oxidation. This provides a major source
of muscle energy, especially during aerobic exercise last-
ing more than 20 minutes. The prolonged exertion of
labor would seem to make patients with CPT deficiency
quite susceptible to severe rhabdomyolysis and myoglo-
binuria, but pregnancy and delivery are uneventful (217).
The disease is inherited as an autosomal recessive trait,
but only 20% of documented cases are women (218). A
hormonal protective effect has been postulated (218).

Many defects of the respiratory chain are possible,
and several syndromes have been described, some asso-
ciated with particular mutations of the mitochondrial
genome. As recognition of the syndromes and the ability
to test the mitochondrial genome improve, more case
reports of pregnancy in patients with defects of the res-
piratory chain appear. A frequent feature of mitochon-
drial syndromes is small stature, which by itself may
explain an association with hypertension and preterm
labor in several patients (219, 220). Commonly, preg-
nancy proceeds normally or with mild exercise intoler-
ance (221–224), although rarely it may progress to com-
plete immobility (225).

Two women had initial presentation of mitochon-
drial encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS) during pregnancy. Both women had
a spontaneous improvement of symptoms as the preg-
nancy progressed and normal deliveries (226, 227).
Another woman had preterm labor, gestational diabetes,
and a postpartum cardiomyopathy (228).

The deficiencies of numerous enzymes involved in
mitochondrial substrate utilization have been reported,
and a discussion of each is not relevant. At least one, long-
chain 3-hydroxyacyl-CoA dehydrogenase deficiency, pre-
disposes female carriers to preeclamptic complications



NEUROLOGIC DISEASE IN WOMEN326

of pregnancy. In Finland, carrier frequency has been
reported to be 1:240 (229).

Mitochondrial Maternal Inheritance

The oxidative metabolism of fatty acids is an important
source of energy in muscle. It takes place in the mito-
chondrial electron transport chain (respiratory chain).
Approximately 85% of the proteins comprising the res-
piratory chain are encoded by nuclear DNA, with 15%
(in total, 13 proteins) encoded on DNA within the mito-
chondria itself (210). No mitochondria are found in sper-
matozoa, but they are found in ova. Therefore, all human
mitochondria arise from maternal sources, thus causing
the maternal (nonmendelian) inheritance of mitochon-
drial encephalomyopathies. These disorders do not fol-
low the rules for nuclear DNA inheritance (230). Mito-
chondrial diseases do not all arise from mitochondrial
genomic defects; some follow mendelian inheritance pat-
terns. Because mitochondria replicate autonomously, a
range of mitochondrial genomes exists in any ovum. The
presence and percentage of mutated mitochondria deter-
mine the expression of a particular mitochondrial defect,
which explains the variable expression of mitochondrial
encephalomyopathies (231). Figure 21.1 illustrates mater-
nal inheritance in one family. The disease is passed
between generations by females only, although all off-
spring of a carrier mother may carry the genetic defect
(see also Chapter 7). The higher the load of maternal
mutant mitochondrial DNA, the higher the chance of
affected offspring (231).

Genetic Counseling

Antenatal diagnosis of mitochondrial disease is compli-
cated by both maternal and autosomal patterns of inher-
itance. For those mitochondrial diseases with mendelian
inheritance, or syndromes caused by mutations at base
pair 8993 of the mitochondrial genome [Leigh’s syn-
drome, or neuropathy ataxia and retinitis pigmentose
(NARP)], prenatal diagnosis can be done using chorionic
villus sampling (232). Beyond that, prenatal diagnosis
becomes markedly less reliable because it is not possible
to predict how heteroplasmic mitochondrial DNA will
behave (233). Successful prenatal diagnosis has been
accomplished by direct mutation screening of the fetus
using chorionic villus sampling at 10 weeks (234) but
with less success utilizing the determination of respiratory
chain enzyme activity in the fetus, which can give false
negative results (235). See also Chapter 7.

ENDOCRINE MYOPATHIES

Many endocrine abnormalities may affect muscle func-
tion, including Cushing syndrome, iatrogenic steroid
myopathy, hypothyroidism, hyperthyroidism and rarely,
Addison disease. The mechanisms that produce myopa-
thy differ and, for the most part, remain poorly under-
stood. Treatment is aimed at the endocrine dysfunction
rather than the muscle disease.

Thyroid-Related Myopathy

Both hyperthyroidism and hypothyroidism can cause
myopathy, manifesting as proximal painless weakness
and fatigue. Beyond the known female preponderance of
cases (5:1 for Graves disease, and 20:1 for Hashimoto
thyroiditis), however, there is no predilection for muscle
disease attributable to gender. Weakness is infrequently
the sole presenting complaint, but it is often a presenting
symptom. Propanolol does not improve weakness in
hyperthyroidism, but the myopathy quickly improves
with thyroid suppression.

CONGENITAL MYOPATHY

A number of congenital myopathies exist, and these often
require muscle biopsy for diagnosis. These disorders
reflect a developmental arrest of muscle, with the patho-
logic and clinical manifestations dependent on the tim-
ing of insult or the nature of the genetic defect. These dis-
eases do not progress, although the patient may be
severely affected and may die. Myotubular myopathy has
been linked to the X-chromosome, and prenatal diagno-
sis is possible by mutation testing of the MTM1 gene

FIGURE 21.1

This family pedigree demonstrates maternal inheritance.
Women are affected and can transmit the mitochondrial trait;
men can manifest the trait but not transmit it.
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(236) and by linkage analysis of DNA markers in the
Xq28 region (237,238). Severe X-linked myotubular
myopathy has been reported in one girl with extremely
skewed x-inactivation (239).

Congenital nemaline myopathy is a static muscle dis-
ease of variable severity, usually diagnosed in childhood.
Antenatal onset may occur, with consequences character-
istic of the fetal akinesia sequence (140,240), including
arthrogryposis, polyhydramnios, lung hypoplasia, and
neonatal demise (240). Hypotonia, weakness, jaw and
palatal abnormalities, and scoliosis are frequent findings.
It is inherited as either an autosomal dominant or reces-
sive trait. Four cases of congenital nemaline myopathy were
reported in pregnant women: Pregnancy was uneventful
in all, and vaginal or cesarean deliveries were normal,
except when micrognathia, prognathia, and high arched
palate made intubation difficult, and scoliosis inhibited
epidural anesthesia (241,242). All infants were unaffected.

A retrospective report (29) detailed the 12 pregnan-
cies of five women with central core congenital myopathy
and the two pregnancies of a woman with cytoplasmic
body congenital myopathy. For the most part, the women
had mild weakness that was not progressive prior to preg-
nancy. Three of the patients with central core myopathy
had worsening of weakness during pregnancy, with no
improvement after delivery. There were no miscarriages,
three preterm, and two assisted deliveries (prolonged labor
in one, and threatened fetal asphyxia in another), and no
adverse fetal outcomes. Two of the children inherited cen-
tral core myopathy. The chromosomal locus for central
core myopathy is 19q13.1, and the gene product is the
ryanodine receptor, the same as for one of the familial
malignant hyperthermia types (243).

TOXIC MYOPATHY

A plethora of substances are capable of harming muscle
at physiologic and supraphysiologic doses. Few have any
particular tendency to affect women more than men, or
vice versa. I will discuss two substances, emetine and
ethanol, and then discuss the possible effects of anti-
retroviral therapy for HIV infection on the fetus.

Emetine is a major component of syrup of ipecac
and is not specifically toxic for females. It is commonly
abused as an aid to weight loss, however, by inducing
postprandial vomiting. As such, the common victim of
emetine myopathy is a young woman who has an eating
disorder (244,245). Women present with diffuse weak-
ness, and studies show a necrotizing vacuolar myopathy;
cardiomyopathy may also occur. Emetine is slowly
excreted, so large doses and chronic intake conspire to
accumulate emetine, thus producing toxic levels. The
myopathic syndrome slowly improves over months fol-
lowing cessation of intake.

Abuse of ethanol is certainly not limited to either sex,
and acute and chronic skeletal and cardiomyopathies can
be seen in men and women. It appears, however, that
women are differentially prone to myopathic toxicity from
alcohol (246). The sum total of lifetime alcohol intake nec-
essary to cause myopathy is less in women, and there is an
enhanced deleterious effect on female cardiac muscle (246).

In 1999, Blanche and others reported eight children
with mitochondrial dysfunction who had been exposed
to zidovudine, or zidovudine and lamivudine in utero.
All had neurologic symptoms or abnormalities. An
analysis of respiratory chain enzymes was abnormal in
all, but none had mitochondrial mutations known to
cause disease and none were HIV-infected (247). This
remains controversial: a retrospective review of 35 non-
HIV infected children who had died after exposure to
nucleoside reverse transcriptase inhibitors showed none
were related to mitochondrial dysfunction. Of 1,954
uninfected living children exposed to perinatal anti-
retroviral agents, no evidence suggested mitochondrial
disease (248).

CRAMPS AND MYALGIA

The question of muscle cramps frequently occurs in dis-
cussions I have with other physicians. They are usually
surprised when told cramps are rarely a sign of muscle
disease, but rather are a sign of neuronal or metabolic dis-
turbance, if not simply a normal response. Additionally,
the word “cramp” is often misused to cover any type of
muscle pain or myalgia. In fact, a muscle cramp is a spe-
cific clinical and electrophysiologic syndrome that must
be differentiated from muscle contracture, myalgia,
tetany, stiffness, spasticity, myotonia, neuromyotonia,
and dystonia.

A cramp is a “sudden, forceful, painful, involuntary
contraction of one muscle or part of a muscle, lasting any-
where from a few seconds to several minutes” (249).
Electromyography during a cramp reveals a full interfer-
ence pattern that is indistinguishable from a maximal vol-
untary contraction of the muscle. Cramps often begin and
end with fasciculations. This is in contrast with muscle
contractures, as in McArdle disease, which are electrically
silent.

Cramps are seen in normal individuals at night or
related to exercise. Several metabolic disorders can also
cause cramps, including uremia, hypothyroidism, and
hypoadrenalism. Acute extracellular volume depletion (per-
spiration, diarrhea, vomiting, diuresis, hemodialysis) is also
associated with cramps (249). Pregnant women suffer an
increased frequency of cramping, probably secondary to
changes in metabolic and extracellular volume parameters.
Cramps are more sinister as part of disorders of the motor
neuron, in diseases such as amyotrophic lateral sclerosis,
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radiculopathy, neuropathy, and remote poliomyelitis.
Stretching the affected muscle is the best immediate treat-
ment for cramping. Active exercise during pregnancy, espe-
cially the last trimester, may result in less cramping. If no
correctable cause is present, recurrent cramps can be treated
with quinine (250), oral magnesium (251), phenytoin, or
carbamazepine for prophylaxis, although the latter two
drugs carry some risk for teratogenesis.

HYPERCKEMIA

Increased estrogens decrease muscle enzyme efflux and
are thought to have some stabilizing effect upon muscle
(252), including lowering baseline CK levels during preg-
nancy. The normalization of idiopathic hyperCKemia has
been reported during pregnancy, with a recrudescence of
elevated CK levels after delivery (253). Menarchial
women have lower CK levels at rest than premenarchial
or menopausal women, and have a higher efflux of CK
after exercise than either of the other two groups (254).
Women tend to have less of a rise in CK after exercise than
men, and even though estrogen levels inversely correlate
with resting CK level, no correlation exists between estro-
gen and postexercise CK levels (254). Oral contraceptives
have no effect upon serum levels of CK (255). In general,
men have higher resting CK levels than women, and
blacks have higher levels than whites, with Hispanics hav-
ing intermediate levels (256). Because most laboratories
use normal ranges based on the prevailing racial profile,
which is largely white, African-American men and
women may have falsely abnormal CK values. Teenage
girls, particularly if premenarcheal, have higher levels
than adult women, and CK is higher in the postpartum
than in pregnancy due to the involution of myometrium
(257). These circumstances are particularly important if
the CK is being used to determine carrier status, such as
in X-linked Duchenne dystrophy.

FIBROMYALGIA

Fibromyalgia is a common diagnosis whose features are
nonspecific. It is characterized by chronic, multifocal
pain, arthralgias, and myalgias, with focal tender points
and subjectively poor sleep. Laboratory and pathologic
evaluation is usually normal. Women are affected much
more frequently than men, and 80% of cases are women
between the ages of 20 and 50 years (258). One possible
mechanism is a disturbed sleep cycle, and alpha-wave
intrusion in delta sleep has been described (259). This
may explain the efficacy of tricyclic compounds such as
amitriptyline in reducing pain. Nonsteroidal anti-inflam-
matory drugs, exercise, selective serotonin reuptake
inhibitors, and physical therapy may also help (259).
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onnective tissue diseases and some
types of vasculitis disproportion-
ately affect women. The rheumato-
logic diseases in women that most

frequently have neurologic manifestations are Takayasu
arteritis, giant cell arteritis, systemic lupus erythematosus
(SLE), Sjögren’s syndrome, rheumatoid arthritis (RA),
and scleroderma. Medium-vessel vasculitides, including
Wegener granulomatosis and polyarteritis nodosa, do not
have a special female predominance and are not covered
in this chapter. The neurologic manifestations of
rheumatic diseases often require long-term corticosteroid
therapy, leading to corticosteroid complications (such as
cataracts and osteoporosis) in many patients.

The treatment of women during pregnancy presents
particular problems in management, both because the dis-
eases (and their activity) can be difficult to diagnose and
follow and because many of the effective medications are
either contraindicated during pregnancy or, as is the case
with corticosteroids, aggravate hyperglycemia, osteo-
porosis, and preeclampsia.

Antiphospholipid antibody syndrome (APS) is a hyper-
coagulable state that occurs equally in patients with con-
nective tissue diseases, usually lupus, and in a primary form,
without known autoimmune disease. Many of these patients
are women. APS has many neurologic presentations, includ-
ing transient ischemic attack (TIA), stroke, chorea, and

transverse myelopathy (see also Chapters 17 and 24). The
neurologic manifestations of connective tissue diseases, vas-
culitis, and APS are reviewed in this chapter.

TAKAYASU ARTERITIS

Takayasu arteritis is a large-vessel vasculitis that pre-
dominantly affects young women, with a sex ratio of 9:1.
Most patients present between 15 and 25 years of age.
In the United States, the incidence is very low, at 2.6 per
million per year (1); it is more common in Asia (2,3). It
is a vasculitis of the aorta and major branches, typically
presenting as a two-stage illness. In the first stage, sys-
temic phase (“pre-pulseless”), symptoms include fever,
malaise, night sweats, arthralgias, myalgias, and tender
arteries (4). In the late “pulseless” phase, there are symp-
toms of ischemia, with claudication, headache, syncope,
paresthesia, and visual disturbance (5,6). Many patients
do not follow the two-stage pattern, however.

On physical examination, the classic findings are
those of decreased pulses (especially carotid, radial, ulnar,
and brachial), blood pressure differential between the
arms, and bruits over vessels, especially the subclavian
arteries or aorta. Laboratory abnormalities include an ele-
vated erythrocyte sedimentation rate (ESR) in most
patients. Arteriography is the usual mode of diagnosis,
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revealing one of three patterns: type I, with aortic arch
and branch involvement; type II, with involvement of the
descending thoracic and abdominal aorta; and type III, a
combination of type I and type II (7,8).

Neurologic presentations include syncope, stroke,
or TIA; limb weakness from vascular insufficiency; dizzi-
ness; and multiple ocular manifestations (diplopia, amau-
rosis, and retinal changes) (Table 22.1) (1,3,9,10).

Treatment is often delayed because most patients are
not diagnosed in the early phase, in which most symp-
toms are systemic (fever, malaise). Treatment with corti-
costeroids is helpful in improving these systemic symp-
toms and slowing, progression of vascular occlusion
(1,11,12). Some patients require additional immunosup-
pression, using azathioprine, cyclophosphamide, or
methotrexate (13). Those patients who have fixed clau-
dication or major vascular insufficiency may require
angioplasty (13–15) or bypass procedures (16).

GIANT CELL ARTERITIS

Giant cell arteritis (GCA), or temporal arteritis, is more
common in women than in men, with similar clinical
presentations in both sexes. Most affected patients are
over the age of 50. In the United States, it is more com-
mon in people of Scandinavian extraction. Giant cell
arteritis is one of the most frequent types of vasculitis,
with an incidence of 20 to 30 per 100,000 (17). Typical
presentations include headache, amaurosis fugax, mus-
cle and joint aches and pains (with a shoulder-hip gir-
dle predominance and morning accentuation, i.e.,
polymyalgia rheumatica), jaw claudication, scalp ten-
derness, fever, and sometimes cough or sore throat (Table

22.2). Physical examination may reveal enlargement,
beading (alternating enlargement and narrowing), and
tenderness of the temporal arteries. The laboratory
examination may show the classic triad of a greatly ele-
vated ESR, anemia, and elevated alkaline phosphatase.
Diagnosis is based on the characteristic large-vessel vas-
culitis with giant cells on temporal artery biopsy. Because
the vasculitis may skip certain regions, a large segment
is obtained and bilateral biopsies should be done if the
first one is negative. It is extremely unusual to have
biopsy-negative GCA or to have a normal ESR before
treatment.

Treatment is initially high-dose corticosteroids (usu-
ally 40 to 60 mg of prednisone daily). The ESR usually
falls promptly, with relief of symptoms following shortly
thereafter. The high doses of corticosteroids are usually
reduced gradually after the first 4 to 6 weeks, with main-
tenance therapy often required for a year or longer. It is
not necessary to normalize the ESR; it is more important
to follow the important symptoms and signs of disease,
including headache and visual disturbance. Both sexes are
at risk for corticosteroid complications, including dia-
betes mellitus; infections; increase in cardiovascular risk
factors such as weight, hypertension, and hyperlipidemia;
and osteoporosis. Because nearly all women who have
this disease are postmenopausal, it is extremely important
to treat presumptively for corticosteroid-induced osteo-
porosis using calcium, vitamin D, and bisphosphonates
(either daily or weekly alendronate). Because the Women’s
Health Initiative study showed an increase in cardiovas-
cular events in women randomized to hormone replace-
ment therapy (HRT), it is no longer recommended for
osteoporosis.

TABLE 22.1
Presentations of Takayasu Arteritis

Typical Presentation
– Female patient under 40 years of age
– Clinical features include systemic symptoms

(malaise, fever) followed by symptoms due to vascu-
lar occlusion (arterial bruits and absent pulses)

Neurologic Presentations
– Brain
– Dizziness
– Syncope
– Stroke/transient ischemic attack
– Headache
– Ocular
– Difficulty with upward gaze
– Visual impairment
– Hypertensive retinopathy
– Limb weakness

TABLE 22.2
Presentations of Giant Cell Arteritis

Typical Presentation
– Patient over 50 years of age
– Clinical features include malaise, headache, jaw

claudication, visual disturbance, scalp tenderness,
and/or polymyalgia rheumatica

– Laboratory features include a greatly elevated ESR,
anemia, and/or elevated liver function tests (alkaline
phosphatase)

Neurologic Presentations
– Brain
– Headache
– Amaurosis fugax
– Blindness
– Diplopia
– Focal cerebral ischemia (transient ischemic attacks,

strokes)
– Peripheral neuropathy
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SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is the classic exam-
ple of an autoimmune disease, with a 9:1 female-male ratio
and a disproportionate predilection for African-Ameri-
cans. It usually has its clinical onset post puberty; the sex
ratio is equal before puberty. Although the cause is
unknown, several predisposing factors have been identi-
fied. Genetic factors include HLA-D alleles and null (lack
of the gene product for C4 or C3, due to either deletion
or mutation) complement alleles. Environmental factors
include exposure to ultraviolet light and sulfa antibiotics
(18). Hormonal factors include oral contraceptive pills
(although this may have been more true for pills in the past
that contained more estrogen) and pregnancy (19).

The diagnosis of SLE is made by history, physical
examination, and confirmatory laboratory tests. The his-
tory reveals symptoms or signs in multiple organ systems.
Frequent presenting symptoms and signs include malar
(erythematous rash on the cheeks) or discoid (deeper,
inflammatory rash healing with scarring, often hyper- or
hypopigmentation) rash, photosensitivity, oral ulcers,
alopecia, polyarthritis, and fever. Physical examination
will confirm the presence of lupus rashes, reveal whether
there is serositis (pleural rub or effusion and/or pericar-
dial rub), and demonstrate polyarthritis, characteristically
involving the proximal interphalangeal (PIP), metacar-
pophalangeal (MCP), and wrist joints of both hands.
Some manifestations of SLE are only apparent through
laboratory testing, including, in some but not all patients,
hemolytic anemia, leukopenia, lymphopenia, thrombo-
cytopenia, elevated ESR, elevated creatinine, hematuria
and red blood cell casts, and proteinuria. Serologic tests
can be helpful in the diagnosis: A positive antinuclear
antibody (ANA) is found in 95% of patients with SLE,
but a positive ANA is also found in up to 20% of nor-
mal young women. Therefore, a diagnosis of lupus can
never be based on a positive ANA alone; evidence of a
multiorgan (some combination of dermatologic, muscu-
loskeletal, renal, serositis, hematologic, and neurologic
manifestations) systemic disease should exist. Other sero-
logic tests are more specific but are not found in all
patients. The autoantibodies anti-dsDNA and anti-Smith
(anti-Sm) are found only in SLE. Other autoantibodies,
including anti-Ro, anti-La, and anti-RNP, can be found
in other connective tissue diseases as well as in SLE. Many
patients with SLE will also have evidence of complement
consumption, with decreased levels of serum complement
(C3, C4, or both). Other connective tissue diseases, vas-
culitis, and cryoglobulinemia can also cause complement
consumption.

Two neurologic events (seizures—due to lupus, not
due to a prior stroke—and psychosis) are part of the neu-
rologic criterion for SLE (four of eleven American Col-
lege of Rheumatology criteria must be present to classify

patients as having SLE for research purposes) (20). The
eleven criteria include malar rash, discoid rash, photosen-
sitivity, oral ulcers, arthritis, serositis, renal disorder, neu-
rologic disorder, hematologic disorder, immunologic dis-
order, and positive ANA. The neurologic criterion consists
of seizures and psychosis. In the Hopkins Lupus Cohort,
our longitudinal study of SLE, only 11% of the cohort
have had seizures or psychosis due to SLE. Other neuro-
logic events are actually more common (Table 22.3),
including other brain involvement and cranial nerve, cord,
and peripheral nervous system manifestations.

Brain involvement in SLE includes stroke, meningi-
tis, seizure, organic brain syndrome, coma, cognitive
function abnormalities, chorea, psychosis, and lupus

TABLE 22.3
Presentations of Systemic Lupus Erythematosus

Typical Presentations
– Female patient, post puberty, and premenopausal
– Clinical features include fever, fatigue, photosensi-

tivity, malar rash, discoid lupus, aphthous ulcers,
polyarthritis, lupus nephritis (hematuria and pro-
teinuria), serositis (pericarditis and pleurisy),
hemolytic anemia, leukopenia, thrombocytopenia,
seizures, and/or psychosis

– Laboratory features include hematologic abnormali-
ties, renal abnormalities, positive ANA, multiple
organ autoantibodies, and/or low serum comple-
ment (C3, C4)

Neurologic Presentations
– Brain
– Stroke
– Meningitis
– Organic brain syndrome/delirium
– Coma
– Cognitive function deficits
– Chorea
– Psychosis
– Headache
– Pseudotumor cerebri (see APS)
– Cranial neuropathy
– Spinal cord
– Transverse myelopathy
– Peripheral nerve
– Entrapment neuropathy, especially carpal tunnel

syndrome
– Peripheral neuropathy
– Mononeuritis multiplex
– Demyelinating neuropathy
– Autonomic neuropathy (rare)
– Muscle
– Polymyositis
– Steroid myopathy
– Myasthenia gravis
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headache (21). The American College of Rheumatology
has recently codified neuropsychiatric manifestations of
SLE (22). Some strokes are not due to active SLE but to
other disease processes or to comorbid conditions, includ-
ing hypertension. For example, some SLE patients have
a hypercoagulable state APS, which can present as a TIA
or stroke. This syndrome is discussed in detail later in this
chapter. Additionally, SLE patients who have been receiv-
ing maintenance corticosteroids are at risk for premature
atherosclerosis. Brain magnetic resonance imaging (MRI)
is a more sensitive test than a computed tomographic
(CT) scan to detect infarcts and other lesions from SLE
(23). Strokes due to active SLE often do not have demon-
strable vasculitis on angiogram, although there are excep-
tions (24). The vessel pathology is usually a small-vessel
vasculopathy (25,26).

Organic brain syndrome (encephalopathy) and coma
are frightening manifestations of SLE that can sometimes
occur very acutely, over days or a few weeks. As with
other manifestations of CNS-SLE, other diagnoses need
to be considered. Infections, multiple cerebral infarcts,
tumor, intracranial bleeding, status epilepticus, metabolic
states [syndrome of inappropriate secretion of antidiuretic
hormone (SIADH), hepatic encephalopathy, uremia,
myxedema], and drug toxicity may be mistaken for SLE
flare and must be excluded. Nearly all patients will require
a brain MRI scan and lumbar puncture. It is also impor-
tant to perform an electroencephalogram to rule out the
possibility of status epilepticus. Other diseases that can
mimic SLE in this situation are thrombotic thrombocy-
topenic purpura (TTP) and the catastrophic (i.e., life-
threatening multiorgan vasculopathy and/or infarcts) pre-
sentation of APS. In TTP, fever, thrombocytopenia, and
renal involvement would be additional clues leading to the
diagnosis (discussed later in this chapter). An examina-
tion of the blood smear for schistocytes is crucial. Treat-
ment with plasmapheresis is indicated for TTP and may
be helpful in the catastrophic form of APS, when multi-
ple organs fail due to vasculopathy and/or thrombosis.

If the organic brain syndrome or coma is due to SLE,
it is important to treat early (often while the patient is still
in the emergency room) and effectively. Most patients are
given intravenous “pulse” methylprednisolone, 1,000 mg
daily over 90 minutes, for 3 days. This is the same dosage
that is used for the treatment of renal transplant rejection.
Many patients begin to show improvement within hours
or a day of receiving the methylprednisolone. A patient
who is slow to respond, or who is critically ill, may
require additional treatment. Several studies have proven
the efficacy of intravenous cyclophosphamide for severe
CNS-SLE. It is usually given in doses between 750 and
1,000 mg/m2 body surface area, initially once monthly for
up to 6 months, provided that there are no concerns about
bone marrow suppression (27,28). Because most SLE
patients are young women, it is important that they be

protected against some of the major complications of
cyclophosphamide, such as hemorrhagic cystitis and blad-
der carcinoma. For that reason, we and others recom-
mend that cyclophosphamide be preceded by prehydra-
tion and that it be given with mesna, which binds toxic
metabolites.

A lupus patient who presents with symptoms or signs
of meningitis must have a lumbar puncture. Patients with
SLE, especially those who are receiving treatment with
prednisone or immunosuppressive drugs, are at risk for
both typical (i.e., pneumococcal) and opportunistic infec-
tions, including tuberculosis, cryptococcus, and can-
didemia, all of which can be complicated by meningitis.
Patients who have SLE may be more susceptible to infec-
tion by some viruses, such as herpes zoster, that can cause
meningitis. Additionally, certain drugs, such as nonsteroidal
anti-inflammatory drugs (NSAIDs), especially ibuprofen,
can rarely cause a drug meningitis in SLE patients (29).

Lumbar puncture may show a number of different
abnormalities in lupus meningitis, or in CNS-SLE in gen-
eral, none of which are specific for SLE. These abnor-
malities include elevated protein, decreased glucose, pleo-
cytosis, oligoclonal bands, and elevated IgG index. The
measure of autoantibodies or complement in the cerebral
spinal fluid (CSF) is not helpful diagnostically. If infection
is ruled out, lupus meningitis is treated initially with high-
dose corticosteroids.

Seizures are less common in SLE patients today than
they were decades ago, perhaps reflecting earlier diagno-
sis and treatment. In most series, SLE seizures are more
common early in the disease course (21,30,31). Most
seizures due to SLE are generalized tonic-clonic seizures
(32–34). SLE seizures can occur as part of a systemic flare
(i.e., activity outside the neurologic system) or can be iso-
lated, without non–CNS-SLE activity. The etiology of SLE
seizures is not understood. Antiphospholipid and/or anti-
neuronal antibodies may, through direct binding to neural
tissue, lead to a metabolic change that lowers the seizure
threshold.

An SLE patient with new-onset seizures needs a
complete evaluation for CNS-SLE and non-SLE causes of
seizures (35). The first question is whether the patient is
having true seizures or pseudoseizures, such as syncope,
movement disorders, narcolepsy, or psychogenic seizures
(36). Second, potentially reversible conditions that cause
seizures should be investigated. These include infections,
metabolic derangements, medication toxicity (including
phenothiazines, clozapine, radiographic contrast agents,
and some SLE medications, such as antimalarial drugs,
that are very rarely associated with seizures) and CNS-
SLE. SLE patients with renal failure are at risk for seizure
if they are given meperidine hydrochloride; we have seen
this problem several times in postoperative patients.
Third, it is important to ascertain whether a new focal
cause of chronic epilepsy exists, such as a stroke or tumor.
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The evaluation of an SLE patient with new-onset
seizure includes a search for infection, laboratory testing
(complete blood count, electrolytes, BUN, creatinine, liver
enzymes), medication review, and a search for activity of
SLE outside the neurologic system. Lumbar puncture, EEG,
and brain MRI with gadolinium are usually performed.

If the seizures are due to active SLE, initial treatment
consists of both corticosteroids and antiepileptic drugs
(AEDs). Most seizures in SLE patients are tonic-clonic
seizures, which can be successfully treated with pheny-
toin. Phenytoin can affect the metabolism of corticos-
teroids and, on rare occasions, causes a drug fever in SLE
patients. Patients whose seizure was due to a reversible
precipitant, such as infection or lupus flare (reactive
seizures), may not need long-term AEDs.

Cognitive function deficits, including problems with
memory, concentration, and judgment, are probably the
most common manifestations of CNS-SLE (37). They are
also, unfortunately, one of the more nonspecific mani-
festations and are consequently very difficult to attribute
to SLE alone (38). SLE, corticosteroids, other drugs
(including tricyclic antidepressants and NSAIDs), and
comorbid processes such as APS, dementia, and depres-
sion can also contribute to cognitive function abnormal-
ities (39). Formal cognitive function tests are important
in localizing the deficits, establishing a baseline, and can
often suggest processes such as anxiety and/or depression
as possible contributing causes. Patients with major cog-
nitive function deficits should have a brain MRI with
gadolinium as part of their evaluation. The role of brain
single photon emission computerized tomography
(SPECT) scan or brain positron emission tomography
(PET) is limited because scans can be abnormal in patients
without neurologic symptoms or signs (40,41). Treatment
with corticosteroids is used if there is evidence of pro-
gression and if SLE is thought to be the primary cause
(39). Most SLE patients have mild, stable deficits that
may not require treatment with corticosteroids or alky-
lating drugs.

Chorea is a very unusual presentation of CNS-SLE
(42). Its presence should always mandate evaluation for
APS, especially if infarcts are found in the basal ganglia
on brain MRI scan.

Psychosis is an unusual manifestation of CNS-SLE.
It may be associated with antiribosomal P antibody
(43–45). Antiribosomal P does not have sufficient pre-
dictive value to warrant testing for it in all SLE patients,
however. Psychosis can also occur from steroid psychosis,
infection, and very rarely, drugs such as antimalarials
(including hydroxychloroquine and chloroquine). Psy-
chosis, if due to active SLE, is treated with corticosteroids
and major tranquilizers (such as haloperidol).

Severe unremitting headache, unresponsive to nar-
cotics and other general headache remedies, can occur as
a result of SLE, but is unusual. Headache can be the first

presenting sign of other SLE neurologic syndromes,
including lupus meningitis, organic brain syndrome,
pseudotumor cerebri, and stroke, but it can also represent
an infection, tumor, or drug toxicity. Thus, a new severe
headache, especially with neurologic symptoms or signs,
should be evaluated with brain MRI and lumbar punc-
ture to look for evidence of an opportunistic infection.
Chronic recurrent headache is usually not due to lupus
and should lead to an evaluation for the common causes
of headache, especially migraine. SLE patients with
antiphospholipid antibodies should be checked for dural
sinus thrombosis.

Cranial neuropathies, including Bell’s palsy, are rare
in SLE, occurring in only 1 to 2% of patients. Some cases
of trigeminal sensory neuropathy do not correspond to
trigeminal branches and may be caused by medulla oblon-
gata lesions (46). Most cranial neuropathies in SLE are
due to vasculitis or infarction (47–49), although facial
nerve palsy has been reported due to angioedema (50).
The presence of a new cranial neuropathy, especially Bell’s
palsy, should lead to an evaluation of other causes, includ-
ing Lyme disease in endemic areas and space-occupying
lesions. Cranial neuropathies due to SLE are treated with
corticosteroids.

Transverse myelitis can occur both from SLE (51)
and from the APS (52,53). The differential diagnosis
includes vertebral compression fractures (54), cord lipo-
mas, infections (herpes zoster) (55), tuberculosis (56), and
polyoma JC virus (57). In the case of SLE, lumbar punc-
ture often shows elevated CSF protein, pleocytosis, and/or
decreased CSF glucose (58,59). MRI of the cord may
show increased signal intensity, edema, or infarct (60).
Because of poor long-term function in many cases (61),
if infection and compression fracture can be quickly ruled
out with an MRI of the affected cord segment, it is impor-
tant to institute effective treatment, such as intravenous
pulse methylprednisolone, within hours of presentation
(62). Those patients with relapsing or nonimproving
courses can benefit from the addition of “pulse” intra-
venous cyclophosphamide.

SLE is one of the more common causes of mononeu-
ritis multiplex (63,64). Patients usually first present with
pain, hypesthesia, and dysesthesia, followed by motor
signs (including weakness). Nerve conduction studies con-
firm mononeuritis multiplex. If nerve-muscle biopsy is
performed, vasculitis is usually demonstrated. Corticos-
teroids in high doses are the initial therapy, but often it
is necessary to add a second drug, such as azathioprine,
to allow eventual reduction of the corticosteroid dose.
Patients with SLE can also develop peripheral neuropa-
thy (65), entrapment neuropathies (especially carpal tun-
nel syndrome), demyelinating neuropathy, and autoim-
mune neuropathy (66,67).

Muscle weakness in an SLE patient can be due to
polymyositis, typically with proximal accentuation, and



NEUROLOGIC DISEASE IN WOMEN340

with elevated creatinine phosphokinase (CPK) and/or
aldolase. The diagnosis can be confirmed through EMG
and muscle biopsy. In a corticosteroid-treated patient, the
possibility of steroid myopathy must be considered. Elec-
tromyography and muscle biopsy are helpful to rule out
inflammatory myopathy, but improvement with corti-
costeroid reduction is the sine qua non. An occasional
patient with SLE may also develop myasthenia gravis
(68). All SLE patients with muscle weakness and/or ele-
vated CPK should be checked for hypothyroidism.

SJÖGREN’S SYNDROME

Sjögren’s syndrome is predominantly a disease of middle-
aged women, affecting between 2 and 5% of adults over
55 years of age (69–71). The usual presenting symptoms
and signs are dry eyes and mouth, with keratoconjunc-
tivitis sicca and decreased salivary pool. Some patients
have parotid enlargement or hepatosplenomegaly. The
diagnosis can be confirmed by an abnormal Schirmer test
or rose bengal staining in the case of keratoconjunctivi-
tis sicca, or minor salivary gland biopsy (showing inflam-
mation and/or fibrosis) in the case of dry mouth. Many
patients have anti-Ro (also called anti-SSA) and anti-La
(also called anti-SSB) autoantibodies in the serum.

The prevalence of severe neurologic disease in Sjö-
gren’s syndrome is controversial. Alexander and colleagues
reported neurologic complications in as many as 20% of
patients (72). Other centers have reported mostly mild neu-
rologic symptoms, which are often explained by the primary
autoimmune disease in patients with secondary Sjögren’s
syndrome (73,74). Most centers report predominantly cra-
nial (especially trigeminal) neuropathy (75) and mild sen-
sory or mixed peripheral neuropathies (76).

Severe CNS-Sjögren’s disease is not common, except
perhaps in referral centers where there is likely to be a
selection bias (77). Clinically, it can resemble multiple
sclerosis, with multifocal events occurring over months
to years. Presentations include CNS involvement (spas-
ticity, visual loss, ataxia, hemiparesis, cranial neuropathy,
dysarthria, nystagmus, and internuclear ophthalmople-
gia) and cord involvement (transverse myelopathy and
neurogenic bladder) (Table 22.4). Evoked potential and
CSF abnormalities are frequently found. In the series of
Alexander and colleagues, 16 of 18 patients had one or
more oligoclonal bands, and 10 patients had an elevated
IgG index (77). CNS-Sjögren’s disease is treated in a sim-
ilar fashion to CNS-SLE, using high-dose corticosteroids
and the addition of cyclophosphamide in severe or refrac-
tory cases.

The most common neurologic presentation is
peripheral neuropathy (72,73,77–81). Mononeuritis mul-
tiplex can also occur (82). A pure sensory neuropathy
caused by a lymphocytic infiltration of the dorsal root

ganglia has been reported, sometimes preceding the diag-
nosis of Sjögren’s disease itself. Patients who have this dis-
order present with an asymmetric sensory deficit, initially
in the hands, often in association with Adie’s pupil or
trigeminal sensory neuropathy (76,83). Progressive major
peripheral neuropathy is treated with corticosteroids.

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) preferentially affects females,
with a ratio of 4:1. It is one of the most common autoim-
mune diseases, affecting 1% of postmenopausal women.
The disease may present in the late twenties or thirties,
but many patients present in the peri- or postmenopausal
years. Although the cause is unknown, genetic factors are
important. One of the most important is the “shared epi-
tope,” an HLA sequence that confers susceptibility (84).
Hormonal factors play a role in the pathogenesis of the
disease. Epidemiologic evidence exists that oral contra-

TABLE 22.4
Presentations of Sjögren’s Syndrome

Typical Presentation
– Female patient, postmenopausal
– Clinical features include keratoconjunctivitis sicca

and dry mouth

Neurologic Presentations
– Brain
– Stroke (72)
– Nystagmus
– Cerebellar ataxia
– Seizures
– Hemianopsia
– Unilateral internuclear ophthalmoplegia
– Optic neuropathy (78)
– Vasculitis (79)
– Multiple sclerosis–like (77)
– Meningitis (80)
– Cognitive function deficits (81)
– Migraine headache (156)
– Cranial neuropathy
– Spinal cord
– Transverse myelitis/myelopathy (157)
– Spinal subarachnoid hemorrhage
– Peripheral nerve
– Entrapment neuropathy, especially carpal tunnel

syndrome
– Peripheral neuropathy
– Sensory (75,158–160)
– Motor
– Mononeuritis multiplex (82)
– Muscle
– Polymyositis
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ceptive use may be protective, and the disease often remits
during pregnancy (85). Remissions during pregnancy are
due to HLA mismatch between the woman and her part-
ner (86). There is great interest in the role of the nervous
system in the pathophysiology of RA, especially in terms
of the symmetric nature of the polyarthritis and the pref-
erence for distal joints (87). For example, substance P is
able to activate rheumatoid synoviocytes (88).

RA presents as a symmetric arthritis of the joints of
the hand (MCP and PIP joints) and wrist (carpal joints)
(Table 22.5). Pronounced morning stiffness occurs. Even-
tually, many joints may be involved, including elbows,
shoulders, knees, ankles, and tarsal joints. Severe disease
results in joint erosions and deformities. Laboratory
abnormalities include anemia (usually the anemia of
chronic disease, although an anemia that is responsive to
erythropoietin is also found), elevated ESR, thrombocy-
tosis, and hypergammaglobulinemia. Some patients have
rheumatoid factor, an IgM autoantibody that is directed
against IgG.

The treatment of RA consists of drugs that help to
suppress acute inflammation, such as NSAIDs and pred-
nisone, and drugs that are “disease-modifying,” slowing
the progression of erosive changes and deformities. The
major oral disease-modifying drugs that are used in the
United States are methotrexate and leflunamide (in
Europe, azulfidine is also widely used). Neither are
allowed during pregnancy. Other disease-modifying drugs

that are used include hydroxychloroquine, azathioprine,
and cyclosporine. These are continued during pregnancy
only if absolutely required for the health of the mother.
Because RA often improves during pregnancy, it is usu-
ally possible to stop disease-modifying drugs. Gold and
penicillamine have fallen into disfavor because of lower
efficacy and greater toxicity. They are not used during
pregnancy. Over the past few years, biologic agents that
block tumor necrosis factor (etanercept, infliximab, adal-
imunab) have been shown to be very effective for both the
symptoms and signs of RA.  These biologics are associ-
ated with an increase in extrapulmonary tuberculosis and
may cause anti-dsDNA, anticardiolipin, or a drug-
induced lupus; they worsen multiple sclerosis and con-
gestive heart failure. They are not approved for use in
pregnancy.

Rheumatoid involvement of the CNS is very rare
(89,90). Intracranial lesions include vasculitis (91,92),
meningitis (93), and rheumatoid nodules (90,94). Seizures
can be due to rheumatoid nodules (95) or to lep-
tomeningitis (96). Rheumatoid pachymeningitis can be
localized to a discrete location, such as the lumbar cord
(97). Finally, normal pressure hydrocephalus has been
reported in RA (98).

Several of the neurologic complications of RA are
directly related to joint swelling and deformity. Carpal
tunnel syndrome is the most common nerve entrapment
in rheumatoid patients and usually improves as the joint
synovitis is controlled. Cock-up wrist splints and carpal
tunnel corticosteroid injections are also beneficial treat-
ments. Tarsal tunnel syndrome may occur in the foot.
Other entrapment neuropathies found in RA include the
posterior interosseous nerve, the femoral nerve, the per-
oneal nerve, and the interdigital nerve (at the metatar-
sophalangeal joint) (99,100).

Life-threatening problems can arise from
myelopathies due to cervical spine instability (101). C1–2
subluxation, due to destruction of the transverse ligament
of C1 or erosion of the odontoid peg, can occur.
Atlantoaxial impaction (pseudobasilar invagination or
cranial settling) has occurred in 5 to 32% of patients in
two series (102,103). Patients present with pain in the
occipital area of the neck, retro-orbital area, or tempo-
ral area (101). Additionally, there may be upper and lower
motor neuron signs, pathologic reflexes, vertebrobasilar
insufficiency, and urinary and fecal incontinence (101).
Lateral spine films taken in extension and flexion can help
to confirm the diagnosis (104), but MRI and somatosen-
sory evoked potentials may be needed (105). Neurosur-
gical procedures to stabilize the cervical spine are neces-
sary (106). Subluxation of the thoracic or lumbar spine
has been reported with RA but is rare (107).

Extra-articular neurologic manifestations of RA
include mononeuritis multiplex and peripheral neuropa-
thy. Mononeuritis multiplex is caused by rheumatoid vas-

TABLE 22.5
Presentations of Rheumatoid Arthritis

Typical Presentation
– Female patient, peri- or postmenopausal
– Clinical features include malaise, symmetric bilat-

eral polyarthritis, especially of the joints of the
hands and wrists, and/or rheumatoid arthritis

Neurologic Presentations
Brain

– Meningitis
– Vasculitis
– Intracranial rheumatoid nodules
– Normal-pressure hydrocephalus
– Optic atrophy

Spinal Cord
– Pachymeningitis

Cervical Myelopathy
– C1–2 subluxation

Peripheral Nerve
– Entrapment neuropathy
– Carpal tunnel syndrome
– Tarsal tunnel syndrome
– Peripheral neuropathy
– Mononeuritis multiplex



NEUROLOGIC DISEASE IN WOMEN342

culitis. Patients present with onset of sensory or motor
loss in a single nerve distribution, often followed by addi-
tional nerve lesions. Nerve conduction studies may
demonstrate axonal involvement. The diagnosis may be
confirmed with a nerve (usually sural)/muscle biopsy
showing vasculitis.

SCLERODERMA

Progressive systemic sclerosis (PSS), or scleroderma, is a
rare autoimmune disorder. It is much more common in
females, with a gender ratio of 15:1, and is particularly
common in African-Americans. Epidemiologic studies
differ widely in prevalence estimates, with earlier stud-
ies finding 0.1 to 13.8 cases per 100,000 (108) and a
recent study finding 19 to 75 cases per 100,000 (109).
Although certain toxins, such as toxic oil, can cause a
syndrome that mimics scleroderma (110), there is little
evidence that silicone breast implants are associated with
scleroderma (111). The early pathology of scleroderma
includes an inflammatory infiltrate in the dermis, but the
primary pathology is one of widespread vascular damage
and fibrosis.

The clinical presentation of scleroderma includes
Raynaud phenomenon, with nailfold capillary changes in
most patients (Table 22.6). Patients can be characterized
into two groups: in the first, diffuse type, patients have dif-
fuse cutaneous involvement, with rapidly progressive,
widespread thickened skin that affects the distal and prox-
imal extremities and trunk. In the second type, there may
be limited cutaneous involvement, with calcinosis, Ray-
naud phenomenon, esophageal dysmotility, sclerodactyly,
and telangiectasias (CREST) usually affecting the fingers
and face. Patients who have diffuse cutaneous involvement
are more likely to develop interstitial pulmonary fibrosis
and other systemic complications of scleroderma.

The diagnosis of scleroderma is usually suspected
in patients with severe Raynaud phenomenon and the
characteristic thickened skin. Other edematous, indura-
tive, and atrophic conditions may mimic scleroderma,
and a skin biopsy may be necessary to confirm the diag-
nosis. Esophageal dysmotility, abnormal pulmonary func-
tion tests, calcinosis, and telangiectasias may also help
in the diagnosis. Helpful laboratory tests, in addition to
antinuclear antibody (which is present in 95% of
patients), are anti-centromere antibody (which is positive
in 50% of patients who have limited cutaneous involve-
ment), and anti-topoisomerase I antibody, or anti-Scl 70
(which is positive in 40% of patients who have diffuse
cutaneous disease).

Current therapy for scleroderma is unsatisfactory.
Symptoms of Raynaud phenomenon can be managed
with calcium channel blockers, especially nifedipine, dil-
tiazem, and amlodipine. Penicillamine is frequently used

for skin manifestations, in the hope that it will retard pul-
monary and renal scleroderma, but a clinical trial com-
paring low versus high dose showed no benefit of the lat-
ter (112). The hypertensive crises in patients with renal
involvement can be treated and possibly prevented by
ACE inhibitors. No effective therapy exists for the relent-
less fibrosis. Pulmonary hypertension is treated with cal-
cium channel blockers, intravenous prostacyclin, and an
endothelin-receptor antagonist, bosentan.

Neurologic presentations of scleroderma are
uncommon (113), found in only 6% of patients (114).
Trigeminal neuropathy (115) and other cranial neu-
ropathies (including vocal cord palsy, facial, chorda tym-
pani, and auditory, glossopharyngeal, and hypoglossal
neuropathy) (114–120) can occur, more often in the lim-
ited form of the disease. Entrapment neuropathy result-
ing from carpal tunnel syndrome can be due to active
arthritis or edematous hands (114). Trigeminal neu-
ropathy (121–123) and carpal tunnel syndrome usually
occur early in the course of disease, with mononeuritis
multiplex and peripheral neuropathy (124) occurring as
late manifestations (114). Autonomic neuropathy has
been reported, with or without evidence of peripheral
neuropathy (125–127). Both parasympathetic and sym-
pathetic dysfunction can occur.

Most women with scleroderma will either be beyond
menopause or too ill with cardiac, pulmonary, or renal
manifestations to contemplate pregnancy. ACE inhibitors
are normally stopped before pregnancy because of the risk
of fetal renal agenesis. Penicillamine is also stopped before
pregnancy.

TABLE 22.6
Presentations of Progressive Systemic Sclerosis

(Scleroderma)

Typical Presentation
– Female patient
– Clinical features include Raynaud’s syndrome, tight

thick skin and internal involvement, including lung,
kidney, and gastrointestinal tract

– Laboratory features include anticentromere in the
limited form and antitopoisomerase (anti-Scl 70) in
the diffuse form

Neurologic Presentation
– Cranial neuropathy
– Trigeminal sensory neuropathy
– Peripheral
– Entrapment neuropathy
– Carpal tunnel syndrome
– Peripheral neuropathy
– Mononeuritis multiplex
– Muscle
– Myopathy
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ANTIPHOSPHOLIPID ANTIBODY SYNDROME

Antiphospholipid antibody syndrome (APS) is one of the
more common acquired causes of a hypercoagulable state
(128). It occurs equally in patients with SLE (the sec-
ondary form) and in patients with no known connective
tissue disease (the primary form). The secondary form is
much more common in women; the gender ratio for the
primary form is equal.

APS usually presents as thrombosis (venous or arte-
rial), pregnancy loss (recurrent first trimester loss or late
pregnancy loss), and/or thrombocytopenia. It is an
unusual hypercoagulable state in that it affects both the
arterial and the venous sides of the circulation. Antiphos-
pholipid antibodies consist of a family of autoantibod-
ies. The first one to be discovered, the false-positive test
for syphilis, is not highly associated with APS. It still has
clinical importance, however, because as many as 20% of
young women who have a biologic false-positive for
syphilis (VDRL or RPR) go on to develop lupus or a
related connective tissue disease.

The three antiphospholipid antibodies that are clin-
ically important are the lupus anticoagulant, anticardi-
olipin antibody, and anti-b2 glycoprotein I. The lupus
anticoagulant is a double misnomer because most of the
patients with the autoantibody do not have lupus and
because it is a procoagulant. In vitro, however, it does pro-
long clotting times—hence its name.

The results of lupus anticoagulant assays, because
they are clotting assays, are not reliable in patients who are
receiving heparin or warfarin. Lupus anticoagulant assays
do not measure the amount of autoantibody; rather they
measure its action in interfering with the prothrombin acti-
vator complex. The lupus anticoagulant is a heterogeneous
antibody, so that no single assay can identify more than 90
to 95%. Among the sensitive screening assays in wide use
are the modified Russell viper venom time (129), the kaolin
clotting time, and the sensitive partial thromboplastin time
(PTT). The usual PTT performed in hospital laboratories
is an unreliable screening assay. In one study, it missed
50% of SLE patients who had a lupus anticoagulant that
was demonstrable using more sensitive tests (130).

Anticardiolipin antibody (aCL) is an assay for
antiphospholipid antibody performed in solid phase, pro-
viding measures of IgG, IgM, and IgA isotypes. High-titer
IgG is most closely associated with the manifestations of
APS, although there are patients with only IgM who have
thrombosis and/or pregnancy loss. Anticardiolipin anti-
body can be measured in serum or plasma and is not
affected by the presence of heparin or warfarin. Patients
with APS may make lupus anticoagulant or anticardi-
olipin alone. Beta-2 glycoprotein I is the target of anti-
cardiolipin antibodies. It is a plasma protein involved in
the control of coagulation. ELISA assays have been devel-
oped that measure antibodies to beta-2 glycoprotein I.

Classification criteria have been developed for APS
(131). The criteria are the presence of a lupus anticoag-
ulant or moderate to high titer anticardiolipin of IgG or
IgM isotype, and the presence of one of the following:
venous thrombosis or arterial thrombosis; or pregnancy
morbidity including multiple first trimester losses, one
or more late fetal losses, or placental insufficiency (132).

The approaches to treatment of APS depend on the
clinical manifestations. Thrombosis is treated with long-
term high-intensity warfarin, aiming for an international
normalized ratio (INR) of 3.0 to 4.0. These recommen-
dations are based on three retrospective series that showed
a high frequency of recurrent thrombosis in patients who
were not anticoagulated to this degree (133–135).
Prospective clinical trials are lacking, however.

Immunosuppression with corticosteroids to decrease
the titer of the antiphospholipid antibodies is not suffi-
cient therapy and exposes patients to the long-term risks
of corticosteroids. The preferred regimen during preg-
nancy is heparin and low-dose aspirin (136). Warfarin
cannot be given during pregnancy because of its terato-
genic potential. This treatment should be extended for 6
to 8 weeks post partum because that is the time of great-
est risk for thrombosis (137).

APS has multiple neurologic manifestations (Table
22.7). Thrombosis frequently affects the brain, resulting

TABLE 22.7
Presentations of Antiphospholipid 

Antibody Syndrome

Typical Presentation
– The primary form is equally prevalent in women and

men; the secondary form (usually due to SLE)
occurs predominantly in women

– Clinical features include venous or arterial 
thrombosis, recurrent pregnancy loss, and/or 
thrombocytopenia

– Laboratory features include the lupus anticoagulant
(prolonged PTT or other more sensitive clotting
assay) and/or anticardiolipin antibody

Neurologic Presentations
– Brain
– Stroke (and multi-infarct dementia)
– Transient ischemic attack
– Encephalopathy
– Pseudotumor cerebri (venous sinus thrombosis)
– Migraine-associated focal neurologic events
– Ocular
– Ischemic optic neuropathy
– Amaurosis fugax
– Retinal vessel occlusion
– Spinal cord
– Transverse myelopathy
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in strokes. Embolic strokes arise largely from vegetations
on the mitral or aortic valves (138,139) and are more
easily demonstrated on transesophageal rather than
transthoracic Doppler studies. TIAs are another typical
manifestation of APS.

Some of the neurologic manifestations of APS are
referred to as vasculopathic rather than thrombotic.
Some patients present with encephalopathy, sometimes
without frank infarcts. Vasculopathic changes may be
found postmortem.

Some CNS manifestations of APS are due to venous
rather than arterial thrombosis. Pseudotumor cerebri
may occur following cerebral venous sinus thrombosis
(140) and may also occur in SLE without thrombosis in
association with corticosteroid treatment. Although a
rare presentation, the presence of pseudotumor cerebri in
a patient with SLE or in any young person should war-
rant a search for APS (see also Chapter 22).

A few patients with classic presentations of APS had
migraine headache as their initial complaint. Uncompli-
cated migraine headaches are not associated with APS
(141,142). Antiphospholipid antibodies were found to be
more frequent in young patients with migraine-associated
focal neurologic events however, (143). (See also Chap-
ter 17 on cerebrovascular disease).

Chorea, whose pathophysiology is not completely
understood, is a manifestation of APS. Chorea appears
to be more frequent in the primary form of APS than in
SLE, although it can occur in SLE patients (even with-
out antiphospholipid antibodies) (144–146). Chorea is
more common in children and frequently is associated
with additional precipitants, including pregnancy and
oral contraceptive medication (see also Chapter 24).
Many case reports exist of antiphospholipid antibodies
in patients who developed chorea while receiving oral
contraceptives (147,148). Although it is usually bilateral,
chorea can be unilateral. Chorea often responds to cor-
ticosteroids, aspirin, and/or haloperidol, suggesting that
it represents reversible binding of antiphospholipid anti-
bodies rather than a fixed ischemic lesion.

Transverse myelopathy is another hallmark of APS.
As with chorea, not all patients have demonstrable
infarcts, and many improve rapidly with corticosteroid
therapy (149). Many patients termed “lupoid sclerosis”
patients because of overlapping features of multiple scle-
rosis and SLE (often optic neuritis and transverse
myelitis) probably had APS (52,150,151).

Ocular manifestations of APS are frequently seen.
In a series of patients with cerebrovascular disease,
ischemic optic neuropathy, amaurosis fugax, and retinal
artery or vein occlusion are frequently found (152–154).
A characteristic severe retinal vaso-occlusive disease
should suggest APS (155).

CONCLUSION

Because the connective tissue diseases, vasculitides, and
APS are systemic diseases, it is not surprising that they
frequently involve the nervous system. In a young woman
presenting with neurologic involvement, connective tis-
sue disease (lupus or rheumatoid arthritis), vasculitis
(Takayasu), or APS would be in the differential diagno-
sis. Future pregnancy is often an issue in these women,
requiring consideration of the safety of medications, and
usually, the consultation of maternal-fetal medicine. In a
middle-aged woman, a connective tissue disease (RA, Sjö-
gren’s syndrome), vasculitis (GCA or medium vessel vas-
culitis), and APS remain an essential part of the differen-
tial diagnosis. A suspicion of a rheumatologic disease will
always be based on a thorough history and physical
examination, with appropriate laboratory and serologic
testing.
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ovement disorders are commonly
encountered in general neurology
practice, and in many academic
institutions, a separate division is

dedicated to the treatment of this subspecialty. Despite
the large number of patients with movement disorders,
there is a relative paucity of epidemiologic data. In par-
ticular, little information is available on the influence of
gender on the occurrence and even less on the clinical
manifestations of these disorders. This chapter reviews
the gender differences that have been identified in the
more common movement disorders, and the influence of
hormonal states on disease expression.

The etiology for most movement disorders remains
unknown, with the majority being idiopathic in nature.
Although some gene mutations have been defined (e.g.,
DYT1 gene mutation in early-onset generalized dystonia),
the genetic contributions for the majority of movement
disorders remain under investigation (1). Consequently,
the impact of gender on these factors is still not clear.

Disorders of movement are broadly categorized into
those of predominantly decreased movement, or hypo-
kinetic, and those of primarily excessive movement, or
hyperkinetic. Parkinsonism makes up the bulk of hypo-
kinetic movement disorders. Hyperkinesias are comprised
of a variety of disease states with tremor, dystonia, chorea,
myoclonus, or tics as manifestations. Basal ganglia
pathology (including alterations in the connectivity of this

group of subcortical nuclei) is responsible for the expres-
sion of most but not all movement disorders.

HYPOKINETIC DISORDERS

Parkinson’s Disease

Parkinson’s disease (PD) is a neurodegenerative disorder
with characteristic motor manifestations of rest tremor,
rigidity, and bradykinesia. It is typically accompanied by
gait and postural instability. The degeneration of
dopamine-containing pigmented neurons in the substan-
tia nigra pars compacta and the presence of Lewy bodies
are the pathologic hallmarks of the disease. Most cases of
Parkinson disease are idiopathic, but heritable forms of
PD have also been found and linked to specific gene muta-
tions, including parkin, alpha-synuclein, DJ-1, PINK1
and LRRK2 (2,3). Onset is typically in the sixth to sev-
enth decades of life.

Male predominance of idiopathic PD has been
found in most population- and clinic-based studies. Male
to female ratios of disease prevalence range from 1.2:1.0
to 1.7:1.0 (4). Incidence data for PD are scanty, but the
few studies to date have supported the finding of higher
rates in males (5). PD estimates in populations in
Rochester, Minnesota, and northern California found a
higher incidence of PD in men than women, with 13.0
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and 19.0 per 100,000 in men, compared with 8.8 and 9.9
per 100,000 in women, respectively (6,7). A 2 to 1 ratio
of men to women with PD was found in Italy (8). The
male predominance of PD remains controversial, how-
ever, as some studies have found either no difference in
prevalence of PD between men and women or a higher
prevalence in women (9,10). Several studies in Japan have
confirmed a higher prevalence of PD in women (11–14).

Estrogen and PD

Gender differences in the clinical aspects of PD onset and
progression have been found. Comparisons of Mini-Men-
tal State Examinations (MMSE) and Unified Parkinson’s
Disease Rating Scale (UPDRS) motor scores were made
between men and women in the Kansas Medical Center’s
PD Registry (15). Lyons et al. found that women had more
dyskinesias than men and slightly better MMSE scores.
Men had more motor disability on UPDRS and required
higher doses of levodopa, thus suggesting a more severe
disease progression overall. This, in addition to the higher
incidence of PD in men discussed earlier, has led to inves-
tigations into the possible protective effects of estrogen and
how hormonal states may influence the disease.

Animal studies have documented that estrogen
increases dopamine concentrations in the brain by increas-
ing tyrosine hydroxylase activity, enhancing dopamine
release and inhibiting dopamine reuptake (16–19). Estro-
gen also exerts postsynaptic effects by modulating
dopamine D2 receptors, thus increasing receptor density
and sensitivity (20–22). Neuroprotection by estrogen may
be accomplished through this modulation of the dopamin-
ergic system, antioxidant effects, and inhibition of neuro-
toxin uptake through the dopamine transporter (23).

The role that estrogen plays in modulating dopamin-
ergic function is not firmly established, however. Indeed,
studies have shown the opposite effects, with a decrease
in dopamine D2 receptors with estrogen treatment and
increases in dopamine transporter density (24–26). It has
been suggested that these conflicting results are due to the
biphasic effects of estrogen on dopamine modulation, but
this has not been resolved (27). See also Chapter 12.

Similar controversy exists in human studies of estro-
gen effects on nigrostriatal function, particularly in
patients with PD. It has been demonstrated that PD symp-
toms are influenced by the menstrual cycle, in which
estrogen levels are lowest just before the onset of menses
and peak at the time of ovulation. Studies have shown
that parkinsonism worsens premenstrually and dyskine-
sias increase during ovulation, supporting a dopaminer-
gic effect of estrogen (27–29). In addition, Saunders-Pull-
man et al. (30) found that women already diagnosed with
PD who were on hormone replacement therapy (HRT)
had milder symptoms of disease than those who were not.
Also, nursing home residents with PD demonstrated bet-

ter ADL scores in women on HRT (31). Supporting the
hypothesis of the beneficial effects of estrogen, treatment
with estrogen versus placebo led to improvement in
UPDRS motor scores (32) and a lower required dose of
levodopa to treat symptoms (33). Yet, conflicting data
suggest that estrogen does not influence the expression of
PD. No difference in the risk of PD was found between
women who were taking HRT and those who were not
(34,35). Ascherio et al. also found that women taking
HRT and large amounts of caffeine had a fourfold higher
risk of developing PD. No correlation was found between
estrogen level changes through the menstrual cycle and
worsening of parkinsonism (36). Another study showed
no change in UPDRS motor scores with estrogen use ver-
sus placebo (37). Thus, the full story of estrogen effects
on dopaminergic function remains to be elucidated.

Gender Differences in 
Disease Manifestation and Treatment

Initial motor manifestations are similar in men and
women, as documented in a study by Scott et al. who
obtained data via a mailed questionnaire to members of
a Swedish Parkinson organization (38). They described
that the symptom profile at onset of disease was the same
between sexes except that women more commonly
reported neck and low back pain. Later in disease pro-
gression, both men and women reported tremor, rigidity,
and fatigue as the most common disease manifestations.

Gender differences have been found in the nonmo-
tor symptoms of PD as well. In a nursing home popula-
tion, women with PD were found to be depressed slightly
more often than men, whereas men exhibited behavioral
disturbances, including verbal and physical abusiveness
and wandering, more commonly than women (39).

One study has documented that the response to sur-
gical treatment of PD varies between men and women.
Women who underwent either thalamotomy, pallido-
tomy, or deep brain stimulation of the thalamus, globus
pallidus, or subthalamic nucleus had greater improve-
ment on scores measuring dyskinesias, activities of daily
living, emotions, and social life than men (40). Both men
and women had significantly improved motor scores in
this study.

Menarche, Menses, Pregnancy, and Menopause

The effects of pregnancy on PD are not well documented,
as the occurrence is relatively uncommon. However,
Golbe (41) described that eight of 14 women he inter-
viewed reported worsening of their parkinsonism during
pregnancy, and the PD did not fully return to baseline
after delivery. Two recent studies have also found that
there was a worsening of parkinsonism during pregnancy
(42,43). All three reports documented the safety of lev-
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odopa use during pregnancy. Complications occurred in
association with amantadine use. Therefore, monother-
apy with levodopa during pregnancy is recommended, if
necessary, although data are still insufficient to clearly
establish its safety in pregnancy.

Women with PD were found to have an older age
at menarche and fewer children when compared to con-
trols (44). Women having PD onset prior to menopause
had longer disease duration, with more dysmenorrhea
and premenstrual worsening of motor symptoms com-
pared with women having disease onset after menopause.
In contrast, a separate study by Benedetti et al. found that
women with PD had earlier onset of menopause than con-
trols (45).

Parkinson-Plus Syndromes

Parkinsonism occurs as part of a number of Parkinson-plus
syndromes, which are much less common in the popula-
tion than idiopathic PD. Progressive supranuclear palsy
(PSP) is manifested by parkinsonism with prominent axial
rigidity, postural instability, and supranuclear gaze palsy.
Multiple epidemiologic studies have shown a male pre-
ponderance of PSP similar to PD (46,47). Multiple system
atrophy (MSA), characterized by varying contributions of
parkinsonism and autonomic and cerebellar dysfunction,
has been found with equal frequency in both sexes (48).
Parkinsonism associated with asymmetric dystonia, rigid-
ity, myoclonus, and cortical sensory loss is known as cor-
ticobasal ganglionic degeneration (CBGD). No clear gen-
der predominance occurs in CBGD (49,50). Given the
lower incidence of these atypical parkinsonian syndromes,
there are no detailed studies of the influence of hormonal
states on disease manifestations in women.

HYPERKINETIC DISORDERS

Dystonia

Dystonia is defined as the sustained contraction of 
agonist and antagonist muscles resulting in abnormal
movements or postures. Dystonia can be classified by: (i)
etiology (primary, secondary, dystonia-plus, or heredo-
degenerative); (ii) location (generalized, focal, or seg-
mental); and (iii) age at onset (childhood, adolescent, or
adult). Among the primary or idiopathic forms of dysto-
nia, several causative gene mutations have been identi-
fied, although the majority of cases are sporadic. Sec-
ondary and heredodegenerative dystonias result from
central nervous system injury or progressive neurode-
generative processes associated with other systemic and
neurologic abnormalities.

Women are affected by primary focal dystonia more
often than men, as documented by several epidemiologic

studies (51–53). Duffey et al. reported a prevalence of pri-
mary dystonia in North England of 14.28 per 100,000,
with 1.42 per 100,000 generalized and 12.86 per 100,000
focal (54). Overall, women had a relative risk of having
dystonia of 2:1 versus men. They also found a higher
prevalence of cervical dystonia and blepharospasm
among women compared with men. The Epidemiologi-
cal Study of Dystonia in Europe (ESDE) reported preva-
lence data from eight European countries. The overall
prevalence of primary dystonia was 152 per million, with
117 per million being affected by focal dystonia (55). A
higher prevalence of blepharospasm, cervical, focal, and
segmental dystonia occurred among women than men,
whereas men were affected with writer’s cramp more
often than women.

Dopa-responsive dystonia (DRD) is a dystonia-plus
syndrome characterized by childhood onset, typically
starting in the lower extremities and diurnal variation in
symptoms. It is easily treated with levodopa. Mutations
in the gene encoding GTP-cyclohydrolase I cause this
autosomal dominant disorder (56). Women are affected
more often than men (4:1 ratio) and also have a higher
penetrance of disease (57,58).

A common form of generalized dystonia, Oppen-
heim’s dystonia, is inherited in an autosomal dominant
fashion and has been linked to a mutation in the torsinA
gene, DYT1, which has variable penetrance (59). Both
sexes are affected equally.

Little is known about hormonal influences on dys-
tonic symptoms. Gwinn-Hardy et al. (60) found that
38.7% of premenopausal women with dystonia (both focal
and generalized) had worsening of symptoms prior to or
during menses. They found no change in symptoms sur-
rounding menopause, pregnancy, or associated with HRT.

Chorea

Chorea is defined as continuous, quick movements that
flow from one muscle group to another. The list of poten-
tial causes of chorea is extensive. Heritable forms of
chorea, such as Huntington’s disease, are autosomal dom-
inant disorders, and secondary forms of chorea resulting
from CNS injury, metabolic perturbations, or autoim-
mune processes are also described.

Conditions particularly relevant for women include
chorea associated with pregnancy (chorea gravidarum),
which is discussed in detail in Chapter 24, and oral con-
traceptive use. Sydenham’s chorea is a syndrome of chorea,
ataxia, and cognitive and behavioral changes that can occur
in children following infection with group A beta hemolytic
streptococcus (61). It is twice as common in females as in
males, and women who had Sydenham’s chorea as children
seem to be predisposed to chorea gravidarum.

Chorea is also seen in systemic lupus erythematosus
(SLE), although the mechanisms responsible have not been
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completely elucidated. A higher incidence of SLE occurs
among women, and the presence of antiphospholipid anti-
bodies seems to correlate with the presence of chorea seen
in 2% of patients at times occurring before diagnosis (62).

Essential Tremor

Essential tremor (ET) is the most common movement dis-
order and is characterized by kinetic tremor typically
affecting the hands but also at times involving the head,
voice, and lower extremities. It is inherited in an autoso-
mal dominant fashion typically, but the causative gene
mutations have not been identified. ET occurs at approx-
imately the same frequency in men and women. It has
been found that women are affected by head tremor 2 to
6 times more often than men, however (63,64).

Restless Leg Syndrome

Restless leg syndrome (RLS) is characterized by uncom-
fortable sensations in the lower extremities at rest, result-
ing in the need to move about for relief. This motor rest-
lessness is sometimes accompanied by sleep disturbance
and limb movements in sleep. It is likely the most com-
mon movement disorder that occurs during pregnancy.
Ten to twenty percent of pregnant women are affected
by RLS (41). Symptoms typically emerge in the second
or third trimester and resolve after delivery.

Tardive Dyskinesia

Movement disorders resulting from exposure to
dopamine receptor antagonists are referred to as tardive
syndromes, with tardive dyskinesia (TD) of the oral-buc-
cal-lingual region being a common manifestation. TD is
characterized by repetitive, choreic-like movements of the
face and mouth to a greater extent than limbs and trunk.
The movements appear typically after prolonged use of
dopamine receptor blockers, which include most neu-
roleptics and certain gastrointestinal medications. The
syndrome is difficult to treat and can be persistent and
disabling.

Women develop TD more often than men, with
more severe clinical manifestations. Frequency increases
in older postmenopausal women (65). More recent data
have not fully supported this finding, however, and report
no gender difference in the risk for developing TD (66).
Therefore, the influence of gender on the development
and expression of TD requires further investigation.

Tic Disorders

Tics are defined as sudden brief movements that are typ-
ically associated with a premonitory sensation that is only
relieved by completion of the movement. Tics are classi-

fied as motor or vocal (phonic), and both must be present
for a diagnosis of Tourette’s syndrome (TS). The etiol-
ogy of TS is unknown but is believed to be heritable; the
search for gene mutations is ongoing (67). Males are more
often affected than females, but the reason for this gen-
der dissociation is not yet clear.

Tics are known to fluctuate in frequency and inten-
sity over time in individuals. Studies have investigated
whether women have fluctuations correlating with differ-
ent hormonal states. Schwabe et al. (68) found that 26%
of women reported an increase in tic frequency in the pre-
menstrual cycle, but no consistent changes were associated
with pregnancy, oral contraceptive use, or menopause.

Psychogenic Movement Disorders

Movement disorders with no definable organic basis are
currently referred to as psychogenic movement disorders.
Depending on the root psychologic cause, they are clas-
sified as conversion disorders, somatization disorders,
factitious disorders, or malingering. The possible clinical
manifestations span the spectrum of movement disorders
itself with tremor, dystonia, parkinsonism, chorea, and
myoclonus as possible expressions.

A great disparity exists in the prevalence of psy-
chogenic movement disorders between genders, with a
definite female preponderance. A detailed review by
Williams et al. (69) discusses the clinical presentation. In
their cohort of psychogenic movement disorder patients,
109 of the 131 patients were female (83%), a ratio that
is similar to that seen in other somatoform disorders.

Treatment is very difficult and necessitates the close
cooperation of psychiatrists, neurologists, and physiatrists.
Treatment success rates are not well documented and, if
relapses occur, it may be with a different somatization. This
may result in consultation with different medical special-
ties and loss to further neurologic follow-up.

CONCLUSION

In conclusion, much is still to be learned about the impact
of gender on the incidence and expression of movement
disorders. Although there is clearly a female predominance
in a number of these disorders, including focal dystonia,
dopa-responsive dystonia, Sydenham’s chorea, and psy-
chogenic movement disorders, the role of gender in the
majority of movement disorders must be further defined.
Further investigation must be conducted to determine the
influence of hormonal states such as pregnancy, menses,
menopause, and medication taken specifically by women
on the expression and treatment of these diseases. We
anticipate that, as the genetic bases for multiple movement
disorders are identified in the future, some insight will be
gained into pathophysiology and gender influences.



GENDER DIFFERENCES IN MOVEMENT DISORDERS 353

References

1. Harris J, Fahn S. Genetics of movement disorders. In:
Rosenberg R, Prusiner S, DiMauro S, Barchi R, Nestler
E, (eds.) The molecular and genetic basis of neurologic
and psychiatric disease, 3rd ed. Philadelphia: Butter-
worth-Heinemann, 2003;351–368.

2. Dauer W, Przedborski S. Parkinson’s disease: mechanisms
and models. Neuron 2003;39(6):889–909.

3. Paisan-Ruiz C, Jain S, Evans EW, et al. Cloning of the
gene containing mutations that cause PARK8-linked
Parkinson’s disease. Neuron 2004;44:595–600.

4. Swerdlow RH, Parker WD, Currie LJ, et al. Gender ratio
differences between Parkinson’s disease patients and their
affected relatives. Parkinsonism and Related Disorders
2001;7(2):129–133.

5. Mayeux R, Marder K, Cote LJ, et al. The frequency of
idiopathic Parkinson’s disease by age, ethnic group, and
sex in northern Manhattan, 1988–1993. Am J Epidemiol
1995;142(8):820–827.

6. Bower JH, Maraganore DM, McDonnell SK, Rocca WA.
Incidence and distribution of parkinsonism in Olmsted
County, Minnesota, 1976–1990. Neurology 1999;52(6):
1214–1220.

7. Van Den Eeden SK, Tanner CM, Bernstein AL, et al. Inci-
dence of Parkinson’s disease: variation by age, gender, and
race/ethnicity. Am J Epidemiol 2003;157(11):1015–1022.

8. Baldereschi M, Di Carlo A, Rocca WA, et al. Parkinson’s
disease and parkinsonism in a longitudinal study: two-
fold higher incidence in men. ILSA Working Group. Ital-
ian Longitudinal Study on Aging. Neurology 2000;
55(9):1358–1363.

9. Zhang ZX, Roman GC. Worldwide occurrence of
Parkinson’s disease: an updated review. Neuroepidemi-
ology 1993;12(4):195–208.

10. de Rijk MC, Launer LJ, Berger K, et al. Prevalence of
Parkinson’s disease in Europe: a collaborative study of
population-based cohorts. Neurologic Diseases in the
Elderly Research Group. Neurology 2000;54(11 suppl
5):S21–23.

11. Okada K, Kobayashi S, Tsunematsu T. Prevalence of
Parkinson’s disease in Izumo City, Japan. Gerontology
1990;36(5-6):340–344.

12. Kusumi M, Nakashima K, Harada H, Nakayama H,
Takahashi K. Epidemiology of Parkinson’s disease in
Yonago City, Japan: comparison with a study carried out
12 years ago. Neuroepidemiology 1996;15(4):201–207.

13. Moriwaka F, Tashiro K, Itoh K, et al. Prevalence of
Parkinson’s disease in Hokkaido, the northernmost island
of Japan. Intern Med 1996;35(4):276–279.

14. Kimura H, Kurimura M, Wada M, et al. Female pre-
ponderance of Parkinson’s disease in Japan. Neuroepi-
demiology 2002;21(6):292–296.

15. Lyons KE, Hubble JP, Troster AI, Pahwa R, Koller WC.
Gender differences in Parkinson’s disease. Clin Neu-
ropharmacol 1998;21(2):118–121.

16. Pasqualini C, Olivier V, Guibert B, Frain O, Leviel V.
Acute stimulatory effect of estradiol on striatal dopamine
synthesis. J Neurochem 1995;65(4):1651–1657.

17. Xiao L, Becker JB. Effects of estrogen agonists on
amphetamine-stimulated striatal dopamine release.
Synapse 1998;29(4):379–391.

18. Disshon KA, Boja JW, Dluzen DE. Inhibition of striatal
dopamine transporter activity by 17beta-estradiol. Eur
J Pharmacol 1998;345(2):207–211.

19. Disshon KA, Dluzen DE. Use of in vitro superfusion to
assess the dynamics of striatal dopamine clearance: influ-
ence of estrogen. Brain Res 1999;842(2):399–407.

20. Levesque D, Di Paolo T. Modulation by estradiol and
progesterone of the GTP effect on striatal D-2 dopamine
receptors. Biochem Pharmacol 1993;45(3):723–733.

21. Roy EJ, Buyer DR, Licari VA. Estradiol in the striatum:
effects on behavior and dopamine receptors but no evi-
dence for membrane steroid receptors. Brain Res Bull
1990;25(2):221–227.

22. Hruska RE, Ludmer LM, Pitman KT, De Ryck M, Sil-
bergeld EK. Effects of Estrogen on striatal dopamine
receptor function in male and female rats. Pharmacol
Biochem Behav 1982;16(2):285–291.

23. Dluzen DE. Neuroprotective effects of estrogen upon the
nigrostriatal dopaminergic system. J Neurocytol 2000;
29(5-6):387–399.

24. Morissette M, Di Paolo T. Effect of chronic estradiol and
progesterone treatments of ovariectomized rats on brain
dopamine uptake sites. J Neurochem 1993;60(5):
1876–1883.

25. Bazzett TJ, Becker JB. Sex differences in the rapid and
acute effects of estrogen on striatal D2 dopamine recep-
tor binding. Brain Res 1994;637(1-2):163–172.

26. Lammers CH, D’Souza U, Qin ZH, Lee SH, Yajima S,
Mouradian MM. Regulation of striatal dopamine recep-
tors by estrogen. Synapse 1999;34(3):222–227.

27. Horstink MW, Strijks E, Dluzen DE. Estrogen and
Parkinson’s disease. Adv Neurol 2003;91:107–114.

28. Quinn NP, Marsden CD. Menstrual-related fluctuations
in Parkinson’s disease. Mov Disord 1986;1(1):85–87.

29. Sandyk R. Estrogens and the pathophysiology of Parkin-
son’s disease. Int J Neurosci 1989;45(1-2):119–122.

30. Saunders-Pullman R, Gordon-Elliott J, Parides M, Fahn
S, Saunders HR, Bressman S. The effect of estrogen
replacement on early Parkinson’s disease. Neurology
1999;52(7):1417–1421.

31. Fernandez HH, Lapane KL. Estrogen use among nurs-
ing home residents with a diagnosis of Parkinson’s dis-
ease. Mov Disord 2000;15(6):1119–1124.

32. Tsang KL, Ho SL, Lo SK. Estrogen improves motor dis-
ability in parkinsonian postmenopausal women with
motor fluctuations. Neurology 2000;54(12):2292–2298.

33. Blanchet PJ, Fang J, Hyland K, Arnold LA, Mouradian
MM, Chase TN. Short-term effects of high-dose 17beta-
estradiol in postmenopausal PD patients: a crossover
study. Neurology 1999;53(1):91–95.

34. Marder K, Tang MX, Alfaro B, et al. Postmenopausal
estrogen use and Parkinson’s disease with and without
dementia. Neurology 1998;50(4):1141–1143.

35. Ascherio A, Chen H, Schwarzschild MA, Zhang SM,
Colditz GA, Speizer FE. Caffeine, postmenopausal estro-
gen, and risk of Parkinson’s disease. Neurology 2003;
60(5):790–795.

36. Kompoliti K, Comella CL, Jaglin JA, Leurgans S, Raman
R, Goetz CG. Menstrual-related changes in motoric func-
tion in women with Parkinson’s disease. Neurology
2000;55(10):1572–1575.

37. Strijks E, Kremer JA, Horstink MW. Effects of female sex
steroids on Parkinson’s disease in postmenopausal
women. Clin Neuropharmacol 1999;22(2):93–97.

38. Scott B, Borgman A, Engler H, Johnels B, Aquilonius SM.
Gender differences in Parkinson’s disease symptom pro-
file. Acta Neurol Scand 2000;102(1):37–43.

39. Fernandez HH, Lapane KL, Ott BR, Friedman JH. Gen-
der differences in the frequency and treatment of behav-



NEUROLOGIC DISEASE IN WOMEN354

ior problems in Parkinson’s disease. SAGE Study Group.
Systematic Assessment and Geriatric drug use via Epi-
demiology. Mov Disord 2000;15(3):490–496.

40. Hariz GM, Lindberg M, Hariz MI, Bergenheim AT. Gen-
der differences in disability and health-related quality of
life in patients with Parkinson’s disease treated with stereo-
tactic surgery. Acta Neurol Scand 2003;108(1):28–37.

41. Golbe LI. Pregnancy and movement disorders. Neurol
Clin 1994;12(3):497–508.

42. Hagell P, Odin P, Vinge E. Pregnancy in Parkinson’s dis-
ease: a review of the literature and a case report. Mov
Disord 1998;13(1):34–38.

43. Shulman LM, Minagar A, Weiner WJ. The effect of preg-
nancy in Parkinson’s disease. Mov Disord 2000;
15(1):132–135.

44. Martignoni E, Nappi RE, Citterio A, et al. Parkinson’s
disease and reproductive life events. Neurol Sci 2002;
23(suppl 2):S85–86.

45. Benedetti MD, Maraganore DM, Bower JH, et al. Hys-
terectomy, menopause, and estrogen use preceding
Parkinson’s disease: an exploratory case-control study.
Mov Disord 2001;16(5):830–837.

46. Golbe LI. The epidemiology of progressive supranuclear
palsy. Adv Neurol 1996;69:25–31.

47. Bower JH, Maraganore DM, McDonnell SK, Rocca WA.
Incidence of progressive supranuclear palsy and multi-
ple system atrophy in Olmsted County, Minnesota, 1976
to 1990. Neurology 1997;49(5):1284–1288.

48. Wenning GK, Ben Shlomo Y, Magalhaes M, Daniel SE,
Quinn NP. Clinical features and natural history of mul-
tiple system atrophy. An analysis of 100 cases. Brain
1994;117(pt 4):835–845.

49. Riley DE, Lang AE, Lewis A, et al. Cortical-basal gan-
glionic degeneration. Neurology 1990;40(8):1203–1212.

50. Rinne JO, Lee MS, Thompson PD, Marsden CD. Corti-
cobasal degeneration. A clinical study of 36 cases. Brain
1994;117(pt 5):1183–1196.

51. Nutt JG, Muenter MD, Aronson A, Kurland LT, Melton
LJ 3rd. Epidemiology of focal and generalized dystonia in
Rochester, Minnesota. Mov Disord 1988;3(3):188–194.

52. Claypool DW, Duane DD, Ilstrup DM, Melton LJ 3rd.
Epidemiology and outcome of cervical dystonia (spas-
modic torticollis) in Rochester, Minnesota. Mov Disord
1995;10(5):608–614.

53. Soland VL, Bhatia KP, Marsden CD. Sex prevalence of
focal dystonias. J Neurol Neurosurg Psychiatry 1996;
60(2):204–205.

54. Duffey PO, Butler AG, Hawthorne MR, Barnes MP. The
epidemiology of the primary dystonias in the north of
England. Adv Neurol 1998;78:121–125.

55. A prevalence study of primary dystonia in eight European
countries. J Neurol 2000;247(10):787–792.

56. Ichinose H, Ohye T, Takahashi E, et al. Hereditary pro-
gressive dystonia with marked diurnal fluctuation caused
by mutations in the GTP cyclohydrolase I gene. Nat
Genet 1994;8(3):236–242.

57. Nagatsu T, Ichinose H. GTP cyclohydrolase I gene, dys-
tonia, juvenile parkinsonism, and Parkinson’s disease.
J Neural Transm Suppl 1997;49:203–209.

58. Furukawa Y, Lang AE, Trugman JM, et al. Gender-
related penetrance and de novo GTP-cyclohydrolase I
gene mutations in dopa-responsive dystonia. Neurology
1998;50(4):1015–1020.

59. Bressman SB. Dystonia genotypes, phenotypes, and clas-
sification. Adv Neurol 2004;94:101–107.

60. Gwinn-Hardy KA, Adler CH, Weaver AL, Fish NM,
Newman SJ. Effect of hormone variations and other fac-
tors on symptom severity in women with dystonia. Mayo
Clin Proc 2000;75(3):235–240.

61. Chuang C, Ford B. Sydenham Chorea. In: Noseworth JH,
(ed.) Neurological therapeutics: principles and practice.
London: Martin Dunitz, 2003;2569–2572.

62. Khamashta MA, Gil A, Anciones B, et al. Chorea in sys-
temic lupus erythematosus: association with antiphospho-
lipid antibodies. Ann Rheum Dis 1988;47(8):681–683.

63. Hubble JP, Busenbark KL, Pahwa R, Lyons K, Koller
WC. Clinical expression of essential tremor: effects of
gender and age. Mov Disord 1997;12(6):969–972.

64. Hardesty DE, Maraganore DM, Matsumoto JY, Louis
ED. Increased risk of head tremor in women with essen-
tial tremor: longitudinal data from the Rochester Epi-
demiology Project. Mov Disord 2004;19(5):529–533.

65. Yassa R, Jeste DV. Gender differences in tardive dyski-
nesia: a critical review of the literature. Schizophr Bull
1992;18(4):701–715.

66. van Os J, Walsh E, van Horn E, Tattan T, Bale R, Thomp-
son SG. Tardive dyskinesia in psychosis: are women really
more at risk? UK700 Group. Acta Psychiatr Scand
1999;99(4):288–293.

67. Pauls DL. An update on the genetics of Gilles de la
Tourette syndrome. J Psychosom Res 2003;55(1):7–12.

68. Schwabe MJ, Konkol RJ. Menstrual cycle-related fluc-
tuations of tics in Tourette syndrome. Pediatr Neurol
1992;8(1):43–46.

69. Williams DT, Ford B, Fahn S. Phenomenology and psy-
chopathology related to psychogenic movement disor-
ders. Adv Neurol 1995;65:231–257.



s early as 1817, published accounts
noted the occurrence of chorea dur-
ing pregnancy and, by 1932, Wilson
and Preece had published a review

of 951 cases of chorea gravidarum (1). The disease was
thought to be rare, occurring in 1:2,000 to 3,000 preg-
nancies, generally in primiparous women, but prognosis
was grim, with 18 to 33% maternal and 50% fetal mor-
tality rates.

Wilson and Preece believed the etiology to be an
autoimmune phenomenon related to acute rheumatic heart
disease presenting in pregnancy. Their assumption was
supported by the 86% incidence rate of rheumatic heart
disease noted among the patients they reviewed. The eti-
ology previously had been attributed to a variety of prob-
lems, including psychic conflict, illegitimacy, hysteria, epi-
demic encephalitis, allergic reaction, and a “cervical
reflex” phenomenon. Elaborate treatment schemes existed,
many of which undoubtedly contributed to the high fetal
and maternal mortality rates (Table 24.1). Medical student
relays were used for the continuous administration of chlo-
roform, and “therapeutic” abortions (with a 34% mor-
tality rate) were advocated in florid cases (1–3).

In 1956, serendipity led to one of the more useful
therapies (3). A patient with chorea gravidarum who was
receiving morphine and sodium amytal developed severe
nausea and vomiting. A physician noted that the chorea
abruptly ceased after the administration of 25 mg of intra-

muscular chlorpromazine given for the gastrointestinal
complaints.

PRESENTATION, COURSE, AND TREATMENT

Chorea gravidarum falls into the category of rare neuro-
logic entities. It is not a disease, but rather a symptom of
underlying central nervous system (CNS) pathology.
Chorea consists of rapid, usually distal, nonrhythmic,
nonstereotyped movements that may coexist with the
slower, writhing movements termed athetosis. Women
typically present with the abrupt onset of chorea during
an otherwise uneventful pregnancy. The trimester dur-
ing which onset most frequently occurs is unclear but may
depend on the etiology. Symptoms include choreiform
movements of the face, arm, and leg, which are often uni-
lateral. Even without obvious facial involvement, there
may be slurred speech. Psychiatric symptoms may pre-
cede the chorea and range from emotional lability with
subtle mental status changes to flagrant psychosis mim-
icking schizophrenia. The patient initially may appear
restless, assuming postures with crossed legs and clasped
hands in order to suppress the movements. Intermittent
hemiplegia has been noted. The movements may progress
to hemiballismus, and severe cases can result in self-injury,
rhabdomyolysis, and hyperthermia. Even relatively mild
cases can result in the inability to walk, eat, and perform
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routine activities of daily living. The movements subside
with sleep. The course and prognosis depend on the eti-
ology, but an overall mortality rate is estimated at less
than 1%. The chorea generally abates hours after deliv-
ery of the baby (4).

Rheumatic Disease and Chorea Gravidarum

Although there have been several cited causes of chorea
gravidarum (Table 24.2), the vast majority are due to
rheumatic and autoimmune disease. Most early reports
of chorea gravidarum were probably cases due to
rheumatic disease, but since the advent of antibiotics, the
sequelae of rheumatic disease have declined. These
patients had a history of rheumatic heart disease, recur-
rent tonsillitis, or Sydenham’s chorea (1,2). The symp-
toms typically presented in the first trimester and often
subsided in the mid to late second trimester. Imaging
studies are usually normal, but an underlying pathology
is presumed (5). Antistreptolysin antibodies are elevated
and may continue to rise throughout the pregnancy. Car-
diac valvular disease is often evident, but patients usu-
ally do well with supportive care, reassurance, and med-
ical intervention. In the first trimester, phenothiazines
are the drug of choice for chorea gravidarum. All phe-
nothiazines are class C drugs during pregnancy (6), but
obstetricians have much experience using chlorpro-
mazine in hyperemesis gravidarum. If treatment is
needed in the second trimester, haloperidol is favored
because it is less sedating (7,8). Reports of limb defor-
mities prohibit the use of haloperidol during the first

trimester (9) (see also Chapter 4). Prophylactic antibi-
otics should be given during delivery (10), and although
patients usually do well, there is a 25% recurrence rate
with subsequent pregnancies (1).

Systemic lupus erythematosus (SLE), anticardiolipin
antibody, and lupus anticoagulant are the predominant
causes of chorea gravidarum in industrialized nations
today (11–15). Patients present with symptoms in the sec-
ond or third trimester, particularly with mental status
changes such as agitation and confusion. These patients
are more likely to develop rhabdomyolysis, seizures,
hemiplegia, and coma, with hyperthermia being a par-
ticularly poor prognostic factor (1,4,12,16). The patient
may have no history of autoimmune disease, so a full eval-
uation, particularly if there is a history of previous fetal
loss, is indicated. Imaging studies may be normal or may
reveal focal abnormalities in the basal ganglia and cau-
date nucleus. Cerebrospinal fluid may be normal, may
show a mild pleocytosis, or may reveal elevated protein.
Postmortem studies have shown diffuse foci of small hem-
orrhages present throughout the brain, most evident in
the basal ganglia and caudate nucleus (15). A widespread
vasculitis has also been reported (12). Neuroleptics may
also be useful, but the mainstay of treatment is immuno-
suppression using steroids (11,15,17). In patients with
lupus anticoagulant, aspirin therapy may also be indi-
cated (14). If  gross structural damage occurs, the chorea
may persist after delivery. Recurrence with subsequent
pregnancies has been reported, sometimes with fatal
results (1,10).

In a well-described series of 50 patients with
antiphospholipid antibodies, 12% developed chorea
after starting estrogen-containing oral contraceptives
and 6% developed chorea gravidarum. Among those
with chorea, 55% had bilateral symptoms, and imag-
ing revealed frank infarcts in 35%. Notably, 34% expe-
rienced recurrent symptoms when challenged with high
estrogen states (18).

TABLE 24.1
Previously Used Therapies for 

Chorea Gravidarum (1–3,16,20,24–26)

Paraldehyde
Barbiturates
Salicylates
Chloroform
Chloral hydrate
Magnesium sulfate
Arsenic compounds
Potassium bromide
Parenteral horse serum
Extract of thymus gland
Morphine (frequently complicated by fatal overdose)
Colonics
Tonsillectomy
Restrictive diets
Blood transfusions
Isolation and restraints
Extraction of septic teeth
Cervical iodine applications
Hysterectomy (with abortion)

TABLE 24.2
Etiologies of Chorea Gravidarum

(5,14,17,19,27,28)

Lupus anticoagulant
Anticardiolipin antibody
Systemic lupus erythematosus
Rheumatic disease (similar to Sydenham’s chorea)
Vascular malformation (basal ganglia region)
Cerebrovascular accident (basal ganglia region)
Thyrotoxicosis
Wilson’s disease
Huntington’s disease
Neuroacanthocytosis
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ETIOLOGY

In 1950, Beresford and Graham speculated, “it may be
that pregnancy lowers the resistance of a patient who is
inherently susceptible to chorea” (16). Sydenham’s chorea
was known to affect males and females equally before
puberty, after which a 2:1 female predominance appears
(1), but it was not until oral contraceptive agents became
widely used that an epidemic of chorea in young women
pointed to estrogen as a cause (19). For some time, it has
been assumed that a modification of the postsynaptic
dopamine receptor produces dopamine hypersensitivity
in high estrogen states (20). More recent data indicate that
estrogen augments neuronal function by increasing the
expression of the active D5 receptor (21). Furthermore,
estradiol acts as a DA agonist on the striatal D2 recep-
tor, particularly in the medial part of the striatum (22).
Estrogens do not appear to have a net effect on the stri-
atal dopamine receptor expression (23). Presumably, a
previously asymptomatic injury to the inhibitory stri-
atopallidal pathways becomes manifest during high estro-
gen states, including pregnancy.

EVALUATION

A history, physical examination, and pertinent inves-
tigations enable a diagnosis in most cases (Table 24.3).
Given the high rates of reported, otherwise asymptomatic
strokes, an imaging study is warranted. In choosing treat-
ments, the teratogenic risks to the fetus must be weighed
against the benefit to the mother. Most case reports sug-
gest that haloperidol offers the most effective sympto-
matic relief. Recent studies of the use of phenothiazines

for antiemetic effects in pregnancy have confirmed their
relative safety.

CONCLUSION

Chorea gravidarum is a rare entity today. In industrial-
ized nations, the etiology is probably autoimmune in
nature, whereas in developing nations rheumatic heart
disease is the likely cause. Although historically chorea
gravidarum is a highly morbid or even fatal condition,
pregnancy in these patients can usually proceed to term
following a careful assessment and management of the
chorea.
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iant cell arteritis (GCA) is a systemic
vasculitis of unknown cause that
chiefly occurs in a person more than
60 years old and preferentially affects

the extracranial branches of the carotid artery. The most
feared complication of GCA—irreversible blindness—usu-
ally can be prevented by early diagnosis and treatment.
Diagnosis is not always straightforward, however, because
GCA often presents with a wide variety of symptoms,
including many neurological ones, that can camouflage
their vasculitic origins. A detailed knowledge of the clini-
cal presentation of GCA helps neurologists determine
which patients with headache, transient ischemic attack
(TIA), or amaurosis fugax have underlying GCA.

The terms “giant cell arteritis,” “temporal arteritis,”
or “cranial arteritis” have all been used to designate the
same disease process. Each designation captures some
characteristic features of the disease and each has its faults
(e.g., not all patients have giant cells in the biopsy and not
all patients have involvement of the temporal or other cra-
nial arteries). In this chapter, giant cell arteritis and tem-
poral arteritis are used interchangeably.

EPIDEMIOLOGY

GCA is the most common systemic vasculitis in adults, and
its incidence is profoundly influenced by age (1–5). The

overall yearly incidence is 3 per 100,000 persons, but rises
to 17 per 100,000 after the age of 50, and to 56 per
100,000 after age 80 (1). Indeed, GCA very rarely occurs
before age 50, and the average age at onset is 72 (7).
Women are affected 2 to 3 times as often as men (1,6). In
addition, the prevalence varies among racial and ethnic
groups, with the highest prevalence in persons of north-
ern European ancestry (4). Latitude also appears to be
important, because GCA is twice as common in Sweden
as it is in Italy or Spain (8,9). GCA occurs more commonly
in people who have specific HLA-DR4 haplotypes (10,11).
The infrequency of these haplotypes in African Americans
may explain the rarity of GCA in that population (12).

PATHOLOGY, PATHOGENESIS, 
AND ETIOLOGY

GCA produces an inflammatory reaction that affects all
layers of large- and medium-sized arteries (9,13,14). The
infiltrate is chiefly mononuclear, consisting largely of
CD4+ T cells and macrophages. The classic multinuclear
giant cells are found in only 50% of affected arteries. B
cells are noticeably absent. The inflammatory infiltrate
characteristically causes a marked disruption of the inter-
nal elastic lamina and occlusive internal hyperplasia (9,13).

Immunohistologic and immunochemical studies
have demonstrated a striking layer-specific expansion of
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inflammatory cells and cytokines (15–20). For example,
gamma interferon secreting T cells are almost exclusively
localized to the adventitia. Although macrophages are
found throughout the vessel wall, distinct subsets of
macrophages producing different cytokines are found in
each layer (15–19).

Although the etiology of GCA is unknown, the layer-
specific pathology and cytokine pattern suggest that the
disease begins in the adventitia and is antigen- and T cell
driven (13,18). Speculation about the provocative antigen
has centered on viruses, intracellular bacteria, and neoanti-
gens created by degenerating arterial structures (13).

DISTRIBUTION OF AFFECTED VESSELS

Although GCA is a systemic disease that can affect vir-
tually any artery, GCA most frequently affects the super-
ficial temporal, ophthalmic, posterior ciliary, and verte-
bral arteries (21,22). The proximal central retinal and the
cavernous portions of the internal and external carotids
arteries are also commonly affected (17). Intracranial
arteritis is very rare, perhaps because intracranial arter-
ies lose the internal elastic lamina 5 mm beyond pene-
tration of the dura (22). GCA also commonly affects the
aorta (22–24). Subclavian, axillary, and brachial artery
disease can result in claudication, local bruits, and pro-
duce a characteristic angiographic appearance (22). The
descending aorta, mesenteric, coronary, renal, and
femoral arteries are infrequently involved.

CLINICAL PRESENTATIONS

Classical Presentation

Headache

The most common presenting symptoms are headache,
polymyalgia rheumatica, jaw-claudication, and visual
abnormalities (Tables 25.1 and 25.2) (1–5,9). Many
patients also experience nonspecific symptoms of malaise,
fatigue, depression, and weight loss (1–5,9). Headache
is the commonest symptom, occurring at some point in
90% of patients (2). The most remarkable aspect of the
headache is that the patient perceives it as new. Whether
the patient has rarely had headaches or frequently had
headaches, the headaches of GCA are usually perceived
as new and different. No other characteristic holds up so
well. Although the headache most often occurs tempo-
rally, it may be felt in the frontal or occipital areas.
Although in the majority of patients the headache is not
severe and does not limit activities, in some, the headache
is so severe the patient is forced to lie quietly in a dark-
ened room. Frequently, patients note associated tender-

ness of the scalp (e.g., hurts to comb the hair), and some
of the tender areas may feel nodular (3).

Jaw Claudication

Jaw claudication is pain in the masseter muscles occur-
ring with chewing and caused by ischemia of the facial
arteries. Jaw claudication is nearly pathognomonic for
GCA (1), although it does rarely occur in Wegener’s gran-
ulomatosis and in systemic amyloidosis (25). Jaw claudi-
cation usually commences only after protracted chewing,
as with meat from the hospital cafeteria. Unlike temporal
mandibular joint disease, claudication is not influenced
merely by maximally opening the mouth. Some patients,
however, do not explicitly relate this pain to eating. Rather,
some simply have a vague sense of jaw discomfort that can

TABLE 25.1
Classical Symptoms and Findings

in Giant Cell Arteritis

Symptoms Initial (%) Ever (%)

Headache 86 90
Jaw claudication 64 67
Polymyalgia 21 50
Visual symptoms 35 40
Findings
Fever 19 21
Abnormal physical exam 
of temporal artery 40 50

Modified and reproduced with permission from Huston KA, Hun-
der GG, Lie JT, Kennedy RH, Elveback LR. Temporal arteritis. A
25-year epidemiologic, clinical, and pathologic study. Ann Intern
Med 1978;88:162-167.

TABLE 24.2
Laboratory Abnormalities in Giant Cell Arteritis

Test %
(Normal Values) Abnormal Median Range

ESR
(1–15 mm/h) 100 72 42–136

Hemoglobin
(7–10.4 mmol/L) 57 7.1 47.8.8

Platelets
(140–400x109/L) 47 374 164–766

Alkaline phosphatase
(50–155 u/L) 24 192 95–1,160

Modified and reproduced with permission from Boesen P,
Sørensen SF. Giant cell arteritis, temporal arteritis, and polymyal-
gia rheumatica in a Danish country. A prospective investigation,
1982-1985. Arthritis Rheum 1987;30:294-299.
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confuse the patient and doctor. One patient, for example,
initially attributed her pterygoid area pain to a face lift,
though the surgical scar had been painless for months after
the surgery. More commonly, the jaw discomfort may be
attributed to occult dental problems. Thus, the doctor
should inquire about all types of new jaw discomfort and
not just classical jaw claudication.

Polymyalgia Rheumatica

Polymyalgia rheumatica (PMR) is pain and stiffness in the
shoulder and hip areas that develops in half of the patients
who have GCA (1,3,9,26–28). PMR tends to be worse
in the morning. Patients may complain of both pain and
weakness, but (in contrast to polymyositis) the pain pre-
dominates. PMR occurs about twice as often alone as it
does with GCA (26). PMR by itself is associated with a
low risk of blindness and requires treatment with smaller
doses of prednisone.

Visual Abnormalities

Approximately 30% of patients with GCA experience neu-
rologic symptoms outside of headache (Table 25.3), with
visual abnormalities being most common (Tables 25.4,
25.5, 25.6) (9,22,29–32). Permanent vision loss develops
in about 5 to 10% and frequently renders the patient
legally blind (some may be able to perceive light) (9,32).
The types of visual loss in GCA are detailed in Table 25.4.
Most patients sustain vision loss as a result of ischemia of

the anterior ischemic optic nerve, which in turn is caused
by infarction of the posterior ciliary artery (a branch of the
ophthalmic artery) (9,22,30,32). The risk of losing vision
appears lowest in those patients who have striking signs of
systemic inflammation [e.g., fever, high erythrocyte sedi-
mentation rate (ESR)] (9,13). Other causes of vision loss
are less common (Table 25.5). In the first few hours of
anterior ischemic optic neuritis, the fundoscopic exam may
be normal. Within 24 to 36 hours, the disk will become
pale and edematous (29,32). Edema resolves within 10
days and is later replaced by optic atrophy (29,32).

Amaurosis fugax occurs in about 10% of patients,
and is monocular in two-thirds (29) (Table 25.6). The
great majority of patients who sustain permanent vision

TABLE 25.3
Neurologic Manifestations in Giant Cell Arteritis

Finding Frequency (%)*

Any neurologic abnormality 31
Neuropathies 14
– Mononeuropathies (esp. optic nerve) 7
– Peripheral neuropathy 7

TIA/stroke 7
Neuro-otologic 7
– Isolated vertigo 6

Tremor 4
Neuropsychiatric 3
– Organic brain syndrome 2
– Dementia 1

Tongue numbness 2
Transverse myelopathy 1

*n=166 patients
Modified and reproduced with permission from Caselli RJ, Hun-
der GG, Whisnant JP. Neurologic disease in biopsy-proven giant
cell (temporal) arteritis. Neurology 1988;38:352–359.

TABLE 25.4
Neuro-Ophthalmologic Syndromes

in Giant Cell Arteritis

Syndrome Frequency

Vision loss 5–17%

Ophthalmoparesis 3–15%

Autonomic dysfunction Rare
– Horner’s syndrome
– Parasympathetic pupillary

light dysfunction

Hallucinations Rare

Modified and reproduced with permission from Mehler MF, Rabi-
nowich L. The clinical neuro-ophthalmologic spectrum of tem-
poral arteritis. Am J Med 1988;85:839–844.

TABLE 25.5
Types of Vision Loss in GCA

Pathogenesis Signs Prevalence

Anterior ischemic Total visual loss, Common
optic neuropathy normal (acute) or 

pale, swollen disk 
retinal edema

Central retinal Pale, swollen disk Rare
artery occlusion macula—cherry 

red spot
Retrobulbar Optic pallor Rare
optic neuritis
Anterior segment Chemosis, Rare
ischemia corneal edema
Cortical or Bitemporal or Rare
chiasmal ischemia hemianopic 

field defects

Modified and reproduced with permission from Mehler MF, Rabi-
nowich L. The clinical neuro-ophthalmologic spectrum of tem-
poral arteritis. Am J Med 1988;85:839–844.
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loss do not experience amaurosis fugax (29). Still, vision
loss is rarely the first symptom of GCA. On average,
vision loss develops 5 months after other symptoms of
GCA have been present.

Ophthalmoparesis resulting in diplopia—the second
most common ophthalmologic sign of GCA after visial
loss—occurs in 3 to 15% of patients (30,32). Defects in ver-
tical gaze caused by ischemia of the third cranial nerve is
most common. GCA may also cause abducens or trochlear
nerve palsies (30,32). Ophthalmoparesis has a good prog-
nosis, because it usually responds to corticosteroid treat-
ment. Although ophthalmoparesis has been attributed to
vasculitis affecting the cranial nerves, myositis of the
extraocular muscles has also been described (30,32).

Nonclassical Presentations

Stroke or TIAs have been reported in 7% of patients with
GCA (22,29,31) (Table 25.7). Whether stroke occurs
more commonly in GCA than in any other population
of older individuals has not been firmly established. How-
ever, a causal link of GCA and stroke is suggested by the
relative frequency of posterior circulation strokes. That
is, the ratio of carotid to vestibular strokes is 3:2 com-
pared to the 5:1 ratio seen in the normal population. The
mean time of onset of strokes is 1 month after temporal
artery biopsy (31). The few angiograms and autopsies
performed suggest that intracranial vessels are almost
always spared; strokes appear to result from thrombosis
of, or platelet embolization from extracranial vessels (31).

Peripheral nervous system involvement in GCA
occurs in 1 to 14% of patients (Table 25.8)
(22,29,31,33–37). GCA differs from all other forms of
systemic vasculitis in preferentially involving the brachial

plexus to produce a lesion that mimics a C5 radiculopa-
thy (33). Patients experience the sudden onset of pain and
inability to abduct the shoulder on the affected side.
Mononeuropathies involving the hands or feet—common
in polyarteritis, Wegener’s granulomatosis, and other
forms of systemic vasculitis—occur less frequently in
GCA. Other uncommon neurologic abnormalities
reported in GCA include syndrome of inappropriate
antidiuretic hormone (SIADH) secretion, coma, multi-
infarct dementia, aseptic meningitis, seizures, anosmia,
and spinal cord infarction (38–49).

Other symptoms may be present in GCA. Up to
40% of patients do not present with headache, visual
abnormalities, and polymyalgia rheumatica, but instead
present with nonclassical symptoms (Table 25.9)
(9,13,50–52). Almost half of patients with GCA develop
fever, and 15% of patients present as fever of unknown
origin (FUO) (53). Indeed, GCA accounts for 15% of all
FUOs seen in patients over the age of 65 (53). The fever

TABLE 25.6
Ophthalmologic Signs in Giant Cell Arteritis

Visual Abnormality Frequency (%)*

Any abnormality 21
Amaurosis fugax 10
– Mono 7
– Binocular 3

Permanent vision loss 8
Permanent vision loss 7
without amaurosis fugax
Scintillating scotoma 5
Diplopia 2

*n=166 patients
Modified and reproduced with permission from Caselli RJ, Hun-
der GG, Whisnant JP. Neurologic disease in biopsy-proven giant
cell (temporal) arteritis. Neurology 1988;38:352–359.

TABLE 25.7
Stroke and TIA in Giant Cell Arteritis

Prevalence: (12/166) 7%
Location: All events Carotid:vestibular = 2:1

Stroke Carotid:vestibular = 3:2
Timing: Mean 1 month after temporal artery biopsy
Pathophysiology: Vasculitis of extracranial arteritis; ath-
erosclerosis?

Modified and reproduced with permission from Caselli RJ, Hun-
der GG, Whisnant JP. Neurologic disease in biopsy-proven giant
cell (temporal) arteritis. Neurology 1988;38:352–359.

TABLE 25.8
Peripheral Nervous System Involvement

in Giant Cell Arteritis

Frequency 1–14%
Types (in 24 cases)
– Mononeuropathy 

especially brachial plexopathy, C5 radiculopathy
– Polyneuropathy

Clinical picture: Neuropathy was chief symptom in
13/23
Prognosis: 16/18 improved with prednisone
Summary: GCA causes picture of C5 radiculopathy

Reproduced with permission using data from Nesher G, Rosen-
berg P, Shorer Z, Gilai A, Solomonovich A, Sonnenblick M.
Involvement of the peripheral nervous system in temporal arteri-
tis-polymyalgia rheumatica. Report of 3 cases and review of the
literature. J Rheumatol 1987;14:358–360.



GIANT CELL ARTERITIS 363

can reach 40°C and, in two-thirds of patients, is associ-
ated with rigors and drenching sweats (53). Almost all
patients with FUO from GCA have a normal white blood
cell count (before corticosteroids) (53). Most also have
other manifestations of GCA, but in a few patients FUO
may be the only symptom.

Respiratory symptoms occur in 9%, and most com-
monly consist of a dry cough (54). The cause of the cough
is not known; the chest x-ray is invariably normal. Tongue
pain with or without glossitis, ulcerations, and throat
pain are other manifestations of GCA in the respiratory
tract (3,54).

Large vessel disease occurs in 3 to 10% of patients
presenting as Raynaud’s phenomenon, loss of pulses
(upper extremities are most common), arm claudication,
or unequal limb pressures (9,13,23,55–57). Aortic
involvement—causing thoracic aortic dissection, aortic
regurgitation, or sudden death—develops in at least 3%
of patients with GCA (13,23). Aortic disease may occur
early, but most typically develops 7 years after the diag-
nosis of GCA, emphasizing the need for long-term follow-
up (55,57).

Other uncommon manifestations of GCA are listed
in Table 25.9. GCA presenting as breast, uterine, or ovar-
ian masses has been described (50,58,59).

SIGNS AND LABORATORY FINDINGS

Physical examination is normal in many patients. The
temporal arteries are normal to palpation in 50% of cases
(1–5). Thus, the absence of temporal artery abnormali-

ties on physical examination does not exclude the diag-
nosis of GCA. Abnormalities of the temporal arteries can
include nodularity, tenderness, enlargement, and loss of
pulse. Occult large artery involvement may be reflected
by unequal arm pressures, aortic murmurs, or bruits over
the supraclavicular or infraclavicular areas or over the
carotids or axillary arteries. The ophthalmologic findings
already have been described.

The laboratory findings seen in most patients are a
markedly elevated Westergren ESR (averaging 88) and a
modest normochromic, normocytic anemia (60) (Table
25.2). More modest elevations of the ESR occur (61–65):
One study of 167 patients with GCA showed that at the
time of presentation, 10.8% had an ESR ,50, 5.4% ,40,
and 3.6% ,30 (61). The platelet count—“a poor person’s
ESR”—is also frequently elevated (2,4,28). Many patients
also develop a mildly elevated alkaline phosphatase,
attributed to otherwise occult liver involvement (2,4,19).

DIAGNOSIS

The diagnosis of GCA should be considered nearly cer-
tain in patients who have classic symptoms of headache,
PMR, jaw claudication, and visual abnormality associ-
ated with a high ESR (9,60). When the patient’s chief
complaint is not one of the classic symptoms, then the
probability of GCA depends on whether the review of
symptoms reveals other typical (though less prominent)
symptoms of GCA and whether the patient has the char-
acteristic laboratory abnormalities (anemia and elevated
ESR). Thus, the 78-year-old woman who develops a TIA
in the absence of other symptoms with a normal ESR
should not be suspected of having GCA, whereas a sim-
ilarly aged woman with a TIA, 2 months of malaise and
fatigue, a 5-pound weight loss, and subtle but definite
new headaches and jaw pain associated with a hemat-
ocrit of 32 and an ESR of 110 should be suspected of
having GCA.

Diagnosis usually rests on finding pathologic
changes in the temporal artery biopsy. Unilateral biopsies
are approximately 85 to 90% sensitive (65,66). About
4% of patients with a negative unilateral biopsy are found
to have GCA when the contralateral temporal artery is
biopsied (66). Because GCA does not involve the artery
continuously but in a skip fashion, 3 to 5 cm of artery
should be removed and multiple sections examined
pathologically (66). In some patients, the diagnosis of
GCA is established by autopsy, by pathologic examina-
tions of an aortic aneurysm, by angiography showing typ-
ical large vessel changes of GCA, or by biopsy of another
extracranial artery, such as the occipital artery (65,67).
Color duplex ultrasonography of the temporal arteries
has been reported to be sensitive (68), but its specificity
and usefulness remain debatable (69). Magnetic reso-

TABLE 25.9
Manifestations of Occult GCA

Fever of unknown origin
Respiratory tract symptoms (especially cough)
Otologic manifestations

– Glossitis
– Lingual infarction
– Tongue ulceration
– Throat pain

Large artery disease
– Limb claudication
– Aortic dissection
– Raynaud’s disease

Neurologic manifestations (see Table 25.3 and text)
Myocardial infarction
Microangiopathic hemolytic anemia
Glomerulonephritis
Liver disease
Breast mass (arteritis)
Uterine and ovarian mass (arteritis)
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nance angiography (MRA) may be useful in patients with
involvement of the aorta or subclavian arteries (70,71).

There are many reasons to recommend temporal
artery biopsy (65). First, biopsy has virtually no morbid-
ity. Second, rarely, other diseases—polyarteritis, Wegener’s
granulomatosis, systemic amyloidosis, and thyroiditis—
can mimic GCA (9,25,65). Third, even when the initial
symptoms appear classical, in the absence of biopsy con-
firmation, doubt may arise later when the patient devel-
ops symptoms that could be attributed to either corticos-
teroid toxicity (e.g., weakness, fatigue) or be signs of
another condition.

TREATMENT

Initial Therapy

Because the goal of treatment is to prevent blindness and
because blindness is usually irreversible, corticosteroid
therapy should be started as soon as the diagnosis of GCA
is thought to be likely. Temporal artery biopsies appear
to remain reliable for at least the first 2 weeks after treat-
ment has been initiated (7). The initial dose is 60 to 80
mg of prednisone per day orally. Small series of patients
suggest that those who experience sudden recent visual
change should be admitted and given high-dose intra-
venous methylprednisone (500 to 1,000 mg per day in
divided doses). Unfortunately, vision loss is almost invari-
ably irreversible (72,73). After 3 to 5 days, the oral regi-
men (again in divided doses, e.g., 30 mg po bid) may be
started. Once treatment has begun, subsequent vision loss
is rare (74,75).

Patients with GCA respond dramatically to corti-
costeroids. Most feel “miraculously” improved within 48
hours, and some feel better within hours of the first dose
(1–5,9). PMR, headache, and fever respond especially
rapidly. Jaw claudication may take weeks to resolve. Vir-
tually all patients will be symptom free and have a nor-
mal ESR 1 month after starting treatment (1).

Every effort should be made at the onset to limit the
toxicity of corticosteroids. Placing the patient on a diet
and exercise program and prescribing an appropriate
therapy of osteoporosis prophylaxis should be done early.

Late Treatment

After the first month, prednisone can be tapered slowly,
for example, by 5 mg/wk. The patient is followed care-
fully for any symptoms or signs of reoccurrences. Most
authorities do monitor the ESR, but base treatment
changes on the complete clinical picture (history, exami-
nation, and laboratory studies) (4). Treatment of the ESR
alone should be avoided. Once the patient achieves a pred-
nisone dose in the range of 20 mg/d, small decrements (by

1 to 2.5 mg) become better tolerated. Flares can usually
be treated by raising the prednisone dose to 10 mg above
the dose at which the patient was last asymptomatic.
Many but not all patients will be able to be tapered off
prednisone within 2 years (4). Alternate day dose pred-
nisone does not work in the first month, but some have
reported successful use thereafter (4,76). The effectiveness
of methotrexate as a steroid-sparing agent is controver-
sial since placebo-controlled trials have reached opposing
conclusions (77,78). No other drugs have proved to be
successful, but cyclophosphamide, azathioprine, and
cyclosporine have been used in the rare patient who could
not be managed with prednisone alone (79).

Most studies show that GCA does not decrease sur-
vival (80). Patients whose disease remits should be warned,
however, that the disease may reoccur and be advised to
always mention their history of GCA to any new physi-
cian. Involvement of the thoracic aorta with dissection,
or congestive heart failure from aortic regurgitation, is an
increasingly noted late complication of GCA (9,13,57).
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he neural regulation of pelvic vis-
cera is critical to normal bowel and
bladder control as well as to
anatomic support of the pelvic vis-

cera. In the presence of local or systemic neural disorders,
pelvic floor problems may become clinically apparent.
Thus, the clinical neurologist should have a working
knowledge of the neural contribution to common pelvic
floor disorders in women. Such pelvic floor problems
include abnormal bowel and bladder control, as well as
pelvic organ prolapse.

The neurologist and urogynecologist contribute spe-
cial expertise in the treatment of two groups of patients:
patients with established neurologic disease and coexist-
ing bowel or bladder dysfunction, and patients with diag-
nosed pelvic dysfunction and suspected but undiagnosed
neurologic problems. The significance of neuropathy as
an element in urinary and fecal incontinence is well rec-
ognized (1,2). The chief cause of this neuropathy is vagi-
nal delivery. In normal vaginal deliveries, the perineal
pressure may reach 240 mm Hg (3), and it is known that
80 mm Hg is sufficient to stop axonal blood flow, caus-
ing ischemic nerve damage. Likewise, nerve stretch over
15% of the original length can induce neuropathy. The
pudendal nerve, in particular, is anatomically vulnerable
to the stretch and compressive forces during vaginal deliv-
ery. Clinical studies have demonstrated that 80% of
women have measurable pudendal neuropathy following

a single vaginal delivery (4). This damage persists for at
least 5 years in one-third of women (5).

This chapter focuses on the specific entities of uri-
nary incontinence, urinary retention, and fecal inconti-
nence, as well as those known neurologic entities that
have pelvic floor manifestations.

INCIDENCE OF PELVIC 
FLOOR DISORDERS

It is well recognized that patients with congenital or
acquired spinal cord injury are likely to have abnormal-
ities in bowel and/or bladder control. Furthermore, these
disorders are quite common in the ambulatory popula-
tion. Urinary incontinence, which is a social and hygienic
problem, is estimated to affect at least 10 million Amer-
ican women throughout the age span, with an increasing
incidence and prevalence with aging (6). Approximately
11% of American women will undergo surgery for uri-
nary incontinence and/or pelvic organ prolapse (7). Many
more women will either receive medical treatment or suf-
fer in silence. Urinary retention, although less common
than urinary incontinence, poses a significant risk to
affected women. Ineffective bladder emptying increases
the risk of urinary tract infection, and in an important
subset of patients, it increases the risk of renal damage.
A paucity of information exists about the incidence and
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prevalence of fecal incontinence; however, conservative
estimates suggest that one in every five patients who has
urinary incontinence also suffers from some degree of
fecal incontinence (8). An additional patient group has
primary fecal incontinence with concomitant disturbance
of the lower urinary tract. The physician’s level of under-
standing regarding these disorders greatly enhances the
patient’s opportunity for appropriate evaluation, treat-
ment, and alleviation of some of the more socially dis-
abling conditions.

ANATOMY

The following section focuses on the neuromuscular reg-
ulation that is critical for normal bowel and bladder con-
trol. In the healthy adult, the neural pathway is complete
and appropriately myelinated, which allows the lower uri-
nary tract and the anorectum to be under central nervous
system (CNS) control.

The lower bowel and bladder are supported pri-
marily by the levator ani muscle. This large pelvic mus-
cle provides visceral support and an important sling-like
function that is critical for fecal continence. This muscle
is innervated by a direct sacral branch (nerve to the lev-
ator ani). Recent anatomic dissections have demonstrated
that no pudendal nerve innervation of the levator ani is
present (9). Loss of muscular function (through dener-
vation or severe disuse atrophy) frequently results in loss
of normal visceral support and function. Connective tis-
sue supports exist in the pelvis (endopelvic fascia), but
they are secondary support structures. It is important to
realize that with significant anatomic support abnormal-
ities, visceral function may become abnormal despite a
normal or near-normal neural system.

NORMAL VOIDING AND DEFECATION

Normal voiding and defecation are under voluntary cor-
tical control. Discrete areas within the brain provide for
the upper motor neuron control of the urinary and anal
sphincters, as well as the detrusor muscle. In particular,
the precentral gyrus, lateral prefrontal cortex (especially
the right side), anterior cingulate gyrus of the cortex, basal
ganglia, brainstem raphe nuclei, locus ceruleus, hypo-
thalamus, midbrain aqueductal gray, and medial and lat-
eral pons are areas of involvement  of reflex pathways for
the lower urinary tract (10).

The muscular components of the urinary and anal
sphincters include both smooth and skeletal muscle. The
skeletal muscle is supplied primarily by the somatic
branches of the peripheral pudendal nerve, originating
from S3 and S4, with occasional S2 contributions. These
cell bodies reside within Onuf’s nucleus (Figure 26.1).

The normal female urethra is approximately 4 cm in
length. The muscular composition of the urinary sphinc-
ter includes both smooth and skeletal muscle, but the pre-
cise ratios are not known. The smooth muscle is present
throughout almost the entire urethral length, whereas the
circumferential band of skeletal muscle is located pre-
dominantly in the central portion. The skeletal muscle
consists entirely of type I fibers.

The anal sphincter is approximately 3 to 5 cm in
length, and the smooth muscle component accounts for
80% of the total anal pressure. The skeletal muscle com-
ponent is composed primarily of slow, type I fibers with
relatively rare fast-twitch fibers. These discrete sphinc-
teric fibers also receive contributions from the puborec-
talis portion of the levator ani muscle, a critically impor-
tant structure for fecal continence. These muscles also
receive a dual nerve supply: The puborectalis is innervated
through the pelvic plexus, primarily from above, whereas
the sphincter musculature, which is an embryologic cloa-
cal structure, receives innervation from the pudendal
nerve below (Table 26.1).

Autonomic innervation to the smooth musculature
of the colon and anal canal has similarities to the lower
urinary tract in that, generally speaking, the parasympa-
thetic system modulates smooth muscle contraction in the
gut for elimination (peristalsis), and stimulation of the
sympathetic nerves favors storage. At the internal anal
sphincter, the alpha sympathetic stimulation causes con-

FIGURE 26.1

Innervation of the urinary bladder and its sphincters.
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traction and the parasympathetics promote relaxation of
the smooth muscle.

An important difference between the colon and uri-
nary innervation is that the colon sympathetic inhibition
is not a supraspinal or spinal afferent reflex but consists
of lumbar cord endogenous circuits. The colon and blad-
der neurons have different locations in the sacral
parasympathetics. Defecation is triggered by C-fiber,
unmyelinated afferents, whereas micturition is triggered
by a-delta myelinated afferents, which become replaced
by C-fiber activity after spinal section, urethral obstruc-
tion or bladder irritation.  Thus, C-fiber afferentation is
developed as a common response of the lower urinary
tract to various insults. This response is indicative of neu-
ronal plasticity and is abolished if nerve growth factor is
not present (11).

Normal bowel and bladder control relies on the
appropriate sensation of visceral filling and the intact
motor response of the sphincters. Visceral afferent path-
ways are involved in remarkable abilities—anorectal sen-
sation that can distinguish among features of gas, liquid,
or solid stool; and in the urinary tract, perception of dis-
crete, subtle differences in sensation involved in filling,
fullness, desire to micturate, urgency, and pain. Afferents
from pelvic viscera go through pelvic and hypogastric
pathways to the afferent nerve cell bodies which, similar
to the somatic sensory neurons, are located in the dorsal
root ganglia. Spinal cord transmission is complex, with
involvement of the dorsal, lateral, and ventral columns.

The smooth muscle (detrusor) of the bladder is
innervated autonomically and functions as a compliant
reservoir (increasing volume with low pressure) for the
storage of urine. During storage, the detrusor muscle is
under the inhibitory influence of the sympathetic system.
Parasympathetic stimulation causes detrusor contraction.
The sensation of bladder filling is perceived primarily by
stretch receptors in the smooth muscle of the detrusor.
In the healthy adult, the perceived urge to urinate may
be effectively delayed. The urinary sphincter promotes
urinary storage by actively contracting and maintaining
a higher pressure in the urethra than in the bladder.

For normal voiding, the urinary sphincter relaxes
and a detrusor contraction of sufficient strength and dura-

tion occurs, effectively emptying the bladder. After void-
ing, the urethral sphincter regains its activity and the
detrusor returns to its low-pressure reservoir state. This
coordination between the urethral sphincter and the
detrusor muscle is critical for normal voiding and is neu-
rally regulated in the pons. The area of the pons exerting
such regulation is called the “M” region, the pontine mic-
turition center (PMC), or the “Barrington’s nucleus” and
leads to the coordination of sacral cord parasympathetic
preganglionic neurons and the nucleus of Onuf motor
neurons to the sphincter. The PMC neurons are gluta-
minergic, excitatory to sacral parasympathetic neurons
that produce bladder contraction; PMC terminals on the
sacral dorsal commissural gray contact are inhibitory
gamma-aminobutyric acid (GABA) neurons that inhibit
Onuf neurons to the sphincter. The “on-off” glutamin-
ergic and GABA activities are modulated by norepineph-
rine and serotonin. Contraction of the pelvic floor mus-
culature is controlled by another group of neurons in the
pons, the “L” region.

The autonomic nervous system is also involved in
sphincteric function, with sympathetic stimulation (alpha
receptors) increasing urethral sphincter smooth muscle
closure and facilitating urinary storage by inhibiting
parasympathetic bladder detrusor muscle contraction. A
malfunction in these systems can lead to urinary inconti-
nence and/or retention.

Lower bowel function has many similarities to lower
urinary tract function, but there are some important dif-
ferences. Anal continence is maintained through an elab-
orate neuromuscular interaction with visceral function.
Like the bladder, the rectum acts as a compliant reservoir.
With distention of the rectum, the rectal anal inhibitory
reflex decreases the resting pressure of the anal canal. This
rectal anal inhibitory reflex is intrinsic in the bowel wall
and is absent in localized failure of myenteric plexus
development (Hirschsprung disease). The contents of the
rectum then enter the anal canal, wherein an elaborate
sensory nerve plexus, together with sensors in the leva-
tor ani musculature, provide “sampling” of the rectal con-
tents in order to distinguish gas, liquid, and solid. After
sampling, if voluntary assessment is made that it is an
inopportune time for emptying, external anal sphincter

TABLE 26.1
Mechanisms of Sphincter Function

Anatomic Muscle Somatic Nerve Intrinsic
Length Components Supply Reflexes

Urethral 4 cm Smooth and skeletal Pudendal (perineal branch) None described

Anal 3–4 cm Smooth and skeletal Pudendal (inferior Anorectal 
hemorrhoidal branch) inhibitory reflex
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contraction, including the puborectalis muscle, again
places the contents into the rectum for further storage.
The puborectalis muscle helps in the formation of the
anorectal angle with an anterior/posterior “kink,” and
the intra-abdominal downward pressure maintains this
angle. The puborectalis muscle and external anal sphinc-
ter are in a state of tonic contraction.

To allow defecation, relaxation of the puborectalis
and external anal sphincter occurs, followed by straight-
ening of the anorectal angle, and with an associated Val-
salva maneuver, increases in intra-abdominal pressure,
and some involuntary smooth muscle activity in the bowel
wall, evacuation may proceed.

SPECIFIC DISORDERS

Urinary Incontinence

Urinary incontinence is a symptom, not a diagnosis. The
evaluation should follow a systematic approach to
achieve a clinically appropriate understanding of the eti-
ology (Figure 26.2). Given the complex neural control of
normal urine storage and voiding, it is not unusual that
patients who have local or systemic neurologic disease
may present with urinary incontinence. Urinary inconti-
nence may occur from a variety of causes.

It is essential that clinicians use accurate terminol-
ogy for the diagnosis of urinary incontinence. Previously
used terms, such as “neurogenic bladder,” do not meet
the current internationally accepted terminology and
should be discarded (12). Simplistically, loss of urinary

control can occur from bladder muscle disorders, loss of
urethral sphincteric integrity, or neural control of the con-
tinence systems, or a combination of these mechanisms.
There are unusual causes for urinary incontinence, such
as extraurethral incontinence (fistulas) and urethral diver-
ticulum, which are not reviewed in this chapter.

A normal bladder muscle is characterized as “nor-
moactive,” that is, it maintains a low pressure during
bladder filling and voids with a contraction of appropri-
ate strength and duration to completely empty the blad-
der. Abnormalities in the detrusor muscle can cause unin-
hibited, inappropriate bladder contractions, which result
in urinary leakage. This abnormality, which is called
detrusor overactivity, can be documented by cystomet-
rogram testing (Figure 26.3). Patients typically report
symptoms of urinary urgency, urge incontinence, fre-
quency, and nocturia. In the presence of a pertinent neu-
rologic disorder, the diagnosis of “neurogenic detrusor
overactivity” can be made. In the absence of any relevant
neurologic disease, the clinician can make a diagnosis of
detrusor overactivity. Older terminology, such as detru-
sor dyssynergia and neurogenic bladder, should be
replaced with this current nomenclature.

It is important that the urethral sphincter response to
a bladder contraction be characterized. During normal
voiding, the urethral sphincter relaxes under the influence
of the pons. A loss of “coordinated” voiding (urethral con-
traction during detrusor contraction) is termed detrusor-
sphincter dyssynergia and is pathognomonic for a lesion
between the pons and the bladder. Thus, the diagnosis of
detrusor-sphincter dyssynergia is important for the detec-
tion of previously undiscovered neurologic disease. This
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can be clearly confirmed or refuted with needle elec-
tromyography (EMG) of the urethra during voiding.

Abnormalities in visceral sensation may contribute
to incontinence by allowing filling to nonphysiologic
bladder volumes. Patients may describe a loss of sensa-
tion during filling or insensible urinary loss. This also can
be assessed objectively during some forms of urodynamic
testing, as well as by neurophysiologic tests, which are
described later in this chapter.

A second form of urinary incontinence is stress
incontinence. Patients who have this disorder typically
present with the symptom of loss of urine during
moments of increased abdominal pressure (cough,
sneeze). In patients with stress incontinence, the urethral
sphincter does not perform its function of holding back
urine that is in the bladder. This may occur because the
sphincter is at an anatomic disadvantage (urethral hyper-
mobility) or because the intrinsic neuromuscular compo-
nents of the sphincter are abnormal. Not uncommonly,
elements of neuromuscular abnormalities may be com-
bined with anatomic support deficits. The internationally
recommended term “urodynamic  stress incontinence”
indicates stress-induced, transurethral urine loss that
occurs in the absence of a bladder contraction. Assess-
ment of the sphincteric function is an important area of
active neurophysiologic investigation.  Urodynamic stud-
ies using concentric needle EMG of the urethra demon-

strate a difference between stress incontinent women and
those who are stress continent (13).

Urinary Retention

Urinary retention is a symptom of an underlying abnor-
mality that causes the incomplete expulsion of urine. The
abnormality may lie in the detrusor muscle itself. This is
relatively common in older patients who have detrusor
insufficiency; that is, the smooth muscle of the detrusor
does not contract with adequate force or duration to
completely empty the bladder. Neural control mecha-
nisms influence the efficacy of the detrusor contraction,
however. When these mechanisms are destroyed, the term
detrusor areflexia is used. This is also known as an acon-
tractile bladder. To demonstrate an acontractile bladder,
there must be no detrusor activity whatsoever under any
circumstance.  Bethanecol denervation testing is appro-
priate when this diagnosis is entertained.

A second important form of urinary retention occurs
in patients who have spinal cord disease or involvement
of the pontine area of the brain stem that is responsible
for coordinating active urination. Patients with detrusor-
sphincter dyssynergia have detrusor contractions that are
met with inappropriate urethral contraction, which leads
to ineffective voiding and urinary retention. The diagno-
sis of detrusor-sphincter dyssynergia requires a demon-
stration of simultaneous detrusor contraction and ure-
thral activation.

Fecal Incontinence

Fecal incontinence has many etiologies. Problems that
result in loss of liquid stool may be produced by infec-
tion or inflammatory bowel disease, irritable bowel, rapid
colon transit, or small bowel dysfunction, such as lactase
deficiency. A rectum that has an inadequate reservoir is
present in inflammatory bowel disease, cancer, pelvic
masses, pelvic adhesions, and scleroderma. Inadequate
rectal sensation may result from neurologic injury that
leads to a sensory deficit with improper interpretation of
the sensations, or fecal impaction, which is one of the
leading causes of anal incontinence in nursing homes.
Fecal incontinence may be associated with defects in neu-
romuscular function. Childbirth causes direct injury to
the sphincter muscles, but also causes direct and indirect
injury to the pelvic and/or pudendal nerves. Surgical
sphincter injury following fistula repair is common, and
traumatic sphincteric injury is also seen.

The neuropathy associated with fecal incontinence
is most commonly a mononeuropathy involving the
pudendal nerve and/or pelvic plexus as a result of
mechanical injury. Other types of neuropathic processes,
however, are associated with anorectal dysfunction. These
are reviewed in the following section.
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INITIAL EVALUATION

Patients who present with pelvic floor complaints have
directed neurologic examinations for mental status,
tremor, posterior column deficits (vibration and position
senses), peripheral sensation, and gait (including postural
reflexes). Pelvic neurologic clinical examination includes
evaluating the sacral 2, 3, and 4 dermatomes, knee and
ankle reflexes, bulbocavernosus reflex, and tone of pelvic
floor sphincter musculature.

Clinical Neurophysiologic Studies

A function of the World Health Organization, the 2nd
International Consultation on Incontinence, was held in
Paris, France, July 1–3, 2001. A subcommittee of this was
the Clinical Neurophysiology Committee (14), which
attempted to determine current clinical and research
applications of the various techniques for pelvic floor neu-
rophysiologic investigation.

The committee opinion included the following:
“The information gained by clinical examination and
urodynamic testing may be enhanced by uroneurophysi-
ological tests in selected patient groups. It seems that tests
have often been performed by non-neurophysiologists in
research but for routine diagnostics, an established ser-
vice would seem necessary, and the physicians perform-
ing the tests should be appropriately trained, as required
by national policies. As a rule, the service should be in
liaison with general clinical neurophysiology. It seems
optimal to create interdisciplinary programs between
urology, urogynecology, and neurology departments.
Eventually, ‘neurourology’ or ‘uroneurology’ sections
should provide the appropriate setting for testing of the
individual patient to be performed within a wider scope
of clinical evaluation, and treatment. Such specialized
teams, sections, or even departments within larger insti-
tutions are as yet few, but the organization of such teams
in tertiary medical centres should be encouraged.”

Appropriate clinical neurophysiologic studies are
indicated when sensory or reflex abnormalities are noted
in the clinical examination. Such neurophysiologic stud-
ies are performed to clarify the neurologic diagnosis and
to determine the need for anatomic studies such as mag-
netic resonance imaging (MRI). Abnormalities on uro-
dynamic study that can lead to clinical neurophysiologic
studies include storage abnormalities with accommoda-
tion loss or sensory abnormality, and voiding disorders,
particularly detrusor-sphincter dyssynergia, detrusor are-
flexia, or overflow incontinence. The clinical neuro-
physiologic studies help document the degree of sphinc-
ter neuropathy in order to select an appropriate surgical
intervention. The preoperative degree of anal sphincter
neuropathy is also related to the outcome of sphinctero-
plasty surgery.

SPECIFIC NEUROLOGIC DISORDERS

The neurologist may consider the pathophysiologic
processes relating to pelvic floor dysfunction as processes
that involve somatic motor or sensory nerves or visceral
nerves. Somatic motor nerve pathology may include nerve
damage occurring at any point from the anterior horn cell
via the nerve root, the plexus, the peripheral nerves, or
the neuromuscular junction and muscle fibers.

Lumbosacral radiculopathies commonly involve
bladder and bowel dysfunction. In fact, bladder and bowel
involvement is a clinical marker that distinguishes radicu-
lopathy from anterior horn cell disease. The S2–S4 nerve
roots going to the pelvis originate in the small terminal por-
tion of the spinal cord (conus medularis) and constitute the
central portion of the cauda equina (Table 26.2).

Cauda equina lesions are very common, with cen-
tral disc protrusion affecting nerve roots to the bladder
and bowel. Many clinicians consider this to be a major
indication for disc surgery. Cauda equina lesions are seen
with congenital caudal aplasia (in children of diabetic
mothers) and congenital and acquired spinal stenosis
(pseudoclaudication syndrome). Ankylosing spondylitis,
schwannomas, primary and metastatic malignancies, lym-
phomas, meningiomas, neural fibromas, chordomas,
acquired immunodeficiency syndrome (AIDS), and
cytomegalovirus (CMV) infection are other causes of
cauda equina disease.

Conus medularis lesions may be produced by anky-
losing spondylitis, epidendymomas, lipomas, dermoid
cysts, transverse myelitis, arteriovenous malformations, and
congenital meningomyelocele with cord tethering. It is a
fairly common complication of abdominal aortic aneurysm
surgery secondary to prolonged aortic clamping.

Transverse myelitis with neurologic features, includ-
ing progressive areflexic paraplegia with loss of bowel and
bladder function being a typical finding, is often of
unknown and presumed inflammatory etiology, but it can
also exist in mixed connective disease (15). Patients with
tethered cord syndrome typically have dermatologic
changes in the lumbosacral region, neurogenic foot defor-
mities, and disturbed bladder function. Surgery in children
before the onset of symptoms does have a place. (16) (11).

Bladder dysfunction is typically present in sacral age-
nesis, even if it is only unilateral, with absent detrusor
contractility being the most common abnormality.
Although surgery does not usually restore lost bladder
function, surgery is indicated in the presence of deterio-
ration of bladder or lower limb function to stop further
deterioration (12).

Lumbosacral plexus lesions are most commonly asso-
ciated with malignancies (uterine cervical cancer or rectal
lymphoma), surgical or radiation damage, or hematomas.
Mononeuropathies occur frequently in pelvic nerves sec-
ondary to injury that may be mechanical, thermal, elec-
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trical, radiation-related, vascular, granulomatous, or the
result of primary or metastatic neoplastic lesions. The lead-
ing cause of pelvic mononeuropathy is the mechanical
effect (compression and stretching) of vaginal delivery.

Pelvic nerve damage that is diffuse and bilaterally
symmetric suggests possible polyneuropathy. Any of the
established causes of polyneuropathy may equally affect
the pelvic floor nerves. Generally, relatively little is known
about the pathology of the effects of peripheral neu-
ropathy on the autonomic nerves innervating the viscera
because of the difficulties inherent in the histologic exam-
ination of the peripheral autonomic nerves. Recently,
changes have been observed in fine axons in the bladder
wall in diabetic subjects. Pathologic changes have also
been observed in ganglia and in the nerve trunks, all of
which may be important in the development of urinary
bladder dysfunction (18). With distal autonomic neu-
ropathy, the innervation of the striated muscle of the ure-
thra is apparently unaffected, even when there is almost
total loss of nerves in the bladder muscularis. The subep-
ithelial plexus of nerve tends to be preserved (19). Neu-
rologic disease is frequently found in studies of voiding
difficulties in human females (20).

Typically, the anterior horn cell diseases do not sig-
nificantly involve Onuf’s nucleus, reflecting the unique
properties of these neurons. Single-fiber EMG comparisons
of sphincter muscles with semimembranosus-semitendi-

nosus muscles revealed that neurogenic change was more
marked in the latter than in the external anal sphincter. The
external anal sphincter is not normal in amyotrophic lat-
eral sclerosis. However, there is a relative resistance of the
external anal sphincter to amyotrophic lateral sclerosis that
is sufficient to prevent incontinence, even in older patients
who survive longer (21) (see also Chapter 20).

In most myopathies, sphincter muscles tend to be
clinically spared. Incontinence is occasionally reported
in Duchenne muscular dystrophy, although no patient
demonstrates myopathic motor units in the sphincters.
Urinary incontinence in Duchenne muscular dystrophy is
most often due to upper motor neuron dysfunction, most
likely caused by severe scoliosis or a complication of
spinal fusion surgery (22) (see also Chapter 21).

Neuromuscular junction disorders, such as myas-
thenia gravis or myasthenic syndrome, typically have
minor effects on sphincters. Myasthenia gravis has been
known to present with uncontrollable flatus and fecal
incontinence, albeit rarely (23).

Upper motor neuron lesions have a profound effect
on motor nerves to the sphincters as well as on motor neu-
rons to the bladder and bowel. Detrusor hyperreflexia is
common after cerebrovascular accidents, particularly
those involving the right side of the cortex, occurring in
slightly less than 50% of patients (24). It is frequently
asymptomatic.

TABLE 26.2
Neurologic Entities Causing Pelvic Dysfunction

Category Causes Clinical Features (may be variable)

Lumbosacral Disc protrusion Incontinence
Radiculopathy Benign tumors Unilateral sensory deficits

Malignant tumors

Cauda equina lesions Disc protrusion Sacral sensory deficits
Sacral agenesis Patellar reflex loss—higher lesion
Spinal stenosis Loss of Achilles tendon reflex—lower lesion
Ankylosing spondylitis Hypocontractile detrusor
Schwannomas Asymmetric motor deficit with atrophy
Malignancy
Benign tumor
Viral infection (HIV, CMV)

Conus medullaris lesions Disc protrusion Loss of sacral reflexes
Ankylosing spondylitis Loss of Achilles tendon reflex
Epidendymomas Detrusor areflexia
Lipomas Sensory dissociation
Dermoid cysts Symmetric, milder motor deficits
Transverse myelitis More severe sphincter dysfunction
Arteriovenous malformation
Congenital meningomyelocele with 
cord tethering

Postoperative (aortic aneurysm surgery)
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Patients with Parkinson’s disease frequently have
detrusor hyperreflexia. Inadequate detrusor contractility
has also been reported (25). A subset of patients with
parkinsonism are those who have progressive autonomic
failure and multiple system atrophy. These patients typi-
cally have incompetent bladder necks, and the striated
muscle of the urethra is uniformly affected by marked
denervation and reinnervation. These findings help dis-
tinguish patients with autonomic failure from those who
have idiopathic Parkinson’s disease (26).

In Parkinson’s disease, the abnormalities of detrusor
function are ascribed to abnormalities in the basal gan-
glia (27). Urodynamically, increased urethral sphincter
activity with loss of coordination with the detrusor activ-
ity is typically seen with lesions below the pontine mic-
turition center (Table 26.3).

Spinal cord disorders markedly affect pelvic floor
function, as already outlined. In a series of patients with
malignant extradural tumors of the spine who were oper-
ated on for decompression or back pain, approximately
one-third of patients treated surgically had improved
bladder function, but no patient with complete paraple-

gia gained useful neurologic recovery (28). Putty and co-
workers report a series of spinal cord injury patients who
had dorsal longitudinal myelotomy to treat spasticity.
Although successful in providing relief of painful spasms,
the procedure had no effect on bladder function (29).

In general, conus medullaris lesions have more sym-
metric bilateral loss of clitoral anal reflex along with
S2–S4 dermatomal changes. Cauda equina lesions
demonstrate varying symmetry with deficits in der-
matome testing. Reflex changes may also occur. Typi-
cally, higher lesions result in absent knee reflexes,
whereas a loss of Achilles tendon reflexes occurs with
lower lesions.

Sensory nerve involvement also impacts pelvic floor
function. The anatomic separation of the sensory nerve
axon into proximal and distal segments is used during
electrodiagnostic tests to localize disease processes. The
peripheral sensory nerve has a greater capacity for repair
and remyelination than does the proximal portion of the
nerve, which lies within the CNS. Certain processes have
a predilection for sensory nerves and even particular sen-
sory nerve fiber sizes. Fecal or urinary incontinence due

TABLE 26.3
Specific Disorders of Micturition Control

Terminology Definition Symptom Causes Investigations Treatment

Detrusor Inappropriate phasic Nocturia Idiopathic Cystometrogram Behavioral
instability detrusor contractions Urgency Electrical stimulation

(no known neurologic Frequency Pharmacotherapy
disorder) Urge incontinence

Detrusor Inappropriate phasic Nocturia Pertinent Cystometrogram Behavioral
hyperreflexia detrusor contractions Urgency neurologic Electrodiagnostic Electrical stimulation

with known, relevant Frequency disorder testing Pharmacotherapy
neurologic disorder Urge incontinence (e.g., stroke)

Detrusor- Simultaneous detrusor Urinary retention Spinal cord or Urethral needle Pharmacotherapy
sphincter contraction with Post-void fullness brain stem EMG during (a-blocker, small
dyssynergia urethral sphincter lesions urodynamic muscle relaxant)

activation during involving study Self-catheterization
voiding effort CNS below Other drainage

pontine techniques
micturition 
center

Urodynamic Transurethral Stress Anatomic Urodynamics
stress loss of urine during incontinence displacement Pharmacotherapy
incontinence increase in abdominal of urethral Surgery

pressure in sphincter
absence of detrusor Intrinsic
contraction neuromuscular

dysfunction
of urethral
sphincter
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to sensory loss is difficult to treat, and surgery has dis-
appointing results. Friedreich’s ataxia, vitamin B12 defi-
ciency, and occasionally subacute sensory neuropathies
tend to produce large fiber loss, whereas predominantly
small fiber loss is seen in hereditary sensory neuropathy
(type I), diabetes, leprosy, amyloidosis, Tangier’s disease,
Fabry’s disease, and congenital insensitivity to pain. Vis-
ceral motor dysfunction occurs most commonly sec-
ondary to diabetic neuropathy. Generalized autonomic
syndromes involve bladder and bowel dysfunction. The
syndromes are “pure cholinergic dysfunction,” charac-
terized by bladder atony, Adie’s pupil, alacrima, consti-
pation, dry mouth, hyperpyrexia, cardiovagal failure, and
impotence. Etiologies include Lambert-Eaton (myasthe-
nia) syndrome and neuromuscular junction toxicity from
organic phosphates in insecticides or botulinum toxin in
improperly canned food.

In acute inflammatory demyelinating polyradicu-
loneuropathy (Guillain-Barré syndrome), urinary reten-
tion early in the course of the disease is a predictor of
disease severity; more than 80% of patients with early uri-
nary retention later require ventilatory assistance (30).
Acute intermittent porphyria is an autosomal dominant
disease that generally presents in the third or fourth
decade with premenstrual abdominal pain, constipation,
voiding dysfunction, quadriparesis, and “bathing trunk”
dysesthesia. Generalized sympathetic disorders tend to be
length-dependent and are characterized by early postural
hypotension and overactivity, with cold, sweaty feet, and
later loss of activity, with red, swollen, anhidrotic distal
extremities.

Disease processes that affect small sensory nerves
and autonomic nerves can similarly affect visceral affer-
ent nerves. Clinical manifestations include overflow
incontinence or megacolon with loss of the visceral
reflexes necessary for proper function.

TESTS

Normative Values

One of the difficulties in electrodiagnostic testing in pelvic
floor disorders is the paucity of normative values. Col-
lection of such data requires dichotomous definitions—
normal versus abnormal. Vaginally parous women typi-
cally have some birth-induced alterations, but may be
entirely asymptomatic. Table 26.4 displays the known
data sets for normative data in the pelvic floor.

Table 26.5 demonstrates anal sphincter data
obtained with three different techniques of motor unit
action potential (MUAP) analysis. Although the data
obtained by Podnar et al. differ slightly from that of Weid-
ner et al. it may be important to weigh these differences
against the pragmatic approach of data acquisition using
multi-MUAP technology.

Electromyography

Surface electrodes are used to monitor voluntary muscle
contraction during kinesiologic studies such as in urody-
namic testing or anal manometry. Surface electrodes may
be applied to a Foley catheter to record or stimulate from
the bladder base or proximal urethra. Various types of
surface electrodes can be mounted on anal plugs or vagi-
nal sponges.

Needle Electromyography

Needle EMG can give information concerning denerva-
tion, reinnervation, upper and lower motor neuron func-
tion, and the activity and time course of neurologic dis-
ease. In most skeletal muscles at rest, there is no electrical
activity except for “spontaneous” activity. The constant
firing of activity in the sphincters makes spontaneous
activity assessment more difficult.

TABLE 26.4
Motor Unit Action Potential Analysis (31)

Test Value

EMG (Quant) External Anal Sphincter
Amplitude (mV) 0.37 + 0.13
Duration (ms) 8.27 + 2.5
Phases (No.) 3.77 + 0.9
Turns (No.) 2.28 + 0.4
Area (mV/ms) 0.36 + 0.2
Amplitude-area ratio (ms) 0.91 + 0.4
Polyphasic motor units (%) 21.6 + 17.1

EMG (Quant) Levator Ani Muscle
Amplitude (mV) 0.48 + 0.2
Duration (ms) 10.40 + 2.2
Phases (No.) 3.70 + 1.0
Turns (No.) 2.80 + 0.8
Area (mV/ms) 0.65 + 0.3
Amplitude-area ratio (ms) 1.4 + 0.3
Polyphasic motor units (%) 29.8 + 17.7

Interference Pattern Analysis
External Sphincter

Turns per sec (No.) 183.9 + 90
Amplitude (µV) 225.3 + 39.4
Activity 61.2 + 39.4
Envelope size (µV) 567.6 + 185.7
Small segments (No.) 81.4 + 51.8

Levator Ani
Turns per sec (No.) 241.6 + 68.9
Amplitude (µV) 302.7 + 46.9
Activity 95.6 + 43.9
Envelope size (µV) 861.1 + 194
Small segments (No.) 105.8 + 55



NEUROLOGIC DISEASE IN WOMEN376

The number of fibers and fiber distribution of nerves
innervating the urinary bladder and urethra in humans
has been estimated by quantitative nerve analysis (33).
The numbers are small, leading to the clinical implication
that one intercostal nerve (containing 9,000 afferent
nerves and 1,000 efferent nerves), with its dissectable
skin, muscle, and mixed branches, contains enough myeli-
nated fibers for a reinnervation of the detrusor (with
3,200 afferent nerves and 800 efferent nerves), the exter-
nal anal and bladder sphincters (with 30 afferent nerves
and 30 efferent nerves), the mucosa of the urethra,
trigone, and anal canal (with 200 afferent nerves), and
the lower sacral skin (with 6,000 afferent nerves).

The sacral roots to the urethra fire rhythmically.
Alpha 3 motor neurons innervating slow fatigue-resistant
muscle fibers fire at approximately 0.7 Hz, with impulse
trains of 11 to 60 action potentials. Alpha 1 motor neu-
rons are not observed. The alpha 2 motor neurons increase
the mean activity from 0.5 to 18 Hz during filling by
changing the firing pattern from the occasional spike mode
to the continuous oscillatory mode. The activity decreases
and overflow incontinence occurs at 800 cc (34).

Nerve Conduction Studies

Nerve conduction studies most commonly involve puden-
dal motor conduction. Pudendal studies are performed
using a pudendal nerve stimulator mounted over a gloved
hand. The electrode over the tip of the index finger is
passed vaginally or rectally to lie at the level of the ischial
spine. Electrodes at the base of the finger record the mus-
cle action potential of the external anal sphincter. The
pudendal motor nerve distal latency and amplitude of the
compound muscle action potential can be checked for
reproducibility.

The sacral reflexes that are used most often in our
laboratory are the clitoral anal reflexes and urethral anal

reflexes. Clinically, the clitoral anal reflex is obtained by
touching the clitoral region with a cotton swab and
observing contraction in the external anal sphincter. Ten
percent of neurologically normal females do not have this
reflex on physical examination, although it is present with
electrodiagnostic testing. The reflex tests the afferent and
efferent pudendal nerve pathways, hence the roots of the
cauda equina and conus medullaris. It has two compo-
nents, the first of which occurs at 30 to 50 msec latency,
the second at 60 to 70 msec. The response may be selec-
tively recorded on the left and right sides, and stimulation
may likewise be done selectively on the left or right side.
Localized lesions may be indicated as being either affer-
ent or efferent and right or left. The reflex is suppressed
during voiding, and failure of such suppression has been
found to be highly sensitive in detecting spinal cord
lesions above the sacral level (35). The intensity of stim-
ulation used for the response is generally three to four
times the intensity at perception threshold, which is nor-
mally less than 9 mA of constant current stimulation.

Urethral Anal Reflex

Using a catheter-mounted ring electrode for stimulation,
a reflex response may be obtained at the right and left
external anal sphincters. This has been termed urethral
electromyelography by Bradley (36). The reflex has a long
latency of approximately 60 msec because the very prox-
imal urethral response is carried by small myelinated or
unmyelinated pelvic and hypogastric nerves, and the path-
way is multisynaptic. The sensory threshold is generally
less than 13 mA, and the reflex requires a stimulus inten-
sity of three times the sensory threshold. This reflex is sup-
pressed during voiding. The test may also be performed
by stimulating in the bladder to obtain a bladder-anal
reflex. The reflex pathway duplicates the urethral-anal
reflex but with separate afferent initiating sites.

TABLE 26.5
Comparison of Methods for External Anal Sphincter MUAP Assessment (Podnar et al.) (32)

Single MUAP Manual MUAP Multi-MUAP

MUAP parameter Mean + SD Mean + SD Mean + SD
Amplitude (µV) 609 + 193 358 + 89 405 + 128
Log (amplitude) 2.77 + 0.13 2.54 + 0.11 2.59 + 0.14
Duration (ms) 7.0 + 1.4 6.6 + 1.0 5.5 + 1.1
Area (µV) 572 + 188 362 + 106 356 + 135
Thickness (ms) 0.95 + 0.14 1.03 + 0.16 0.85 + 0.14
Size index 0.28 + 0.31 –0.09 + 0.25 –0.20 + 0.3
Phases 3.4 + 0.5 3.2 + 0.4 3.0 + 0.4
Turns 3.4 + 0.6 3.0 + 0.5 2.9 + 0.5
Rise-time (ms) 0.79 + 0.24 0.80 + 0.21 0.53 + 0.05
Spike duration (ms) 3.5 + 0.9 5.6 +1.5 2.9 + 0.55
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Cortical Evoked Potentials

Recording electrodes are best placed in the midline, with
the reference electrode midway between Fpz and Fz (Fpz')
and one just posterior to the scalp vertex (Cpz). Record-
ing is done over the spinal column, with one electrode
over T12–L1 and the second over the iliac crest, or alter-
natively over the L5 vertebra. The initial component of
this potential represents the afferent volley to the cauda
equina, and the subsequent component represents the
root entry zone/dorsal horns of the lower spinal cord;
these allow calculation of the “peripheral” component of
the evoked potential tests. The “central” component,
then, is represented in the impulse transmission from the
cord to the cortex. Peripherally, either tibial or puden-
dal stimulation can be used.

Pudendal Nerve Somatosensory
Evoked Potentials

The stimulus may be applied to either the right or left cli-
toral region, with the anode lateral to the clitoris and the
cathode adjacent to it. Cortical responses are reliably
obtained in women, with the first positive peak between
35 and 43 msec, a latency very similar to that obtained
in tibial nerve somatosensory evoked potentials when the
posterior tibial at the ankle is stimulated. Recording over
the spinal column is technically difficult in women.

Proximal Urethral Evoked Potential

By stimulating with a ring electrode on a Foley catheter,
this produces waveforms with longer latencies (approxi-
mately 50 msec to the first positive peak). The responses
are very small, and absence may be due to technical fac-
tors. Obtaining a response with normal latency is very
valuable in excluding a subpontine neurogenic bladder
disorder, however (30).

Autonomic Tests

Autonomic tests include quantitative sudomotor axon reflex
test (QSART), sympathetic skin response, orthostatic blood
pressure and heart rate responses to tilt, heart rate responses
to deep breathing, and beat-to-beat blood pressure
responses to Valsalva maneuver, tilt, and deep breathing.

Bethanechol Test for Vesical Denervation

A cystometrogram is recorded as a baseline control,
recording bladder pressure to a volume of 100 cc. Bethane-
chol chloride 0.05 mg per kilogram filling fluid is injected
subcutaneously, and postinjection cystometrograms are
collected at 10, 20, and 30 minutes, performed in the same
manner as the control cystometrogram. A positive test is

an intravesical pressure increase of more than 15 cm of
water over the control cystometrogram at 100 cc volume.

The Clinical Neurophysiology Committee of the
2nd International Consultation on Incontinence summa-
rized the value of the respective tests, as indicated in
Tables 26.6 and 26.7. The tests were judged by difficulty
to perform, sensitivity for diagnosis, cost, and current use.

The tests of most clinical use at present are the
kinetic and concentric needle EMG and the sacral reflex.

CONCLUSION

Bladder and bowel dysfunction can accompany neuro-
muscular disease. Clinical neurophysiologic testing pro-
vides unique information regarding these functions. Such
testing is complementary to imaging and urodynamic stud-
ies. Patients who are particularly helped by electrophysi-
ologic testing include those being evaluated for anal
sphincter repair; those with voiding disorders, detrusor-
sphincter dyssynergia, overflow incontinence, stress incon-

TABLE 26.6
Comparison of Tests Used in Incontinence 
Analysis (I) Committee Opinion Summary

Test Difficulty Sensitive Cost Use

kEMG Low Fair $$ Good
CNEMG High Good $$$ Good
SFEMG High Good $$$ Poor
PNTML Low Fair $$ Debated
Sacral stim Moderate Unknown $$$ Research
Mag. stim Moderate Unknown $$$ Poor
Q. sens. Variable Fair $$ Research

kEMG = kinetic EMG
CNEMG = concentric needle EMG
SFEMG = single fiber EMG
PNTML = pudendal nerve terminal motor latency
Mag. = magnetic
Q. sens = quantitative sensory testing

TABLE 26.7
Comparison of Tests Used in Incontinence 

Analysis (II) Committee Opinion Summary

Test Difficulty Cost Perform Use

Pud. SEP Moderate $$ Good Poor
Visceral SEP Difficult $$ Good Research
Sacral reflex Not difficult $$ Good Good
Viscero reflex Moderate $$$ Unknown Research
Autonom. Moderate $$$ Fair Research

Pud. SEP = pudendal somatosensory evoked potentials
Viscero reflex = urethral-anal reflex and bladder-anal reflex
Autonom. = autonomic tests
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tinence (especially when intrinsic sphincter deficiency is
suspected), spinal myelopathies, peripheral or autonomic
neuropathies; diabetic patients with bladder or bowel
symptoms; those with pelvic floor trauma from childbirth
or other sacral injuries; and those with unexplained per-
ineal numbness or pain, or with failure of diagnosis on
standard evaluations for bladder or rectal dysfunction.

Neurologists have an important contribution to
make to the clinical care of patients with pelvic floor
abnormalities, particularly urinary and fecal inconti-
nence. Awareness of the prevalence of these common dis-
orders, as well as an understanding of the methods for
evaluation and treatment, will improve patient care and
facilitate communication among health care providers.
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he incidence, severity, and clinical
manifestations of many diseases can
vary between men and women.
With regard to infections of the cen-

tral nervous system (CNS), some diseases display a
predilection for women, particularly during pregnancy,
whereas others are less common in women than in men.
Although incompletely understood, these differences may
in part relate to the complex effects that female sex hor-
mones exert on the cells of the immune system. This chap-
ter updates the clinically relevant aspects of neurologic
infections affecting women, including differences in the
frequency, manifestations, prognosis, and management of
these disorders. Consideration of the diagnosis and treat-
ment of neurologic infections during pregnancy are
addressed in particular detail.

THE FEMALE IMMUNE SYSTEM

Differences in the immune responses mounted by men and
women against similar antigens have long been recognized.
In general, cell-mediated immunity is relatively enhanced
in men, whereas humoral or antibody-mediated immune
responses are more easily elicited in women (1–7). Based
on our current understanding of how these two types of
immune responses are generated, this immunologic vari-
ability between the sexes is hypothesized to result from the

differential activation of regulatory T lymphocytes. Stud-
ies in animals now confirm this hypothesis (8), and mul-
tiple lines of evidence suggest that estrogens in particular
are responsible for the variability in immune responses
between the sexes in humans (1–7). These differences may
help account for the predominance of antibody-mediated
autoimmune diseases such as rheumatoid arthritis (RA)
and systemic lupus erythematosus (SLE) in females (3,6).
They may also explain why women show particular clin-
ical responses to certain infections that involve the CNS.
Despite recent progress, however, a more complete under-
standing of the specific immunologic differences between
the sexes remains to be achieved.

During pregnancy, the cellular immune responses
important in graft rejection must be suppressed in order
to prevent the maternal immune system from reacting to
the many foreign antigens presented by the fetus and pla-
centa (9,10). This immune tolerance is achieved through
both a physical separation of the maternal and fetal cir-
culations, as well as by the production of factors that
exert modulatory effects on the maternal immune system.
Placental syncytial trophoblasts produce a variety of hor-
mones including progesterone, estrogen, chorionic
gonadotropin, and cortisol-binding globulin that can
cause immunosuppression (11). Cytokines derived from
fetal lymphocytes and alpha-fetoprotein can also cross the
placenta and alter maternal immune responses (12). Col-
lectively, these factors suppress maternal cell-mediated
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immunity to a degree that protects the fetus. However,
they also increase the maternal risk of infection particu-
larly by intracellular pathogens that are eradicated via
these same cell-mediated immune responses.

SUSCEPTIBILITY TO INFECTION 
DURING THE MENSTRUAL CYCLE

The rapid hormonal changes that occur during the men-
strual cycle do not cause lasting effects on the immune
system, and an increased susceptibility to CNS infection
during any stage of the menstrual cycle remains unproven.
The particular conditions of menstruation can result in
toxic shock syndrome (TSS), however, a disorder char-
acterized by high fever, profound hypotension, a diffuse
erythematous rash, and varying degrees of vomiting, diar-
rhea, myalgias, and mental confusion without focal neu-
rologic signs (13). Epidemiologic studies have linked the
disease to the use of hyperabsorbable tampons; accord-
ingly, it is rare in the pediatric population, in males, and
in nonmenstruating females (14). TSS has recently been
shown to be mediated by toxins released from strains of
Staphylococcus aureus that can normally colonize the
vagina but which proliferate under conditions promoted
by the presence of these tampons (14).

Although it is not known whether TSS toxins have any
direct effects on the CNS, the muscle pain and weakness that
can accompany this disorder probably represent a toxin-
mediated myositis (15). The cerebrospinal fluid (CSF) is
abnormal in many TSS patients who show evidence of con-
fusion or an altered sensorium; a pleocytosis of up to 100
cells per cubic millimeter and a protein elevation up to 75
milligrams per deciliter can occur (15). Although the glu-
cose is usually normal and cultures are typically negative,
these CSF abnormalities suggest that the CNS manifesta-
tions of TSS represent an encephalitis rather than simply a
direct effect of bacterial toxins on the brain. Neuropsycho-
logic sequelae, including memory and behavioral abnor-
malities, can persist for as long as a year following the acute
illness, and electroencephalographic findings such as diffuse
slowing and even epileptiform discharges may accompany
these chronic disease manifestations (15). The acute man-
agement of TSS patients frequently necessitates their treat-
ment in an intensive care unit, with prompt correction of
hypotension and metabolic abnormalities as well as the
administration of antistaphylococcal antibiotics. With
appropriate management, mortality is less than 5% (14).

NEUROLOGIC INFECTIONS 
DURING PREGNANCY

As noted previously, the susceptibility of women to infec-
tion by certain intracellular pathogens increases during

pregnancy as cell-mediated immunity wanes. This may
alter the frequency, severity, or clinical presentation of
these illnesses. In addition, it must be remembered that
certain antimicrobial drugs are relatively contraindicated
during pregnancy, and the drugs of first choice for vari-
ous CNS infections may need to be adjusted during this
interval. Chloramphenicol and the tetracyclines, in par-
ticular, can adversely affect the fetus and should be
avoided if possible. The problems associated with com-
mon antimicrobial drugs during pregnancy are summa-
rized in Table 27.1, while treatment considerations are
outlined in Table 27.2, and proposed treatment regimens
for common CNS infections during pregnancy are listed
in Table 27.3. Although the potential teratogenic and
embryotoxic effects of all medications should be thor-
oughly investigated in prescription drug references, and
their risks discussed with the patient before being admin-
istered, many of these infections are life-threatening
events that often justify the risks associated with their use.
The most important examples of these neurologic infec-
tions during pregnancy are considered individually below.

Tuberculosis (TB)

Although pregnancy itself does not alter the rate at which
dormant Mycobacterium tuberculosis infections are reac-
tivated, pulmonary TB is generally more severe during
pregnancy (16). Furthermore, women with tuberculous
meningitis during pregnancy have a higher morbidity and
mortality than nonpregnant patients (17,18). Because the
presenting signs and symptoms of TB meningitis are not
themselves different in pregnancy, some have suggested
that the worse outcome in pregnant patients is due to a
delay in diagnosis rather than a more fulminant infec-
tion (17). Therapeutic regimens for TB meningitis in preg-
nant patients uphold the concept that multiple antimy-
cobacterial drugs should be given in combination for
prolonged intervals (Table 27.2). Isoniazid more fre-
quently produces hepatitis during pregnancy, and while
not absolutely contraindicated, liver function tests should
be closely monitored when this drug is being given (16).
Streptomycin should be avoided because of its potential
to cause vestibulocochlear nerve toxicity in the fetus.

Listeriosis

Infection with Listeria monocytogenes presents either as
a bacteremia or a meningitis, usually in patients with
underlying disorders that cause immunodeficiency (19).
In one large series of 722 cases, 34% of infections
occurred during pregnancy, making it the most common
single condition predisposing to infection (20). Listerio-
sis may occur at any time, but is most common during the
third trimester of pregnancy. Patients usually present with
fever, chills, and back pain. These symptoms can resolve
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spontaneously, and a positive blood culture may provide
the only clue to the diagnosis. If cultures are not obtained,
the infection may go completely undetected. In some
cases, however, bacterial transmission across the placenta
can result in premature labor or fetal death. Pregnant
mothers may also present with a meningoencephalitis that
varies in severity from mild headache and confusion to
fulminant meningitis with decreased consciousness, ele-
vated intracranial pressure, and a CSF pleocytosis of up
to several hundred cells per cubic millimeter. In these more
severe infections, the brain parenchyma itself can become
involved, resulting in focal neurologic deficits and seizures
(19). Although the organism can be missed on gram stain
because of its intracellular life cycle, it is usually grown
from the CSF without difficulty under standard labora-
tory conditions. Treatment of the infection with ampi-
cillin should be initiated promptly (Table 27.2).

Coccidioidomycosis

Coccidioidomycosis is a fungal infection endemic to the
southwest United States. It can become symptomatic dur-
ing pregnancy and commonly disseminates to the CNS
(21). Nearly one-third of the population become infected
in endemic areas by inhaling airborne spores that are
released from the soil (22). Symptomatic disease, how-
ever, occurs in less than 0.5% of infected individuals and
most commonly presents as a pulmonary illness. Dis-
seminated coccidioidomycosis is an infrequent compli-
cation of symptomatic disease with the skin, bones, and
meninges being the usual sites of extrapulmonary involve-
ment (21). Although males are more likely to develop
severe disease, pregnancy clearly predisposes to fungal
dissemination in women (21). It has been postulated that
the effects of female sex hormones on both the immune

TABLE 27.1
Adverse Effects of Common Antimicrobial Drugs during 

Pregnancy Used in Various Neurologic Infections

Experience in Experimental
Drug FDA Category* Animals or in Pregnant Women

Antibacterials
Gentamicin C No studies in pregnant women
Other aminoglycosides D Reports of congenital deafness with streptomycin
Chloramphenicol D “Gray syndrome” when given late in pregnancy or during labor
Sulfonamides C Small risk of kernicterus when used in last trimester
Tetracyclines D Retardation of bone growth, dental discoloration, or hypoplasia

Antifungals
Amphotericin B B Harmless in animals; no studies in pregnant women
Fluconazole C Embryotoxic in animals; no studies in pregnant women

Antimycobacterials
Rifampicin C Teratogenic in animals; may cause a postnatal coagulopathy

when used in the last trimester that is sensitive to vitamin K
Streptomycin D Congenital deafness due to cochlear toxicity

Antiparasitics
Quinine X Congenital malformations after large doses; sometimes used to

induce abortion
Antivirals

Acyclovir B Chromosomal damage in animals at high doses
Zidovudine C Teratogenic in animals, but no adverse effects reported in humans

*FDA Pregnancy Categories
A: Controlled studies in women fail to show fetal risk in the first trimester, there is no evidence of risk in later trimesters, and the possibil-

ity of fetal harm appears remote.
B: Animal studies fail to show fetal risk, plus no studies in pregnant women, or animal studies show an adverse effect that is not confirmed

in controlled studies in pregnant women in first trimester, and there is no evidence of risk in later trimesters.
C: Studies in animals show adverse effects, and there are no studies in women, or there are no studies in women or animals. Drugs in this

category should be given only if the need justifies the risk.
D: There is evidence of human fetal risk, but the need for the drug may still sometimes justify the risk.
X: Studies in animals or patients have demonstrated fetal abnormalities or there is evidence of fetal risk based on patient experience; the

risk of the drug clearly outweighs the potential benefit.
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system and the pathogen itself are responsible for the
spread of infection during pregnancy (1–7,23). Coccid-
ioidal meningitis is subtle in its presentation with lethargy,
confusion, headache, low-grade fever, and generalized
weight loss developing gradually. Diagnosis may be fur-
ther delayed when meningitis occurs without any appar-
ent pulmonary disease, a pattern of presentation that
occurs in almost two-thirds of cases involving the CNS
(24). The CSF is always abnormal in patients with coc-
cidioidal meningitis, and the diagnosis is made either by
detecting anticoccidioidal complement fixing (CF) anti-
bodies or by growing C. immitis from the CSF. Because
it is invariably fatal when left untreated, aggressive ther-
apy for all patients is indicated (Table 27.2). The main
therapeutic regimen requires intravenous followed by
intraventricular amphotericin B at least until the CSF
anticoccidioidal CF antibody titers remain negative for
6 to 12 months, and sometimes for life (Table 27.3) (25).
Although pregnant mothers usually survive, the fetus
often succumbs (21,25).

Malaria

Only one of the four species of plasmodia that infect
humans, Plasmodium falciparum, is capable of causing
severe cerebral disease. Falciparum malaria is especially
common in pregnancy during which the level of para-
sitemia is increased and both fetal and maternal morbid-
ity are high. In Thailand, malaria is the most common
cause of mortality during pregnancy (26). Patients with

cerebral malaria present with headache, increasing drowsi-
ness, confusion, delirium, seizures, and finally coma; the
fever, anemia, and jaundice that accompany these findings
serve as clues to the diagnosis. An important feature of fal-
ciparum malaria in pregnancy is the frequent development
of hypoglycemia that becomes particularly severe during
the intravenous administration of quinine (27). This
derangement, along with a high sequestration of parasites
in the placenta, thereby impeding oxygen and nutrient sup-
ply to the fetus, are believed to result in the fetal mortal-
ity (27,28). Serum glucoses should therefore be carefully
monitored and hypoglycemia managed aggressively.
Because untreated cerebral malaria is commonly fatal, it
requires prompt intervention. Many strains of P. falci-
parum in Africa, Asia, and South America are now chloro-
quine-resistant, and because high doses of quinine may
rarely cause stillbirths and fetal anomalies (28), it is now
advisable to treat pregnant patients with intravenous
quinidine gluconate (Table 27.2) (29). The combination of
artesunate and mefloquine has also recently been tested
in pregnancy and shown to have comparable efficacy to
quinine in a small study (30). Antimalarial drugs can
appear in breast milk, but not in quantities that can treat
infant malaria (31). The use of antimalarials is not a con-
traindication to breast-feeding (31).

Viruses

Despite the fact that cell-mediated immunity is suppressed
during pregnancy, viral meningitis and viral encephalitis

TABLE 27.2
Treatment Considerations for Common Neurologic Infections during and Immediately after Pregnancy

Drug of Breast-feeding
Disease Choice Teratogenicity* Ok?† Recommendations

Tuberculous meningitis Isoniazid + No Treat with multidrug regimen at
Rifampicin + No all stages of pregnancy
Pyrazinamide + No
and/or
Ethambutol + No

Listerial meningitis Ampicillin – Yes Treat with standard antibiotic
doses as soon as possible

Coccidioidal meningitis Amphotericin B – Unknown Begin antifungal therapy as 
soon as pathogen is identified

Cerebral malaria Quinidine gluconate – Yes Treat as indicated as
soon as possible

Disseminated HSV Acyclovir – Yes Use IV dosing for all forms
of disseminated infection
(including encephalitis)

* – = No adverse effects demonstrated or no adverse effects known (Class A or B), + = adverse effects in animals and no studies in women
(Class C), ++ = significant fetal risk (Class D or X).
† Yes = absent or low concentrations of the drug excreted into breast milk, No = systemic or concentrated levels found in milk, proceed with
caution, or avoid breast-feeding altogether.
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are not increased in frequency or severity during preg-
nancy (32). Paralytic poliomyelitis is slightly more com-
mon in pregnant women (33), and some nonneurologic
viral infections, including smallpox, influenza, and vari-
cella-zoster, can be more severe in these patients (32). Her-
pes simplex virus (HSV) infections of the genital tract can
lead to intrauterine fetal infection or neonatal disease
when contracted during vaginal birth (34,35). Although
these may have devastating effects on the infant, no data
show that pregnancy itself increases the rate with which
latent genital HSV infections reactivate. Likewise,
whereas reactivated genital HSV infections can rarely dis-
seminate to the CNS, this does not occur more commonly
in pregnant women (35,36). In a small number of cases,
however, disseminated HSV infection during pregnancy
(either with or without obvious CNS involvement) was
associated with a maternal mortality of greater than 50%
(35). As a result, despite its potential for causing chro-
mosome breaks at very high concentrations (37), acy-
clovir should be given to all pregnant women with dis-
seminated HSV infection in doses that are standard for
the treatment of encephalitis (Table 27.3). Isolated geni-
tal HSV infections typically should not be treated since
acyclovir simply decreases the duration of viral shedding
and has no beneficial effect on preventing subsequent

reactivations (36). Active genital HSV infection during
labor, however, may be considered an indication to deliver
the baby by caesarean section to prevent neonatal infec-
tion (35).

VACCINATION DURING PREGNANCY

Because of the theoretical risk of transplacental trans-
mission, immunizing pregnant women with live virus vac-
cines is generally avoided. The Centers for Disease Con-
trol (CDC) have stated that inactivated vaccines are
officially safe during pregnancy, however (38). Circum-
stances can arise during pregnancy when there is a need
to immunize a woman against an infection that might
potentially involve the nervous system. For example, it
is important to ensure that pregnant women are immu-
nized against tetanus because the transplacental transfer
of maternal antibodies is important in preventing this dis-
ease in neonates. Pregnant women can safely be given a
combination of tetanus and diphtheria toxoids (38). Sim-
ilarly, in pregnant women potentially exposed to rabies
virus, post-exposure rabies vaccine can be given (38). The
live vaccine of greatest concern is the attenuated oral polio
vaccine (OPV), because recently immunized children can

TABLE 27.3
Antimicrobial Regimens Commonly Used to Treat Neurologic Infections during Pregnancy

Drug Dose Frequency Duration

Antimycobacterials
Isoniazid 5 mg/kg PO Daily 9 mo. to 1 yr.
Rifampin 10 mg/kg PO Daily 9 mo. to 1 yr.
Pyrazinamide 15–30 mg/kg PO Daily 2 months
Ethambutol 15–25 mg/kg PO Daily 2 months

Antibacterials
Ampicillin 2 g IV Every 4 hours 2–3 weeks

Antifungals
Amphotericin B* 0.5 mg/kg IV Daily Total dose of 

30–40 mg/kg, plus:
0.2–0.5 mg Every other day at least until CSF
intraventricular** titer (–) for 6–12 mo.

Antimalarials
Quinidine 10 mg base/kg IV load, TID Until oral Rx
gluconate*** then 0.02 mg/kg/h can be started, then:

648 mg PO 7 days
plus:

Sulfadoxine-pyrimethamine 3 tablets all at once at the
end of quinidine therapy

Antivirals
Acyclovir 10 mg/kg IV Every 8 hours 2–3 weeks

* Adverse effects are common; requires an initial test dose of 1 mg under close observation (see reference 25).
** Duration of therapy typically necessitates the placement of an intraventricular reservoir.

*** Cardiac monitoring is indicated during infusion. Slow or stop if QRS lengthens >25% of baseline or if QTc interval >500 msec.
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spread these fecally excreted viruses to pregnant moth-
ers through close household contact. OPV was recently
given to pregnant women during a poliomyelitis outbreak
in Finland. No vaccine-related cases of paralysis occurred,
and no harmful effects on fetal development were noted
(39). Nevertheless, the CDC does not recommend its rou-
tine use in the United States during pregnancy (38).

GENDER-BASED DIFFERENCES 
IN THE FREQUENCY, MANIFESTATIONS, 

AND OUTCOMES OF SPECIFIC 
NEUROLOGIC INFECTIONS

In a few examples, apart from pregnancy, neurologic infec-
tions differ in their frequency, manifestations, and/or clin-
ical outcomes between men and women. Sex differences in
the susceptibility to viral infection of the CNS have also
been documented in experimental animals (40,41). These
animal studies are helpful because they begin to address
the mechanisms underlying gender-based differences in
outcome. In these reports, both groups of investigators
showed that female animals generated more robust
immune responses to infection than males (40,41). This
led to an improved overall outcome for females with one
infection (40). In the other case, however, where symptoms
of the infection were predominantly immune-mediated, the
enhanced immune response in female animals resulted in
more severe disease and greater mortality (41). In humans,
examples in which differences between the sexes have been
identified typically show that women either do better or
less commonly have the disease than men.

Mumps

Mumps is a systemic infection caused by a paramyxovirus.
Although salivary gland enlargement, especially parotitis,
is the most easily recognized clinical manifestation of
mumps, CNS involvement frequently occurs (42). This
ranges from a mild aseptic meningitis to a fulminant and
potentially fatal encephalitis. The disease has largely been
controlled by vaccination over the last three decades, but
cases in unvaccinated individuals still occur (42). This is
most common in urban populations, where school-aged
children are typically affected. Although boys and girls have
the same incidence of mumps parotitis (43), a distinct male
predominance (up to 80%) of CNS disease exists. In most
series, the ratio of males to females is between 3:1 and 4:1
(42,44–46). The peak incidence of CNS involvement in
mumps occurs at about age 7 in both sexes (44–46).

Brain Abscess

Brain abscesses are focal areas of infection within the
brain parenchyma itself. They occur as single or multi-

ple lesions, commonly in association with three clinical
situations: (i) a contiguous focus of infection such as a
sinusitis or otitis media, (ii) hematogenous spread from
a distant source, such as pneumonia or bacterial endo-
carditis, or (iii) following cranial trauma. Several large
series report a male predominance among patients with
brain abscesses, as high as 3:1 (47–50). The reason for
this difference between men and women is unknown, and
the disease is otherwise the same for both sexes.

Subdural Empyema

A subdural empyema is an infection that occupies the
space between the dura mater and the arachnoid mater.
It is most often a complication of ear, nose, and throat
infection, but may also occur following head trauma, neu-
rosurgery, osteomyelitis of the skull, bacteremic spread
from a distant source, or leptomeningitis in infants (51).
As with brain abscesses, males with subdural empyemas
outnumber females by 3:1 (52). Nearly 70% are in their
second or third decade of life (52), and the growing pos-
terior wall of the frontal sinus in boys between the ages
of 9 and 20 has been offered as a possible explanation for
this striking sex and age susceptibility (53).

HORMONAL THERAPY AND NEUROLOGIC
INFECTIONS IN WOMEN

Exogenous female sex hormones are used therapeutically
for a number of purposes. Some examples include prog-
esterone, either alone or with estrogen, in contraceptive
pills and conjugated estrogens that are used to treat the
vasomotor symptoms associated with menopause (“hot
flashes”) and to prevent postmenopausal osteoporosis.
Although these treatments may increase the susceptibil-
ity of women to both cardiovascular and cerebrovascu-
lar disease, they have never been directly linked to an
increased risk of infection. Some drug interactions, how-
ever, may occur between contraceptive pills and certain
antibiotics including rifampin, tetracycline, and ampicillin
(54). These drugs all decrease the effectiveness of con-
traceptive pills (54). This effect may be particularly
enhanced by the concurrent administration of anticon-
vulsants such as phenytoin and carbamazepine.

CONCLUSION

Infections of the CNS in women present a number of
unique situations and challenges that are not applicable
to men. Conditions present during menses may predis-
pose women to develop TSS, which can involve the CNS.
This uncommon disorder requires prompt recognition
and appropriate antibiotic therapy. Immune suppression



INFECTIONS OF THE NERVOUS SYSTEM IN WOMEN 385

during pregnancy increases the susceptibility of women
to certain neurologic infections, and the adverse effects of
particular antimicrobial drugs on the fetus may compli-
cate the treatment of these disorders. Particular care is
likewise required in determining the appropriateness of
vaccines against neurologic infections during pregnancy.
Women taking contraceptive pills or hormone supple-
ments during menopause may find that the effectiveness
of these drugs decreases in the presence of certain antibi-
otics that are used to treat neurologic infections. In con-
trast to their striking susceptibility during pregnancy,
however, women also resist certain neurologic infections
such as mumps and brain abscesses compared to men.
Whereas studies in experimental animals have begun to
elucidate the immunologic underpinnings for these dif-
ferences in susceptibility to CNS infections, only the in
vitro effects of estrogens on cells of the immune system
have begun to be delineated. Pregnancy is a critical period
during which neurologic infections require prompt iden-
tification and careful management, because of the often
subtle presenting features, changes in antibiotic metabo-
lism, and potentially damaging effects of both infection
and treatment on the fetus.
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he goal of this chapter is to provide
an overview of the more common
intracranial tumors and neurologic
complications of cancer that are

unique to women, with particular emphasis on the pos-
sible relationship between certain conditions and female
sex hormones or oral contraceptives, female-specific can-
cers, and on the special therapeutic considerations regard-
ing women affected by brain tumors during their child-
bearing years or during pregnancy.

In general, females are not more frequently affected
by intracranial tumors than are males (1). The sex ratio
(SR) for all histologic types as a group is 1:2 (2). The inci-
dence rate per 100,000 population for primary brain
tumors is 9.2 for males and 8.7 for females. Some histo-
logic subtypes such as meningioma and pituitary ade-
noma are more frequently observed in women of child-
bearing age, however (3). This observation has led to the
hypothesis of a link between the female sex hormones and
these tumors. Indeed, research studies have shown the
presence of estrogen and progesterone receptors in menin-
gioma cells (4).

This chapter also describes the most recent diag-
nostic modalities that enable us to obtain more accurate
and timely diagnoses in women affected by brain tumors
for establishing appropriately individualized treatment
plans.

GLIAL TUMORS

Glial tumors are the most common primary brain tumors
of adults, comprising half of all diagnosed brain tumors.
The average adult incidence rate is 5.2 per 100,000, and
the most common histologic type is the asytrocytoma (5).
Among asytrocytomas, glioblastoma multiforme is the
most common and the most malignant histologic variant.
Other histologic types include oligodendroglioma and
ependymoma. The presenting symptoms can be divided
into nonfocal, typically the result of increased intracra-
nial pressure, and focal, as the consequence of direct
destructive or irritative involvement of the surrounding
nervous tissue. Nonfocal symptoms include headache,
drowsiness, nausea, and vomiting. When these symptoms
appear without any other accompanying symptom or
sign, they can be difficult to distinguish from the common
disturbances of pregnancy. Conversely, focal symptoms
such as motor or sensory deficits, cranial nerve dysfunc-
tions, or seizure can be more promptly related to a new
pathologic process in the central nervous system (CNS).

A direct influence on tumor growth by hormonal
changes has been hypothesized for glial tumors, but lit-
tle experimental evidence has been demonstrated (6).

Glial tumors are often surrounded by brain edema,
which is thought to be the result of incompetent neo-
plastic vessels that lack mature tight junctions between
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endothelial cells and thus allow extracellular fluid to accu-
mulate in the vicinity of the brain tumor. The tendency
to retain extra- and intracellular fluid during pregnancy
is considered a predisposing factor for the development
of more extensive perineoplastic edema and, subse-
quently, more severe symptoms (7).

Diagnosis

When an intracranial lesion is suspected, the standard
diagnostic test is a high-resolution computed tomographic
(CT) scan or magnetic resonance imaging (MRI) per-
formed with and without intravenous contrast. The MRI
remains the imaging test of choice because it can provide
precise information about the configuration of the lesion,
its relative vascularity, the presence of a cystic compo-
nent or obstructive hydrocephalus, and the extent of mass
effect on the surrounding structures. It is also a test that
does not expose the pregnant woman to ionizing radia-
tion. Rarely, an angiogram is needed to complete the
assessment. Special sequences on the MRI or a magnetic
resonance angiogram (MRA) can provide enough infor-
mation about the vascular component of the brain tumor.

Treatment

When a glial tumor is accessible, and removal does not
involve unacceptable loss of essential brain function, a sur-
gical resection is recommended. This treatment allows tis-
sue sampling for accurate diagnosis and a longer survival
both in highly malignant and less aggressive glial tumors (8).

For deep-seated lesions or tumors in direct proxim-
ity to eloquent portions of the brain, stereotactic biop-
sies are performed. These procedures allow the clinician
to obtain the initial diagnosis of the tumor with a very
low rate of morbidity.

Conventional external beam radiotherapy plays a
very important role in the treatment of aggressive glial
tumors as an adjuvant measure after surgery. In addition,
chemotherapeutic regimens in selected patients may play
a role in prolonging survival in patients affected with
malignant gliomas (9). More recently, stereotactic radio-
surgery using precisely converging radiation beams
(gamma knife and linear accelerators) has been used as
an alternative to surgery for the treatment of small, deep-
seated lesions (10).

In pregnant women with glial tumors, the treatment
plan must be individualized. Surgery is usually indicated
when the tumor is causing progressive symptoms or con-
siderable mass effect and increased intracranial pressure.
If the increase in intracranial pressure is the result of
obstructive hydrocephalus, a shunting procedure should
be performed. Conversely, if the tumor is not producing
significant mass effect and the clinical condition is stable,
the option to postpone any kind of invasive procedure until

after delivery is available. In this situation, however, the
patient should be followed up closely with frequent neu-
rologic examinations and neuroimaging studies and, if nec-
essary, with medical therapy (e.g., steroids, antiepileptic
drugs [AEDs]) throughout the pregnancy.

The most common medical therapy for these lesions
consists of synthetic corticosteroids, which are very effec-
tive in reducing perineoplastic brain edema, and AEDs for
seizure control. Both these treatment modalities should
be used very cautiously in pregnant women because of
their possible consequences to the fetus (see Chapter 4).
In particular, the use of prolonged doses of corticosteroids
can cause hypoadrenalism in infants, and teratogenicity
has been reported with the use of AEDs (11). Therefore,
the use of AEDs should be limited to pregnant women
with generalized tonic-clonic seizures or multiple seizures
that would jeopardize the health of mother and fetus.

Special recommendations should be given to
women receiving radiotherapy and chemotherapy dur-
ing childbearing years. In view of the possible effects on
the embryo and the fetus, it is recommended that these
women adhere to a strict birth control regimen or prac-
tice sexual abstinence during the entire time of treat-
ment. As to pregnant women, in most instances, these
therapies can be postponed until after delivery. However,
if the treatment is required during gestation, some
important safety precautions should be taken to protect
the fetus.

Acute radiation of 100 rads or more through the
15th week of gestation represents a substantial risk for
either abortion or mental retardation and congenital
defects to the surviving embryo (12). Given the relatively
long distance from the maternal brain to the developing
fetus, however, and the limited scattering of the ionizing
radiation through the body, the use of appropriate lead
shielding can reduce radiation diffusion and adequately
protect the fetus from dangerous radiation levels. Except
in extenuating circumstances, chemotherapeutic agents
should be avoided during pregnancy (13). Animal stud-
ies have identified the teratogenic effects of carmustine
(BCNU), the most widely used agent for malignant
gliomas, when it is given early in pregnancy (14).
Although there is no evidence of increased risk of ter-
atogenicity associated with the administration of cyto-
toxic drugs in the second and third trimesters (15,16), the
general recommendation is to postpone systemic
chemotherapy until after delivery, if possible. Interstitial
chemotherapy consisting of BCNU-impregnated poly-
mers placed directly into the tumor bed at the time of sur-
gical resection has recently been approved by the Food
and Drug Administration (FDA) in the form of Gliadel®.
Although this ideal administration of BCNU dramatically
reduces drug delivery to system organs, information
regarding its safety during pregnancy is lacking. Finally,
because of the likelihood for chemotherapeutic agents
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to be secreted in human milk, breast-feeding is not
advised while receiving chemotherapy.

PITUITARY TUMORS

Pituitary adenomas are the most common intrasellar
lesions, comprising 5 to 8% of all intracranial tumors.
They have a peak incidence in women of childbearing age
(17). They manifest with an endocrinopathy and local
mass effect. Functional adenomas produce excessive
quantities of pituitary hormones, causing characteristic
symptoms. Prolactin-secreting tumors cause the amen-
orrhea-galactorrhea syndrome; growth hormone–secret-
ing adenomas may produce acromegaly; and ACTH-
secreting tumors may cause Cushing’s syndrome. Because
of these hormonal symptoms, functional adenomas often
can be diagnosed while they are still small.

Nonfunctional adenomas are usually manifested by
direct compression of the surrounding structures. This
can result in pituitary stalk compression and subsequent
pituitary insufficiency, optic chiasm compression caus-
ing bitemporal hemianopsia, and cavernous sinus com-
pression causing oculomotor problems. Headaches usu-
ally are associated with pituitary adenomas and probably
are caused by stretching of the surrounding sensory inner-
vated dural membranes.

Because of the frequent infertility associated with this
tumor, it is rare to find them in pregnancy. In those cases
in which the reproductive cycle is not affected, however,
or when medical treatment such as bromocriptine has
restored normal ovulatory function, this association can
occur. The well-documented increase in size of the normal
pituitary gland during pregnancy, plus the reported obser-
vation that pituitary adenomas may expand more rapidly
in pregnant women (18), warrant close clinical monitor-
ing of this particular population. The effect of pregnancy
on the size of pituitary adenomas is reported more fre-
quently in patients with macroadenoma than in those with
microadenoma and usually is more accentuated in the sec-
ond and third trimesters. Thus, such patients should be fol-
lowed up closely with ophthalmologic testing and labora-
tory and imaging studies to monitor disease progression.

Pituitary adenomas can rarely present with “pitu-
itary apoplexy.” This event is caused by acute hemorrhage
within the pituitary adenoma that causes a rapid increase
of the intrasellar pressure. Violent headaches, rapid dete-
rioration of vision, nausea, and vomiting are the common
presenting symptoms. Pituitary apoplexy is a condition
that requires emergency surgical treatment to avoid pro-
gression of the deficit and possible death.

Diagnosis

Endocrinologic and neuro-ophthalmologic evaluation
should be performed in any patient with a suspected pitu-

itary tumor. A general baseline determination of anterior
and posterior pituitary function should be completed with
the measurements of serum prolactin, early morning cor-
tisol, serum gonadotropins, urine volume, serum elec-
trolytes and osmolarity, and a thyroid profile. A formal
neuro-ophthalmologic evaluation including visual field
assessment should be completed. A high-resolution CT
scan or MRI remains the test of choice. In particular, MRI
scans can allow the detection of even small tumors using
special coronal sections following intravenous injection of
paramagnetic contrast agents, such as gadolinium. MRI
scans also enable the visualization of the details of the vas-
cular structures and may eliminate the need for angiogra-
phy in the evaluation of these patients. High-resolution CT
scans provide detailed definition of the sella and sur-
rounding bony structures. This information is particularly
valuable in the preoperative evaluation of the sphenoidal
bones when a transsphenoidal resection is planned.

Treatment

Medical treatment involves controlling the growth of
functional adenomas such as prolactin-secreting adeno-
mas. Bromocriptine is particularly effective. Patients with
prolactinomas presenting with a classic amenorrhea-
galactorrhea syndrome and placed on bromocriptine may
resume regular ovulatory cycles and subsequently become
pregnant. To minimize any possible effects of bromocrip-
tine on the developing fetus, it is recommended that
women discontinue the medication while trying to con-
ceive (19). Other medical therapies for less frequent
hyperfunctional pituitary adenomas include a somato-
statin analog (SMS-201–995) for acromegaly and cypro-
heptadine and ketoconazole for Cushing’s disease. A
transsphenoidal resection of the tumor is indicated when
patients do not respond to the medical therapy, if there
is clear progression of the disease with compression of
surrounding structures (i.e., optic chiasm causing visual
field loss), and if pituitary apoplexy occurs. Radiother-
apy can be used as an adjunctive measure after surgery if
the residual tumor is particularly large. In rare cases,
radiotherapy is the initial form of treatment.

Generally, pregnant women affected by pituitary
adenomas can be safely followed up clinically with fre-
quent ophthalmologic evaluations and MRI scans. Med-
ical management can be quite effective even in pregnant
patients. Only a small portion of these patients require
further surgical treatment before parturition.

MENINGIOMA

Meningiomas are tumors that clearly appear more fre-
quently (20) in females than in males, with a ratio of 2:1
to 3:1. Meningiomas originate from the meninges and
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generally are slow growing. The expression of hormonal
receptors in these tumors has been of particular interest.
Progesterone receptors are commonly found in these
tumors and estrogen receptors occur, although at much
lower frequency (4). The clinical presentation of menin-
gioma is determined by their location. Presenting symp-
toms can include mental status changes, lethargy, and
apathy. In tumors that become large enough to increase
intracranial pressure, headaches and visual symptoms can
occur. Focal irritative signs such as focal motor or com-
plex-partial seizures can occur in tumors located next to
the motor strip or other areas of the sensitive cortex.
Motor or sensory loss also can be the initial manifesta-
tion of these tumors. Pregnant women may have a more
rapid increase in size of these tumors, presumably
because of rapid vascular engorgement as a result of the
generalized increase in blood volume during pregnancy
(21). There also may be a direct hormonal effect on the
rate of tumor growth, presumably via progesterone and
estrogen receptor stimulation. The appropriate diagno-
sis of these tumors is based on CT and MRI studies. An
MRA or traditional angiography can be useful in deter-
mining the vascularization of these tumors.

Treatment

Whenever possible, surgical resection remains the only
definitive treatment for these benign tumors. Pregnant
women affected by meningioma can be followed up very
closely in view of the usually slow-growing character-
istics. It is therefore generally safe to defer surgery until
after pregnancy, unless progression of the disease
becomes significant. Repeat surgical resection may be
an option in the setting of local recurrence. Radio-
surgery or external beam radiotherapy also can be effec-
tive therapies following biopsy of a meningioma that is
believed to be unresectable due to location or after
tumor recurrence.

OTHER TUMORS

A number of less frequently encountered tumors can
occur in women. Acoustic neuroma, ependymoma,
hemangioblastoma, medulloblastoma, and choroid
plexus papilloma are among them. Again, in general, the
incidence of these tumors is not higher in women than
in men, and the therapeutic recommendations are simi-
lar. Special consideration should be paid to metastatic
tumors in general and metastatic choriocarcinoma and
breast cancer in particular. The treatment of these
tumors is largely palliative and varies according to the
nature of the primary tumor and the extent of the sys-
temic and CNS dissemination. Choriocarcinoma can
occur during pregnancy and can also metastasize to the

brain. This tumor originates from the trophoblast that
produces human chorionic gonadotropin and has a
known tendency to hemorrhage spontaneously. This can
cause rapid deterioration of the neurologic condition,
and urgent surgical resection is indicated. In general,
when dealing with a solitary brain metastasis, surgical
resection followed by whole brain radiotherapy is the
treatment of choice (22). More recently, surgical treat-
ment in selected cases has been recommended even in
cases in which two or three metastases are present, with
the aim of providing the patient with an improved qual-
ity of life (23).

The radiosensitivity of these tumors and response to
radiotherapy should be considered. In women, breast
cancer is the most common tumor to metastasize to the
brain, followed by lung cancer. This differs from men,
in whom the most common metastases to the brain are
from primary lung carcinoma. Metastatic breast cancer
to the brain usually is approached in the same fashion
with surgery, radiotherapy, and in selected cases,
chemotherapy.

Radiosurgery recently has been used as an alterna-
tive or as an adjunctive treatment for metastatic tumors
to the brain. The advantages are that it can be given on
an outpatient basis, and it is readily applied to deep-seated
brain metastases or multiple inoperable tumors. However,
it is still unclear whether radiosurgery is more advanta-
geous than traditional surgical intervention in prolonging
survival.

PARANEOPLASTIC SYNDROMES

Structures within the central or peripheral nervous sys-
tems can be injured as a result of the paraneoplastic
effects of cancers that do not directly involve the ner-
vous system. Some of the best-characterized paraneo-
plastic neurologic syndromes result from cancers that
occur exclusively in women. Most if not all paraneo-
plastic neurologic disorders are believed to be immune-
mediated by the systemic cancer initiating an anticancer
immune response that causes autoimmune neuronal
injury (24). This mechanism is supported by the strong
association between specific paraneoplastic neurologic
syndromes and specific diagnostic antibodies directed
against tumor-associated antigens sharing epitopes with
macromolecules expressed by the affected neurons. Para-
neoplastic neurologic disorders are relatively rare,
appearing in approximately 1 in 10,000 patients with sys-
temic cancer. Paraneoplastic syndromes typically develop
as the initial sign of underlying cancer (25). Recognizing
these unusual syndromes is essential to their rapid diag-
nosis and treatment.

Specific paraneoplastic neuronal syndromes includ-
ing their most commonly associated malignancies and anti-
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bodies are listed in Table 28.1. The paraneoplastic syn-
dromes specific to women are those associated with gyne-
cologic and mammary cancers. These include anti-Yo+
cerebellar degeneration (25,26), anti-Ri+ opsoclonus-
myoclonus (27), anti-amphihysin+ stiff-man syndrome
(28,29), and cancer-associated retinopathy (30). The rel-
ative incidence of the other syndromes in men versus
women is in general determined by the relative incidence
of their underlying associated malignancies. Essentially,
any part of the nervous system can be affected by parane-
oplastic autoimmune mechanisms. The neurologic deficits
of paraneoplastic neuronal injury reflect the specific neu-
ronal sites of injury and typically develop subacutely over
the course of a few weeks followed by symptom stabi-
lization. Spontaneous improvement in the absence of ther-
apy directed at either the neurologic disorder or underly-
ing cancer points strongly to an alternate diagnosis.

Diagnosis

Because these syndromes develop most commonly in oth-
erwise healthy individuals, a meticulous search for the
underlying cancer is mandatory. Evaluations should
include CT of the chest, abdomen and pelvis, mammog-
raphy, and whole body glucose positron emission tomog-
raphy (PET) to locate any occult malignancy. Elec-
tromyography and nerve conduction studies should be
performed in the setting of neuropathy or suspected neu-
romuscular junction defect. Cerebrospinal fluid analysis
frequently reveals nonspecific abnormalities such as mild
pleiocytosis, mildly elevated protein, elevated IgG/albumin
ratio, and the presence of oligoclonal bands. The identifi-
cation of specific paraneoplastic antibodies in blood can
help make a specific diagnosis and can guide the search for
occult malignancy (i.e., anti-Yo antibodies and ovarian car-

cinoma).

Treatment

Therapy focuses on treating the underlying malignancy.
Immune-specific approaches to inhibit humoral and cel-
lular autoimmune mechanisms should also be initiated
in patients displaying an objective progression of neuro-
logic deficits. The benefits of immune-based therapies
remain unpredictable and controversial. Initiating treat-
ment early is critical to preserving neurologic function.
Therapy may minimize progression of neurologic deficits
but typically will not reverse deficits resulting from para-
neoplastic autoimmune neuronal death (e.g., anti-Yo
paraneoplastic cerebellar degeneration). In contrast,
deficits due to ion channel dysfunction (e.g., Lambert-
Eaton syndrome) may improve with treatments that tar-
get the blood-borne pathogenic antibodies (31,32).
Increasing evidence suggests that cytotoxic T-cell
responses play a fundamental role in the pathogenesis of
these disorders (33). Patients presenting with paraneo-
plastic neurologic syndromes tend to have more favorable
cancer outcomes than others with the same malignancy.
This is likely due to the combination of early cancer diag-
nosis and the antineoplastic effects of the immune
response to tumor-associated antigens. For the majority
of the syndromes, generally a small temporal window
exists for impacting positively upon neurologic outcome.

CONCLUSION

Neuro-oncological problems in women are diagnosed and
treated by balancing the health risks from the tumor
against temporary health issues such as pregnancy. In gen-

TABLE 28.1
Paraneoplastic Neurologic Disorders

Syndrome Antibody Tissue Target Malignancy

Cerebellar degeneration Anti-Yo Purkinje cell Ovarian, breast, lung
Ataxia 6 opsoclonus-myoclonus Anti-Ri CNS neurons Breast, gynecologic, bladder
Stiff-man syndrome, Anti-amphiphysin Presynaptic terminals Breast, lung

encephalomyelitis
Retinopathy Anti-retinal Ganglia, photoreceptors Gynecologic, lung, melanoma
Lambert-Eaton Anti-voltage-gated Presynaptic Small cell lung

K+ channel neuromuscular junction
Encephalomyelitis, sensory Anti-Hu Neurons Lung, prostate
Neuronopathy, cerebellar degeneration
Encephalitis, cerebellar degeneration Anti-MA1/2 Neurons Lung, testes
Peripheral neuropathy Anti-MAG Peripheral nerve Waldenströms 

macroglobulinemia
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eral, the incidence of CNS tumors and neurologic com-
plications of systemic cancer in women during pregnancy
is not higher than in the rest of the population. Special
therapeutic considerations should be given to women dur-
ing pregnancy and the childbearing years, however. The
influences of female sex hormones and their effect on
brain tumors should be considered. The availability of
sophisticated diagnostic tools can enable the early diag-
nosis of these lesions and appropriate treatment plans.
Recent advances in the techniques for surgical resection
and the delivery of adjuvant therapy have provided
improved survival for these patients. Certain rare neuro-
logic complications of systemic cancer, in particular types
of paraneoplastic syndromes, are associated with systemic
cancers unique to women.  Recognizing these early tumor-
specific signs of cancer can expedite diagnoses and the ini-
tiation of appropriate treatments.
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seudotumor cerebri (PTC) is the term
used to describe a syndrome that
occurs mainly in young women of
child-bearing age. It is characterized

by five features: (i) increased intracranial pressure (ICP), (ii)
normal or small sized ventricles by neuroimaging, (iii) no
evidence of an intracranial mass, (iv) normal cerebrospinal
fluid (CSF) composition, and (v) papilledema (1).

The disorder was first recognized by Quincke in
1897 (2), but it was Warrington (3) who first called it
“pseudotumor cerebri.” Foley (4) introduced the term
“benign intracranial hypertension” in 1955. The use of
the prefix “benign” was challenged by Bucheit et al. (5),
who emphasized that the visual outcome of this syndrome
is not always “benign.” These authors also suggested that
the term idiopathic intracranial hypertension (IIH) be
used for those cases of PTC for which no cause could be
identified, and we agree. Readers interested in a history
of PTC should consult the short but excellent monograph
written by Bandyopadhyay (6).

EPIDEMIOLOGY

The incidence of PTC varies throughout the world. It is
almost unknown in countries in which the incidence of
obesity is low; obesityis a significant factor in the idio-

pathic form of the condition. Correspondingly, it is com-
mon in countries with an increased incidence of obesity.
Durcan et al. (7) calculated the incidence of PTC in Iowa
and Louisiana. In Iowa, the incidence was 0.9 per
100,000 in the general population, 3.5 per 100,000 in
women aged 20 to 44 years, 13 per 100,000 in women
who were 10% over ideal weight, and 19 per 100,000 in
women who were 20% over ideal weight. Durcan et al.
(7) found a similar incidence in Louisiana. Radhakrish-
nan et al. (8) reported an incidence of PTC in Rochester,
Minnesota, of 1 per 100,000 in the general population,
1.6 in the female population, and 7.9 per 100,000 in
obese women [defined as body mass index (BMI) greater
than 26]. Radhakrishnan et al. (9) also reported that the
annual incidence of PTC in Benghazi, Libya, was 2.2 per
100,000 in the general population, 4.3 per 100,000 in
women, and 21.4 per 100,000 in women aged 15 to 44
years who were 20% over ideal weight.

The age range in patients with PTC is broad. Chil-
dren and even infants are not infrequently affected
(10–13), and older adults may also develop the condi-
tion (14). The peak incidence of the disease, however,
seems to occur in the third decade. As noted, a female pre-
ponderance occurs that ranges from 2:1 in some studies
to 8:1 in others (15,16). Men who develop PTC have clin-
ical features identical with those of affected women; how-
ever, most men who develop PTC are not overweight (17).
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CLINICAL MANIFESTATIONS

The most common presenting symptom in patients with
PTC is headache, which occurs in more than 90% of cases
(15,16,18–20). The headache is usually generalized,
worse in the morning, and aggravated when cerebral
venous pressure is increased by some type of Valsalva
maneuver (coughing, sneezing, etc.). When caused by
venous sinus thrombosis, it may be described as the
“worst headache of my life,” similar to that caused by
subarachnoid hemorrhage (21). Other common nonvi-
sual manifestations of PTC include nausea, vomiting,
dizziness, and pulsatile tinnitus (18,20). Focal neurologic
deficits in patients with PTC are extremely uncommon,
and their occurrence should make one consider alterna-

tive diagnoses. Nevertheless, isolated unilateral and bilat-
eral facial pareses, hemifacial spasm, trigeminal sensory
neuropathy, hearing loss, hemiparesis, ataxia, paresthe-
sias, mononeuritis multiplex, arthralgias, and both spinal
and radicular pain have been reported in patients with
PTC (19,22–31). Patients with chronic PTC can also
develop persistent disturbances in cognition (32). In addi-
tion, a substantial percentage of patients with PTC, par-
ticularly young obese women, have evidence of clinical
depression and anxiety (33–37).

The visual manifestations of PTC are usually pre-
ceded by headache and occur in 35 to 70% of patients.
These symptoms are identical with those described by
patients with increased ICP from other causes and
include: (i) transient visual obscurations; (ii) loss of vision

FIGURE 29.1

Papilledema in pseudotumor cerebri. (A) Mild; (B) moderate; (C) severe; (D) chronic.
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from macular hemorrhages, exudates, pigment epithe-
lial changes, retinal striae, choroidal folds, subretinal
fluid or neovascularization, or optic atrophy; (iii) hori-
zontal diplopia from unilateral or bilateral abducens
nerve paresis; and, rarely, (iv) vertical or oblique diplopia
from trochlear nerve paresis, oculomotor nerve paresis,
or skew deviation (18,19,38–41). Among 110 patients

with PTC examined by Johnston and Paterson (15,16),
57% had disturbances of visual acuity and 36% com-
plained of diplopia.

The papilledema that occurs in patients with PTC
is identical with that which occurs in patients with other
causes of increased ICP. It may be mild, moderate, or
severe (Figure 29.1). There is no correlation between

FIGURE 29.2

Comparison of visual fields and optic disc appearance in a patient with pseudotumor cerebri. (A) Left optic disc shows moder-
ate papilledema. (B) Static perimetry shows enlargement of blind spot. (C) Postpapilledema optic atrophy. (D) Static perimetry
shows generalized reduction in sensitivity and marked field constriction.
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severity of optic disc swelling and age, race, or body
weight in patients with PTC (42). Postpapilledema optic
atrophy occurs in untreated or inadequately treated
patients after a variable period of time, usually over sev-
eral months, but occasionally within weeks of the onset
of symptoms (Figure 29.2). Some patients have persis-
tent chronic papilledema without the development of
atrophy. Postpapilledema optic atrophy in patients with
PTC usually develops symmetrically, but just as
papilledema may be asymmetric (Figure 29.3), so post-
papilledema optic atrophy can be asymmetric, and some
patients develop a pseudo-Foster Kennedy syndrome
characterized by postpapilledema optic atrophy on one
side and papilledema on the other (43).

ETIOLOGY

Over 90% of cases of PTC occur in young obese women
with no evidence of any underlying disease (15,16,18,19).
In such cases, the condition is called “idiopathic pseudo-
tumor cerebri” or idiopathic intracranial hypertension
(1). In about 10% of patients, however, particularly
young men, young nonobese women, and middle-aged
adults of both genders, the condition occurs in a number
of different settings, including: (i) obstruction or impair-
ment of cerebral venous drainage, (ii) endocrine and
metabolic dysfunction, (iii) exposure to exogenous drugs
and other substances, (iv) withdrawal of certain drugs, (v)
systemic illnesses, and (vi) as an idiopathic phenomenon
(5,14,44,45).

Obstruction or Impairment of Intracranial
Venous Drainage

The uncompensated obstruction of cerebral venous
drainage may result in increased ICP and papilledema
without enlargement of the ventricles and with otherwise
normal cerebrospinal fluid (CSF) (21,45-49) (Table 29.1).
The obstruction is most often caused by compression or
thrombosis, with the vessels most often affected being the
superior sagittal and transverse (lateral) sinuses (see also
Chapter 28 on brain tumors in women). Tumors that
obstruct the superior sagittal sinus are usually extra-axial
lesions such as meningiomas (50), which are much more
common in women than in men. The transverse sinus can
also become occluded by meningiomas, vestibular
schwannomas, and metastatic tumors (50-52), particu-
larly carcinomas of the breast and lung. All these tumors,
except for carcinoma of the lung, are more frequent in
women than in men.

Septic thrombosis of the transverse sinus tends to
occur in the setting of acute or chronic otitis media, in
which there is an extension of the infection to the mas-
toid air cells and then to the adjacent lateral sinus (53,54).
In such cases, papilledema usually occurs early and tends
to be bilateral and symmetric (55,56). A similar appear-
ance occurs with septic thrombosis of the superior sagit-
tal sinus, a much less common condition. Septic throm-
bosis of the cavernous sinus may also be associated with
papilledema, although it develops late.

Aseptic thrombosis usually occurs in the nonpaired
sinuses of both adults and children, with the superior sagit-
tal sinus most frequently affected (48,49). In such cases, a

FIGURE 29.3

Asymmetric papilledema in pseudotumor cerebri. (A) Right optic disc is markedly swollen. Note folds in peripapillary retina.
(B) Left optic disc is mildly swollen.
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pronounced engorgement may occur in the vessels of the
scalp, retina, and conjunctiva, in addition to papilledema.
Many of these patients have no underlying condition that
can be linked to the thrombosis; however, in some, a coag-
ulopathy from a primary hematologic disorder (e.g., pro-
tein C or S deficiency, antiphospholipid antibody syn-
drome, essential thrombocythemia) is found, whereas in
others, a systemic process (e.g., cancer, pregnancy, recent
delivery of a child, recent abortion) is identified. Still other
patients with aseptic cerebral venous sinus thrombosis and
PTC have a systemic inflammatory or infectious disease
that affects venous coagulation (e.g., systemic lupus ery-
thematosus, Behçet syndrome, trichinosis, sarcoidosis).
Lam et al. (57) reported a patient who developed PTC after
surgical ligation of the dominant sigmoid sinus to treat
longstanding pulsatile tinnitus. Patients who develop PTC
from a cerebral venous sinus thrombosis may experience
complete resolution of their signs and symptoms if the
obstructed sinus can be opened (48,49).

Dural or pial arteriovenous fistulae may reduce
venous outflow sufficiently to produce PTC (58-61). In
some of these cases, an associated venous sinus throm-
bosis is present, whereas in others, the flow through the
cerebral venous sinuses is simply reduced. In all cases, the
successful treatment of the fistula usually results in a res-
olution of the symptoms and signs of increased ICP.

Ligation of one jugular vein (if it is the principal vein
draining the intracranial area) or both jugular veins may
produce papilledema. In most instances, the occlusion of
the jugular veins occurs during radical neck dissection for
regional tumors; in other cases, the veins become throm-
bosed from the effects of indwelling catheters (57). The
papilledema in such cases usually does not appear for a
week or two. It is virtually always bilateral and severe;
however, it typically resolves in 2 to 3 months, as collat-
eral venous drainage from the head develops to meet the
demands of cerebral blood flow.

Endocrine and Metabolic Dysfunctions

Patients with endocrine and metabolic dysfunction can
develop pseudotumor cerebri (Table 29.2). As noted ear-
lier, obesity is the most common finding in patients with
PTC (1,15,17–19). In many of these patients, a history of
menstrual irregularity is also present (62,63). Greer (64)
described a self-limited PTC syndrome in 10 pubertal
females at the time of menarche. He related this syndrome
to the direct or indirect effects of ovarian hormones on
the intracranial contents. This theory is based on experi-
mental evidence obtained by other investigators indicating
a mild increase in brain water content in the immature
female rat given estrogen injections. Tessler et al. (65)
reported a similar case. These reports, as well as the obser-
vation that idiopathic PTC almost never occurs in post-
menopausal women, suggest that the ovarian hormones

TABLE 29.1
Etiologies of Obstruction/Impairment

of Cerebral Venous Drainage Associated
with Pseudotumor Cerebri

Obstruction of Superior Sagittal Sinus
Primary hematologic

Antiphospholipid antibody syndrome
Antithrombin III deficiency
Essential thrombocythemia
Protein S deficiency
Protein C deficiency

Systemic conditions associated with coagulopathy
Behçet’s disease
Cancer
Neurosarcoidosis
Pregnancy
Renal disease
Systemic lupus erythematosus
Trichinosis

Traumatic
Tumors

Extravascular
Intravascular

Obstruction of Transverse Sinus
Dural arteriovenous fistula
Hematologic (see above)
Infection (mastoiditis)
Tumors (extravascular)

Occlusion of Internal Jugular Vein
Iatrogenic

Indwelling catheter
Surgery

Traumatic
Tumors (extravascular)

TABLE 29.2
Endocrine and Metabolic Disorders,
and Physiologic Changes Associated

with Pseudotumor Cerebri

Addison’s disease
Hypoparathyroidism

Primary
Secondary

Hyperthyroidism
Hypothyroidism
Menarche
Menopause
Obesity (idiopathic)
Pregnancy
Turner syndrome
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are indeed important in the genesis of this condition.
Donaldson and Binstock (66) studied extraovarian

estrogen production in an obese young woman with patho-
logically confirmed mosaic Turner syndrome and PTC.
Because such patients have no functional ovarian tissue, all
estrogen production occurs through the action of the
adrenal gland. These investigators found that diet plus
enough dexamethasone to suppress adrenal steroidogene-
sis promptly lowered CSF pressure and serum concentra-
tions of androstenedione, estrone, and testosterone. Estrone
was detected in CSF before and after, but not during, dex-
amethasone administration. The findings of this study sug-
gest that extraovarian estrogen may produce the menstrual
irregularities in some obese young women with PTC.

The findings of Donaldson and Binstock (66)
notwithstanding, most attempts made to detect specific
endocrinologic disturbances in patients with the pseudo-
tumor syndrome have been unsuccessful. For example,
Greer (67) studied 20 obese women with classic PTC and
could not obtain laboratory evidence of endocrine abnor-
mality. Johnston and Paterson (15,16) measured plasma
and urinary adrenal steroids in eight patients and found
no consistent abnormality. They also estimated urinary
gonadotrophins in three male patients. The values were
normal in each case.

PTC not infrequently occurs during pregnancy.
Greer (68) described eight patients who developed PTC
during pregnancy. In all cases, the time of diagnosis was
between the second and fifth months of gestation and
coincided with the expected normal decline in levels of
adrenal corticoids and the expected increase in estrogen
concentration. In addition, the brief duration of the ill-
ness in each case corresponded to the time when a sec-
ond rise in glucocorticoids normally occurs.

Permanent vision loss occurs with the same fre-
quency in pregnant women who develop PTC as in non-
pregnant women who develop the condition (69). Thus,
although patients who develop PTC during pregnancy
generally have good maternal and neonatal outcomes, we
agree with those who recommend that nonpregnant
women with active PTC be encouraged to delay preg-
nancy until the disease is under control. Such patients
should also be monitored carefully throughout the preg-
nancy and should be instructed to contact their primary
care physician, neurologist, or ophthalmologist should
they develop any recurrent symptoms suggesting
increased ICP (see “Clinical Manifestations” section).

Papilledema occurs in patients with both primary
and secondary hypoparathyroidism, both of which are
more common in women than in men. Sambrook and Hill
(70) studied CSF absorption in a patient with primary
hypoparathyroidism, papilledema, and seizures using I-
131 RISA scanning. They found a marked reduction of
CSF absorption that returned to normal after correction
of the patient’s hypocalcemia. It has been postulated that

the hypocalcemia that occurs in patients with
hypoparathyroidism leads to an increase in intracellular
sodium and water that, in turn, interferes with the trans-
port of CSF through the arachnoid granulations.

Exogenous Substances

Patients who are exposed to, or ingest, a variety of sub-
stances can develop PTC (Table 29.3). For some of these
substances, the association between exposure or ingestion
and the development of PTC is well-documented in
numerous reports and investigations; for others, however,
a causative relationship is supported by only a single case
report and is tenuous at best.

Systemic corticosteroid therapy has been recognized
as a cause of PTC since the report by Dees and McKay
in 1959 (71). Steroid-induced PTC can occur in both
adults and children, with the primary disease for which
the steroids are administered not being a significant fac-
tor. In most cases, ICP returns to normal and papilledema
and headache resolve as soon as steroids are discontinued
(72–75).

PTC may occur in women taking oral contraceptives
(76–78) or estrogen replacement after hysterectomy (79);

TABLE 29.3
Exogenous Substances Whose Exposure or

Ingestion Is Associated with Pseudotumor Cerebri

Amiodarone
Antibiotics

Nalidixic acid
Penicillin
Tetracyclines

Carbidopa/Levodopa (Sinemet®)
Chlordecone (Kepone®)
Corticosteroids

Systemic
Topical

Cyclosporine
Danazol
Growth hormone
Indomethecin
Ketoprofen
Lead
Leuprolide acetate (Lupron®)
Levonorgesterol implants (Norplant®)
Lithium carbonate
Oral contraceptives
Oxytocin (intranasal)
Perhexiline maleate
Phenytoin
Thyreostimulin suppression hormonotherapy
Vitamin A
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however, a causal relationship between drug intake and
increased ICP has not yet been established.

Several antibiotics may be associated with the devel-
opment of PTC. The most common are the tetracyclines,
which can produce the syndrome in infants, children, and
both young and older adults (80,81). In infants, the con-
dition manifests itself as a bulging of the fontanelles and
occasionally by spreading of sutures. Irritability, drowsi-
ness, feeding disturbances, and vomiting are common
symptoms, although some infants are asymptomatic. The
mechanism of the reaction is obscure. No correlation
exists between the onset of the syndrome and either the
dosage of the drug or the length of therapy. Cessation of
tetracycline administration causes prompt regression of
symptoms. Older children and adults have manifestations
more consistent with typical PTC. Gardner et al. (80)
described teenage fraternal twin sisters who developed
PTC while taking tetracycline for acne. Both children had
a rapid resolution of papilledema and headaches after
stopping the drug. This report suggests that tetracycline-
induced PTC may have a genetic predisposition.

The development of apparent PTC in a patient tak-
ing tetracycline or one of its derivatives does not neces-
sarily indicate that the patient truly has PTC or that the
drug is causing the illness. Aroichane et al. (82) described
a young woman who developed headaches and
papilledema while taking minocycline for acne. Magnetic
resonance imaging (MRI) revealed some fullness of the
basal ganglia; however, the ventricular system was not
dilated, and there were no intracranial masses. Two lum-
bar punctures revealed increased ICP with normal CSF
content. Specifically, cytopathologic examination
revealed no malignant cells. A diagnosis of minocycline-
induced PTC was made. The patient was taken off the
antibiotic and treated with acetazolamide. She did not
improve, however, and several weeks after the onset of
symptoms, she experienced acute loss of vision. Neu-
roimaging now showed a mass in the region of the chi-
asm that was biopsied and found to be a glioblastoma
multiforme.

Other substances associated with the development
of PTC include amiodarone (83–85), cyclosporine (86),
danazol (87,88), growth hormone (89,90), indomethacin
(91), ketoprofen (92), leuprolide acetate (Lupron®—a
gonadotropin-releasing hormone) (93,94), levonorgestrel
implants (Norplant®) (95,96), lithium carbonate (97,98),
various psychotherapeutic drugs (99), oxytocin (taken
nasally) (100), phenytoin (101), and thyreostimulin sup-
pression hormonotherapy (102).

It must be emphasized that when a patient develops
PTC while taking a drug that is known or thought to
cause the condition, one should not necessarily assume
that the drug really is the cause. We examined a some-
what obese young woman who was taking lithium car-
bonate for a psychiatric disorder when she developed

headaches and was found to have bilateral optic disc
swelling. Neuroimaging and lumbar puncture established
a diagnosis of PTC, which was assumed to have been
caused by the lithium, a well-documented association.
The patient was taken off lithium and treated with aceta-
zolamide. Her headaches immediately disappeared, and
her papilledema resolved. The acetazolamide was
stopped, and the patient was free of symptoms for several
months. However, 6 months later, while taking no psy-
chotropic drugs, the patient’s papilledema recurred. A
diagnosis of idiopathic PTC was made, and acetazo-
lamide was resumed, again with resolution of
papilledema and normalization of ICP.

Daily ingestion of 100,000 or more units of vitamin
A may, within a few months, produce increased ICP. In
infants and small children, the condition is characterized
by anorexia, lethargy, and an increasing head circumfer-
ence (103). Older children and adults develop PTC
(104,105). Some of these patients exhibit other manifes-
tations of hypervitaminosis A, including fissuring of the
angles of the lips, loss of hair, migratory bone pain,
hypomenorrhea, hepatosplenomegaly, and dryness, rough-
ness, and desquamation of the skin; however, most do not.

The diagnosis of PTC caused by hypervitaminosis A
is usually simple, providing the physician knows that the
patient is ingesting excessive amounts of vitamin A, either
as the vitamin itself or in calf, bear, chicken, or shark liver
(106–108). In some cases, however, the physician may not
be aware that the patient is eating something high in vit-
amin A content. For example, Donahue (109) described
a remarkable patient with resolved idiopathic PTC whose
condition recurred after she began to eat 2 to 3 pounds
of raw baby carrots per week as part of her weight-loss
program. The patient’s serum retinol level was markedly
elevated. The condition resolved again after the patient
discontinued her intake of carrots, which Donahue
emphasized contain extremely large quantities of retinol.
As emphasized by the case described by Donahue, reduc-
tion of the excessive vitamin A intake is invariably asso-
ciated with resolution of all symptoms and signs,
although Morrice et al. emphasized that resolution of disc
swelling may take 4 to 6 months (110).

PTC can also occur after withdrawal or deficiency
of certain substances and has been reported within sev-
eral weeks after reduction or withdrawal of: (i) steroids
following chronic use for a variety of disorders (111); (ii)
danazol being used to treat endometriosis (112); (iii) a
nonergot dopamine antagonist being used in two women
for hyperprolactinemia (113); and (iv) beta-human chori-
onic gonadotropin (b-HCG) (114,115).

A deficiency of vitamin A can produce PTC (116),
as can a deficiency of vitamin D (117), particularly in
infants. According to Lessell (10), the child at special risk
is an exclusively breast-fed child of a strict vegan mother.
This form of PTC resolves slowly.
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Systemic Illnesses

Increased ICP with papilledema can occur in patients with
meningitis and encephalitis. In many of these cases, the
ventricular system is blocked in some location and is thus
dilated, and the CSF contains white blood cells or an ele-
vated protein content. Such cases are not, by definition,
examples of PTC. In other cases, such as Whipple disease,
neuroborreliosis, and neurosarcoidosis, the ventricular
system appears normal, although the CSF contains white
blood cells, malignant cells, an increased protein content,
or a combination of these. Such cases are considered
examples not of PTC but of the “pseudotumor cerebri
syndrome,” as are cases of meningeal lymphomatosis and
carcinomatosis. In such cases, it is the CSF and not neu-
roimaging that indicates that the clinical manifestations
are not caused by PTC. Nevertheless, some systemic
inflammatory, infectious, and noninfectious disorders
rarely may be associated with increased ICP, papilledema,
normal-sized ventricles, and normal CSF content (Table
29.4). In such cases, treatment of the underlying condi-
tion commonly results in a normalization of ICP and res-
olution of papilledema (118).

Papilledema is a rare finding in patients with vari-
ous types of anemia, including microcytic, iron-deficiency,
megaloblastic, and hemolytic anemia (119–122). The
mechanism of increased ICP in patients with anemia is
unknown and may be multifactoral; however, it is most
likely that in most cases, low hemoglobin levels result in
compensatory changes in cerebral blood volume, lead-
ing to increased ICP. In any event, in cases of PTC asso-
ciated with anemia, correction of the hematologic disor-
der is associated with normalization of ICP and resolution
of papilledema (121,122).

Chronic respiratory insufficiency may be associated
with increased ICP and papilledema (123). Affected
patients have chronic hypercapnia, with retention of car-
bon dioxide (CO2), reduced blood oxygen (O2) levels,
polycythemia, increased venous pressure, and increased
ICP. Respiratory acidosis in such cases causes an accu-
mulation of CO2 in brain tissue, reflected by an inver-
sion of the normal CO2 tension ratio between CSF and
arterial blood. This, in turn, causes dilation of cerebral
capillaries and increases intracranial blood volume.

In most cases of increased ICP related to pul-
monary insufficiency, the pulmonary dysfunction is
caused by primary pulmonary disease. In other patients,
however, respiratory insufficiency is caused by a sys-
temic myopathy, such as muscular dystrophy. In still
others, hypoventilation from extreme obesity causes a
typical cardiopulmonary syndrome—the Pickwickian
syndrome—a condition that is more common in women
than in men. The obesity in these patients causes dimin-
ished vital capacity, polycythemia, and cyanosis. Severe
drowsiness is common, and many patients have obstruc-
tive sleep apnea (124–126). The disc swelling and fun-
dus abnormalities usually resolve rapidly once respira-
tory acidosis and sleep apnea, if present, are treated.
Not all patients with obstructive sleep apnea are
markedly obese, however. Thus, if a patient with pre-
sumed PTC has a history of insomnia or snoring,
obstructive sleep apnea should be considered, and an
evaluation for a sleep disorder obtained. If sleep apnea
is found, treatment with continuous positive airway
pressure (CPAP) may be beneficial.

The neurologic manifestations of respiratory fail-
ure include somnolence, asterixis, other movement dis-
orders, and in severe cases, coma (127). It was once
thought that papilledema in association with other neu-
rologic symptoms in patients with chronic respiratory
failure was indicative of impending death; however, this
is not the case. Supportive respiratory therapy and
prompt treatment of the acute physiologic, metabolic, and
electrolyte abnormalities can significantly prolong sur-
vival and improve the quality of survival time (128).

PTC can occur in patients with systemic lupus ery-
thematosus (129), a disease that is more frequent in
women than in men. In some of these cases, the patho-
genesis is occlusion of one of the dural venous sinuses,
usually the superior sagittal sinus (130,131). In other
cases, the pathogenesis is unclear (132). Because the con-
dition usually resolves when the patients are treated with
systemic corticosteroids, however, it is possible that
inflammation and tissue necrosis in the region of the
arachnoid villi interfere with CSF absorption, thereby
raising ICP without causing a generalized inflammatory
response in the CSF (133).

Thrombocytopenic purpura can be caused by a num-
ber of mechanisms, including decreased platelet produc-

TABLE 29.4
Systemic Illnesses Associated 

with Pseudotumor Cerebri

Anemia
Brucellosis
Chronic respiratory insufficiency

Pickwickian syndrome
Obstructive sleep apnea

Familial Mediterranean fever
Hypertension
Multiple sclerosis
Polyangiitis overlap syndrome
Psittacosis
Renal disease
Reye syndrome
Sarcoidosis
Systemic lupus erythematosus
Thrombocytopenic purpura
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tion and decreased platelet survival. PTC occurs in asso-
ciation with two forms of this condition, both of which are
associated with decreased platelet survival: immune idio-
pathic thromocytopenic purpura (ITP) and nonimmune
thrombotic thrombocytopenic purpura (TTP).

ITP occurs in two forms, acute and chronic. Acute
ITP occurs most often in children, usually after an upper
respiratory tract infection, whereas chronic ITP occurs
most often in women between 20 and 45 years of age. The
etiology of this condition is a spontaneously appearing
antibody that damages the platelets, causing them to be
removed from the circulation by the reticuloendothelial
system. Furuta et al. (134) described a 53-year-old woman
with ITP who developed PTC from thrombosis of the
superior sagittal sinus.

TTP is characterized by severe thrombocytopenia,
hemolytic anemia, fever, renal dysfunction, and CNS dis-
turbances (135). Patients with this condition occasionally
develop PTC, presumably from an obstruction of the cere-
bral venous sinuses.

FAMILIAL PSEUDOTUMOR CEREBRI

The occurrence of PTC in family members is well recog-
nized. Bucheit et al. (5) first described two sisters with this
syndrome,  and numerous other examples have been
reported (80,136). We have seen it in a father and his
daughter.

COMPLICATIONS OF 
PSEUDOTUMOR CEREBRI

PTC is a self-limited condition in some cases. In most
cases, however, the ICP remains elevated for many years,
even if systemic and visual symptoms resolve. Corbett
et al. (137) followed a group of 57 patients with a diag-
nosis of PTC for 5-41 years. These investigators per-
formed complete neuro-ophthalmologic examinations,
including fundus photographs, on all patients. In over
80% of the patients studied by these investigators, CSF
pressure remained elevated, regardless of the treatment
the patients had received. The chronic nature of PTC has
been substantiated by reports of patients who have
developed recurrent headaches and papilledema after
either removal (138) or blockage (139) of their lum-
boperitoneal shunts. Some of these patients have expe-
rienced permanent loss of vision from the rapid increase
in ICP in these settings.

The effects of even self-limited PTC on the visual sys-
tem may be catastrophic. In the study by Corbett et al.
(137), severe visual impairment occurred in one or both
eyes in 26% of patients, several of whom experienced
visual loss months to years after initial symptoms

appeared. In this study, systemic hypertension was a sta-
tistically significant risk factor for visual loss. Other inves-
tigators have reported similar results (140–146).

PATHOPHYSIOLOGY OF IDIOPATHIC
PSEUDOTUMOR CEREBRI

As noted earlier, the etiology of the increased ICP in about
10% of patients with PTC can be determined. For exam-
ple, patients with occlusion of the superior sagittal sinus
develop raised venous pressure that reduces the absorption
of CSF across the arachnoid villi. A similar mechanism is
responsible for the PTC that occurs in some patients after
ligation of the internal jugular vein. The pathogenesis of
increased ICP in 90% of patients with idiopathic PTC is
unclear, however (147), although numerous studies have
suggested potential mechanisms. For example, it is well
known that vitamin A ingestion can produce PTC. Jacob-
son et al. (148) prospectively determined serum retinol and
retinyl ester concentration in 16 women with the idio-
pathic form of PTC and compared the results with those
from 70 healthy women. These investigators found that
the serum retinol concentration was significantly higher in
the patient group compared with controls, even after
adjusting for age and body mass index (p<0.001), even
though there was no significant difference in the amounts
of vitamin A ingested by the patients or the controls.  A
similar study was performed by Selhorst et al. (149), who
measured serum retinol and retinol binding protein. These
investigators also found that mean retinol values were
higher in patients than in controls, although the values did
not reach a significant level. In addition, 7 of 30 patients
with IIH had elevated retinol binding protein levels,
whereas none of the 40 control subjects did. These find-
ings may indicate that the abnormal metabolism of vita-
min A is responsible for some cases of so-called idiopathic
PTC (150).

Another hypothesis is that the elevation of
intracranial venous pressure is responsible for idiopathic
PTC (151); however, King et al. found, in patients with
IIH, that when transducer-measured intracranial venous
pressure is high, reduction of CSF pressure by removal
of CSF predictably lowers the venous sinus pressure
(152). The results of this study indicate that increased
venous pressure is caused by elevated ICP and not the
other way around (153). Thus, elevated venous pressure
is not the primary event in the elevation of CSF pressure
with IIH.

Despite the investigations described above, we still
do not know what initiates the chain of events leading to
increased CSF pressure (152), and we continue to agree
with Fishman (154) that despite the numerous investiga-
tions into the pathophysiology of PTC, “there are more
speculations than data available.”
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DIAGNOSIS

The diagnosis of PTC is based on three crucial findings
(1,155,156) (Figure 29.4). First, the patient must have nor-
mal or small ventricles and no intracranial mass lesion. Sec-
ond, the ICP must be increased. Third, the CSF must have
no cells and a normal protein and glucose concentration.
It is inappropriate to diagnose PTC in a patient with a
“slightly elevated” concentration of protein or a pleocy-
tosis in the CSF. Such patients do not have PTC but rather
the “pseudotumor cerebri syndrome;” that is, they satisfy
all the criteria required to diagnose PTC except that the
CSF does not have a normal content (157). Such patients
must undergo further evaluation for possible carcinoma-
tous, lymphomatous, or aseptic meningitis.

In order to satisfy the criteria required to diagnose
PTC, a patient must undergo some type of neuroimag-
ing study followed by a lumbar puncture (1,158,159).
Computed tomography (CT) scanning usually is adequate
to detect any intracranial mass lesion that could produce

increased ICP and to determine the size of the ventricles,
but it is not as sensitive as MRI in detecting cerebral
venous thrombosis unless CT venography is performed
at the same time (160). We thus prefer to obtain MRI,
including MR venography, whenever possible. Lumbar
puncture should then be performed in the lateral decubi-
tus position. The opening pressure should be measured
with a manometer, and adequate CSF should be obtained
for the assessment of cellular content, concentrations of
protein and glucose, and any other tests deemed appro-
priate by the treating physician. We find that the easiest
method of performing a lumbar puncture in obese
patients is with fluoroscopic guidance. If a lumbar punc-
ture cannot be performed using fluoroscopy, the patient
can undergo a lumbar puncture in the sitting position.
Once the subarachnoid space is entered, as evidenced by
flow of CSF through the hollow needle, the patient can
be carefully placed in decubitus position and the CSF
pressure obtained.

It is inappropriate and dangerous to make a diag-
nosis of PTC without both neuroimaging studies and
lumbar puncture, even if the clinical setting appears
straightforward. We have examined several obese
patients in whom a diagnosis of PTC was suspected
after they developed headaches and papilledema and
were found to have normal results on neuroimaging
studies but in whom the increased ICP was found to
have been caused by septic or aseptic meningitis,
gliomatosis cerebri, or leptomeningeal carcinoma or
lymphoma. In addition, not all optic disc swelling in an
obese young woman is caused by increased ICP. We
recently evaluated a 34-year-old obese woman com-
plaining of blurred vision in both eyes associated with
pain behind the eyes. She had been examined by an oph-
thalmologist who found visual acuity of 20/25 in both
eyes associated with severe bilateral optic disc swelling.
Because of her appearance and the bilateral disc
swelling, he referred her immediately to a neurologist,
who obtained MRI that was normal. He made a diag-
nosis of PTC without performing a lumbar puncture
and placed the patient on acetazolamide. When she pro-
gressively lost vision in both eyes over the next several
days, he referred the patient for emergency optic nerve
sheath fenestration (see “Treatment” section). It was
our opinion that the loss of vision was out of propor-
tion to the severity of optic disc swelling. We therefore
obtained an emergency lumbar puncture, which gave
normal results. We stopped the patient’s acetazolamide
and performed a second lumbar puncture 48 hours later,
again with normal results. We thus concluded that the
patient had bilateral anterior optic neuritis and treated
her with intravenous high-dose corticosteroids. She sub-
sequently made a complete recovery. Other physicians
have reported similar cases (161). We even have seen
obese patients with brain tumors in whom an initial
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diagnosis of PTC was made on the basis of headaches
and papilledema without either neuroimaging or a lum-
bar puncture.

Once a diagnosis of PTC is made by neuroimaging
followed by lumbar puncture, the physician should
attempt to determine if an etiology can be found. This is
particularly important in young nonobese women, in
older women, and in men, regardless of age or body habi-
tus, because such patients are much less likely to develop
the idiopathic form of PTC (7-9,19,145,146). In addition,
we have examined several obese women—one after a
spontaneous abortion—in whom a diagnosis of presumed
idiopathic PTC was found to be incorrect after neu-
roimaging revealed evidence of cerebral venous sinus
thrombosis. We therefore recommend that all patients,
not just nonobese women and men, undergo MRI before
it is concluded that they have idiopathic PTC. Such an
assessment is best performed using a combination of stan-
dard MRI and MR venography or CT scanning and
venography (160,162). Catheter angiography is rarely
required in such cases.

MONITORING

Patients with papilledema can develop progressive loss of
visual function in a manner similar to that which occurs
in patients with chronic open-angle glaucoma. Visual field
defects, usually arcuate scotomas and nasal steps, are an
early finding, whereas loss of central vision is usually a
very late phenomenon.  Thus, it is inappropriate to mon-
itor patients with PTC by simply measuring visual acu-
ity. Such patients should not only undergo testing of best-
corrected visual acuity at distance and near, but also color
vision testing using pseudoisochromatic plates or a simi-
lar method, visual field testing, and ophthalmoscopic
examination of the optic discs (163,164).

Although all patients with papilledema should be
tested to determine if a relative afferent pupillary defect
is present, papilledema tends to be a bilateral symmetric
condition. Thus, when present in a patient with
papilledema, a relative afferent pupillary defect generally
indicates damage to the retina or optic nerve of the eye
with the defect. The absence of a relative afferent pupil-
lary defect, however, cannot be taken as evidence of no
optic nerve damage from increased ICP (165).

We believe that, in addition to standard clinical test-
ing, stereo color photographs of the optic discs should be
obtained on a regular basis on any patient with papilledema
to provide the examiner with objective evidence of the
appearance of the optic discs. We do not routinely perform
other tests of visual sensory function, such as contrast sen-
sitivity testing, motion perimetry, or visual evoked poten-
tials, but these tests may be useful in individual patients in
whom issues of management develop (166).

The intervals between the clinical assessments of
patients with papilledema must be individualized. We
examine some patients every 1 to 2 weeks until we have
a sense of the progression or stability of their condition.
Other patients are examined every 1 to 3 months, and
patients with stable papilledema may only be examined
every 4 to 12 months.

The importance of monitoring visual function in
patients with papilledema associated with PTC cannot be
overemphasized, because most visual defects associated
with papilledema are reversible if ICP is lowered before
there is severe vision loss, chronic papilledema, or optic
atrophy (167,168).

Patients with papilledema should be monitored not
only with respect to their clinical manifestations, but also
with respect to their increased ICP. In most patients, sim-
ple assessment of the optic discs is sufficient. In other
patients, however, repeat lumbar puncture is needed. As
noted above, we find that performing a lumbar puncture
in patients with PTC is straightforward when the proce-
dure is performed under fluoroscopy.

Although both CT scanning and MRI can be used
to visualize papilledema and its resolution (12,169–171),
we do not believe that these techniques are useful in the
diagnosis and management of a patient with papilledema
compared with the information gained from a combi-
nation of clinical assessment and a lumbar puncture.

TREATMENT

The treatment of PTC depends on whether an underly-
ing etiology can be identified and treated. If so, treatment
of the causative process should result in a normalization
of ICP and resolution of papilledema (48,49). Conversely,
if no etiology can be identified; that is, if the patient has
idiopathic PTC, then treatment is directed at lowering ICP
(1,144,145) (Figure 29.4).

There are generally only two reasons to treat
patients with idiopathic PTC: severe intractable headache
that is clearly related to increased ICP, and evidence of
progressive visual field and/or visual acuity loss from
optic neuropathy. Methods of treatment include weight
loss, medical therapy, serial lumbar punctures, and
surgery. No single procedure is completely effective in this
regard (19,20,144,172).

The optimum treatment for obese patients with idio-
pathic PTC is weight loss. It has been shown that as lit-
tle as a 7 to 10% drop in weight may be associated with
a rapid resolution of papilledema and the symptoms of
PTC (173–175). Thus, a patient may be given a target
weight to achieve, making the weight loss perhaps a bit
easier. In general, weight loss in patients with idiopathic
PTC should be achieved through a combination of diet
and exercise prescribed by a registered dietitian or nutri-
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tionist. It must be remembered that these patients often
have attempted to lose weight in the past without suc-
cess and may therefore need special assistance.

When standard weight loss methods fail, as they
often do (176,177) or when the patient is morbidly obese,
gastric-bypass surgery can be performed. Such surgery is
generally followed by reduction in weight, normalization
of ICP, and resolution of papilledema (178–180),
although it has significant potential complications,
including anastomotic leaks, small bowel obstruction,
and gastrointestinal bleeding. One of our patients had a
fatal pulmonary embolism following otherwise success-
ful gastric-bypass surgery for morbid obesity.

As noted above, patients with PTC in the setting of
morbid obesity who have sleep apnea (i.e., the Pickwick-
ian syndrome) may respond not only to weight loss, but
also to low-flow oxygen and positive airway ventilation
using either CPAP or bilevel positive airway pressure (bi-
PAP) (125,128,181–183).

Although weight loss is, in our opinion, the opti-
mum way to treat PTC, it is often difficult to achieve.
Indeed, we find that even though patients understand the
need to lose weight and the consequences of not doing so,
they simply cannot lose weight or if they do, they subse-
quently gain it back. Thus, other methods of treatment
must be considered.

A number of medical substances can be used to
lower ICP. The most effective is acetazolamide
(11,184,185). This drug decreases the production of CSF
by an inhibition of carbonic anhydrase, resulting in
decreased sodium ion transport across the choroidal
epithelium (186-189). Güçer and Viernstein (190) found
that patients with idiopathic PTC who were treated with
acetazolamide often responded within several hours.
Acetazolamide should be started at a dose of 1 g per day,
given in divided doses of either 250 mg qid or 500 mg
sequels bid. Theoretically, the dose can be increased up to
a maximum of 4 g per day, but we have never found any-
one who could tolerate this dosage because of the side
effects, which include paresthesias of the extremities,
lethargy, decreased libido, and a metallic or dry taste in
the mouth. These side effects can be reduced but not elim-
inated by using sequels (191).

Jefferson and Clark (192) used a variety of dehy-
drating agents to treat PTC with excellent results. Guy
et al. (193) reported improvement in three patients with
uremia and PTC who responded to furosemide, and
Schoeman (11) found the combination of acetazolamide
and furosemide to be helpful in several children with PTC.
Despite these reports, we find that most dehydrating
drugs are not particularly efficacious in lowering ICP in
patients with PTC.

Although systemic corticosteroids are clearly benefi-
cial in the treatment of PTC associated with various sys-
temic inflammatory disorders, such as sarcoidosis and sys-

temic lupus erythematosus, they are not generally recom-
mended for use in idiopathic PTC. Nevertheless, Liu et al.
(194) reported that the use of high-dose intravenous
methylprednisolone (250 mg four times per day) combined
with oral acetazolamide resulted in a lowering of ICP and
marked improvement in visual function in four patients
with PTC who had severe papilledema and vision loss.

Although a single case report suggests that
indomethacin can cause PTC (91), this drug may reduce
ICP in selected patients with the idiopathic form of PTC.
Forderreuther and Straube injected seven patients with
IIH and ICPs between 350 and 500 mm H2O (mean, 400
mm H2O) with indomethacin while monitoring their ICP
(195). During administration of indomethacin, all seven
patients showed a marked reduction of CSF pressure
within 1 minute (mean, 139 mm H2O; range, 80 to 200
mm H2O). Five patients were subsequently treated with
oral indomethacin (75 mg per day) and all reported
improvement of headache. In addition, ophthalmologic
follow-up in these patients revealed improvement in
papilledema. These findings have yet to be corroborated
by other investigators.

Multiple lumbar punctures are advocated as a non-
medical, nonsurgical method of relieving the increased
ICP of idiopathic PTC. We have found this treatment to
be effective in a few children with the condition but not
in the majority of adults. The theory behind this treat-
ment is that the needle used for the lumbar puncture cre-
ates an opening in the dura through which CSF leaks.
With several lumbar punctures, one creates a “sieve” that
allows sufficient egress of CSF and ICP is normalized.

Surgical decompression procedures are generally
used only when patients initially present with severe optic
neuropathy or when other forms of treatment have failed,
and the patients are incapacitated by headache or have
begun to develop evidence of progressive optic neuropa-
thy (146). Subtemporal decompression was advocated in
the past and occasionally is still performed in select cases
(196), but most neurosurgeons favor some form of shunt-
ing procedure. Ventriculoperitoneal or ventriculoatrial
shunting is quite effective in lowering intracranial pres-
sure in patients with PTC (197), but this procedure can
be difficult unless some type of stereotactic method is
used, because the ventricles in patients with PTC are nor-
mal in size rather than being enlarged. Thus,in many insti-
tutions, the preferred technique is the lumboperitoneal
shunt, in which a silicone tube is placed percutaneously
between the lumbar subarachnoid space and the peri-
toneal cavity. Complications of the shunt procedure are
minimal and usually benign but include spontaneous
obstruction of the shunt, usually at the peritoneal end,
excessive low pressure, infection, radiculopathy, and
migration of the tube, resulting in abdominal pain
(198,199). Some patients also develop a Chiari malfor-
mation that may or may not be symptomatic (198,200).
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Nevertheless, most patients treated with a lumboperi-
toneal shunt experience a rapid return of ICP to normal
and resolution of papilledema, often with improvement
in visual function (200,201). Shunts that fail usually do
so within the first 2 years after initial placement (200).

Optic nerve sheath fenestration has been advocated
for the treatment of patients with severe papilledema, par-
ticularly that which occurs in intractable PTC. A suc-
cessful optic nerve sheath fenestration results in resolu-
tion of papilledema on that side and, occasionally, on the
other, with improvement in visual function in many cases
(202–206). Regardless of the technique used, the proce-
dure immediately reduces pressure on the nerve by cre-
ating a filtration apparatus that controls the intravagi-
nal pressure surrounding the orbital segment of the optic
nerve (207,208); however, it may not reduce ICP. Kaye
et al. (209) monitored ICP before and after bilateral optic
nerve decompression in a patient with PTC. These inves-
tigators found no postoperative changes in ICP and con-
cluded that the decrease in papilledema and the visual
improvement after optic nerve sheath surgery occurred
from a local decrease in optic nerve sheath pressure rather
than from a generalized decrease in ICP. Similar results
were reported by Jacobson et al. (210). These investiga-
tors reported six patients who had ICP, CSF resistance, or
both measured both before and after optic nerve sheath
fenestration. Pressure was elevated in five of six patients
preoperatively. It decreased in all six patients after optic
nerve sheath fenestration, but not to normal. In addition,
four of the six patients still had high CSF resistance after
the surgery.

The risks of optic nerve sheath fenestration, although
low, are nevertheless significant. They include loss of vision
from vascular occlusion, diplopia, and infection
(202–206,211). Because of these potential complications,
the low permanent success rate of the procedure of about
16% within 6 years of the procedure (212), and the diffi-
culty in performing repeat optic nerve sheath fenestration
in patients whose initial procedure has failed (202), we
favor ventricular or lumboperitoneal shunts as the surgi-
cal treatments of choice in most patients with PTC in
whom medical therapy has failed or cannot be tolerated.
Nevertheless, long-term benefit from optic nerve sheath
fenestration is well-documented (205,206,213), and the
procedure may be appropriate for patients with PTC who
refuse, cannot undergo, or do not respond to shunting. It
may also be the treatment of choice for patients with severe
papilledema caused by a malignant brain tumor in whom
a long-term solution is not required, and for patients with
severe vision loss on presentation in whom immediate
decompression of the optic nerve is mandatory. These lat-
ter patients may benefit from a combined shunt and an
optic nerve sheath fenestration.

The major difficulty in assessing surgical results in
patients with PTC is that generally these procedures are

not used until evidence of optic neuropathy is already
present. In such patients, it is impossible to know at what
stage irreversible visual acuity or field loss has occurred.
For this reason, a “successful” procedure may still be fol-
lowed by optic atrophy, with diminished visual acuity or
reduced visual field. The continuous monitoring of ICP
and the use of more sophisticated testing of optic nerve
function may ultimately enable physicians to decide
whether to use medical or surgical therapy to reduce ICP
and at what stage a change in therapy must be considered.

It is important to recognize that a substantial per-
centage of patients with PTC have headaches that are unre-
lated to increased ICP (214). Indeed, some of these patients
have tension headaches, whereas others have migraines.
Correctly identifying the nature of these headaches will
prevent inappropriate treatment in such patients.

Women who develop PTC during pregnancy can be
treated in much the same way as nonpregnant women
except that caloric restriction and the use of diuretics are
contraindicated (69,215,216). Specifically, lumboperi-
toneal shunting can be performed with little or no mater-
nal or fetal risk (216), and this treatment should not be
withheld simply because the patient is pregnant.
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lzheimer disease (AD) is among the
top ten causes of death in the United
States (1) and is one of the most
common reasons for the institu-

tionalization of elderly individuals (2). Even after con-
trolling for age, women have a slightly higher risk of
developing AD compared with men (3–4). In addition,
unique issues exist regarding the clinical presentation and
treatment of AD among women. This chapter highlights
these issues and addresses more recent advances in the
field that focus on the importance of the preclinical stage
of AD and dementia in the oldest old.

CLINICAL PRESENTATION
AND DIAGNOSIS OF AD

AD is a degenerative brain disorder characterized by a
progressive decline in cognition and behavior. It is the
most common cause of dementia, accounting for approx-
imately two-thirds of all cases of dementia (5). AD cur-
rently affects 4 million individuals in the United States
and has an annual cost of $100 billion (6). However, by
2050, the number of individuals affected by AD is pro-
jected to increase to 12 million (7). Although memory
impairment is the hallmark early symptom of AD, other
cognitive domains, such as language, executive function,
and visuospatial skills, are also affected. Individuals with

AD also experience progressive difficulty with functional
activities, such as cooking, driving, and shopping. The
clinical criteria for the diagnosis of AD were published
in 1984 (8) (Table 30.1). These criteria require memory
impairment and at least one other cognitive domain
impairment in the absence of “reversible” conditions. The
median length of time from diagnosis to death is approx-
imately 7 to 10 years among individuals diagnosed in
their 60s and 70s, and a median of 3 years in individuals
diagnosed in their 90s (9). Currently, no cure exists for
AD; however, treatment efforts focus on the management
of behavioral symptoms and the prevention of further
cognitive decline.

Prevalence and Incidence of AD

The prevalence of AD increases dramatically with age.
Approximately 10% of persons over 65 years of age and
50% of those over 85 years of age exhibit impairment in
cognitive functioning (10–11). Pooled data from four U.S.
studies (i.e., Framingham, East Boston, Rochester, and Bal-
timore) indicate that the age-specific incidence rates rise
from 0.2% per year at 65 years of age to 0.7%, 1.0%, and
2.9% per year at 75, 77, and 85 years of age, respectively
(12) (Figure 30.1). However, additional studies are needed
with individuals over age 85 because much less is known
about AD in the oldest old. Women live an average of 2
to 6 years longer than men in the United States, and life
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expectancy is related to both age and ethnicity. In 2000,
women had a mean life expectancy of 79.5 years of age,
whereas men had a mean lifespan of 74.1 years (1). After
controlling for age, women have a slightly higher risk of
AD than men (3–4). Women over age 80 also have a
slightly higher risk for AD (3,13). This gender difference
in the incidence of AD is not seen in other common demen-
tias. The cause of it is unknown but may be linked to dif-
ferences in sex hormones or in other risk factors.

Risk Factors for AD

The primary risk factors for AD include age, genetic sus-
ceptibility from the apolipoprotein epsilon (APOE) 4
allele on chromosome 21, and low education. As dis-
cussed above, the risk for AD increases with age. The
APOE 4 allele represents a major risk for AD and is evi-

dent across all ages (14). Women who are homozygous
for APOE 4 allele have a slightly greater risk for devel-
oping AD than homozygous men (14). In addition, non-
demented women with at least one APOE 4 allele were
more likely to exhibit cognitive decline than women with-
out any APOE 4 alleles (15). A low educational level also
appears to be a risk for AD and may have a stronger effect
in women (16–17). Other possible factors include a fam-
ily history of AD in a first degree relative (18), a history
of head injury (19), and depression (20–21). It may be
that the APOE genotype interacts with some of these
other risk factors for AD (22).

Comorbidity and Mortality Due to AD

Women with AD are less likely than men to have comor-
bid medical conditions, and they have a reduced risk for
mortality due to AD. One study found that, when com-
pared with men, women with AD had fewer comorbid
medical conditions, such as chronic obstructive pul-
monary disease, Parkinson’s disease, cancer, and arrhyth-
mia (23). In addition, women with AD have a signifi-
cantly reduced risk of mortality (23–24).

GENDER DIFFERENCES IN COGNITIVE
FUNCTION AND BEHAVIOR IN AD

Previous studies suggest that, when compared with men,
women with AD exhibit more severe deficits in some cog-
nitive domains. When controlling for dementia severity
and demographic variables, women with AD tend to have
more difficulty on several tests of language, including con-
frontational naming (25–28), vocabulary (28), and
semantic fluency (e.g., animal naming) (25). In a longi-
tudinal study, Ripich and colleagues (26) also found that
the severe impairment on language measures in women
with AD persisted throughout the progression of demen-
tia. Other studies, however, have not documented gender-
related differences on tests of language (29–30). In other
studies, women with AD, compared with men, exhibit
more severe deficits on tests of memory, in particular
delayed recall of verbal information (25), delayed recall
of stories (28), and semantic memory (27). Other studies
have not observed this pattern (30), however, and it is not
yet clear whether these patterns are gender-specific. The
different conclusions may be related to the patient pop-
ulations, the cognitive tests used, and the analytic meth-
ods used. Although some evidence suggests that women
with AD may have more severe deficits on language and
memory tasks, future studies need to address the lack of
consistent results.

In addition to the cognitive symptoms associated
with AD, alterations in behavior are also common with
patients, especially those in severe stages, exhibiting agi-

TABLE 30.1
NINCDS-ADRDA Criteria for

Probable Alzheimer Disease (8)

• Dementia
• Deficit in two or more areas of cognition (memory

required)
• Gradual onset
• Onset after age 40
• Absence of other systemic disorder or brain disease

that could account for progressive cognitive decline

1997 2007
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FIGURE 30.1

Projected prevalence (percent of population) in the United
States of AD by the year 2050 (12).
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tation, psychotic symptoms, and wandering. Cohen and
colleagues (31) found that women with AD manifested
more psychiatric symptoms than men with AD. In
another study, women with AD were more likely to
exhibit reclusiveness and emotional lability, whereas men
with AD were more likely to have apathy and vegetative
signs (32). In a recent study by Sink and colleagues (33),
women with AD were more likely to exhibit verbal out-
bursts, whereas men with AD were more likely to exhibit
aggressive physical behaviors (i.e., psychomotor agita-
tion, anger, waking caregiver). It is yet unclear how pre-
morbid personality contributes to these putative gender-
related differences in behavior.

MILD COGNITIVE IMPAIRMENT

Although dementia is common in older individuals, the
prevalence of cognitive impairment in the absence of
dementia is even more common. Individuals with cogni-
tive impairment in the absence of dementia exhibit a
decline in cognitive ability that does not meet the clini-
cal criteria for dementia. Generally, the cognitive impair-
ment experienced by these individuals falls between
healthy aging and dementia. Numerous terms have been
proposed to label individuals with isolated cognitive
impairment (e.g., age-associated cognitive decline, cog-
nitive impairment no dementia, age-consistent memory
decline); however, the term “mild cognitive impairment”
(MCI) has become the most widely used term and con-
struct. By definition, individuals with MCI complain of
memory problems and exhibit objective memory impair-
ment on standard tests of memory (34). The memory
impairment does not significantly impact the ability to
perform everyday activities, however (Table 30.2). The
identification of individuals with MCI is important
because these persons have an increased risk of convert-
ing to AD. In a review of several large longitudinal stud-
ies, Petersen and colleagues (35) concluded that individ-
uals with MCI convert to dementia with an annual rate
between 6 and 25%, which is substantially greater than
healthy elderly. Other studies, however, have found that
a subset of individuals with MCI revert to normal levels
of functioning (36), and some may not convert to demen-
tia for long periods. In terms of the underlying neu-
ropathologic changes, individuals with MCI are also
likely to have neuropathologic changes consistent with
AD at autopsy, thereby suggesting that MCI represents
very early AD and not just a benign state (37). Only a few
autopsy studies have been completed, however.

A recent study by Larrieu and colleagues (36) sug-
gests that women may have a higher risk than men for
developing MCI. The reasons for the gender difference
in MCI are not known, but this finding is consistent with
the higher incidence of AD in women. Although there is

no currently approved treatment for MCI, these individ-
uals should be closely monitored over time for a possible
conversion to dementia and so that any reversible causes
of cognitive dysfunction can be identified. The results of
ongoing trials for MCI will soon help identify potential
therapeutic strategies to prevent the progression to AD.

AD IN THE OLDEST-OLD

Individuals over age 85 are the fastest growing segment
of society, and estimates of the prevalence of AD in these
individuals range from 13 to 51% (11,32,37–38). The
issue of possible gender differences in the oldest-old (e.g.,
over age 85) has only recently been addressed. Although
some studies document a higher incidence of AD in the old-
est-old women when compared with men (3,13), other
studies do not find gender differences (4,37). A recent
study by Miech and colleagues (38) suggested that,
whereas the incidence of AD increases dramatically until
85 to 90 years of age, a decline in incidence was observed
in men after age 93 and women after age 97. In a large
autopsy series of individuals over 85 years of age, 33% of
the subjects met the neuropathologic criteria for AD,
whereas only 16% met the clinical criteria for AD (39).
In this study, a strong relationship also existed between the
presence of the apolipoprotein epsilon 4 allele and AD neu-
ropathology, suggesting that the APOE genotype may also
modify the expression of AD in the oldest-old. It is likely
that many of the factors that influence the expression of
AD in younger elderly also affect AD in the oldest-old. Fur-
ther studies are needed to confirm this, however.

HORMONES AND COGNITIVE AGING

A dramatic decline in estrogen levels occurs in women
during menopause, which may be associated with cogni-
tive decline and an increased risk for developing AD. Con-
siderable basic science evidence suggests that estrogen has
a protective effect on the brain, particularly in areas that
are important for cognition. Mechanisms by which estro-
gen could improve cognition and prevent decline remain

TABLE 30.2
Criteria for Mild Cognitive Impairment (34)

• Subjective complaint of memory loss
• Objective impairment on tests of memory
• Preserved functioning on other cognitive domains
• Preserved activities of daily living
• Absence of medical condition causing memory deficit
• Absence of dementia
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unknown, but several have been suggested. One is the
modulation of neurotransmitters, particularly seen with
estrogen’s enhancement of acetylcholine activity (40–41).
Estrogen stimulates axonal sprouting and dendritic spine
formation in adult rat CA1 hippocampal pyramidal neu-
rons (42–43), and this may be another mechanism for sex
hormone protection, because neuronal loss in the hip-
pocampal CA1 region is found in patients with AD and
cognitive decline. In addition, estradiol may be neuro-
protective, limiting oxidative stress injury induced by
excitotoxins. Estradiol treatment protects neuronal cells
from the toxicity of Alzheimer-type b-amyloid (44) and
reduces the generation of b-amyloid peptide in neurons
(45). Estradiol thus may reduce the risk of cognitive
decline through a variety of mechanisms.

Observational studies in women suggest that estro-
gen therapy may help prevent AD and cognitive decline.
There has been tremendous interest in the effect of both
exogenous and endogenous hormones on the risk of AD
and pre-clinical cognitive decline, especially in women.
While several recent trials have failed to show that treat-
ment with estrogen reduced symptoms among women
with AD (46,47), there is some observational evidence
that estrogen therapy may reduce risk of developing AD.
It may be that once the disease is fairly advanced, certain
strategies are not efficacious for treatment of symptoms
but still may be effective for prevention. In both prospec-
tive and case-control studies, women who take estrogen
therapy had up to a 50% lower risk of developing AD
(48–50). A meta-analysis of most of these observational
studies reported a 29% decreased risk of developing AD
among estrogen users, supporting the hypothesis that
postmenopausal estrogen use protects against the devel-
opment of AD (51). However, several recently completed
randomized trials, such as the Womens Health Initiative
Memory Study, reported that conjugated estrogens, either
alone or in combination with progestins, did not reduce
risk of developing AD. Indeed, women assigned to hor-
mone therapy had an increased risk of developing all-
cause dementia and slightly worse performance on a test
of global cognitive function (52,53). The current data at
this time are insufficient to recommend hormone ther-
apy for the prevention of AD, especially in light of recent
findings of increased side effects (54).  

Recent studies have begun to investigate the role of
sex hormone receptor polymorphisms and cognitive func-
tion in older women. Estrogen receptors are located
throughout the brain, especially in regions involved in
learning and memory such as the hippocampus and amyg-
dala (55). The gene for the estrogen receptor alpha has
several single nucleotide polymorphisms (SNPs), the
PvuII, XbaI, and B-variants, that may be associated with
receptor expression and function (56–57). Recently, sev-
eral case-controls studies (58–60), but not all (57), have
found an increased frequency of the PvuII and XbaI poly-

morphisms (polymorphic sites that are in linkage dise-
quilibrium) in patients with AD compared with controls.
One recent prospective study reported that polymor-
phisms in the estrogen receptor alpha genes PvuII and
XbaI are associated with a risk of cognitive decline in
older women (61). More research is needed to determine
the mechanisms that may explain this association. See
also Chapters 6 and 12.

TREATMENT OF AD IN WOMEN

Cholinesterase inhibitors are currently the only FDA-
approved treatment for AD. AD is associated with a
reduction of acetylcholine, and cholinesterase inhibitors
help increase the concentration of acetylcholine in the
brain. The major therapeutic effect is the maintenance
of cognitive function. Additional effects may include
slowing of cognitive decline and improving behavioral
symptoms. A recent meta-analysis concluded that
cholinesterase inhibitors have a modest beneficial impact
on neuropsychiatric symptoms and functional status for
patients with AD (62).

The effect of cholinesterase inhibitor treatment may
differ between men and women with AD. For example,
one study found that after 3 months of cholinesterase
inhibitor therapy, men had a 73% greater chance of
responding than women (63). APOE genotype may also
interact with gender on the effect of cholinesterase
inhibitor treatment. Treatment with cholinesterase
inhibitors had less of an effect in women with the APOE
4 allele than women with either the epsilon 2 or 3 allele.
In contrast, the treatment effect was no different between
men with different APOE alleles (64).

CAREGIVING IN AD

Women account for approximately 75% of caregivers
for patients with dementia (65). Studies suggest that
caregiving may adversely impact the physical and psy-
chologic health of the caregiver. In addition, the care-
givers of demented patients tend to experience greater
stress and worse mental health than the caregivers of
nondemented patients (65). A meta-analysis of 14 stud-
ies suggested that female caregivers experience approx-
imately a 20% greater degree of burden than the male
caregivers. Yee and Schulz (66) also noted that female
caregivers experience more depression than male care-
givers. When specifically evaluating possible gender dif-
ferences in caring for dementia patients, Gallicchio and
colleagues (67) found that the burden, and not depres-
sion, was higher in female caregivers when compared
with male caregivers of dementia patients. Additional
research is needed to address the effect of caring for



ALZHEIMER DISEASE IN WOMEN 415

patients with AD, especially among women, because
they disproportionately assume the responsibility of
caregiving in our society.

CONCLUSION

AD impacts women in several unique ways. First, women
have a slightly increased risk for AD and mild cognitive
impairment, even possibly in the oldest-old. Second, the
clinical presentation of AD may differ in men and women.
In addition, treatment approaches in women with AD
may be slightly different from men. Finally, women also
experience more keenly the impact of caregiving for
patients with AD. Current research efforts are attempt-
ing to better define normal aging and the earliest transi-
tion from healthy aging to dementia. Clearly, a need exists
to continue to explore possible gender-related differences
in both healthy aging and AD, with a goal of identifying
the underlying biological mechanism for these differences.
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sychiatric disorders are extremely
common. One-year population
prevalence rates of mental or sub-
stance abuse disorders in American

adults exceeds 15%, whereas lifetime prevalence rates for
psychiatric disorders have been estimated at 32% (1).
This chapter provides an overview of the psychiatric con-
ditions most common in women, their prevalence, diag-
nosis, and initial treatment interventions (Table 31.1).
Women are more likely than men to develop several psy-
chiatric disorders including major depression, seasonal
affective disorder (SAD), rapid cycling bipolar disorder,
eating disorders, panic disorder, phobias, generalized anx-
iety disorder, somatization disorder, pain disorder, and
borderline and histrionic personality disorder (2). Women
are also more likely to attempt suicide and have higher
rates of medical disability (3).

Despite the greater prevalence of many psychiatric
conditions in women, etiologic studies, clinical research,
drug trials, and outcome studies have usually studied
men, and results have been generalized to women with-
out regard for gender variability in phenomenology, drug
response, drug metabolism, or side effect profiles. Such
generalizations are particularly concerning given that
75% of psychotropic medications are prescribed to
women and that drug reaction fatalities are more com-
mon in women (4). Lower gastric acidity, body weight,
and blood volume, and a higher percentage of body fat

compared with men, affect the absorption and distribu-
tion of medications in women. Women also have lower
plasma protein binding, slower hepatic glucuronidation
and hydroxylation, lower renal clearance, and greater
cytochrome P450 3A4 activity than men (5). Further-
more, women’s cyclical hormonal fluctuations may inter-
fere significantly with serum levels of a variety of psy-
chotropic drugs over the menstrual cycle.

All physicians should be familiar with the signs and
symptoms of psychiatric disorders, first-line interven-
tions, and available referral options for mental health.
Unfortunately, many cases of psychiatric illness remain
undetected, untreated, or undertreated, and only a small
fraction is ever evaluated by psychiatrists. The majority
seek care from nonpsychiatric physicians; however, pri-
mary care providers have been found to detect only 50%
of psychiatric disorders in their practices (6). Many
patients present with somatic complaints and do not vol-
unteer emotional symptoms, contributing to these low
detection rates in nonpsychiatric settings (7). Affective
disorders in particular are extremely common in patients
with chronic medical illness (8), and the prevalence of
mental illness and substance abuse in patients seen by gen-
eral medical practitioners is twice that for psychiatric dis-
orders in community samples. The rates of psychiatric ill-
ness are even higher for hospitalized severely ill medical
patients and high users of medical services. Neurologic
disorders, such as stroke, Parkinson’s disease, Alzheimer’s
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disease and tinnitus are among medical conditions
strongly associated with psychiatric illness, most com-
monly depression (9).

Untreated major depression may worsen the prog-
nosis of medical conditions and increases the use of med-
ical services. Depression can amplify somatic symptoms
and lower pain thresholds, thus increasing functional dis-
ability. A longitudinal study of high users of ambulatory
services revealed that 50% were depressed. Only those
with decreased depressive symptoms at a 1-year follow-

up showed an improvement in disability scores (10). The
depressive symptoms of decreased mood, concentration,
attention, and memory as well as hopelessness, anhedo-
nia, and fatigue often impair the motivation to comply
with treatment recommendations. A timely diagnosis and
effective treatment of depression in the chronically med-
ically ill helps improve prognosis, lessen disability, and
decrease the high use of health services.

The socioeconomic burden of mental illness is very
high. Approximately 60% of suicides are attributable to
affective disorders alone, and 95% of suicides meet the
diagnostic criteria for a psychiatric diagnosis on psychi-
atric postmortem. Annual U.S. costs for treatment, mor-
tality, and morbidity associated with cases of treated
depression have been estimated at over $43 billion (11).
Because most individuals with affective illness are either
untreated or undertreated, this figure underestimates the
total cost of depression to society (12). The mortality and
morbidity in the undertreated population, most of which
is female, is especially worrisome, because 70 to 90% of
depressed patients respond to antidepressant therapy.
Given the availability of effective treatment, timely diag-
nosis and psychiatric care are likely to decrease medical
morbidity, mortality, and overall health care expenditure.

PSYCHIATRIC ILLNESSES ACROSS
THE FEMALE LIFESPAN

Throughout a woman’s life, specific periods occur during
which she is at increased risk for developing particular
psychiatric disorders. Although the most common psy-
chiatric illnesses—mood and anxiety disorders—may
occur at any age, a number of psychiatric conditions are
more likely to occur at specific periods of the female life-
span. During these critical periods, the clinician must
include appropriate questions in the history and mental
status examination to screen for these disorders.

In childhood, young girls are at risk for school pho-
bias, anxiety disorders, attention-deficit hyperactivity dis-
order (ADHD), and learning disabilities. Adolescence and
puberty are accompanied by a marked increase in the inci-
dence of eating disorders. With menarche, 2% of young
women develop late luteal premenstrual dysphoria. The
premenstrual drop in estrogen and progesterone levels,
both of which modulate serotonin, dopamine, norepi-
nephrine, and gamma aminobutyric acid (GABA) function,
may explain the monthly fluctuations in psychiatric symp-
toms observed in several studies and the increase in psy-
chiatric symptoms and hospital admissions associated with
the premenstrual and menstrual phases of the female cycle
(13). The divergence in risk of depression after puberty,
with women developing approximately twice the risk when
compared with men of the same age, also suggests a role
for the hormonal environment in influencing susceptibil-

TABLE 31.1
Common Psychiatric Disorders in Women

I. Eating Disorders
Anorexia nervosa
Bulimia nervosa
Binge eating disorder

II. Affective Illnesses
Major depression
Adjustment disorder with depressed mood
Premenstrual dysphoric disorder
Postpartum affective illnesses
Seasonal affective disorder
Bipolar disorder
Dysthymia

III. Alcohol Abuse and Dependence
IV. Sexual Disorders

Sexual desire disorders
Sexual arousal disorders
Orgasmic disorders
Sexual pain disorders

Vaginismus
Dyspareunia

V. Anxiety Disorders
Phobic disorders

Specific phobia
Social phobia
Agoraphobia

Panic disorder
Generalized anxiety disorder
Obsessive-compulsive disorder
Post-traumatic stress disorder

VI. Somatoform Disorders and Factitious 
Disorders
Factitious disorder

Malingering
Somatoform disorders

Somatization disorder
Conversion disorder
Hypochondriasis
Somatoform pain disorder

VII. Schizophrenic Illnesses
Schizophrenia
Paraphrenia

VIII. Delirium
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ity to different psychiatric conditions. In childhood by con-
trast, girls tend to have lower or equal incidence and preva-
lence rates for common psychiatric disorders.

During the childbearing years, women are more vul-
nerable to anxiety and depressive disorders than men but
appear to be protected from schizophrenia (14). Women
who have a history of psychiatric illness often taper psy-
chiatric medications when planning a pregnancy, result-
ing in an increased risk of relapse, because pregnancy
increases the susceptibility to certain psychiatric disor-
ders. Following delivery, most women experience some
change in their mood. The majority has a short-lived, self-
limited period of depression or “baby blues,” which
requires no treatment. Others have severe, disabling
symptoms of postpartum depression, and a small num-
ber of women develop psychotic symptoms.

The use of psychotropic medication during preg-
nancy and the postpartum period presents several prob-
lems. Physiologic changes associated with pregnancy,
including high levels of estrogen, decreased gastrointesti-
nal motility, and increased plasma volume affect phar-
macokinetics, and limited data are available on the effect
of psychotropic drugs on the developing fetus. Risks from
medication during pregnancy and periods of breast-feed-
ing make treatment decisions challenging because each
woman’s risk–benefit of treatment is greatly influenced
by the severity of her symptoms. Besides the teratogenic
risks of medication, the offspring of mentally ill women
are at higher risk of low birth weight as well as birth and
neonatal complications. Psychiatrically ill women are also
at higher risk of becoming pregnant without the support
of a partner or to have an unplanned pregnancy.

The mid-life period is associated with a continued
risk of mood and anxiety disorders as well as other psy-
chiatric illnesses such as schizophrenia. Perimenopause is
associated with symptoms of depression, irritability,
insomnia, and fatigue, and women may experience
changes in sexual function. If treated with antidepressants
for affective and anxiety disorders, women are at risk for
side effects, including decreased sexual functioning.
Although no clear evidence suggests that menopause is
associated with an increased risk for depression, most
women face many changes during this period, particularly
in their roles within the family. Many women exchange
their active roles in raising their children for the role of
caretaker for their aging parents. Caring for elderly par-
ents on a daily basis is almost exclusively done by women
(15). The importance of monitoring the mental state of the
caretaker cannot be overstated, given the potential impact
on the well-being of the patient. See also Chapter 13.

As women age, they are at increased risk for demen-
tia and the psychiatric complications of medical condi-
tions such as stroke. Because women have a longer life-
span than men, and the risk for dementia increases with
age, more women will be affected by dementing illnesses.

Furthermore, Alzheimer’s disease disproportionately
affects women even after correcting for their longer life-
span. This increase in risk may be related to post-
menopausal drops in estrogen levels. Estrogen appears
to play a neuromodulatory and neuroprotective role and,
as estrogen levels drop during menopause, women lose
brain cells at a faster rate than men (14). Randomized
controlled trials support a protective effect of estrogen
replacement therapy on verbal memory in nondemented
postmenopausal women. However, estrogen does not
appear to be effective in reversing or slowing cognitive
loss in Alzheimer’s disease. Whether estrogen replacement
delays onset of Alzheimer’s remains unanswered and is
currently being evaluated in several large prospective, ran-
domized, double-blind, placebo-controlled studies (16).

Older women with multiple medical conditions also
face an increased risk for delirium if they are taking mul-
tiple medications; decreases in renal and hepatic clearance
related to advanced age contribute to an increased risk
of toxicity. Women have an elevated risk of paraphrenia,
a psychotic disorder with onset typically after the age of
60. Given their longer life expectancy and the fact that
they tend to focus more on interpersonal relationships,
women are more likely to deal with bereavement, mak-
ing such losses particularly unsettling.

APPROACH TO THE
FEMALE PSYCHIATRIC PATIENT

Psychiatry is the study of affective, cognitive, and behav-
ioral disorders that arise in conscious experience. Psy-
chiatric evaluation and treatment follow the same logic
of history taking and examination, differential diagno-
sis, and treatment planning that is found in other medical
conditions. A psychiatric formulation should encompass
four perspectives (17): (i) psychiatric diseases, or what the
patient has; (ii) disorders of temperament, or what the
patient is; (iii) behavioral disorders, or what the patient
does; and (iv) disorders that arise from life circumstances
and life stressors, or what the patient encounters.

PSYCHIATRIC DISEASES

Schizophrenia and major depression are examples of psy-
chiatric diseases. These conditions are similar to other
medical illnesses in that they present with a discrete onset,
course, and clinical syndrome of signs and symptoms
judged as categorically present or absent in a specific indi-
vidual. As with other medical diagnoses, they are pre-
sumed to be the result of a “broken part,” in terms of
brain function, resulting in some cases from a genetic or
neurodevelopmental abnormality. When symptoms are
clearly abnormal and bizarre, as with auditory halluci-
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nations, delusions, or severe obsessions and compulsions,
the diagnosis of an abnormal mental state is straightfor-
ward. In other cases, distinguishing the pathologic symp-
toms, such as depressed mood in major depression, from
normal feelings of sadness or discouragement arising from
life circumstances, can be challenging. The focus should
be on eliciting stereotypical patterns of symptoms or
symptom complexes that are characteristic of the com-
mon psychiatric diseases, combined with knowledge of
those diseases that are more common in women.

DISORDERS OF TEMPERAMENT

The second perspective approaches the patient in terms
of her personality, or what she is like as a person. Under-
standing a patient’s temperament contributes to an
improved therapeutic alliance. Personality traits such as
perfectionism, indecisiveness, or impulsiveness exist
along a graded continuum normally distributed in the
population, much like physiologic traits such as height or
weight. Unlike psychiatric diseases, no clear distinction
exists between characteristics that are “symptoms of dis-
ease” versus healthy variations, and diverseness in per-
sonality styles is normal among individuals in a popula-
tion. Psychopathology or functional impairment in an
individual may be evident when traits fall at the extremes
of the population distribution. When a woman’s tem-
perament leads to serious interference with her profes-
sional or interpersonal function, severe enough to qual-
ify as a probable personality disorder, medical care may
be impacted and collaboration with a psychiatrist often
is helpful.

BEHAVIORAL DISORDERS

Behavioral disorders have an addictive, self-reinforcing
quality. They involve goal-directed, compelling behaviors
dominant to all other aspects of the behavior of an
affected individual. Examples of these disorders include
substance abuse disorders and eating disorders. The treat-
ment for these conditions must be staged and should
include attention to the behavioral aspects of the condi-
tion. The initial goals of treatment are engaging the
patient, monitoring and stopping problematic behaviors,
and neutralizing sustaining factors. Sustaining factors
may include comorbid psychiatric conditions, such as
depression or anxiety disorders, or illogical thoughts,
such as an anorectic’s belief that “if I eat more than 800
calories daily I will get fat.” Group therapy is particularly
effective in treating behavioral disorders. The final step
in treatment is the prevention of relapse. Transient relapse
is the norm rather than the exception in the course of
behavioral disorders.

THE PATIENT’S LIFE STORY

The fourth perspective is one of narrative. It involves
weaving a meaningful story out of a patient’s life experi-
ences. Stressors, life circumstances, and social forces are
formative factors that can modulate disease expression,
personality, and behavior. Developmental life stages,
including puberty, pregnancy, and menopause, can be
associated with an increased risk for certain disorders.
Social conditioning and differences in gender roles may
help explain the increased frequency of specific symptom
complexes in women. For example, the media’s focus on
the thinness ideal in Western societies is a likely contrib-
utor to the preponderance of women with eating disor-
ders. Such conflicting female roles for contemporary
Western women as “devoted wife,” “doting mother,” and
“successful career woman” add to this stress. The per-
spective of the patient’s life story is the approach most
closely aligned with methods of insight-oriented psy-
chotherapy, or finding a “meaning to life.” The curative
power of such therapies does not reside in finding the
“right” meaning for a patient’s symptoms. Rather, the
process enriches the patient’s understanding of herself by
working with an empathic authority to make sense of her
past and to empower her with a feeling of mastery and
goal-directedness in the present and for the future (18).

In summary, the formulation of a psychiatric case
should include answers to the following four questions:

• Does this patient have an illness with a clear time
of onset, probable defined etiology, and likelihood
of response to pharmacologic treatment?

• What lifelong personality traits have influenced this
woman’s interaction with her environment, and
how?

• Is there a driven, self-sustained, and pervasive goal-
directed behavioral disorder in this individual?

• What events in this woman’s life have shaped her
as an individual, and what has she learned from
them?

EATING DISORDERS

Of all psychiatric conditions, none pertain as exclusively
to women as the eating disorders: anorexia nervosa,
bulimia nervosa, and binge eating disorder. Ten women
are affected with anorexia nervosa or bulimia for every
one man, and the overall incidence and prevalence rates
of eating disorders are increasing. Young white women
and adolescents from the middle and upper classes in
Western cultures are at highest risk for anorexia nervosa
or bulimia. Prevalence rates in this population are as high
as 4%. Rates of eating disorders in other age, racial, and
socioeconomic groups are also increasing (19).
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As with substance abuse, eating disorders are best
formulated as behavioral disorders resulting from a dis-
turbance in hunger, satiety, and the consumption of food.
Szmukler and Tantam (20) have described anorexia ner-
vosa as an “addiction to starvation” to illustrate its par-
allel with substance abuse disorders. Behaviors associated
with eating disorders include bingeing or restricting food
intake, purging behaviors (vomiting, laxative abuse, and
diuretic abuse), excessive exercise, and stimulant abuse.
These behaviors develop a driven, compulsive quality
fueled by psychologic preoccupations with food and
weight. Together, the thoughts and behaviors dominate
all aspects of the affected woman’s life, developing into
a “ruling passion” that impairs physical, psychological,
and social function (21). As with substance abuse, con-
flict over committing to treatment is typical, and treat-
ment must be staged and tailored to the patient’s readi-
ness for change.

As defined in the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV), anorexia nervosa includes
three criteria: self-starvation, with refusal to maintain
weight above 85% of expected; psychologic preoccupa-
tion with fear of fatness and body dissatisfaction related
to shape and weight; and endocrine disturbance resulting
in amenorrhea of 3 months’ duration or more (22).

Bulimia nervosa is characterized by the same fear of
fatness and body dissatisfaction seen in anorexia nervosa,
coupled with binge eating and compensatory behaviors
aimed at preventing weight gain from the excess calories
ingested. In DSM-IV, anorexia and bulimia are distin-
guished primarily by whether the patient is significantly
underweight and amenorrheic, not by the behaviors that
are employed to control weight. Compensatory behaviors
in either condition cover a range that includes intermittent
fasting, excessive exercise, laxative and diuretic abuse,
stimulant abuse, and self-induced vomiting.

Binge eating disorder is distinguished from bulimia
nervosa by the absence of compensatory behaviors to pre-
vent or limit weight gain; as a result, binge eaters are gen-
erally obese. Most cases of anorexia nervosa, bulimia ner-
vosa, and binge eating disorder are thought to fall along
a spectrum of disordered eating pathology. Some patients
shift with time from one diagnosis to another, the most
common direction being from a restrictive type of
anorexia nervosa, in which restriction of food intake and
excessive exercise are the predominant behaviors
employed to control weight, to bulimia nervosa. No uni-
tary model of causation exists for the eating disorders,
and they are best viewed as multifactorial in origin. Iden-
tifiable risk factors can be divided into biological, tem-
peramental, and societal predispositions.

Some evidence supports a genetic predisposition to
anorexia nervosa. Twin studies of anorexia nervosa
(23,24) have shown higher concordance rates for
anorexia nervosa in identical versus fraternal twins. One

family study yielded a tenfold increased risk of anorexia
nervosa in female relatives of anorectic probands (25).
Hormonal environment may also play a role in exacer-
bating eating disorders. For example, binge behavior in
both bulimia and binge eating disorder has been observed
to increase premenstrually in several small studies.

Temperamental or personality factors that predispose
to the development of an eating disorder include introverted,
perfectionistic, and self-critical traits. Anorectics who pri-
marily restrict food intake and do not engage in purging
behaviors are likely to be anxious persons who tend to avoid
harmful and risk-taking behavior, whereas bulimic individ-
uals often have impulsive, novelty-seeking personality traits.
Women who binge and purge may exhibit other impulse
control behaviors, including substance abuse, sexual
promiscuity, shoplifting, and self-harm.

Social forces contribute to the development of eat-
ing disorders and stem largely from Western culture’s con-
temporary idealization of thinness and an underweight,
androgynous body. The majority of young Western women
follow a restrictive diet, a behavior that increases the risk
for developing an eating disorder eightfold. Women are
conditioned to compare their appearance with one another
and to the media’s ideal of beauty, and to strive to match
the latter. These pressures are felt most strongly in ado-
lescence and young adulthood, a time when pubertal
changes increase the distribution of the female body’s fat
content by 50%, while adolescent girls struggle with the
developmental tasks of identity formation, individuation
from family, and sexual maturity. The incidence of eating
disorders in young women over the past several decades
has increased in concert with escalating social conflict over
women’s roles and the media’s increasing emphasis on
thinness as a symbol of female success.

Other risk factors or precipitants for the develop-
ment of an eating disorder include family conflict, loss
of or separation from an important attachment figure
such as a parent, physical illness, sexual conflict, and
trauma. Participation in sports or professions that empha-
size thinness such as ballet or modeling, being bullied by
peers, or the developmental stressors such as marriage
and pregnancy can also be triggers.

Although some may overlap, it is important to dis-
tinguish the aforementioned predisposing risk factors
from those that maintain the eating disorder once the
associated behaviors become entrenched. Eating disor-
ders tend to take on a self-sustaining quality over time,
becoming independent of the original precipitating fac-
tors. Sustaining factors include the development of patho-
logic eating habits and the consequences of starvation.
The anorectic patient starts starving by dieting. She is
often socially reinforced for her initial weight loss by
receiving compliments on her appearance and self-disci-
pline. Over time, the behaviors and thoughts associated
with the eating disorder develop a sense of primacy and
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a subjective anxiolytic purpose. The patient uses them
with escalating frequency and intensity to self-treat
unpleasant thoughts or feelings, much as an alcoholic
expands his or her use of alcohol from an initial social sit-
uation to a reflexive and learned way of reacting to any
emotional stress by reaching for a drink.

Eating disorders are often underdiagnosed. Patients
tend not to volunteer signs or symptoms due to feelings
of shame, conflict over giving up the associated behav-
iors, and fears of being judged or stigmatized. The phys-
iologic signs of an eating disorder may be evident on phys-
ical examination and are primarily related to starvation
or purging behavior. In addition to low body weight, star-
vation may result in bradycardia, hypotension, chronic
constipation, delayed gastric emptying, osteoporosis, and
menstrual irregularities. Purging behaviors are associated
with electrolyte abnormalities, dental problems, parotid
gland hypertrophy, and gastrointestinal symptoms.
Seizures may occur due to hyponatremia. The presence of
any of these complaints in a young woman should prompt
the clinician to ask basic screening questions, including
the patient’s highest and lowest lifetime weight and a brief
history of dieting behaviors such as skipping meals or
counting fat grams and calories. Further questioning
should explore bingeing behavior, frequency and use of
compensatory behaviors to prevent weight gain, preoc-
cupations with food and weight, and whether the patient
herself, friends, or family have ever been worried about
her having an eating disorder.

Underweight anorectics who purge are at highest
risk for serious or life-threatening complications.
Anorexia nervosa has one of the highest mortalities of any
psychiatric diagnosis, with up to 20% dying over 33 years
in one cohort study (26). Death is generally due to the
physical complications of starvation or suicide. In bulimia
nervosa, deaths are most often the result of hypokalemia-
associated arrhythmias or suicide.

The psychologic symptoms of an eating disorder can
be classified as secondary to eating disordered behaviors
or to a comorbid psychiatric condition. Starvation-
induced symptoms include a syndrome of depression and
obsessive-compulsive symptoms. In a 1950s study, male
subjects who starved to less than 75% of their ideal body
weight developed many of the characteristic signs seen
in anorexia nervosa (27). Their symptoms included
depressed mood, escalating preoccupations with and
dreams of food, decreased concentration, ritualistic eat-
ing, decreased libido, and social isolation, followed by
bingeing when given unlimited access to food. All these
behaviors eventually reversed with refeeding. This study
highlights the starvation-related, self-sustaining features
of an eating disorder and stresses the importance of
refeeding and rapid attainment of a normal weight. In
bulimia nervosa, feelings of shame and secrecy about
bingeing and purging contribute to increased social iso-

lation, self-critical thinking, and demoralization.
Most patients who have an eating disorder are also

at risk for comorbid psychiatric conditions. The most
common of these are major depression, anxiety disorders,
substance abuse, and personality disorders. Comorbid
major depression or dysthymia has been reported in 50
to 75% of anorectic patients (19) and 24 to 88% of
bulimics (28). A lifetime history of obsessive compulsive
disorder was found in 26% of anorectics (29). Failure to
recognize and treat these comorbid psychiatric illnesses
affects prognosis and interferes with recovery for the indi-
vidual patient. The social consequences of an eating dis-
order include increased isolation and avoidance of social
situations because these often revolve around food, inter-
personal difficulties, problems with sex and intimacy, and
academic or occupational impairment.

The treatment of eating disorders must be a staged
process, starting with an assessment of the severity of the
eating pathology, psychiatric comorbidity, and motiva-
tion for change. A referral to a nutritionist or cognitive
behavioral therapist who is experienced in the treatment
of patients with eating disorders is often necessary. It is
important to appreciate that stopping the behaviors
involved in these disorders is the primary intervention,
and that only after these behaviors are brought under con-
trol does more insight-oriented therapy yield progress. A
parallel is readily made with the primacy of abstinence
in substance abuse treatment, where psychodynamic ther-
apy with an alcoholic who continues drinking is gener-
ally accepted to be of little therapeutic use.

When a patient is failing outpatient treatment or is
medically compromised, a referral should be made for
admission to an eating disorders specialty service having
a coordinated treatment team, behavioral protocol, and
staff experienced in the treatment of eating disorders.
Treatment on a general psychiatric unit is less likely to
be effective in motivating the patient to give up her eat-
ing disorder, and long-term mortality has been shown to
be lower for anorectic patients treated on a specialty unit
(30). Group therapy and the close monitoring of meals
and bathroom use by nurses on a behavioral unit mini-
mizes manipulative behavior and provides patients with
the structure, peer support, and reshaping of their rela-
tionship with food necessary for a successful outcome.

Several classes of psychopharmacologic agents have
been used to treat patients with eating disorders. Double-
blind placebo-controlled trials confirm the efficacy of a
wide range of antidepressant drugs in decreasing binge-
purge frequency in bulimia nervosa. Imipramine,
desipramine, trazodone, and fluoxetine have all been found
to decrease the frequency of binge-purge behaviors inde-
pendent of the presence of comorbid depression. In the case
of fluoxetine, higher doses (60 mg) than those commonly
used in depression are most effective (31). Monoamine oxi-
dase inhibitors (MAOIs) and buproprion are relatively con-
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traindicated because of the need for dietary restraint with
MAOIs and an increased risk of seizures with buproprion
in bulimics. First-line intervention for bulimia should
include a trial of a tricyclic antidepressant drug or selec-
tive serotonergic reuptake inhibitor (SSRI) in conjunction
with cognitive-behavioral therapy.

In anorexia nervosa, no medication has been proved
effective in increasing weight gain in controlled trials.
Except when a patient is severely depressed or has marked
obsessive compulsive symptoms, most clinicians recom-
mend monitoring a patient’s mental state during refeeding,
rather than treating patients with medication while they
are still underweight. Most of the depressive symptoms,
preoccupations, and rituals around food and weight remit
as a patient reaches a healthy weight. When a decision is
made to prescribe an antidepressant, a low-dose SSRI is
often the safest choice, given the potential risk of a car-
diac arrhythmia or hypotension with tricyclic antidepres-
sant drugs and the general risk of increased side effects in
this underweight population. A small double-blind con-
trolled trial of fluoxetine in anorexia nervosa indicates that
this agent may be useful in preventing weight loss in
anorexia after inpatient weight restoration (32).

Studies of neurotransmitters and neuropeptides in
ill and recovered patients with eating disorders are lim-
ited in number but indicate dysfunction in central nervous
system (CNS) serotonergic, noradrenergic, and opiate sys-
tems. Feeding behavior studies in animal models impli-
cate the same neurotransmitter systems. The efficacy of
serotonergic and noradrenergic antidepressant medica-
tions in bulimia nervosa may well relate to the physiol-
ogy of feeding behavior (33). Data from human studies
conflict, and it is unclear whether observed neurotrans-
mitter abnormalities in patients with eating disorders are
state-related, arising from dieting and binge-purge behav-
iors themselves, or trait-related, preceding the onset of the
eating disorder behaviors in susceptible individuals and
failing to remit with treatment.

Outcome studies for anorexia nervosa show that of
hospitalized patients at 4-year follow-up, 44% have a
good outcome, with weight restoration and resolution of
amenorrhea; 28% have an intermediate outcome; 24%
remain chronically underweight and have a poor out-
come; and 4% die (19). Poor prognostic factors include
binge-purge type anorexia, lower minimum weight, and
previous treatment failure. Up to 40% of anorectics
develop some bulimic behaviors at follow-up.

The long-term outcome of bulimia nervosa is largely
unknown. Abstinence is uncommon, and episodic waxing
and waning of symptoms is frequent. Decreased bulimic
symptoms are reported by 70% of patients in short-term
outcome studies employing combined medication and psy-
chosocial therapies. Controlled treatment studies show bet-
ter outcomes for cognitive-behavioral or interpersonal ther-
apy than for behavioral therapy alone (34), and the

combination of an antidepressant medication and cogni-
tive-behavioral therapy has been shown to be superior to
therapy or drug alone (35). As with anorectics, the sever-
ity of symptoms in bulimia is related to prognosis. Of
patients with severe bulimia requiring inpatient treatment,
33% have a poor outcome at 3 years and engage daily in
ongoing bingeing and vomiting behaviors (19).

Eating disorders are complex psychiatric disorders
that are primarily found in women. Although frequently
undertreated, they are associated with high morbidity and
are increasing in prevalence in Western societies. Treat-
ment using psychologic, psychoeducational, and phar-
macologic techniques significantly improves prognosis.
Although initial intervention may not require specialty
care, failure to respond to treatment warrants early refer-
ral to a psychiatrist or an eating disorders program. Fur-
ther research is needed to clarify the reasons for the pre-
ponderance of eating disorders in the female population,
to identify preventive measures and risk factors, and to
develop focused and effective treatments.

AFFECTIVE DISORDERS

Affective disorders are psychiatric illnesses that have a
change in mood as their principal feature. Everyone expe-
riences variations in mood, but few know the extreme
mood states of the affective disorders. Depression and
mania are the two principal mood states seen in the major
affective illnesses. Affective disorders include major
depression, bipolar disorder, dysthymia, and adjustment
disorder with depressed mood. Hormonal status may
impact the risk for affective disorders throughout a
woman’s lifespan, with increased symptoms associated
with menstruation and pregnancy.

Depression

Depression is one of the most prevalent psychiatric disor-
ders and occurs more commonly in women (36). Most
population-based studies have estimated prevalence rates
of depression to be twice as high for women as for men.
In a cross-nation study, Weissman demonstrated higher
rates of depression in women in 10 countries (37). This
finding may be partially influenced by the tendency of
women to have better recall of past episodes of depres-
sion (38). The range of clinical presentations and lack of
specific diagnostic signs or laboratory tests associated with
the illness complicate the diagnosis of depression. The
experience of feeling depressed is universal. When diag-
nosing depression, the challenge is to distinguish between
short-lived periods of sadness that are related to life cir-
cumstances and depression arising from a particular ill-
ness. For example, sadness and a lack of enjoyment in
activities may be expected during periods of bereavement,
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making it difficult to distinguish during the initial period
of grief between a normal grief reaction and a depressive
episode with relatively mild symptoms. The key to the dif-
ferential diagnosis is recognizing typical symptoms and
monitoring their course. A grieving individual usually will
not have a change in self-attitude, suicidal thoughts, feel-
ings of hopelessness, or persistent neurovegetative symp-
toms such as disturbances in sleep, appetite, and energy
level lasting continuously for weeks to months.

The diagnosis of major depression is based on clin-
ical history and an examination of mental status. Cardi-
nal symptoms include a sad or depressed mood and anhe-
donia—a lack of interest in and an inability to enjoy usual
activities. At least one of these symptoms is a requirement
in the diagnostic criteria of the DSM-IV (22). In addition
to depression or anhedonia lasting for at least 2 weeks, a
major depressive episode is characterized by a change in
vital sense marked by at least four of the following neu-
rovegetative symptoms: significant weight loss or weight
gain, insomnia or hypersomnia, psychomotor retardation
or agitation, fatigue or loss of energy, diminished ability
to concentrate, or indecisiveness. Additionally, most indi-
viduals are self-critical, with feelings of worthlessness,
hopelessness, excessive guilt, and recurrent thoughts of
death or suicidal ideation. This change in self-attitude
may also result in patients believing themselves to be a
burden to their family and friends. Patients presenting
with major depression have a combination of some of
these symptoms. The underlying clinical syndrome com-
bines depressed mood, a change in vital sense, and a
change in self-attitude.

The continuation of symptoms for periods of at least
2 weeks helps distinguish a major depressive episode from
a briefer adjustment disorder with depressed mood. An
adjustment disorder is a “reactive” depression in which
symptoms are a reaction to a clear stressor and are typi-
cally self-limited and responsive to supportive therapy.
This does not mean that a major depressive episode can-
not be triggered by a stressful life event or should not be
treated because the depressive episode appears to be
understandable. As with bereavement, it is the severity
and course of symptoms that distinguishes an adjustment
disorder from an episode of major depressive disorder.

Certain groups, such as the elderly, are less likely to
report the classic symptoms of depression, such as low
mood and sadness, which probably results in an under-
estimation of the prevalence of depression in such groups
(39). A concern also exists that particular ethnic groups
may report somatic symptoms rather than classic depres-
sive symptoms. In older women, symptoms of social with-
drawal and a change in the reporting of somatic symp-
toms should be taken seriously because they are likely to
represent a significant change in health status—the emer-
gence of a depressive or other medical illness. Although
some laboratory tests, such as the dexamethasone sup-

pression test, have been purported to be diagnostic, they
have been shown to be nonspecific. No reliable labora-
tory diagnostic studies are available for diagnosing
depression. The diagnosis of a major depression remains
clinical and is made after a careful history and mental sta-
tus examination.

The incidence of depression during childhood is
approximately equal for boys and girls. The divergence in
the reported incidence begins around puberty. Angola and
Worthman reviewed evidence for a hormonal cause of this
disparity and concluded that hormonal developmental
changes are likely to be contributing factors in a complex
etiologic mechanism (40). With menarche, women are at
risk for premenstrual dysphoric disorder (PMDD). This
form of mood disorder is characterized by symptoms of
major depression, including anxiety and mood lability,
which occur during the last week of the luteal phase of the
menstrual cycle and remit during the first few days of the
follicular phase (41). Although premenstrual mood symp-
toms affect 20 to 30% of women, severe incapacitating
premenstrual mood cycling is less common, with a preva-
lence of 3 to 8% in the female population (42). Two large,
multicenter, randomized, controlled trials have investi-
gated the treatment of PMDD with SSRIs. A randomized,
controlled trial of sertraline at doses of 50 to 150 mg ver-
sus placebo demonstrated a significant improvement in
both symptoms and self-reported disability in women
treated with sertraline. Sixty-two percent of sertraline-
treated women and 34% of those receiving placebo
responded to treatment (43). Fluoxetine at doses of 20
to 60 mg per day has also been shown to decrease pre-
menstrual symptom severity in up to 50% of women
tested in a multicenter, placebo-controlled trial (44). In a
meta-analysis, Dimmock and colleagues demonstrated the
efficacy of fluoxetine, sertraline, paroxetine, and citalo-
pram in treating PMDD (45). Growing evidence suggests
that intermittent dosing during the late-luteal phase may
be equally effective for a subset of women with PMDD
(46,47). In a study comparing the SSRI sertraline to the
tricyclic antidepressant (TCA) desipramine, the SSRI was
significantly more effective, whereas the TCA was com-
parable to placebo (48). Aside from the distinct syndrome
of PMDD present in a small minority of women, women
in the midst of a major depressive episode may also have
worsening of symptoms premenstrually. It is unclear
whether this is simply the worsening of one condition or
the superimposition of two conditions (49). Similarly, in
women with bipolar illness, worsening of depressive
symptoms or increase in mood cycling may occur in the
premenstrual period.

Pregnant women may experience an entire range of
affective symptoms either during gestation or postpartum.
Population studies have estimated that the prevalence rate
of major depression (approximately 10%) is similar to
that in nonpregnant women (50,51). Additionally,
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women may experience less severe depressive symptoms,
elated mood, mania, or periods of psychosis with hallu-
cinations and delusions. Special concerns with respect to
treatment during pregnancy involve both the onset of new
episodes and the continuation of medications as prophy-
laxis against recurrent episodes. Women with a pre-exist-
ing mood disorder such as depression or bipolar illness
have been shown to have high relapse rates when med-
ications are discontinued during pregnancy (52–54). The
risk of fetal complications from medications used to treat
mood disorders must be weighed against the risk to
mother and fetus if the mother’s mood symptoms worsen.

In a comprehensive review, Altshuler and colleagues
(55) outlined treatment guidelines for various psychiatric
illnesses during pregnancy. Generally, pharmacologic
treatments should be avoided if possible during the first
trimester, given the risks of teratogenicity. If the symptoms
are severe, however, treatment with an antidepressant
medication or mood stabilizer may be necessary. The spe-
cific medication should be chosen to minimize risk to the
fetus. Wisner and colleagues reviewed the treatment of
depression during pregnancy, including recent prospective
studies of the TCAs and SSRIs. Exposure to TCAs and
SSRIs did not increase the risk for intrauterine or major
birth defects (56). See also Chapter 4. Electroconvulsive
therapy (ECT) is another relatively safe treatment for
severe depression during pregnancy. First-trimester expo-
sure to lithium is associated with congenital cardiovas-
cular malformations. Antiepileptic drugs and benzodi-
azepines have also been associated with an increased risk
of congenital malformations and should be avoided if pos-
sible. Each woman’s case must be evaluated on an indi-
vidual basis, with careful consideration of the level of
symptom severity. A consultation with a psychiatrist is
advisable to assess the risks of untreated illness versus the
risk of pharmacologic complications to mother and fetus.
Many women experience a mood change after delivery.
A wide range exists in the severity of symptoms from the
“baby blues” to major depression to psychotic episodes.
Most women experience this mood change in the first 6
months following delivery, with a resolution of the symp-
toms of dysphoria and irritability by the end of this
period. The range of mood changes is quite broad, and
some women continue to experience depressive symptoms
for many months to years, often experiencing several
episodes. In a study of 119 women followed up after the
birth of their first child, one-half of those receiving psy-
chiatric treatment soon after delivery had a recurrence of
psychiatric problems during the following 3 years (57).
The early detection of symptoms and prompt treatment
is critical for both the mother and the child, because
depression may affect a mother’s ability to bond with and
care for her infant. The management of depression with
antidepressants in nursing mothers requires careful con-
sideration of the risks versus benefits of continued breast-

feeding, however. Tricyclic antidepressants have been the
most studied antidepressants in breast-feeding and are
detected in breast milk at concentrations approximating
those in maternal plasma. Studies of the effects of tricyclics
on infants are very limited, and caution is advisable in pre-
scribing them. To avoid peak plasma levels, it is advis-
able to prescribe once daily dosing in the evening and have
mothers feed with formula overnight and breastfeed only
during the day. Of the SSRIs, sertraline and paroxetine are
secreted in breast milk at lower concentrations than flu-
oxetine and are preferable for this reason (58).

Mood changes at the time of menopause have long
been noted. Recent studies, however, have not supported
a clear association between menopause and affective ill-
ness. In a review of this subject, Schmidt and Rubinow
(59) outline the major limitations of published studies of
this association. One criticism has been the often unclear
delineation of affective symptoms from affective disor-
ders, and a specific pattern of mood disturbance or behav-
ior change has not been demonstrated.

Mood symptoms related to the hormonal changes of
menopause may be distressing and may warrant a trial of
hormone replacement therapy (HRT). The results of the
10th interim analysis of the Women’s Health Initiative
resulted in a termination of the trial of the combined estro-
gen/progesterone arm of the trial (60). These results have
complicated the risk–benefit analysis for HRT, thus neces-
sitating careful assessment of each individual case. See also
Chapter 12. If symptoms are severe, interfere with func-
tion, or meet diagnostic criteria for an affective disorder,
initial management with an antidepressant medication
should be considered.

Given the longer average life expectancy of women,
most women in long-term relationships and marriages
outlive their spouses. As a result, most elderly women face
bereavement and grief. Although empathic support is usu-
ally sufficient to deal with the symptoms of grief, older
women should be monitored for the emergence of severe
depressive symptoms. The history and mental status
examination of elderly women should include screening
for somatic symptoms and new feelings of “being a bur-
den” to family, because older patients are less likely to
report sad, depressed mood as a primary complaint. The
treatment of depression in the elderly is often complicated
by a poorer tolerance of antidepressant medications,
which may necessitate starting with small initial doses and
gradually increasing the dose. SSRIs are less likely to cause
anticholinergic side effects, such as sedation and orthosta-
sis, which are of particular concern in the elderly. How-
ever, SSRIs may interact with other medications metabo-
lized by the cytochrome P450 system, and if a patient is
taking several medications, the monitoring of all drug
blood levels and potential side effects is essential.

There is no known single cause of depression. The
clearest demographic risk factor is female gender. An
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analysis of population-based data demonstrated an
increased risk for major depression in divorced and sep-
arated individuals and in the unemployed (61). The role
of psychologic causes has been extensively studied with-
out a clear consensus. Family studies have demonstrated
an increased prevalence of affective disorders in the first-
degree relatives of probands with depression (62). Twin
studies have also supported a genetic predisposition in
some patients (63). Evidence for a hereditary basis is
stronger for bipolar disorder than for major depression
(64). Research efforts support probable abnormalities in
the functioning of the neurochemical systems involving
serotonin and norepinephrine (65–67).

The usual treatment of major depression is the com-
bination of pharmacologic management with an antide-
pressant and psychological treatment incorporating sup-
portive or cognitive-behavioral psychotherapy. The
development of new generations of antidepressants that
have relatively few side effects has expanded treatment
options for patients with depression. The four major cate-
gories of antidepressants are in use: (i) tricyclic antidepres-
sants (TCAs), (ii) selective serotonin reuptake inhibitors
(SSRIs), (iii) MAO inhibitors (MAOIs), and (iv) other/atyp-
ical antidepressant drugs. Table 32.2 outlines the antide-
pressant drug classes, drugs within each class, typical start-
ing and maintenance doses, and common side effects.

The key principle in the use of antidepressant med-
ications is completing an adequate trial of at least 6 to 8
weeks for each antidepressant at a therapeutic dose.
Unfortunately, patients often have trials of antidepressant
drugs discontinued before reaching a therapeutic level or
after only a few weeks because there has been no clear
benefit. For the TCAs, the monitoring of blood levels is
helpful to confirm that the patient’s dosage is at a thera-
peutic level. Blood levels are less helpful with SSRIs, and
the therapeutic level may vary significantly. If a patient
fails a full trial with an antidepressant medication and
continues to have symptoms of a major depressive
episode, another trial of antidepressant drugs using a
medication from a different class should be initiated. Cau-
tion is warranted in generalizing the results of pharma-
cologic antidepressant treatment studies done on men to
women. For example, premenopausal depressed women
appear to have better response to serotonergic antide-
pressants, whereas men tend to respond more favorably
to TCAs (9).

All patients being treated with antidepressant med-
ications should be monitored for the emergence of manic
symptoms. Although they are a relatively rare complica-
tion of antidepressant treatment, manic symptoms includ-
ing elated or irritable mood, decreased need for sleep,
increased energy, and increased agitation may occur, espe-
cially in individuals who have a family or personal his-
tory of bipolar disorder. All patients should be asked
about previous symptoms of mania or hypomania, a

mood state with milder symptoms of mania such as
decreased need for sleep, increased energy level, and
increased self-confidence. For patients who have a per-
sonal history of bipolar illness or a strong family history
of manic-depressive illness, consultation with a psychia-
trist is helpful to plan treatment with a mood stabilizer
such as lithium or valproic acid, possibly in combination
with antidepressant medications.

Seasonal Affective Disorders

Some persons have a seasonal pattern of depression, with
a worsening of symptoms during the winter months. The
clinical presentation of this disorder ranges from mild
symptoms that do not significantly impair functioning to
major depression. If symptoms are mild, management
with a full-spectrum nonultraviolet light (10,000 lux) for
15 to 30 minutes each morning during the winter months
may be sufficient. These full-spectrum lights are com-
mercially available. If symptoms meet the criteria for
major depression, antidepressant medication should be
combined with light therapy.

Bipolar Disorder

The essential distinction between major depression, or
unipolar depression, and bipolar disorder is the presence
of both depressed and manic episodes. The criteria for a
depressive episode in bipolar disorder are essentially the
same as those for a major depressive episode. A manic
episode is characterized by persistently elevated, expan-
sive, or irritable mood lasting for at least 1 week. This
mood change is accompanied by several of the following
symptoms: elevated self-attitude or grandiosity, decreased
need for sleep, loud and rapid speech, racing thoughts,
flight of ideas, distractibility, increased activity, or agita-
tion. This general increase in the patient’s vital sense often
includes overinvolvement in pleasurable activities such as
spending more money, substance abuse, increased and
often promiscuous sexual activity, and more erratic busi-
ness investments.

The spectrum of bipolar illness ranges from bipolar
type I disorder, the classic form with a history of both
depressive and manic episodes, to bipolar type II disor-
der, which combines depressive episodes and hypomanic
periods. Hypomanic episodes are a milder form of typi-
cal mania in which similar symptoms occur but do not
impair the patient’s social and occupational functioning
to a marked degree. Other forms of bipolar illness include
rapid cycling, in which mood states change rapidly, and
mixed states, in which the patient simultaneously expe-
riences the symptoms of both mania and depression.
Mixed states are particularly distressing because patients
experience both depressive symptoms and an energized,
agitated state.
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TABLE 31.2
Common Antidepressants

Class of Starting Usual Blood Common
Antidepressants Dose Therapeutic Dose Levels Side Effects

Tricyclics
Nortriptyline 10–25 mg 50–150 mg 70–140 ng/mL Sedation, dry mouth,
(Pamelor®) qhs qhs titrated to level orthostasis, constipation

Desipramine 10–25 mg 50–200 mg >125 ng/mL Sedation, dry mouth, orthostasis,
(Norpramin®) qhs qhs titrated to level constipation

Imipramine 10–25 mg 100–300 mg 200–250 ng/dL Sedation, dry mouth, orthostasis,
(Tofranil®) qhs qhs constipation

SSRIs
Citalopram 20 mg qd 20–40 mg qd Unclear Insomnia, agitation, nausea, 
(Celexa®) anorexia, sexual dysfunction

Escitalopram 10 mg qd 10–20 mg qd Unclear Insomnia, agitation, nausea, 
(Lexapro®) anorexia, sexual dysfunction

Fluoxetine 10–20 mg qd 20–60 mg qd Unclear Insomnia, agitation, nausea, 
(Prozac®) anorexia, sexual dysfunction

Fluvoxamine 50 mg qd 100–300 mg qd Unclear Insomnia, agitation, nausea 
(Luvox®) anorexia, sexual dysfunction

Paroxetine 10–20 mg qd 20–50 mg qd Unclear Insomnia, agitation, nausea, 
(Paxil®) anorexia, sexual dysfunction

Sertraline 25–50 mg qd 50–200 mg qd Unclear Insomnia, agitation, diarrhea, 
(Zoloft®) nausea, anorexia, sexual dysfunction

MAOIs
Tranylcypromine 10 mg qd 20–40 mg qd Unclear Insomnia, dizziness, dry mouth
(Parnate®)

Phenelzine 15 mg qd 45–60 mg qd Unclear Dizziness, dry mouth, dyspepsia, 
(Nardil®) sedation

Others
Buproprion 75 mg bid 200–450 mg qd Unclear Agitation, insomnia, anxiety, 
(Wellbutrin®) in divided doses restlessness

Buproprion, SR 100 mg qd 200–400 mg qd Unclear Agitation, insomnia, anxiety, 
(Wellbutrin SR®) in divided doses (bid) restlessness

Mirtazapine 15 mg 15–45 mg qd Unclear orthostasis, drowsiness, dry mouth, 
(Remeron®) weight gain, sexual dysfunction

Nefazodone 100 mg bid 300–600 mg qd Unclear Nausea, dry mouth, sedation, 
(Serzone®) dizziness, constipation

Trazodone 50–100 mg qd 50–100 mg qhs Unclear Sedation, orthostasis, nausea
(Desyrel®) for sleep

200–400 mg qd
for depression

Venlafaxine 37.5 mg bid 150–375 mg qd Anxiety, nausea, insomnia, 
(Effexor®) dizziness, sedation

Venlafaxine, ER 37.5 mg qd 150–375 mg qd Anxiety, nausea, insomnia, 
(Effexor XR®) dizziness, sedation

SR = sustained release, ER = extended release
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The primary treatment for all forms of bipolar dis-
order is a mood-stabilizing agent such as lithium, carba-
mazepine, or valproic acid. Lithium dosage should be ini-
tiated at 300 mg once or twice daily and titrated to a
blood level between 0.8 and 1.0 mEq/L for bipolar type
I disorder. Blood level ranges for valproic acid are not as
clearly established for the management of affective dis-
orders, but the levels used for the treatment of epilepsy
can be used as a guide, with a target range between 50
and 150 µg/mL. For some patients, a combination of a
mood stabilizer and an antidepressant medication is
needed to manage persistent depressive symptoms. The
combination of a mood stabilizer and a low-dose neu-
roleptic medication may be needed to control the symp-
toms of acute mania. Although they have not been as
extensively studied, a number of newer antiepileptic med-
ications including gabapentin, lamotrigine, and topira-
mate are also being prescribed to treat bipolar disorder.

A past history of bipolar disorder in pregnant
women who are not currently on medication is associated
with a 30 to 50% risk of postpartum psychosis and war-
rants close monitoring by a psychiatrist (58). During preg-
nancy, both carbamazepine and valproate are associated
with fetal neural tube defects (NTDs) and lithium can
cause cardiac anomalies. The risk of NTDs is less than
2% with the mood stabilizers. Although the relative risk
for Ebstein’s is 10 to 20 times greater than in the general
population, the absolute risk of Ebstein’s anomaly fol-
lowing first trimester exposure to lithium is only 0.1 to
0.05% (68). In pregnancy, when risk of relapse outweighs
the risk of discontinuing the medication, a careful sec-
ond trimester fetal ultrasound to screen for NTDs or car-
diac anomalies is indicated. If lithium is continued dur-
ing pregnancy, levels should be followed closely. The dose
of lithium usually must be increased as the pregnancy pro-
gresses due to increased renal clearance (58). The dose
then needs to be decreased approximately 2 weeks prior
to delivery to decrease the risk of the “floppy baby” syn-
drome (69). Little is known about the risks associated
with the newer antiepileptics during pregnancy and lac-
tation (70). Although most clinicians advise against
breast-feeding while on lithium, studies of infant toxic-
ity are lacking.

Dysthymia

Dysthymia is a more chronic depressive state lasting for
at least 2 years but with fewer symptoms than major
depression. The severity and number of symptoms are not
sufficient to meet the criteria for a major depressive
episode but they do interfere with work or social func-
tioning. Common symptoms include appetite distur-
bance, decreased energy, impaired concentration, dis-
turbed sleep, and feelings of hopelessness. Community
studies from different countries have consistently reported

higher rates of dysthymia in women (71). The National
Comorbidity Study estimated the lifetime prevalence of
dysthymia to be 8% of women compared with 5% of men
(72). Although treatment trials involving dysthymia are
limited, some evidence suggests that SSRIs such as flu-
oxetine and sertraline may have a role in treating this
chronic form of depressed mood. In some patients,
episodes of major depression may be superimposed on a
chronic dysthymic disorder.

Comorbid Affective and Neurologic Disorders

Numerous demonstrated associations exist between neu-
rologic conditions and affective illnesses, with depressive
illnesses more commonly associated than bipolar disor-
der. The occurrence of major depressive episodes requir-
ing treatment is frequently seen in Huntington’s disease,
Parkinson’s disease, and Alzheimer’s disease. Approxi-
mately 40% of patients with Parkinson’s disease have
depressive symptoms; on average, half the depressed
patients have major depression and half have dysthymia
(73). A study of 221 patients with multiple sclerosis (MS)
found that approximately 35% had a current or lifetime
diagnosis of major depression (74). Bipolar disorder also
occurs at higher than expected rates in MS patients (75).
Several studies have demonstrated an association between
left anterior hemispheric stroke and depression (76).
Patients with AIDS may develop both depression and
mania as well as the subcortical dementia characteristic
of human immunodeficiency virus (HIV) infection. Inter-
estingly, although the prevalence of depression in indi-
viduals without neuropathology is twice as high for
women as it is for men, focal neurologic illness such as
stroke or Parkinson’s disease is associated with a 1:1
prevalence ratio between genders. This increased relative
vulnerability to depressive illness in men with stroke or
Parkinson’s may reflect a protective effect of estrogen in
women. Because estrogen regulates serotonergic tone, it
may counteract the expected effect of focal neurologic
damage (9).

In the neurologic patient, the most important diag-
nostic distinction is differentiating an adjustment disor-
der from a major depressive episode. Because the symp-
toms of neurologic conditions can be debilitating,
depressive symptoms are often “misunderstood” as a nat-
ural reaction to a serious medical condition. Patients who
meet the diagnostic criteria for an affective disorder
should be treated, because treatment of the comorbid
affective illness is likely to impact on the response to med-
ical treatment for their neurologic condition. If the clini-
cal picture does not meet the criteria for an affective dis-
order, the treatment is usually supportive psychotherapy
to help the patient come to terms with the changes and
challenges of the neurologic disorder. Peer support groups
also may be very helpful. If the patient has a psychiatric
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disorder such as depression, the treatment is essentially
the same as that for someone without a comorbid med-
ical condition. Comorbidity implies a higher likelihood
of polypharmacy and sensitivity to medications, increas-
ing the risk of delirium with treatment. For patients
receiving multiple medications, antidepressant medica-
tions should be started at low doses and carefully
increased, with monitoring for symptoms of delirium.

ALCOHOL ABUSE

Alcohol is the most commonly abused substance in the
United States, and 6% of the adult female population has
a serious alcohol problem. Although the rates of alcohol
abuse are lower in women than in men, alcohol depen-
dence and alcohol-related morbidity and mortality are
disproportionately higher, and physicians less commonly
take a substance abuse history or detect alcoholism in
women than in men (77). Studies of alcoholism have
focused on male populations, and the extension of their
findings to female populations is speculative and of ques-
tionable validity. Diagnostic instruments often include
questions regarding occupational or legal problems that
are less likely to be evident in women, since women who
work in the home are unlikely to be exposed to the pro-
fessional problems that often force men into treatment.
Although alcoholic women more commonly drink alone
and less often have histories of violent acts when intoxi-
cated, they are more likely to become the victims of sex-
ual and physical violence, often by an intoxicated part-
ner, and to develop post-traumatic stress disorder (PTSD)
(78). Indeed, alcoholic women are more likely to have an
alcoholic partner than are alcoholic men and are strongly
influenced by spouses or partners to use. Substance abus-
ing partners are also less likely to pressure their wives to
seek help while non–substance abusing husbands may
avoid confronting their wives because women who drink
heavily are stigmatized more than male drinkers, con-
tributing to increased denial and under-reporting of alco-
hol-related problems by both women and their spouses.
Taken together, these factors suggest that the reported
prevalence rates of alcohol abuse in the female popula-
tion are probably underestimated

Women develop alcohol-related medical complica-
tions faster and at lower levels of absolute alcohol intake
than men. Cirrhosis, hypertension, fatty liver, gastroin-
testinal bleeding, alcohol-related cardiac problems, cog-
nitive impairment, stroke, and malnutrition all occur ear-
lier in women, and mortality rates are higher both due
to medical complications and alcohol-related accidents.
Women who consume 1.5 drinks daily have an approxi-
mately equal risk of alcoholic liver disease as do men who
drink four or more drinks a day (79). At-risk drinking for
women has been defined by the National Institute on

Alcohol Abuse and Alcoholism as more than seven drinks
per week or three drinks per occasion. Women’s lower
levels of gastric alcohol dehydrogenase and higher ratio
of body fat/water volume help to account for the observed
discrepancies in levels of first-pass metabolism and
absolute blood alcohol between the sexes (80). As with
medical complications, alcohol dependence is “tele-
scoped” in women, occurring faster and at lower absolute
levels of consumption. A compression of the time frame
needed for the development of a withdrawal syndrome in
women is also seen with other substances of abuse,
including opiates and cocaine (81).

Evidence suggests that the incidence of alcohol abuse
and rates of alcohol-related problems are increasing in
cohorts of women born after 1950, making the need for
studies comparing alcoholic with nonalcoholic women a
priority. Physiologic risks related to alcohol abuse vary
across the female lifespan. No consistent changes in alco-
hol metabolism have been found by menstrual phase, but
menstrual irregularities, early menopause, and fertility
problems are more prevalent in heavy drinkers. Obstet-
ric complication and fetal alcohol syndrome are also com-
mon in female alcoholics (79). The incidence of cirrhosis
increases precipitously after menopause, and heavy alco-
hol consumption elevates the risk of invasive breast can-
cer (82). Elderly women are more likely to use prescrip-
tion drugs with side effects that are intensified by
concomitant alcohol use and are therefore at higher risk
of injury due to falls or motor vehicle accidents while
intoxicated. Finally, older women are at a higher risk of
longer and more severe withdrawal, complicated by
related medical problems.

Comorbid psychiatric diagnoses, especially poly-
substance abuse, mood disorders, bulimia nervosa, anx-
iety, and psychosexual disorders, are more common in
women who drink heavily compared with nonalcoholic
women or alcoholic men. In one study, the prevalence of
depression in alcoholic women was 19% compared with
7% in nonalcoholic women (83). Many women report
drinking in order to self-medicate mood states including
depression, anxiety, or premenstrual dysphoria. Although
alcohol use may provide short-term relief, it inevitably
exacerbates these conditions and can precipitate sub-
stance-induced mood or anxiety disorders in susceptible
individuals. It may take several weeks of abstinence for
these symptoms to resolve. Women with a family history
of paternal-side alcoholism, generalized anxiety disorder,
and premenstrual syndrome drink more premenstrually,
perhaps in an attempt to self-medicate anxiety or depres-
sive symptoms (84). Suicidality has also been reported to
be significantly elevated in alcoholic women.

Women are likely to seek treatment for alcoholism
indirectly, presenting to counselors or physicians with
complaints of marital or family problems and nonspecific
physical or emotional symptoms including nervousness,
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insomnia, and anxiety. Less than half of these cases are
correctly identified as alcohol-related. Women are also
more likely to be admitted to non–alcohol-specific treat-
ment, such as general psychiatric units rather than con-
ventional alcohol treatment services (81) and are more
likely to drop out of treatment (85). Because female alco-
holics often have low self-esteem and feelings of shame
and embarrassment, they may balk at confrontational
techniques and require more supportive and skill-build-
ing approaches. The very serious consequences of alco-
holism for women’s health make it crucial for physicians
to screen for alcohol abuse, to educate female patients
on the risks of drinking what are often seen as moderate
amounts of alcohol for men, and to refer patients to spe-
cialized substance abuse treatment when appropriate.
Women of childbearing age should be made aware of the
consequences of alcohol abuse as they relate to fertility,
as well as to fetal and maternal health.

Although direct questions about the amounts of
alcohol consumed tend to be unreliable, screening for
alcohol abuse should not be limited to an assessment of
laboratory values suggestive of alcoholism, such as ane-
mia, increased red blood cell mean corpuscular volume,
or elevated liver function tests and triglycerides. The ques-
tion “Have you ever had a drinking problem?” and the
four-item CAGE questionnaire (Table 31.3) (86) provide
an easy two-minute screen for an alcohol use problem.
Since the sensitivity of the CAGE is lower for women than
for men, a cut off for a positive response of one affirma-
tive response has been suggested.

Faced with the diagnosis of alcohol abuse, initial
denial and rationalization are common. Support, educa-
tion, and discussion of the physical, psychologic, and
social costs of drinking on repeat visits will help a patient
commit to treatment. Patient fears that they may lose their
partner or custody of their children if they enter treatment
and child care issues are important obstacles to treatment
access for women.  Brief physician interventions consist-
ing of two counseling sessions have been found effective
in individuals who are heavy drinkers but not alcohol
dependent and appear more effective in women than in

men, resulting in a 31% reduction in alcohol consump-
tion (87). Alcoholics Anonymous is the most widely used
and effective self-help group for alcoholism, and all-
women groups are available in many areas. Encouraging
a patient to call and set up a meeting for the same day
from the physician’s office has been shown to increase
compliance with treatment recommendations. In patients
at risk for alcohol withdrawal, detoxification as an out-
patient can be accomplished by prescribing a starting dose
of 10 to 20 mg of diazepam a day and tapering the dose
by 5 mg every 3 days. The number of pills prescribed at
each visit should be limited to the number needed until
the next office visit. The patient should be seen at least
twice weekly and should agree to take 250 to 500 mg of
disulfiram daily. Signs of withdrawal, including diaphore-
sis, tachycardia, hypertension, and tremor, should be
monitored at each checkup and should be used to pace
the taper of diazepam. Inpatient detoxification is indi-
cated for patients who are medically unstable, those who
fail outpatient treatment, and for suicidal patients.

Although alcohol abuse is less common in women
than in men, the faster progression of physiologic, psy-
chologic, and social effects of alcohol in women implies
that its cost in terms of associated morbidity and mortal-
ity is considerably higher for the individual female patient.
More research is needed to clarify the pathophysiology and
psychopathology responsible for this telescoping effect.
Additionally, improved screening of women for substance
abuse and treatment outcome studies are urgently needed,
given the narrower window for intervention before
advanced disease progression than in men (78).

SEXUAL DISORDERS

Common sexual dysfunctions are often conceptualized as
pertaining to three sexual response stages: disorders of
desire, arousal, and orgasm. DSM-IV lists sexual pain dis-
orders as a fourth category of sexual dysfunction. Disor-
ders of desire are further subdivided into hypoactive sex-
ual desire and sexual aversion. Sexual pain disorders
include vaginismus and dyspareunia. Clinically, women
often present with more than one sexual dysfunction, and
population prevalence estimates for all female sexual dis-
orders combined approximate 50%.

The role of reproductive hormones and the female
menstrual cycle in sexual function remains unclear. Most
research suggests that endogenous variations in estrogen
and progesterone do not significantly affect sexual desire
in women of reproductive age. Evidence suggests, how-
ever, that desire decreases in surgically oophorectomized
premenopausal women and can be restored by estradiol
or testosterone administration (88). Studies of fluctua-
tions in sexual arousal and orgasm with respect to men-
strual cycle–related hormonal variations have been incon-

TABLE 31.3
The CAGE Questionnaire

• Have you ever felt you ought to Cut down on your
drinking?

• Have people Annoyed you by criticizing your drinking?
• Have you ever felt bad or Guilty about your 

drinking?
• Have you ever had a drink first thing in the morning

to steady your nerves or get rid of a hangover
(Eye-opener)?
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clusive (89). In contrast, oxytocin has been implicated in
both arousal and orgasm, and levels of plasma oxytocin
have been correlated with psychophysiologic measures of
orgasm (90).

As with surgically oophorectomized women, evi-
dence supports an increase in sexual problems in post-
menopausal women (91). Diminished vaginal lubrication,
atrophic vaginitis, and decreased pelvic vasocongestion
are effectively reversed by estrogen replacement therapy.
The addition of testosterone has been shown to help
increase sexual desire, although no consistent evidence
supports the effect of androgen supplementation on the
vasocongestive responses in sexual arousal.

Cognitive and attentional factors and relationship
difficulties are often more important in female sexual dis-
orders than is organic dysfunction. The empiric treatment
of female sexual disorders has focused primarily on orgas-
mic dysfunction, dyspareunia, and vaginismus using com-
binations of educational, cognitive-behavioral, and phys-
ical interventions (92). An overall paucity of
well-designed outcome studies on the treatment of female
sexual disorders remains, however.

Of particular relevance in the psychiatric patient is
the effect of psychopharmacologic drugs on all three
phases of sexual function. Antidepressant and antipsy-
chotic medications are the two major drug classes associ-
ated with sexual side effects. Anorgasmia is particularly
common with the widely used SSRIs. 5-HT2, 5-HT1A,
and 5-HT3 receptors have all been implicated in female
sexual function (93). Despite clinical reports of successful
treatment for SSRI-associated anorgasmia with the addi-
tion of cyproheptadine or weekend “drug holidays,”
switching to another antidepressant class that is associated
with a lower incidence of sexual side effects is generally the
most effective maneuver. Buproprion, mirtazapine, and
nefazodone are common choices. Besides the sexual side
effects of psychopharmacologic drugs, chronic psychiatric
illness itself may result in decreased sexual interest or
responsiveness, as can physical illness associated with
chronic pain, lowered self-esteem, body image problems,
or fatigue (94). Some evidence suggests that a history of
depression may be a determinant of hypoactive sexual
desire disorder. In such cases, sexual dysfunction has its
onset when the affective disorder is first manifested, yet
fails to remit with resolution of the affective episode (95).

ANXIETY DISORDERS

Anxiety is a normal adaptive emotion experienced in
response to threat. It acts as a signal to alter behavior and
minimize physical and psychological vulnerability.
Decrease in anxiety is achieved through either mastery
or avoidance of the anxiety-provoking situation. Patho-
logic anxiety states are differentiated from normal anxi-

ety by the degree and chronicity of the emotion, the stim-
ulus that provokes it, or the behavioral response adapted.

Anxiety disorders are very common psychiatric dis-
orders, with a 1 month prevalence of 10% in women
(96). The mean age of onset for anxiety disorders is dur-
ing adolescence or young adulthood. Many patients
never seek help for these conditions, and of those who
do, most present to nonpsychiatric physicians com-
plaining of the somatic symptoms associated with anx-
iety. They often do not report their emotional symptoms
due to embarrassment or fear of the stigma of a mental
illness. In evaluating a woman with anxiety, certain com-
mon medical conditions should be excluded, including
cardiac conditions, hyperthyroidism, and systemic lupus
erythematosus. Drug intoxication and withdrawal, caf-
feine use, and over-the-counter medications such as diet
pills and pseudoephedrine may exacerbate anxiety dis-
orders. Medical evaluation should include a careful his-
tory and physical examination, routine laboratory tests,
TSH, ECG, and urine toxicology screen. Neurologic con-
ditions associated with anxiety include movement dis-
orders, cerebral neoplasms, cerebrovascular disease,
migraine, and epilepsy.

Anxiety disorders fall into five general groups: pho-
bias, panic disorder, generalized anxiety disorder (GAD),
obsessive-compulsive disorder (OCD), and post-trau-
matic stress disorder (PTSD). With the exception of OCD,
which has the same incidence in men as in women, anx-
iety disorders are much more common in women. Women
are three times as likely to have specific phobia or ago-
raphobia, 1.5 times as likely to develop panic with ago-
raphobia, twice as likely to suffer from GAD, and have
twice the risk for PTSD. The reason for this preponder-
ance of anxiety disorders in the female population is
unknown (97). Both hormonal and sociologic learning
theories have been proposed to explain the discrepancy.

Sociologic theories focus on conventional female sex
role stereotypes that reinforce helplessness, dependence,
the avoidance of assertive behavior, and the lack of mas-
tery experiences necessary to overcome anxiety. New
mothers often develop worries about their competence or
their child’s safety, and unwanted pregnancies or infertil-
ity can exacerbate anxiety disorders. The increasing expec-
tations and conflict over female roles as wife, mother,
homemaker, and career woman may also contribute to the
elevated incidence of anxiety disorders in women.

Hormonal fluctuations have been implicated in anx-
iety disorders premenstrually, during pregnancy, and post-
partum. OCD and GAD symptoms have been reported to
worsen premenstrually; menopause, oral contraceptives,
and HRT have all been associated with the onset of or
changes in panic disorder and OCD. Pregnancy and the
postpartum period are associated with exacerbation of
preexisting panic disorder and OCD in 30% or more
cases (5).
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Progesterone metabolites have been postulated to
act as partial GABA agonists and possible modulators of
serotonergic neurotransmission linked to dysphoric and
anxiolytic mood states. In contrast, estrogen has neuro-
protective effects and appears to enhance serotonergic
neurotransmission. Estrogen also enhances norepineph-
rine and dopamine activity by interfering with
monoamine oxidase and tyrosine hydroxylase activity (5).

Comorbidity with other psychiatric diagnoses in the
anxiety disorders is high. The most common are affec-
tive disorders, substance abuse, other anxiety disorders,
and personality disorders. In panic disorder, for example,
comorbidity with depression is higher than 50% and
comorbidity with alcohol abuse is 20 to 40%. In the case
of social phobia, comorbidity with panic disorder is as
high as 50% in some studies.

The general management principles for anxiety dis-
orders include evidence that combined pharmacotherapy
and cognitive-behavioral techniques tend to be more effec-
tive than either alone. Animal studies and pharmacologic
treatment response have implicated three major neuro-
transmitter systems: the noradrenergic, serotonergic, and
GABAergic systems. Effective classes of drugs include the
antidepressants, benzodiazepines, and beta-blockers.

All medications should be initiated at low doses and
titrated upward every 2 to 3 days, or more slowly when
poorly tolerated, to minimize side effects. Patients with
anxiety disorders are often very sensitive to side effects,
so gradual increases in dosage will maximize compliance
by minimizing side effects. Patients should be educated
about the 8- to 12-week onset of action for most antide-
pressants, warned about common side effects, encour-
aged to continue taking the medication long enough to
complete a therapeutic trial, and told that some of the ini-
tial side effects are likely to abate. The choice of antide-
pressant drug should rely on side effect profile and patient
symptoms. For example, a patient with insomnia may
benefit from a more sedating antidepressant such as
imipramine. When effective, treatment should be con-
tinued for 6 months to a year before attempting a med-
ication taper.

Benzodiazepines may be a useful adjunct and pro-
vide rapid symptomatic relief early in the course of treat-
ment, before the onset of action of the antidepressant.
Long-term benzodiazepine use should be avoided because
of abuse potential, risk of dependence, interdose with-
drawal symptoms, and development of tolerance. When
benzodiazepines are prescribed, the physician should edu-
cate the patient about these risks and the importance of
viewing these drugs as temporary symptomatic treatment.
Clonazepam 0.5 mg bid or lorazepam 0.5 mg qid for a
limited period of 4 to 6 weeks may improve initial com-
pliance with antidepressant treatment. If prescribed for
longer than 4 to 6 weeks, the discontinuation of benzo-
diazepine treatment should be achieved with a gradual

dose taper to minimize the anxiety associated with pos-
sible withdrawal symptoms.

Anxiolytic medications should be administered with
caution in the pregnant woman. Tricyclic antidepressant
drugs are the antianxiety agents with the safest and
longest established record in the pregnant patient and
fetus. There are few reports of the effect of benzodi-
azepines during the third trimester; however, several case
reports have associated their use with neonatal with-
drawal symptoms, transient agitation, hypotonia, respi-
ratory distress, and low Apgar scores. Of the benzodi-
azepines, clonazepam is thought to have the least
teratogenic potential and may be used with caution dur-
ing pregnancy for severe anxiety. Management with non-
pharmacologic techniques should always be the initial
course of action in breast-feeding and pregnant women
(98). When the use of benzodiazepines cannot be avoided
postpartum, daily dosing with a shorter acting compound
coupled with bottlefeeding timed to match high plasma
levels is preferable. Diazepam, with its long half-life, accu-
mulates in breast milk and should be avoided. See also
Chapter 4.

Cognitive and behavioral techniques are the primary
psychotherapeutic interventions used in the treatment of
anxiety disorders. Cognitive therapy relies on education
regarding symptoms and challenging false beliefs that
contribute to avoidant behaviors. Relaxation techniques
and respiratory training are also effective, as are system-
atic desensitization exercises in which patients work
through a hierarchy of progressively more anxiety-pro-
voking tasks. Referral to a psychologist or behavioral
medicine clinic is often indicated.

Phobic Disorders

Three types of phobic disorders exist: specific phobias,
social phobia, and agoraphobia. In all three, exposure to
the feared situation provokes anxiety and may result in
a panic attack.

Specific phobias are irrational circumscribed fears of
specific situations or objects, resulting in their avoidance.
Examples are fear of heights, fear of flying, and fear of spi-
ders. Age of onset is generally before age 25, and in
women, animal phobias occur earliest (97). Affected
women rarely seek treatment because most phobias do not
cause significant functional impairment and the stimulus
(for example, snakes) is easily avoided. In some cases, how-
ever, a phobia such as fear of flying may impair a woman’s
career, in which case treatment is indicated. Simple pho-
bias are relatively easy to manage using cognitive-behav-
ioral techniques and systematic desensitization. Addition-
ally, a single dose of 0.5 to 1 mg of lorazepam before an
airplane trip may help in decreasing fear of flying.

Social phobia is the most common anxiety disorder
and consists of a fear of situations in which the individual
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is open to scrutiny by others (99). This may take the form
of incapacitating performance anxiety before a presenta-
tion or more generalized anxiety in social gatherings. It
causes greater morbidity than simple phobias because the
avoidance of anxiety-provoking situations rapidly limits
work performance and social function. Although social
phobia is more common in women, men predominate in
clinical samples, perhaps because women with social pho-
bia can more easily avoid anxiety-provoking situations by
not working outside the home and because gender roles
and social expectations for men include greater assertive-
ness. Movement disorders and epilepsy may contribute to
social phobia, and in one study of Parkinson’s disease
patients, the prevalence of social phobia was 17%. The
pharmacologic treatment of social phobia relies on the use
of beta-blockers: propranolol 20 to 40 mg 1 hour before
an anticipated performance, or atenolol 50 to 100 mg
daily. These drugs block the autonomic arousal associated
with anxiety. Antidepressant drugs, including tricyclics,
SSRIs, or MAOIs in doses used to treat depression, can
also be helpful. The preferred management is a combina-
tion of pharmacotherapy and psychotherapeutic tech-
niques. These may include the short-term use of benzodi-
azepines or low-dose clonazepam or lorazepam in
conjunction with cognitive-behavioral therapy and sys-
tematic desensitization exercises.

Agoraphobia is the fear and avoidance of crowded
spaces from which escape may be difficult or embarrass-
ing. It is often associated with panic disorder. In extreme
cases, women with agoraphobia are unable to leave the
home alone without experiencing tremendous anxiety
and panic. They often rely on a spouse to accompany
them everywhere. As with social phobia, agoraphobia is
more common in women, but men are more likely to seek
treatment, perhaps because their symptoms are less
socially acceptable to themselves and to their families.
The management of agoraphobia is primarily by sys-
tematic desensitization and cognitive-behavioral tech-
niques. Because of the high comorbidity with panic dis-
order and major depression, antidepressant treatment is
also effective.

Panic Disorder

A panic attack is the sudden onset of a period of intense
fear and discomfort lasting several minutes, dissipating
gradually, and associated with at least four of the fol-
lowing symptoms: palpitations, chest discomfort,
diaphoresis, chills or hot flashes, shortness of breath or
choking, trembling, paresthesias, dizziness or lighthead-
edness, nausea or abdominal distress, fear of death, or
impending loss of control or “going crazy.” Panic attacks
can occur in all anxiety disorders. In panic disorder, they
are unexpected, at least initially, and become associated
with persistent anticipatory anxiety of future attacks, thus

leading to changes in behavior aimed at minimizing recur-
rent attacks. DSM-IV distinguishes panic disorder as
occurring with or without agoraphobia, and 50% of cases
develop agoraphobia over time. Agoraphobia is more
common in women with panic disorder than in men.
Panic attacks are also common in many intoxication
states and in medical conditions such as emphysema.
Women with panic disorder are at elevated risk for alco-
hol dependence, possibly as a complication of attempts
to self-medicate their anxiety with alcohol (5).

Although the course of untreated panic disorder
tends to be chronic, treatment is effective and most patients
show dramatic improvement with a combination of cog-
nitive-behavioral therapy and medication. Antidepressant
drugs, specifically tricyclic antidepressants, SSRIs, and
MAOIs at dosages similar to those used in the treatment
of depression, are the initial drugs of choice (see Table
31.2). Imipramine or nortriptyline should be started at low
doses of 10 to 25 mg per day and titrated upward by 25
mg every 3 days as tolerated to minimize side effects and
maximize compliance. In the case of nortriptyline, thera-
peutic levels should be checked, with a goal of a blood level
between 50 and 150 ng/mL. Imipramine should be titrated
upward to doses of 100 to 300 mg qd. Fluoxetine, flu-
voxamine, paroxetine, tranylcypromine, or phenelzine are
other appropriate choices.

Generalized Anxiety Disorder

DSM-IV defines GAD as persistent, excessive, and poorly
controlled worry about everyday activities such as work
or school, which impairs function and is not limited to
anxiety better characterized by one of the other anxiety
disorders (for example, fear of having a panic attack in
panic disorder). The anxiety is associated with three or
more of the following six symptoms: restlessness, fatigue,
poor concentration, irritability, muscle tension, and sleep
disturbance. Risk is low in adolescents and young adults
but increases with age. GAD often runs a chronic course
and is characterized by the increased utilization of med-
ical and mental health services and psychotropic med-
ication. Comorbidity between GAD and other psychiatric
disorders is very high, especially with panic disorder or
major depression (100).

Management should be multimodal and should
include psychotherapy and medication. Buspirone is a
first-line agent for the treatment of GAD. The initial dose
is 5 mg tid, titrated gradually over a few weeks to 10 to
15 mg tid. Alternatives are imipramine or an SSRI such
as sertraline (see Table 31.2). Short-term treatment with
a long-acting benzodiazepine, such as clonazepam, may
help relieve symptoms during the 4- to 8-week period
needed before the onset of action of buspirone or an anti-
depressant medication. Psychotherapeutic techniques
used in the treatment of GAD include cognitive-behav-
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ioral therapy, supportive therapy, and insight-oriented
approaches. Insight-oriented therapy is aimed at increas-
ing the patient’s tolerance for anxiety. Cognitive-behav-
ioral techniques include relaxation, biofeedback, and
identifying irrational beliefs. Supportive psychotherapy
relies on education regarding symptoms and a chance for
the patient to discuss her anxiety with an empathic
physician, which often results in a marked lessening of
the anxiety.

Obsessive-Compulsive Disorder

An obsession is an anxiety-provoking, recurrent, intru-
sive thought, impulse, or image. Examples are fears of
contamination or of committing a shameful or aggressive
act. An obsession is distinguished from a preoccupation
or rumination in that the individual perceives it as exces-
sive or irrational and tries to resist it.

Compulsions are repetitive behaviors such as hand-
washing, ordering, counting, or checking. They can also
be mental acts such as counting, repeating words silently,
or praying. The patient feels driven to perform these rit-
uals to temporarily decrease the anxiety produced by an
obsession or according to some idiosyncratic rule that
must be rigidly followed to avert danger. In clinical cases,
obsessions and compulsions interfere with function by
taking up much of an affected individual’s time.

Although the lifetime prevalence of OCD is nearly
equal in men and women, OCD in women tends to have
a later age of onset, between ages 26 and 35. The inci-
dence of OCD markedly increases in females with
puberty, surpassing that in males, although OCD is much
more common in prepubescent boys than in girls. This
flip in the gender ratio suggests a role for hormonal fac-
tors in the development of the disorder, as does the pre-
menstrual worsening of symptoms reported by 41% of
a clinical sample of subjects with OCD. A history of an
eating disorder, depression, panic attacks, or obsessive
cleaning behavior is associated with the development of
OCD in women (5). Women often develop OCD symp-
toms in the setting of an episode of major depression,
although symptoms usually persist beyond the resolution
of the depressive episode. Some evidence suggests that
OCD occurring with depression has a better prognosis.
Obsessions about food and weight and washing and
cleaning compulsions tend to be more common in
women, whereas checking rituals tend to be more com-
mon in men. These differences probably reflect cultural
forces associated with gender roles. One study found a
12% rate of past anorexia nervosa in women who
develop OCD (101). Neurologic conditions associated
with OCD include Tourette’s syndrome, temporal lobe
epilepsy, and postencephalitic conditions. Comorbidity
is especially high in Tourette’s syndrome, with 60% of
patients meeting criteria for OCD. Patients with

Tourette’s and OCD are also more likely to be female
than male.

The management of OCD is effective and should
rely on a combination of cognitive-behavioral therapy
and pharmacologic treatment. Serotonergic antidepres-
sant drugs are the first-line pharmacologic agents and
include clomipramine, fluoxetine, sertraline, and fluvox-
amine. Effective dosages are often higher than those used
in the treatment of depression; for example, fluoxetine
at 80 to 100 mg daily. All agents should be initiated at
minimum doses and gradually titrated upward every 7
to 10 days to clinical response. An 8- to 16-week trial is
often needed to assess maximal therapeutic benefit. Use-
ful behavioral therapy techniques include exposure and
response prevention, desensitization, thought stopping,
and flooding techniques. These are often as effective as
and longer lasting than pharmacologic responses to treat-
ment. The natural course of OCD is associated with at
least partial symptom remission over time in about 50%
of patients (5).

Post-Traumatic Stress Disorder

PTSD remains a relatively ill-defined disorder, that some-
times follows exposure to an event of a magnitude that
would be traumatic to any individual. Examples of such
events include combat, rape, assault, life-threatening acci-
dents, or sudden bereavement. Diagnosis requires re-
experiencing of the event through dreams or thoughts,
accompanied by avoidance of reminders of the trauma,
emotional numbing, and persistent sympathetic hyper-
arousal. Of individuals exposed to trauma, 1 in 4 develop
this symptom cluster, and rape is associated with twice
the risk of PTSD in women as are nonsexual crimes (101).
Personality traits, life stressors, genetic or familial vul-
nerability to psychiatric illness, and perceptions of help-
lessness over the control of one’s environment may
explain why some people develop PTSD and others do
not after exposure to identical traumatic events. One
study found that women are more susceptible than are
men to developing chronic symptoms of PTSD extend-
ing over a year (102). A biologic mechanism may help
explain the preponderance of PTSD in women and its dif-
ferential course.

Biologic theories of PTSD include limbic system dys-
function and a dysregulation of the catecholamine and
endogenous opiate systems. Recent neuroimaging studies
confirm structural, functional, and neurophysiologic
brain abnormalities in individuals with PTSD, principally
in the amygdala and hippocampus. Persistent alterations
have been observed in physiologic reactivity and cortisol
release, suggesting the involvement of neural circuits rel-
evant to fear conditioning, extinction, and sensitization
(103). Symptoms in women have been reported to worsen
in the luteal phase of the menstrual cycle (104). Given the
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known variations in levels of endogenous opiates across
the menstrual cycle, a link between endogenous opiate
levels and PTSD symptoms has been postulated, and
monthly estrogen fluctuations could play a role in the
increasing neurotoxic processes precipitated by elevated
stress hormone levels (14).

As many as 80% of individuals with PTSD also meet
criteria for another psychiatric disorder. The most com-
mon comorbid conditions are depression, anxiety disor-
ders, and substance abuse. Somatization symptoms are
also common. Treatment for PTSD should include med-
ication and psychotherapy. Few published placebo-con-
trolled randomized trials have been undertaken, and most
focus on men with combat-related PTSD. Imipramine or
an SSRI are initial drugs of choice. Fluoxetine and ser-
traline have both been shown to be superior to placebo
in randomized controlled trials, but medication is rarely
a panacea and psychotherapy may be more effective. Psy-
chotherapeutic interventions include stress management,
cognitive-behavioral interventions, supportive therapy,
education about the disorder, and graded exposure to
those avoided stimuli that remind the patient of the
trauma, with a goal of mastery.

In summary, anxiety disorders are more common in
women than in men. Affected women often do not pre-
sent for treatment because of feelings of embarrassment
or fears associated with the stigma of mental illness. Dif-
ferences in social role expectations that make anxiety dis-
orders more understandable in women may also con-
tribute to lower rates of seeking care. When women do
present for treatment, they often report only the associ-
ated somatic symptoms, thus leading to elaborate, unpro-
ductive medical evaluations and inadequate psychiatric
care. Although treatable, undiagnosed anxiety disorders
often run a chronic course and may seriously impair func-
tion. The discrepancies observed in the prevalence and
course of anxiety disorders across gender are largely
unexplained. Future research aimed at elucidating these
differences should focus on vulnerability factors, socio-
cultural factors, and biochemical differences, including
menstrual cycle–linked fluctuations in symptoms.

SOMATOFORM DISORDERS AND
FACTITIOUS DISORDERS

Somatization as a psychiatric phenomenon is the expres-
sion and experience of psychologic distress as somatic
symptoms. It is common in many psychiatric conditions,
including anxiety disorders and depressive disorders, and
is of particular relevance to somatoform disorders, facti-
tious disorders, and malingering. These psychiatric diag-
noses have in common complaints of unexplained symp-
toms that are inconsistent with, or not wholly explained
by, medical or neurologic disease. The motivation of indi-

viduals with such disease-simulating or abnormal illness
behavior is to attain the sick role (105). This intention
may vary from being entirely unconscious, as in conver-
sion disorder, to being entirely conscious, as in malinger-
ing. The attainment of the sick role leads to secondary
gain or reinforcement of the abnormal illness behavior
in the form of increased attention from family and med-
ical professionals and decreased social responsibilities and
obligations.

Although epidemiologic evidence is inconclusive,
most sources find higher community rates of somatic
complaints and disability in women than in men (106).
Biologic differences in the experience or tolerance of
physical discomfort between the sexes may be one con-
tributing factor. Women appear to have a lower thresh-
old and tolerance for pain in experimental studies and
nocioception appears to vary over the course of the men-
strual cycle, being most heightened during the luteal
phase. The modulation of both gamma amino butyric
acid and opioid neurotransmission by estrogen has been
implicated in these phenomena (107). Cultural and social
norms often shape somatized symptoms and may also
play a role in the gender differences observed in the epi-
demiology and psychopathology of these conditions.
Men are socialized to tolerate discomfort and suppress
expressions of weakness and distress. Women are often
more willing to seek help and admit to physical discom-
fort. As the most frequently designated “family health
monitor,” women tend to be attuned to the physical
symptoms of both themselves and family members.
Although hysteria is now recognized not to be an exclu-
sively female affliction, abnormal illness behavior and
adoption of the sick role has traditionally remained more
socially acceptable for women (106). Finally, women are
more likely than men to be victims of physical and sex-
ual abuse, both of which can lead to an increased risk of
both acute and chronic pain complaints (107). As such,
questions regarding a history of physical or sexual abuse
are appropriate when evaluating patients with somatic
complaints that appear disproportionate with respect to
medical signs of pathology.

Factitious Disorder and Malingering

Factitious disorders involve the deliberate and conscious
production of signs of physical or mental disorders in
order to assume the sick role. An illustrative example
is the self-administration of insulin to induce a hypo-
glycemic coma resulting in hospital admission. By con-
trast, malingerers do not achieve gratification from the
patient role per se and volitionally feign or induce signs
and symptoms of illness to achieve some other practi-
cal goal. They may seek hospitalization to evade crim-
inal arrest or in the hope of qualifying for disability
income.
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Somatoform Disorders

Four common somatoform disorders exist: somatization
disorder, conversion disorder, hypochondriasis, and pain
disorder. All these disorders present with physical symp-
toms that are inadequately explained by medical disease.
Symptoms often fall into the neurologic realm and are
not under conscious voluntary control, unlike in facti-
tious disorder or malingering. By definition, symptoms
must be severe enough to impair the individual’s emo-
tional, social, occupational, or physical function and to
be associated with excessive medical help–seeking behav-
ior. Because these patients present with a disease inter-
pretation of their symptoms, one of the primary man-
agement challenges is to provide them with the
psychiatric diagnosis in a form that will not be perceived
as critical, condescending, or stigmatizing (108). Deliv-
ering the diagnosis involves building an alliance with the
patient, psychoeducation, and reformulation of the
patient’s symptoms. Once the physician has established
a diagnosis of somatoform disorder, the initial goal is to
acquire the patient’s trust and to validate her symptoms
and suffering. The physician should convey to the patient
that she is not being accused of volitionally inducing her
symptoms. The next step is to elucidate the links between
symptom exacerbations and life stressors, depression, or
anxiety states. The goal is to explain that life stressors
or comorbid psychiatric illness can exacerbate physical
symptoms. Avoiding authoritative assertions of symptom
cause is recommended, and suggesting a link (e.g., “one
thought I have is that perhaps…”) is often better accepted
by the patient. An illustrative example, such as the effect
of stress on ulcer healing, often helps patients start to
address their symptoms in relationship to their current
psychosocial environment. The importance of treating
any comorbid depression or anxiety is stressed, together
with the suggestion, when indicated, that the patient be
evaluated by a psychiatrist to obtain a comprehensive
assessment of the problem. Such an approach minimizes
the risk of a patient leaving treatment because she feels
misunderstood or labeled as “crazy” or “faking” her
symptoms.

Somatization Disorder

Somatization disorder characteristically involves a mul-
tiplicity of somatic symptoms that affect several organ
systems and has a chronic course beginning before age 30.
DSM-IV diagnostic criteria require a history of at least
four pain symptoms, two gastrointestinal symptoms, one
sexual symptom, and one pseudoneurologic symptom,
none of which are wholly explained by physical or labo-
ratory examination. Patients are often vague and incon-
sistent historians. Affected women outnumber men by
approximately 5:1. Lifetime prevalence in women is over

1%, and the disorder is inversely related to educational
level and social class. Comorbidity with other psychiatric
conditions, especially affective disorders and anxiety dis-
orders, approximates 50% and is of particular impor-
tance with respect to management considerations (109).
The etiology of somatization disorder is probably multi-
factorial and may include the use of somatic symptoms
as a means of communicating mental distress, learned
behavior following genuine physical illness, or imitative
behavior in children copying an ill parent.

Treatment should start with a thorough history and
medical evaluation to assess the extent of organic disease
and any comorbid psychiatric conditions. Patients with
somatization disorder often seek help from multiple care
providers. Identifying a primary provider to coordinate
care can be crucial for successful treatment. Frequent,
short, regularly scheduled visits at monthly intervals often
help reassure the patient that she is being heard and min-
imize overuse of health services. Psychotherapy, both indi-
vidual or group, is often effective in helping a patient
reformulate her illness.

Conversion Disorder

Conversion disorder is characterized by one or more neu-
rologic symptoms that cannot be explained by a known
medical or neurologic disorder, are not intentionally pro-
duced, and are believed to be initiated or exacerbated by
psychologic distress or conflict. Symptoms may be sen-
sory (as in conversion blindness or stocking–glove anes-
thesia), may be motor (as in astasia–abasia gait or paral-
ysis and paresis), or may mimic complex neurologic
disorders (as in pseudoseizures). Histrionic personality
traits and inappropriate lack of concern over symptoms
“la belle indifference” have been incorrectly labeled typ-
ical of conversion patients. Most patients do not have
these characteristics.

As with somatization disorder, conversion disorder
is up to five times as prevalent in women as in men, and
the gender difference is even higher in childhood. Onset
is most common in children and young adults, and
prevalence is higher in rural areas, among the less edu-
cated, and in lower socioeconomic classes (109). High
rates of neurologic and psychiatric comorbidity are asso-
ciated with conversion disorders. Comorbidity with
depression, anxiety disorders, and schizophrenia is ele-
vated, but conversion symptoms can be seen in any psy-
chiatric conditions and are also common in somatization
disorder.

Frequently associated neurologic conditions include
seizure disorders, movement disorders, and multiple scle-
rosis (110). These may occur with or be mistaken for con-
version disorder. In the case of pseudoseizures, 25% of
patients have coexisting epilepsy, but the nonepileptic
seizures usually differ in presentation and symptomatol-
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ogy from the patient’s epileptic seizures (111) (see also
Chapter 32). It is difficult to definitively exclude an
organic cause for symptoms, and 25% of patients initially
diagnosed with conversion disorder eventually receive a
neurologic or medical diagnosis (112). The resolution of
symptoms with suggestion, hypnosis, or amytal interview
increases the likelihood that symptoms constitute a pure
conversion phenomenon.

The course of conversion disorder is usually brief
and most cases resolve spontaneously over days or weeks.
A single counseling session, including a sensitive presen-
tation of the diagnosis and suggestion that the symptoms
can be expected to gradually resolve, is often sufficient
treatment (113). Supportive psychotherapy, education
about the influence of stress on bodily function, coping
and relaxation skills, and family counseling are also help-
ful. Family interventions should focus on explaining the
patient’s symptoms as a maladaptive mode of communi-
cation, encouraging more open communication of needs
within the family, and avoiding attentional reinforcement
of the conversion symptoms. In patients with comorbid
personality disorders, long-term therapy is often needed
(114). Occasionally, when diagnosis is followed by symp-
tom resolution, the patient may later develop further con-
version symptoms.

Hypochondriasis

Hypochondriasis is the result of a misinterpretation of
normal bodily sensations as being caused by serious dis-
ease pathology. This fear persists even in the face of med-
ical evaluation and reassurance that the patient is healthy.
Typically, patients do not present with the plethora of
symptoms seen in somatization disorder. They seek care
because of a fear of having a specific disease rather than
for the alleviation of symptoms. Unlike somatization dis-
order, conversion disorder, or pain disorder, hypochon-
driasis is not more common in women, and gender dis-
tribution is equal in men and women. Comorbidity with
depression and anxiety disorders is estimated at 80%
(109). The course is generally episodic and, when
hypochondriasis occurs with other psychiatric condi-
tions, it tends to manifest during exacerbations of the
depression or anxiety disorder. Follow-up studies indi-
cate recovery rates of up to 50% (115). Patients are often
resistant to treatment, however, and may “doctor shop,”
believing that the “right physician” can correctly diag-
nose them. Frequent, scheduled visits may help reassure
the patient that she is being taken seriously. Diagnostic
tests should be administered only when they are clearly
indicated. When comorbid depression or anxiety is pre-
sent, treatment is essential. Psychotherapeutic techniques
that are useful in treating hypochondriasis include group
therapy, cognitive-behavioral therapy, and educational
strategies.

Pain Disorders

Pain disorder is characterized by pain at one or more sites
that cannot be fully accounted for by a medical or neu-
rologic condition. Neurologic conditions commonly asso-
ciated with pain disorder include low back pain and
headaches. Pain disorder is twice as frequent in women
as in men, and peak onset is in the forties and fifties. A
familial pattern is common, suggesting either genetic pre-
disposition or learned behavior. Secondary gain from the
sick role can be a reinforcing factor. The disorder tends
to be chronic; patients have long medical histories, seek
medical and surgical services, and visit multiple providers.
Pain disorder may be complicated by substance abuse or
prescription drug abuse in attempts to self-medicate.
Comorbid major depression is present in 25 to 50% of
pain disorder patients (109). Management includes a
combination of psychopharmacology and psychothera-
peutic techniques. Tricyclic antidepressant drugs often
help to control pain and may be effective at doses lower
than those needed to treat depression. Patients should be
started on 25 mg of amitriptyline or nortriptyline and
increased gradually over several weeks to therapeutic
doses for depression (see Table 31.2) or until symptomatic
improvement is observed. Additionally, biofeedback,
relaxation techniques, transcutaneous nerve stimulation,
and nerve blocks may be helpful. Cognitive-behavioral
techniques and group therapy with other pain patients are
also effective. When a patient does not respond to these
measures, or is dependent on high doses of narcotic drugs
without pain relief, admission to a psychiatric specialty
pain unit that employs a multidisciplinary approach can
be extremely helpful in tapering the patient off narcotics,
completing an antidepressant drug trial, and assessing the
patient in a controlled environment.

Most somatoform disorders are much more com-
mon in women. The reasons for this gender discrepancy
are unclear. Further research is needed to clarify differ-
ences in predisposing factors, psychopathology, and treat-
ment response between genders for all of these disorders.

SCHIZOPHRENIA

Schizophrenia is a clinical syndrome of markedly abnor-
mal mental experiences, including hallucinations, delu-
sions, and disorganized thoughts and behavior. DSM-IV
diagnostic criteria require at least two of the following:
delusions, hallucinations, disorganized speech, disorga-
nized or catatonic behavior, or negative symptoms includ-
ing affective flattening or avolition. Bizarre delusions or
auditory hallucinations of a voice that provides a running
commentary on the patient’s actions are sufficient to meet
the criteria. Symptoms usually persist for at least 6
months. Impairment in work, interpersonal relationships,
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or self-care is also a necessary criterion for diagnosis. The
diagnosis of schizophrenia requires that mood symptoms
or cognitive impairment are not prominent features of the
clinical presentation. Women and men have different
symptom patterns: Women experience more affective
symptoms, paranoia, and auditory hallucinations,
whereas men have more of the “negative” symptoms such
as flat affect, social withdrawal, and lack of motivation.

Women have a later age of onset and are more likely
to marry and have children than are men with the illness
(116). Adolescent boys are twice as likely to develop the
illness as are girls, whereas women over the age of 50 are
at high risk for late-onset schizophrenia, previously
termed paraphrenia, which is seven times more common
in women. Although the mechanisms for this pattern are
not known, one theory proposes that female hormones
such as estrogen may have a protective effect in pre-
menopausal women. Animal studies have shown estro-
gen to be antidopaminergic (117), and symptoms of schiz-
ophrenia have been observed to worsen during the low
estrogen premenstrual and follicular phases of the men-
strual cycle in premenopausal female patients (13).

Although the prevalence of delusions and halluci-
nations is the same as in earlier-onset schizophrenia, late-
onset schizophrenics have a distinctive clinical presenta-
tion with more complex hallucinations and delusions of
a paranoid nature (118). Nonauditory hallucinations
such as smelling gas are relatively common. Patients with
late-onset schizophrenia also have less thought disorder
and less flattening of affect (119). Women who are
socially isolated and have hearing impairment are at par-
ticular risk for this disorder (120).

Schizophrenia does not have a known etiology and
involves a complex relationship of genetic predisposition
and environmental factors. Genetics has a central role in
the disorder; numerous studies have demonstrated that
first-degree relatives of schizophrenics have an increased
prevalence of schizophrenia (121).

The management approach is the same for early- and
late-onset schizophrenia: antipsychotic medications to
treat positive symptoms (such as hallucinations and delu-
sions) combined with individual, supportive, and psy-
chosocial therapies. Antipsychotic medications are of two
major classes: dopamine-receptor antagonists and “novel”
antipsychotics with combined serotonin and dopamine
receptor effects. The selection of a specific medication is
based on its side effect profile. Low-potency antipsychotic
medications such as chlorpromazine and thioridazine are
more sedating and cause orthostatic hypotension. In con-
trast, high-potency neuroleptic medications such as
haloperidol and fluphenazine are more likely to cause
akathisia, acute dystonia, and parkinsonian symptoms of
rigidity and tremor. Clozapine, risperidone, olanzapine,
quetiapine, and ziprasidone, the newer antipsychotic med-
ications, reportedly have a greater impact on negative

symptoms (such as flat affect, lack of motivation, and
decreased social interaction) than the classic antipsychotic
drugs. With all antipsychotic medications, the lowest dose
should be used to control the target symptoms. Tardive
dyskinesia and neuroleptic malignant syndrome are the
most serious side effects associated with antipsychotic
medications. Long-term treatment with traditional
antipsychotic medication, increasing age, and female gen-
der are all risk factors for tardive dyskinesia.

Overall, women have better outcomes than do men
when they are treated for schizophrenia. Women benefit
more than men from both antipsychotic medication and
psychosocial treatment (122). Issues of compliance and
use of available services may also contribute to the posi-
tive results in women. In the Hillside Hospital First
Episode Study, a higher percentage of women (87% ver-
sus 55% of men) had a complete remission of symptoms
when they were treated with a standardized medication
protocol (123). The later age of onset in women may con-
tribute to a superior treatment outcome, as they have a
longer symptom-free period.

DELIRIUM

The diagnosis of delirium should be considered in the dif-
ferential diagnosis of any patient with psychiatric symp-
toms. The hallmark of the diagnosis is global cognitive
impairment with a change in level of consciousness. This
typically is of abrupt onset and relatively brief duration.
Cognitive impairment usually involves disturbance in
attention, sleep-wake cycle, and behavior, but it may
include a wide variety of symptoms. Although the syn-
drome has an organic etiology, diagnosis is clinical and
does not require that the etiology be known. The patho-
physiology is multifactorial, with disturbances in acetyl-
choline modulation and impairment of function in the
reticular formation hypothesized to be key elements.

Patients with comorbid medical or neurologic con-
ditions are at a higher risk for delirium, as are those tak-
ing multiple medications. Pre-existing brain damage, sen-
sory impairment, and age greater than 60 years are
predisposing factors (124,125). Because any medical con-
dition may cause delirium, a complete evaluation is crit-
ical. Clinically, a prodrome of restlessness, anxiety, and
irritability usually is followed by a waxing and waning
course with a varying level of consciousness. Disorienta-
tion for time is more common than for place. The syn-
drome may also include altered perception or hallucina-
tions and delusions. Visual and auditory hallucinations
are most common. The sleep-wake cycle often reverses,
with worsening of confusion and disorientation in the
evenings, referred to as “sundowning.”

Patients with a history of psychiatric illness are often
at increased risk for delirium, particularly if they have a
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history of substance abuse or are taking medications with
anticholinergic side effects (126,127). Increased serum
lithium levels also increase the risk of delirium charac-
terized by lethargy, dysarthria, muscle fasciculations, and
ataxia. Patients taking benzodiazepines are at risk for
withdrawal delirium, as are patients with alcohol depen-
dence. Alcohol withdrawal delirium can be complicated
by Wernicke encephalopathy resulting from thiamine
deficiency. The differentiation of symptoms arising from
delirium rather than from a pre-existing psychiatric con-
dition can be challenging but is critical. For example, swift
diagnosis and treatment of Wernicke encephalopathy may
prevent Korsakoff dementia. The differential diagnosis of
delirium and dementia is important because patients with
dementia are at increased risk for a superimposed delir-
ium. Because these patients have impaired cognitive func-
tioning at baseline, the diagnosis is based on monitoring
their ability to attend to tasks and changes in their level
of orientation (128). Additionally, collateral history from
family and fluctuations in symptoms throughout the day
are also important.

In addition to a careful history, physical examina-
tion, and mental status examination, information from
an outside informant may be critical, particularly in estab-
lishing baseline functioning and whether a recent change
has occurred. Serial examinations with a tool such as the
Mini-Mental Status Examination (MMSE) (129) help
document changes in cognitive functioning. The MMSE
assesses orientation, memory, attention, recall, and lan-
guage with a series of 30 questions. Laboratory studies
may be necessary to establish the causes of delirium and
should be tailored to the individual patient. Because delir-
ium arises from numerous causes, including infection,
metabolic abnormality, or brain infarction, the evaluation
may include CSF studies, blood chemistry panel, or brain
imaging. An electroencephalogram may be helpful in eval-
uation because most patients will have either generalized
slowing or the low-voltage fast activity associated with
withdrawal states. Nonconvulsive epileptic states can also
be excluded by EEG.

The basic treatment principle for delirium is the iden-
tification and treatment of the underlying causes. General
supportive care should include close monitoring of vital
signs and behavior, frequent reassurance and reorientation,
and appropriate sensory stimulation. Anticholinergic med-
ications should be minimized, and the medication regimen
should be simplified as much as possible. Neuroleptic med-
ications or benzodiazepines should be used sparingly to
treat psychotic symptoms or agitated behavior because
they may contribute to the level of confusion. Benzodi-
azepines are important, however, in the treatment of alco-
hol and benzodiazepine withdrawal states.

The careful evaluation of delirious patients is a med-
ical emergency because delirium carries a 20 to 30% mor-
tality rate (128). The waxing and waning nature of the

symptoms and the multitude of possible etiologies make
diagnosis difficult. A patient with delirium may present
with any psychiatric symptom. The patient’s level of con-
sciousness and cognitive examination are the critical ele-
ments in the diagnosis.

CONCLUSION

Psychiatric illnesses are common, underdiagnosed, and
undertreated. Most cases present in nonpsychiatric set-
tings, and all physicians should be attuned to the symp-
toms and signs of the common diagnostic syndromes.
Simple first-line interventions and referral options for spe-
cialized treatment or consultation should be familiar to
all clinicians. For two of the most common psychiatric
disorders—depression and anxiety disorders—prevalence
rates for women are at least twice as high as those for
men. Medically and neurologically ill individuals have ele-
vated rates of comorbid mental illness, which may worsen
their prognosis and compliance with treatment. Patients
who are frequent users of medical service are especially
likely to present with somatic symptoms if they have a
comorbid depressive illness. Given the availability of
effective treatment, early diagnosis and psychiatric care
should decrease medical morbidity and mortality as well
as overall health care expenditure.

Gender-specific data are limited on the differential
epidemiology, psychopathology, and management of psy-
chiatric illness. Given the increasing body of evidence on
gender differences in neurobiology, psychology, and social
conditioning, research addressing treatment response and
outcome in women is urgently needed.  Psychotropic
medications are prescribed with increasing frequency, and
research addressing their use in women at different stages
of the lifecycle—childhood, during pregnancy and breas-
feeding, and among the rapidly increasing elderly popu-
lation—are of particular salience.
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onepileptic seizures, or what have
also been termed psychogenic,
pseudo-, or hysterical seizures, are a
serious problem, particularly in

women. Nonepileptic seizures occur in men but are
approximately three times as frequent among women
(1–3). Nonepileptic seizures pose major problems for
physicians who care for patients with seizures. Such
seizures account for approximately 20% of all intractable
epilepsy referred to comprehensive epilepsy centers in the
United States (1–3), and present with an annual incidence
of about 4% that of true epileptic seizures (4).

Advances in video-EEG monitoring and a greater
awareness of nonepileptic seizures have improved our abil-
ity to correctly diagnose patients with this disorder. Despite
these advances and our better understanding of nonepilep-
tic seizures, optimal management remains a problem.

HISTORY

Historically, what today are called nonepileptic or psy-
chogenic seizures originated with the concept of hysteria. First
described by the ancient Egyptians, hysteria was classically
regarded as a disorder of women and related to a dysfunction
of female organs, such as the uterus or womb. Hysteria was
conceptualized as a disorder caused by a barren uterus wan-
dering about the body in search of nourishment (5,6).

The specific symptoms were thought to depend on
the portion of the body to which the uterus migrated. For
example, if a wandering uterus were to come to rest in
an extremity, it might cause paralysis, and if it pressed
on the diaphragm, it could cause seizures (5,6).

The ancient Greeks adopted this Egyptian idea of
hysteria; indeed the word hysteria derives from the Greek
word for uterus. The Romans, strongly influenced by
Greek medicine, modified this belief. They proposed that
hysteria could affect both men and women, although it
was more common in women. Moreover, based on human
dissections that showed little variability in the position of
the uterus, they related hysteria not to a wandering uterus
but to the adverse effects of humors arising from the dis-
turbed uterus or its related structures (5,6).

These original rational efforts to explain hysteria
were replaced during the Dark or Middle Ages by mysti-
cal beliefs of a supernatural cause such as possession by
demons. With the Renaissance, however, was a rediscov-
ery of ancient Greek and Roman medicine and an attempt
to again rationally or scientifically account for disorders
like hysteria. Disorders of the reproductive system were
again held responsible for hysteria, and women were prin-
cipally implicated (5,6).

In the late 1800s, Jean Charcot, a founder of neu-
rology, firmly established hysterical seizures as a clinical
entity with his elegant and detailed descriptions of the
patients that he observed at the Salpêtrière Hospital. He
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termed this disorder hysteroepilepsy or epileptiform hys-
teria (7). Charcot proposed that hysterical seizures were
organic disorders of the brain, but still emphasized their
relation to disturbance of the female reproductive system.
He demonstrated that these hysterical seizures could be
influenced by the manipulation of regions of the body that
he termed hysterogenic zones (Figure 32.1), and specifi-
cally described how compression of the ovaries could abort
these attacks in some women. In fact, he demonstrated a
device that was used specifically for that purpose, an ovar-
ian compressor belt (Figure 32.2). Charcot used such tech-
niques as well as suggestion to both treat and provoke hys-
teria. Although he considered hysteria and hysterical
seizures a disease that principally affected women, he also
noted its occurrence in men, but his depictions of what he
termed the stages of hysteroepilepsy are based on his obser-
vations in women (Figures 32.3 and 32.4) (6-8).

One of Charcot’s most famous students was the neu-
rologist Sigmund Freud. Freud observed Charcot’s demon-
strations (Figure 32.5), but drew different conclusions. He
proposed that hysteria and hysterical seizures were not
organic disorders of the brain, as Charcot assumed, but
were rather emotional disorders of the unconscious mind
caused by repressed energies or drives. Still, portions of the
older concept of hysteria as a disorder of women persisted
in Freud’s theories. He proposed that hysteria was princi-
pally a disorder that affects women because it represented
a conversion of repressed sexuality or sexual drive into an
emotional disorder (5–6,9).

Today, we still consider hysteria within the broad
framework of psychologic disorders known as conversion
disorders or reactions, but we recognize that its causes are
multifactorial and involve psychologic, environmental,
and biologic influences (9–12). Recent evidence suggests
that dissociation mechanisms may also be important in
patients with conversion reactions (1). The exact reasons
for this female preponderance are not entirely clear but
may in part be sociologic or cultural. A more “feminine”
psychological profile seems to promote conversion-
related coping mechanisms (9–12).

DEFINITIONS

The term epilepsy should be restricted to well-defined dis-
orders of the brain caused by electrical disturbances of nor-
mal brain function. The word seizure can be used in a more
general sense. Consequently, disorders that are mistaken
for epilepsy but are not due to abnormal electrical dis-
charges in the brain are best termed nonepileptic seizures.

Historically, many other terms have been used to
describe such events, including hysterical seizures, hys-
teroepilepsy (8), pseudoseizures (13), and psychogenic
seizure (1,2). These disorders are not necessarily equiva-
lent (1).

Nonepileptic Seizures

Nonepileptic seizure describes all conditions, both phys-
iologic and psychologic, that are mistaken for epilepsy
(Table 32.1). Indeed, the clinical manifestations of
epilepsy are so varied that many disorders can be mis-

FIGURE 32.1

Charcot’s map of a patient’s hysterogenic zones, including the
ovarian regions, but also other sensitive areas. (Reproduced
with permission from: Iconographie Photographique de la
Salpêtrière, 2:182,1878.)

FIGURE 32.2

An ovarian compressor belt described by Charcot to prevent
hysterical attacks in some patients with “ovarian” forms of
hysteria. (Reproduced with permission from: Iconographie
Photographique de la Salpetriere, 2:165,1878.)
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taken for epileptic seizures. In particular, some physio-
logic disorders that may imitate epilepsy include syncope,
migraine, and transient ischemic attacks (TIAs). Such
physiologic disorders may also have a psychologic com-
ponent when symptoms are exaggerated or embellished
by anxious or emotional patients who may be misinter-
preting their symptoms. Still, nonepileptic physiologic
events are responsible for only a small proportion of
patients with nonepileptic seizures.

Psychogenic Seizures

The majority of patients with nonepileptic seizures have
psychogenic seizures (Table 32.1). In general, any patient
with a psychologic disorder that mimics epilepsy can be
considered to have psychogenic seizures. In contemporary
thought, the notion that all psychogenic seizures are a
result of “hysteria” has been abandoned in favor of a

growing appreciation for the heterogeneity and diversity
of these patients (12).

Rather than treating psychogenic seizure patients
uniformly as one group, it is useful to classify psychogenic
seizure patients into four major categories (Table 32.1):
(i) somatoform disorders, (ii) dissociation disorders, (iii)
factitious disorders and, (iv) malingering (1,11). These
subgroups are not mutually exclusive, and the causes of
psychogenic seizures may be multifactorial (1,12,14).

Somatoform Disorders

The principal somatoform disorders that apply to indi-
viduals with psychogenic seizures are somatization dis-
orders, conversion disorders, and undifferentiated
somatoform disorders, as classified by the Diagnostic and
Statistical Manual of Mental Disorders (15). The essen-
tial feature for a diagnosis of somatization disorder is a
history of recurrent and multiple somatic complaints of
long duration and early onset. In contrast, conversion dis-
order implies a more restricted range of somatic com-
plaints, the expression of which is based on unconscious
psychodynamic processes and is classically symbolic of a
repressed psychologic conflict or need. Other categories
of somatoform disorders include patients who do not
meet these specific criteria.

Some patients with dramatic and disabling proven
somatoform disorders such as nonepileptic seizures fail
to demonstrate other major psychopathology on evalua-
tion and testing and instead have relatively mild stress and
coping disorders causing these severe symptoms. This
may cause confusion and raises doubts about the diag-
nosis of nonepileptic seizures, but it does occur. In this
group of nonepileptic psychogenic seizure patients, the
balance between the stresses in their lives and their capac-
ity to cope with them is disturbed (1). They may have pre-
disposing vulnerabilities that lower their threshold for
coping with stress and anxiety (e.g., mental retardation,
learning disability, or cognitive changes associated with
head injury), or their lives may have been burdened by

FIGURE 32.3

A drawing of one of Charcot’s more famous hysterical seizure
patients, Ler, during an attack. (Reproduced with permission
from: Lectures on the diseases of the nervous system by JM
Charcot [translated by G Sigerson] 1879;279.)

TABLE 32.1
Classification of Nonepileptic Seizures

I. Physiologic nonepileptic seizures (e.g., syncope,
complicated migraine, night terror, breath-holding
spells)

II. Psychogenic seizures
• Somatoform disorder
• Dissociative disorder
• Factitious disorder (e.g., Munchausen’s 

syndrome)
• Malingering
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FIGURE 32.4

Drawing of the typical phases of a “hysteroepileptic” attack as defined by Charcot. The phases included from top left and clock-
wise: A. Epileptoid phase (predominantly tonic spasms), B. Acrobatic phase (exotic postures such as arching [arc en cercle] or
rhythmic body rocking), C. (bottom left and right) Delirium with emotionally expressive postures such as happiness, ecstasy, or
fright. (Reproduced with permission from: Études Cliniques sur la Grande Hystérie ou l’ Hysteroépilepsie. P Richer, 1885.)

FIGURE 32.5

Lithograph of the Brouillet painting: A Clin-
ical Lesson at the Salpêtrière (1887). This
shows Charcot using suggestion to induce
hysterical collapse in a woman. This is the
type of presentation that Freud undoubtedly
observed.
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extraordinary stresses (e.g., post-traumatic stress disor-
der, multiple losses, or true epilepsy) (1,14). Apart from
their psychogenic seizures, such patients do not have
major or severe, definable psychopathology (1). Their
psychogenic events are not volitional, but are usually tem-
porally related to certain stressful life events (1).

Dissociative Disorders

In some patient with nonepileptic psychogenic seizures, the
symptoms may be better related to dissociative mechanisms
than to conversion (1,16). The essential feature of the dis-
sociative disorders is a disruption of consciousness, mem-
ory, identity, or perception of the environment. These dis-
ruptions vary in nature and may be sudden or gradual,
transient, or more chronic (15). Although psychogenic
nonepileptic seizures have been traditionally considered
conversion disorders, they have been more recently pro-
posed to be related to psychodynamic mechanisms associ-
ated with dissociation and to have a high association with
childhood sexual and physical abuse (1,16). The degree of
demonstrable psychopathology may vary considerably, as
it does in somatoform disorders, and underlying or causal
psychopathology can be difficult to find (1,16).

Factitious Disorders and Malingering

The shared feature of these two groups of psychogenic
seizure patients is the conscious fabrication of seizure-like
symptoms. An important difference between factitious
disorders and malingering patients is the purpose of the
intentionally produced or simulated seizure symptoms.
The goal of the psychogenic seizure patient with a facti-
tious disorder (e.g., Munchausen’s syndrome) is to main-
tain the role of a patient. Hence, they fake symptoms,
exaggerate existing physical symptoms, or self-induce
their symptoms through, for example, drug ingestion. In
contrast, the intent of the malingerer is to obtain a rec-
ognizable external benefit (e.g., financial gain or release
from prison) (15).

EPIDEMIOLOGY

Nonepileptic seizures and psychogenic seizures occur with
greater frequency in women. The exact incidence varies,
but women generally account for about 70 to 80% of all
individuals with nonepileptic seizures (1–3). The reason
for this is not clear. Most patients with nonepileptic
seizures have psychogenic seizures, a type of somatoform
disorder or conversion symptom, and a female prepon-
derance is well noted for conversion reactions (10–13,16).

Sociologic and cultural factors influence the occur-
rence and nature of somatoform disorders such as con-
version reactions. Patients with somatoform disorders are

highly suggestible; they tend to meet the expectations for
their illness (9–12). Changes in society and in the per-
ception of various illnesses have influenced the manifes-
tations of hysteria (9–12).

Economic and social restraints on women in soci-
ety may be one factor that account for the high incidence
of conversion in women. Western social structure tradi-
tionally has expected the female role to be more passive
and accommodating. Limiting the potential to express
anger, violence, competitiveness, or sexuality may lead
to conversion of such repressed energies into physical
symptoms or conversion reactions (9–12,16).

The male dominated nature and sexist attitudes of
society have been blamed for the higher incidence of hys-
teria in women and the disparaging manner in which hys-
teria has been viewed by the medical profession. As
women assume a more active and assertive role in soci-
ety, they are also becoming more economically, socially,
and sexually independent. In contrast, some men are feel-
ing more threatened and dependent in their roles. Some
experts believe that this accounts for the rising incidence
of hysterical types of disorders in men and a change in the
characteristics of conversion reaction in general (9–12).

Nonepileptic seizures occur in all age groups from
childhood (17,18) to the elderly, but most patients pre-
sent between the ages of 15 to 35 years (1,4). Very young
children and infants are more likely to have physiologic
nonepileptic events that may be mistaken for seizures
rather than psychogenic seizures. These types of events
include gastroesophageal reflux, night terrors, breath-
holding spells, and pallid infantile syncope (1,17,18). The
annual incidence of nonepileptic seizures is reported in
one population-based study to be about 4% that of the
incidence of true epileptic seizures (4).

PROVOKING FACTORS

Environmental factors may contribute to the risk for
developing nonepileptic seizures, particularly psychogenic
seizures. Sexual abuse is one such important factor. His-
torically, this issue is important because hysteria since
Freud’s early observations has been related to repressed
sexual drives and associated with sexual abuse in women
(5,6). Recent studies emphasize that a history of sexual
or physical abuse may be quite common in patients with
psychogenic seizures. One such series reports a history
of sexual abuse in almost 25% of patients with nonepilep-
tic seizures; and history of either sexual abuse, physical
abuse, or both in 32% of patients (19). Unfortunately,
sexual and physical abuse are relatively common prob-
lems in our society, so such a history does not exclude
the possibility of true epilepsy. In fact, in this series, a con-
trol population of patients with epileptic seizures reported
an almost 9% rate of sexual or physical abuse (19). Thus,
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this issue should be explored and integrated into treat-
ment as necessary.

Head trauma has recently been recognized as
another provoking factor for nonepileptic seizures. For
example, one recent study reported that approximately
20% of psychogenic seizure patients attributed their
seizures to head trauma, often rather mild head trauma
(20). It may be that various types of environmental
trauma or stress are potential provoking factors for con-
version reactions like psychogenic seizures in susceptible
individuals (1).

DIAGNOSIS

Clinical observation has long been the basis for distin-
guishing nonepileptic from epileptic seizures. In recent
years, clinical observation has been greatly aided by the
use of video-EEG monitoring, serum prolactin levels, and
neuropsychologic assessments.

A complicating factor in diagnosis is that both
nonepileptic and epileptic seizures may occur in a given
patient. Indeed, approximately 10 to 40% of patients
identified to have nonepileptic or psychogenic seizures
also have been reported to have true epileptic seizures
(1–3). There are several possible explanations for this.
Some patients with epilepsy may learn that seizures result
in attention and fill certain psychologic needs. Alterna-
tively, they may have concomitant neurologic problems,
personality disorders, cognitive deficits, or impaired cop-

ing mechanisms that predispose them to psychogenic
symptoms. Fortunately, in such patients with combined
seizure disorders, the epileptic seizures are usually well
controlled or of only historical relevance at the time a
patient develops psychogenic seizures (1,2).

Clinical Observations

No pathognomonic clinical signs allow one to distinguish
nonepileptic or psychogenic seizures from epileptic
seizures. Nonepileptic seizures are varied and may pre-
sent with generalized convulsive manifestations, signs of
altered consciousness or loss of consciousness, and focal
motor or sensory symptoms (21–23).

Some clinical observations can be useful (Table
32.2). In particular, psychogenic seizures often last con-
siderably longer than epileptic seizures, which typically
persist for less than 3 minutes, excluding the postictal
state. The nature of the convulsive activity in patients with
psychogenic seizures differs from that seen in generalized
convulsive epilepsy. With psychogenic seizures, the move-
ments are more often purposeful or semipurposeful,
asymmetric, or asynchronous, such as thrashing or
writhing motions, rather than the tonic-clonic activity of
epileptic seizures (21–23). It is more difficult to distin-
guish the movements of psychogenic seizures from the
automatisms of complex partial epileptic seizures, how-
ever, particularly frontal lobe seizures (1,22).

Other clinical differences are present between psy-
chogenic and epileptic seizures. For example, conscious-

TABLE 32.2
Clinical Characteristics of Epileptic versus Nonepileptic Seizures

Epileptic Nonepileptic

Age at onset All ages: children and adolescents more common All ages: 15 to 35 most common

Sex Male and female about equal Female more common: 3 to 1 ratio

Psychologic history Occasionally present Commonly noted

Motor In generalized convulsions: bilateral movements Flailing, thrashing, and asynchro-
are usually synchronous nous movements more common,

side-to-side head movements,
pelvic thrusting

Vocalization Vocaliziation or cry at onset Weeping, or screaming; screaming
more common

Incontinence Frequent Occasional

Duration of seizure Usually less than 2 to 3 minutes Often prolonged, more than 2 to 3
minutes

Injury Frequent tongue biting Uncommon

Amnesia Common, unconscious during seizure Variable, sometimes conscious 
during seizure

Suggestion provokes seizure No Often
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ness and responsiveness may be surprisingly retained dur-
ing psychogenic seizures. Crying and weeping are more
common for psychogenic seizures (24). Although incon-
tinence and self-injury are frequently reported by patients
with nonepileptic seizures (25), they are rarely actually
witnessed (23). Additionally, unlike epileptic seizures,
psychogenic seizures characteristically do not respond
well to antiepileptic drug treatment (1,2,20,23).

Psychogenic seizures also are more likely to be pro-
voked by emotional stimuli and suggestion (26). In fact,
provocative procedures may be useful for reproducing
events during EEG recording. Provoking or suggesting
seizures can be done in several ways, such as injecting
saline or placing a tuning fork on the body or head
(26–29). Hypnosis has also been used (30). These are all
accompanied by a strong suggestion by the physician that
this procedure is likely to bring on a typical seizure
(1,26–29). EEG recording and sometimes video record-
ing is  undertaken simultaneously to enable the confir-
mation of the nonepileptic nature of the induced event.

Provoking psychogenic seizures raises some ethical
controversies, however. Misleading a patient when pro-
voking a seizure can be harmful to the patient–physician
relationship and should be avoided. Nonetheless,
provocative testing can be done with honesty, and bene-
fits the patient (31).

Video-EEG Monitoring

A diagnosis of nonepileptic or psychogenic seizures is most
secure during simultaneous video-EEG monitoring and
demonstrates no evidence of epileptic activity. Patients
with generalized convulsive epileptic seizures invariably
demonstrate significant EEG changes during ictal EEG
recordings. Individuals with complex partial seizures, who
may have small or deep seizure foci, still show significant
ictal EEG abnormalities in perhaps 85 to 95% of such
seizures. Even patients with simple partial seizures—
seizures that do not impair consciousness—have EEG
abnormalities noted in about 60% of those seizures and,
if one records multiple seizures, nearly 80% will demon-
strate some EEG abnormality (32). The ictal EEG record-

ing is particularly important because interictal or routine
EEGs occasionally may be misleading. For example,
between seizures, some patients with epilepsy may have
normal EEGs, and some patients with psychogenic seizures
may have minor EEG abnormalities (Table 32.3) (1,2,23).

A clinical seizure may be captured in several ways
during EEG monitoring. Outpatient monitoring is par-
ticularly useful for patients who have daily events or
seizures that can be provoked by suggestion. Patients with
less frequent events may require extended inpatient video-
EEG monitoring. Simultaneous video-EEG recording
offers the advantage of permitting the careful observation
and review of the clinical manifestations of seizures. This
can be especially useful when assessing patients with psy-
chogenic seizures because video-EEG recordings are par-
ticularly helpful in distinguishing epileptic discharges
from movement and muscle artifact.

Epileptic seizures commonly arise during sleep.
Patients with psychogenic seizures, however, are usually
awake at the time a seizure starts. This can be difficult to
evaluate by history or behavior, because patients with psy-
chogenic seizures may report seizures arising from sleep,
or may appear to be sleeping when seizures begin. Video-
EEG monitoring can be useful in showing that the patient
with psychogenic seizures is not actually asleep when an
event begins (33,34).

Prolactin Levels

The serum prolactin level is useful in patients with sus-
pected psychogenic seizures (35,36). Prolactin levels rise
approximately five- to tenfold after tonic-clonic seizures,
and somewhat less so but still significantly (typically at
least two- to threefold) after complex partial seizures
(37). This increase in serum prolactin is maximum in the
initial 20 minutes to 1 hour after a seizure (35–37).
Although measurements of serum prolactin may be use-
ful in distinguishing nonepileptic from epileptic seizures,
some false positives and false negatives occur (1,37,38).
In particular, simple partial seizures or mild complex
partial seizures, particularly those with little motor activ-
ity, may not significantly raise prolactin levels. Serum

TABLE 32.3
EEG Characteristics of Epileptic versus Nonepileptic Seizures

Epileptic Nonepileptic

Interictal EEG Spikes and sharp waves common Normal or nonspecific abnormalities, such
as mild slow activity

Pre-ictal EEG Spikes, sharp waves Movement artifact or rhythmic ictal activity

Ictal EEG Spikes, sharp waves Movement artifact or rhythmic ictal activity

Post-ictal EEG Slow activity Normal EEG, preserved alpha
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prolactin elevations have also been reported after syn-
cope (39).

Neuropsychologic Testing

Another important consideration in evaluating patients
with suspected psychogenic seizures is their psychologi-
cal status. Such an assessment requires a referral to men-
tal health professionals who are experienced in psycho-
logic and psychiatric assessment, psychometric
assessment, and psychotherapeutic intervention in
patients with neurologic disorders (1).

Mental health professionals should not be expected
to determine whether an individual is having psy-
chogenic rather than epileptic seizures, however, because
these professionals generally lack the necessary neuro-
logic training or experience. Moreover, neuropsycho-
logic testing cannot in itself either diagnose or exclude
the possibility that a seizure disorder is nonepileptic
because of the considerable overlap between epileptic
and nonepileptic test results (1,40,41). The distinction
between psychogenic and epileptic seizures is best made
by a neurologist, particularly one who has expertise in
epilepsy, and should be based on a consideration of both
clinical data and neuropsychologic assessments. Neu-
ropsychologic evaluations aid this assessment by (i)
determining the potential or likelihood of significant
contributing psychopathology or cognitive difficulties,
(ii) defining the nature of the associated psychological or
psychosocial issues, and (iii) assessing how a patient
might benefit from various psychologically based inter-
ventions (1,42).

TREATMENT

A correct diagnosis is essential for patients with
nonepileptic seizures because early diagnosis is associated
with better outcome (43). Yet, even after a diagnosis of
nonepileptic seizures is established, physicians should fol-
low up with such patients. Many psychogenic seizure
patients benefit from education and support that can
readily be provided by the neurologist or primary care
physician (Table 32.4) (1,44,45). If the neuropsychologic
assessment suggests a clinical profile that requires a pro-
fessional mental health intervention, then an appropri-
ate referral should be made.

The management of patients with psychogenic
seizures is similar to that of patients with other types of
so-called “abnormal illness behavior” (Table 32.4). The
first consideration should be the manner in which the
diagnosis of psychogenic seizures is presented to the
patient and family. It is important to be honest with the
patient and demonstrate a positive approach to the diag-
nosis (45). The physician should emphasize as favorable

or good news the fact that the patient does not have
epilepsy, and should also stress that the disorder, although
serious and “real,” does not require treatment with
antiepileptic medications and that once stress or emo-
tional issues are resolved, the patient has the potential to
gain better control of these events (1).

Nevertheless, not all patients readily accept the diag-
nosis or this type of approach. Some patients may seek
other opinions, and this should not be discouraged. An
adversarial relationship with the patient should be
avoided. The patient should be encouraged to return if
desired, and records should be made available to avoid a
duplication of services.

After the diagnosis of psychogenic seizures is pre-
sented, supportive measures should be initiated. Regular
follow-up visits for the patient are useful, even if a men-
tal health professional is involved. This allows the patient
to get medical attention without demonstrating illness
behavior. It also offers support to the involved mental
health professional. Patient education and support are
stressed at these visits. Because family issues are often
important contributing factors, physicians should con-
sider involving family members (1).

PROGNOSIS

The outcomes of patients with psychogenic seizures vary.
Long-term follow-up studies show that about half of all
patients with psychogenic seizures function reasonably
well following their diagnosis. Only approximately one-
third of patients will completely stop having psychogenic
seizures or related problems, however, and approximately
50% percent have poor functional outcomes (1,2). When

TABLE 32.4
Management of Nonepileptic Seizure Patients

• Present the diagnosis of nonepileptic seizures 
positively, emphasizing the potential for better seizure
control.

• After patients are referred to mental health profession-
als, the diagnosing neurologist should provide some
follow-up and support.

• Regular follow-up visits should be scheduled that 
are not contingent on persistent, new, or worsening
symptoms.

• Give patients attention when they do well.
• Avoid prescribing unnecessary medications, 

unwarranted tests, and excessive referrals to 
specialists.

• Permit the continuation of some symptoms. A
patient’s optimal well-being and function, rather than
eradication of seizures, is the goal.
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the diagnosis of psychogenic seizures is based on reliable
criteria such a video-EEG monitoring, misdiagnosis is
unlikely. Instead, the usual cause for a poor outcome is
related to a patient’s chronic psychologic and social prob-
lems (1,2,42,46).

It is noteworthy that children with psychogenic
seizures appear to have a much better prognosis than
adults (17,18). In fact, children may have psychogenic
seizures related to transient stress and coping disorders,
whereas adults are more likely to have psychogenic
seizures within the context of more chronic psychologic
maladjustment, such as personality disorders (17,18).
Another factor that accounts for the better outcomes in
children is that they are usually properly diagnosed ear-
lier (17,18).

Patients with milder psychopathology respond bet-
ter to supportive educational or behavioral therapeutic
approaches (Table 32.4) (1). In contrast, patients with
more severe psychopathology and factitious disorders
more often have associated chronic personality problems
and correspondingly, a poorer prognosis (1,42).

As knowledge about the nature of psychogenic
seizures and their associated psychopathology is gained,
better treatment strategies can be developed that will
improve the care and prognosis of these difficult and chal-
lenging patients.

References

1. Krumholz A. Nonepileptic seizures: diagnosis and man-
agement. Neurology 1999;S76-83.

2. Krumholz A, Niedermeyer E. Psychogenic seizures: a clin-
ical study with follow-up data. Neurology 1983;33:
498–502.

3. Meierkord H, Will B, Fish D, Shorvon S. The clinical fea-
tures and prognosis of pseudoseizures diagnosed using
video-EEG telemetry. Neurology 1991;41:1643–1646.

4. Sigurdardottir KR, Olafsson E. Incidence of psychogenic
seizures in adults: a population-based study in Iceland.
Epilepsia 1998;39:857–862.

5. Slavney PR. Perspectives on hysteria. Baltimore: Johns
Hopkins University Press, 1990.

6. Veith I. Hysteria: the history of a disease. Chicago: Uni-
versity of Chicago Press, 1965.

7. Goetz CG. Charcot the clinician. The Tuesday lessons.
New York: Raven Press, 1987.

8. Massey EW, McHenry LC. Hysteroepilepsy in the nine-
teenth century: Charcot and Gowers. Neurology
1986;36:65–67.

9. Lazare A. Current concepts in psychiatry: conversion
symptoms. N Engl J Med 1981;305:745–748.

10. Stepfanis C. Markidis M, Christodoulou G. Observations
on the evolution of hysterical symptomatology. Brit J Psy-
chiat 1976;128:269–275.

11. Zeigler FJ, Imboden JB, Meyer E. Contemporary con-
version reactions: a clinical study. Am J Psychiatry 1960;
116:901–910.

12. Pilowsky I. From conversion hysteria to somatization to
abnormal illness behavior? J of Psychosomatic Res 1996;
40:345–350.

13. Liske E, Forster FM. Pseudoseizures: a problem in the
diagnosis and management of epileptic patients. Neurol-
ogy 1964;14:41–49.

14. Vanderzant CW, Giordani B, Berent S, Dreifuss FE,
Sackellares JC. Personality of patients with pseudo-
seizures. Neurology 1986;36:664–668.

15. Diagnostic and Statistical Manual of Mental Disorders.
DSM-IV™ Fourth Edition. Washington DC: American
Psychiatric Association, 1995.

16. Bowman ES. Etiology and clinical course of pseudo-
seizures: relationship to trauma, depression, and disso-
ciation. Psychosomatics 1993;34:333–342.

17. Metrick ME, Ritter FJ, Gates JR, Jacobs MP, Skare SS,
Loewenson RB. Nonepileptic events in childhood.
Epilepsia 1991;32:322–328.

18. Wyllie E, Friedman D, Luders H, Morris H, Rothner D,
Turnbull J. Outcome of psychogenic seizures in children
and adolescents compared to adults. Neurology 1991;41:
742–744.

19. Alper K, Devinsky O, Perrine K, Vazquez B, Luciano D.
Nonepileptic seizures and childhood sexual and physi-
cal abuse. Neurology 1993;43:1950–1953.

20. Barry E, Krumholz A, Bergey C, Alemayehu S, Grattan
L. Nonepileptic posttraumatic seizures. Epilepsia 1998;
39:427–431.

21. Gates JR, Ramani V, Whalen S, Loewenson R. Ictal char-
acteristics of pseudoseizures. Arch Neurol 1985;42:
1183–1187.

22. Leis AA, Ross MA, Summers AK. Psychogenic seizures:
ictal characteristics and diagnostic pitfalls. Neurology
1992;42:95–99.

23. Gulick TA, Spinks IP, King DW. Pseudoseizures: ictal phe-
nomena. Neurology 1982;32:24–30.

24. Walczak TS, Bogolioubov. Weeping during psychogenic
nonepileptic seizures. Epilepsia 1996;37:207–210.

25. Peguero E, Abou-Khalil B, Fakhoury, Mathews G. Self-
injury and incontinence in psychogenic seizures. Epilep-
sia 1995;36:586–591.

26. Cohen RJ and Suter C. Hysterical seizures: suggestion
as a provocative EEG test. Ann Neurol 1982;11:
391–395.

27. Walczak TS, Williams DT, Berton W. Utility and relia-
bility of placebo infusion in the evaluation of patients
with seizures. Neurology 1994;44:394–399.

28. Slater JD, Marland CB, Jacobs W, Ramsey RE. Induction
of pseudoseizures with intravenous saline placebo.
Epilepsia 1995;36:580–585.

29. Bazil CW, Kothari M, Luciano D, et al. Provocation of
nonepileptic seizures by suggestion in a general seizure
population. Epilepsia 1994;35:768–770.

30. Barry JJ, Atzman O, Morrell MJ. Discriminating between
epileptic and nonepileptic events: the utility of hypnotic
seizures induction. Epilepsia 2000;41:81–84.

31. Devinsky O, Fisher RS. Ethical use of placebos and
provocative testing in diagnosing nonepileptic seizures.
Neurology 1996;47:866–870.

32. Barre MA, Burnstine TH, Fisher RS, Lesser RP. Elec-
troencephalographic changes during simple partial
seizures. Epilepsia 1999;35:715–720.

33. Thacker K, Devinsky O, Perrine K, Alper K, Luciano D.
Nonepileptic seizures during apparent sleep. Ann Neurol
1993;33:414–418.

34. Orbach D, Ritaccio A, Devinsky O. Psychogenic,
nonepileptic seizures associated with video-EEG-verified
sleep. Epilepsia 2003;44:64–68.



NEUROLOGIC DISEASE IN WOMEN454

35. Trimble MR. Serum prolactin levels in epilepsy and hys-
teria. BMJ 1978;2:1682.

36. Laxer KD, Mullooly JP, Howell B. Prolactin changes after
seizures classified by EEG monitoring. Neurology
1985;35:31–35.

37. Pritchard PB, Wannamaker BB, Sagel J, Nair R, DeVil-
lier C. Endocrine function following complex partial
seizures. Ann Neurol 1983;14:27–32.

38. Tomson T, Lindbom U, Nilsson BY, Svanborg E, Ander-
sson DE. Serum Prolactin during status epilepticus.
J Neurol Neurosurgery Psychiatry 1989;52:1435–1437.

39. Oribe E, Rohullah A, Nissenbaum E, Boal B. Serum pro-
lactin concentrations are elevated after syncope. Neurol-
ogy 1996;47:60–62.

40. Henrichs TF, Tucker DM, Farha J, Novelly RA. MMPI
indices in the identification of patients evidencing pseu-
doseizures. Epilepsia 1988;29:184–188.

41. Wilkus RJ, Dodrill CB. Factors affecting the outcome of
MMPI and neuropsychological assessments of psy-

chogenic and epileptic seizure patients. Epilepsia 1989;
30:339–347.

42. Rueber M, Pukrop T, Bauer J, Helmstaedter C,
Tessendorf N, Elger CE. Outcome in psychogenic
nonepileptic seizures: 1 to 10-year follow-up in 164
patients. Ann Neurol 2003;53:305–311.

43. Lempert L, Schmidt D. Natural history and outcome of
psychogenic seizures: a clinical study in 50 patients.
J Neurol 1990;237:35–38.

44. Aboukasm A, Mahr G, Gahry BR, Thomas A, Barkley
GL. Retrospective analysis of the effects of psychothera-
peutic interventions on outcomes of psychogenic
nonepileptic seizures. Epilepsia 1998;39:470–473.

45. Shen W, Bowman ES, Markand ON. Presenting the diag-
nosis of pseudoseizure. Neurology 1990;40:756–759.

46. Walzack TS, Papacostas S, Williams DT, Scheuer ML,
Lebowitz N, Notarfrancesco A. Outcome after the diag-
nosis of psychogenic nonepileptic seizures. Epilepsia
1995;36:1131–1137.



Aarskog-Scott faciogenital dysplasia syndrome, 101
abortion, 43–44

coercing women to prevent fetal harm (AIDS/drug exposure,
etc.), 119–122

abscess, brain, 384
acetaminophen, 49t, 50, 211–212, 211t
acetylcholine, hormonal influences on, 80–81
acidosis, fetal, 158–159
acoustic neuroma, 390
acute fatty liver of pregnancy, 103
acute idiopathic optic neuritis, 283–287. See also optic neuritis 
acyclovir, 57, 57t, 381t, 382t, 383t
adrenergic blockers, 56
adrenoleukodystrophy (ALD), 98, 129, 134–135
adrenomyeloneuropathy (AMN), 98, 135
adult development of women, 31
adverse effects of drugs during pregnancy, 43, 44t
affective disorders, 425–431. See also psychiatric disorders
age, gender differences in, 9, 19–20. See also elderly 
Angelman syndrome in, 104
Aicardi syndrome, 93–94, 129–130, 130

epilepsy and, 222
alcohol, 52t, 327
alcohol abuse, 431–432

CAGE questions for, 432, 432t
allopregnanolone, 82
allopurinol, 52t
almotriptan, 49t
Alzheimer disease, 82, 411–417

age and, 413

Alzheimer disease (continued)
caregiving in, 414–415
clinical presentation of, 411
cognitive function in, 412–413
comorbidity and mortality in, 412
diagnosis of, 411
gender differences in, 6t, 10, 411, 412–413
hormonal influences on, 413–414
mild cognitive impairment and, 413, 413t
NINCDS-ADRDA criteria for diagnosis of, 411, 412t
prevalence and incidence of, 411–412, 412
psychiatric disorders, 430–431
risk factors for, 412
treatment of, 414

amantadine, 57t
Amatniek, Joan, 3
aminoglycosides, 381t
amiodarone, 398–399, 398t
amitriptyline, 54, 54t
amoxapine, 54, 54t
amphotericin B, 381t, 382t, 383t
ampicillin, 382t, 383t
amygdala, gender differences in, 18
amyotrophic lateral sclerosis, gender differences in, 7t, 10
analgesics, fetal risk from, 49t
androgen, 208

menopause and, 171–183
androstenedione, menopause and, 171–183
anesthesia-related neuropathies and myelopathy, 305
aneuploidy, 103

455

Index

Note: Boldface numbers indicate illustrations; t indicates a table.

 



INDEX456

angiitis of pregnancy, 253
anorexia nervosa, 422–425. See also psychiatric disorders

peripheral neuropathy and, 308
anterior horn cell disease, 373
anterior optic neuritis, 283. See also optic neuritis 
antibiotics, 52t, 398–399, 398t
anticipation, genetic, 133
anticoagulants, 51–52, 52t
anticonvulsants, 53–54, 53t. See also antiepileptic drugs

(AEDs)
antidepressants, 54–55, 54t, 428, 429t
antiemetics and, 58
antiepileptic drugs (AEDs), 53–54, 53t, 63–73, 219,

225–230, 225t
birth defects and, 66–69, 231–232
bone health, osteoporosis, and, 64
breast feeding and, 53–54, 53t, 70, 232
carbohydrate metabolism and, 65
contraceptives and, 48, 63
diabetes, insulin metabolism and, 65
efficacy and tolerability of, by gender, 225–230, 225t
lipid metabolism and, 65
liver microsomal cytochrome P450 vs., 47, 47t
neonatal hemorrhage and, 69–70
neural tube defects and, 66, 68–69
polycystic ovarian syndrome (PCOS) and, 64–65, 139–140,

227–228
pregnancy and, 44, 53–54, 53t, 63–73, 230–231
prenatal care and diagnostic testing with, 69–70
risk categories for, 231–232, 231t
sex steroid hormones and, effect of, 63–64
teratogenic, 68–69
weight gain/loss and, 65

antihistamines, 58, 59, 59t
antihypertensives, 55–57, 56t
antimicrobials, 380, 381t, 383t
antiparkinsonian drugs, 57, 57t
antiphospholipid antibody syndrome (APLA), 251, 343–344,

343t
chorea gravidarum and, 356
stroke and, 251

antithrombin III deficiency, 102
antiviral drugs, 57, 57t
anxiety disorders, 433–437. See also psychiatric disorders
aplasia of the cerebellar vermis, 131
aqueductal stenosis, X-linked, 98
Arato, V. Avedon, 117
aromatase, 80
arteriovenous malformation, pregnancy and, 257–258
arteritis

giant cell, 336, 336t, 359–366
Takayasu, 335–336, 336t

arthritis, rheumatoid, 276, 306, 340–342, 341t, 379
arthrogryposis, 97
Arts fatal X-linked ataxia and deafness, 99
aspirin, 49t, 50

stroke and, 248–249
ataxia-deafness syndrome, 99
ataxias. See movement disorders and ataxias
atenolol, 56, 56t

atropine, 59
aura, migraine and, 201, 202–203
autism, 139
autoimmune disorders, 250–252, 335–348

antiphospholipid antibody syndrome  in, 343–344, 343t
autoimmune-related polyneuropathies in, 300–301
giant cell arteritis in, 336, 336t, 359–366
immune function and, 379
infections of the nervous system and, 379
multiple sclerosis and, 267, 268t
myasthenia gravis in, 321–323
pregnancy and, 300–301
rheumatoid arthritis in, 340–342, 341t, 379
scleroderma in, 342, 342t
Sjögren syndrome in, 340, 340t
stroke and, 250–252
system lupus erythematosus  (SLE), 337–340, 337t, 379
Takayasu arteritis in, 335–336, 336t

autoimmune-related polyneuropathies, 300–301
autonomic nervous system, menopause and, 175
autonomic tests, pelvic floor disorders and, 377
Avonex. See interferon beta 1 a
azathioprine, 275t, 301–302

Baby Boom population, 28–29
Baby Boy Doe case, 121–122
Baby Jane Doe case, 122
Baby K case, 123–124
backache, pregnancy and, 154
Baltimore Longitudinal Study of Aging (BLSA), gender 

differences in, 18–19
barbiturates, 58, 59t, 63–73

contraception vs., 63
pregnancy and, 45

Barrington nucleus, 369
basal forebrain, hormonal influences on, 82
Becker muscular dystrophy, 94–95, 315–318
behavior and performance, gender differences in, 15
behavioral disorders, 422. See also psychiatric disorders
Bell palsy, gender differences in, 7t, 10
Benson, J. Thomas, 367
benzodiazepam, 59t
benzodiazepines and, 58–59
Beresford, H. Richard, 115
beta blockers, 55–56, 208
Betaseron. See interferon
bethanechol test for vesical denervation, in pelvic floor 

disorders, 377
bilateral acoustic neurofibromatosis (NF II), 103
bilateral periventricular nodular heterotopia, 131, 131
binge eating disorders, 422–425. See also psychiatric disorders
bipolar disorder, 428–430. See also psychiatric disorders
Birbeck, Gretchen L., 355
birth defects, 42–43, 44. See also teratogens

antiepileptic drugs (AEDs) and, 66–69, 231–232
coercing women to prevent fetal harm (AIDS/drug exposure,

etc.), 119–122
bladder incontinence. See pelvic floor disorders 
blood flow in brain

gender differences in, 21



INDEX 457

blood flow in brain (continued)
migraine and, 203–204
pseudotumor cerebri and, 396–397, 397t

blood pressure levels, 235, 238. See also eclampsia; 
hypertension

menopause and, 174
pregnancy induced hypertension (PIH) and, 235, 238

blood vessel function, hormonal influence on, 148
bone health and osteoporosis

antiepileptic drugs (AEDs) and, 64
epilepsy and, 226

Bordelon, Yvette M., 349
bowel incontinence. See pelvic floor disorders 
Bowen v. American Hospital Association , 122–123
brachial plexus disorders, 299, 305

fetal/neonate birth injuries and, 158
brain abscess, 384
brain derived neurotrophic factor (BDNF), 82
brain tumors. See cancers, malignancy, tumors
breast cancers, 390
breast feeding, 164

anticoagulants and, 52
antiepileptic drugs (AEDs) and, 53–54, 53t, 70, 232
aspirin use and, 50
beta blockers and, 56
drug treatment and trials in, 47, 47t, 164
epilepsy and, 232
multiple sclerosis and, 278
selective serotonin reuptake inhibitors (SSRIs), 55

breast implants, peripheral neuropathy and, 308
Broca area

gender differences in, 80
hormonal influences on, 82

bromocriptine, 57, 57t, 208, 389
Brubaker, Linda, 367
bulimia nervosa, 422–425. See also psychiatric disorders
bupropion (Wellbutrin), 54t, 55, 429, 429t
butalbital, 58, 59t
butorphanol, 51, 51t
butyrophenones, 58t

caffeine, 49t, 50
CAGE questions, alcohol abuse, 432, 432t
calcium channel blockers, 56–57
cancers, malignancy, tumors, 387–392

acoustic neuroma in, 390
breast and lung, 390
choriocarcinoma in, 390
choroid plexus papilloma in, 390
eclampsia and, 236, 237
ependymoma in, 390
gender differences in, 387
glial tumors in, 387–389
hemangioblastoma in, 390
medulloblastoma in, 390
meningiomas in, 389–390
menopause and, 175
metastases and, 390
neoplastic infiltration and, 307
paraneoplastic neuropathies and, 307

cancers, malignancy, tumors, (continued)
paraneoplastic syndromes in, 390–391, 391t
peripheral neuropathy and, 306–308
pituitary tumors in, 389
pseudotumor cerebri and, 393–410, 394, 395, 396
radiation therapy in, 390
radiosurgery in, 390
surgical treatment of, 390
treatment-related neuropathies in, 307–308

carbamazepine, 53, 63–73, 65t, 225t, 227t
contraception vs., 63
pregnancy and, 45, 66–69, 66t

carbidopa, 57t, 398–399, 398t
carbohydrate metabolism, antiepileptic drugs (AEDs) and, 65
cardiovascular effects, pregnancy and hormonal influence on,

148
Cardizem, 56t
caregiving responsibilities, 30
carnitine deficiency, 325
carotid endarterectomy, stroke and, 249
carpal tunnel syndrome (CTS), 298–299, 305, 308
catamenial seizures, 139, 224
categories of drug risk, 44–45, 45t
cathexis, 28
cauda equina lesions, 372, 374
celecoxib, 49t, 50–51
Celexa. See citalopram
cerebellar ataxia, X-linked, 99
cerebellar degeneration, 391t
cerebellum, gender differences in, 18
cerebral aneurysm, 254

pregnancy and, 257–258
stroke and, 254

cerebral palsy, 158–159
cerebral vasospastic disorders, stroke and, 252–253
cerebral venous thrombosis (CVT), 253–254, 253, 257

pregnancy and, 253–254, 253, 257
stroke and, 253–254, 253, 257

cerebrospinal fluid, optic neuritis and, 287, 289
cerebrovascular disease. See stroke and cerebrovascular disease
cerebrum, gender differences in, 18
channelopathies (myotonia congenita and periodic paralysis),

324
Charcot, Jean, 445–446, 448
Charcot-Marie-Tooth disease, 96–97, 103, 129, 133–134, 303
chemotherapy, peripheral neuropathy and, 307–308
child abuse, 123
CHILD syndrome, 93, 134
childhood absence epilepsy, 222
childrearing responsibilities, 28
chlorambucil, 275t
chloramphenicol, 381t
chlordecone (Kepone), 398–399, 398t
chlordiazepoxide, 58–59, 59t
2-chlorodeoxyadenosine, 275t
chlorpromazine, 58, 58t, 355
cholesterol levels

antiepileptic drugs (AEDs) and, 65
menopause and, 172, 174

cholineacetyl transferase (ChAT), hormonal influences on, 81



INDEX458

cholinergic function, hormonal influences on, 82–83
cholinesterase inhibitors, Alzheimer disease and, 414
chorea, 87, 351–352
chorea gravidarum, 355–358
choriocarcinoma, 390
choroid plexus papilloma, 390
Christian mental retardation abducens palsy and skeletal dys-

plasia syndrome, 102
chromosomal abnormalities, 103. See also genetic disorders
chronic inflammatory demyelinating polyradiculoneuropath7

(CIDP), 301
chronic pain syndromes, peripheral neuropathy and, 308
chronic progressive external ophthalmoplegia, 103
cimetidine, 52t
cingulate cortex, gender differences in, 18
cingulate gyrus, gender differences in, 18
cisplatin, peripheral neuropathy and, 307, 308
citalopram (Celexa), 54t, 55, 429, 429t
civil detention and fetal protection, 120
cladribine, 275t
classes of drugs, 49–60
clinical presentation, gender differences in, 3
clonazepam, 59t
clonidine, 56, 56t
coccidioidomycosis, 381–382
CODAS syndrome, 94
codeine, 51, 51t, 211–212, 211t
coercing women to prevent fetal harm (AIDS/drug exposure,

etc.), 119–122
Coffin-Lowry syndrome, 101
cognitive challenge, gender differences in, brain activation in

response to, 21–22
cognitive development, 31–32
cognitive function

Alzheimer disease and, 412–413
delirium in, 440–441
elderly and, 192
hormonal influences on, 413–414
menopause and, 174
mild cognitive impairment and, 413, 413t

cohort studies, gender differences in, 8
collaboration in health care, 36
collagen vascular disease, 250–252

stroke and, 250–252
computed tomography (CT)

eclampsia and, 240
gender differences in, 16, 18, 19–20
migraine and, 210
pregnancy and, 161–164

congenital adrenal hyperplasia (CAH), 83–84
congenital hemidysplasia with ichthyosiform erythroderma

and limb defect. See CHILD syndrome
congenital muscular dystrophy (CMD), 320–321
congenital myopathy, 326–327
connective tissue diseases, 305–307
Conradi-Hunermann-Happle syndrome, 93
contraception, 47–48

antiepileptic drugs (AEDs) and, 63
drug treatment and trials in, 47–48
epilepsy and, 226

contraception (continued)
migraine and, 212–213
multiple sclerosis and, 278
stroke and, 254–255

conus medullaris lesions, 372, 374
conversion disorder, 438–439. See also psychiatric disorders
convulsive disorders. See epilepsy and seizure disorders
Copaxone. See glatiramer acetate
corpus callosum, gender differences in, 18–19, 19
cortical evoked potentials, pelvic floor disorders and, 377
cortical spreading depression (CSD), 204–205
corticobasal ganglionic degeneration (CBGD), 351
corticosteroids, 57–58, 398–399, 398t

giant cell arteritis and, 364
hormonal influences on, 82
menopause and, 171–183
multiple sclerosis and, 271–273, 273t
pregnancy and, 301

corticotrophin releasing hormone (CRH), nervous system
affected by, 76–79

cortisone, 57, 57t
Cowchock variant of CMT disease in, 97
COX 2 inhibitors, 50–51
Coyle, P.K., 265
cramps, 327–328
cross-sectional surveys, gender differences in, 8
cultural diversity, 35
cumulative incidence, gender differences in, 9
Cushing disease, 389
custody of children, 120
cutis laxa/occipital horn syndrome, 99
cyclizine, 59t
cyclophosphamide, 275t, 301
cyclosporine, 301–302, 398–399, 398t
cyproheptadine, 59, 59t, 389
cytomegalovirus, 105

danazol, 208, 398–399, 398t
Dandy-Walker malformation, 98
danazol, 208
deafness

Arts fatal X-linked ataxia and deafness in, 99
ataxia-deafness syndrome in, 99

dehydroepiandrosterone (DHEA), 77–79
menopause and, 171–183
nervous system affected by, 77–79

dehydroepiandrosterone sulfate (DHEAS)
menopause and, 171–183

delirium, 440–441
dementia, elderly and, 192–193. See also Alzheimer disease
demyelinating optic neuritis, 283–287. See also optic neuritis 
Depo–Provera. See medroxyprogesterone
depression, 421–422, 425–428

elderly and, 193
dermatomyositis, 323–324
desipramine (Norpramin), 54, 54t, 429, 429t
Desyrel. See trazodone
developmental defects, 44
developmental issues, hormonal influences on, 75–79
dexamethasone, 57–58, 57t, 301



INDEX 459

diabetes, 302
antiepileptic drugs (AEDs) and, 65
diabetic neuropathy and, 302
menopause and, 172
pregnancy and, 46

diazepam, 59, 59t
dihydroergotamine, 49t
diltiazem, 56t
dimenhydrinate, 59t
diphenoxylate, 59, 59t
dipyridamole, stroke and, 249
disclosure, 117–119
disseminated intravascular coagulation (DIC), 235
dissociative disorders, 449
distal infantile arthrogryposis, 97
disulfiram, 52t, 432
divorce, 29
diazoxide, 241
doctor/patient relationships, 33–35

collaboration and, 36
communication styles and, 34
cultural diversity and, 35
gender differences in, 36
meaning and, 34–35
power and, 34
social context and, 34

domestic violence and nerve injury, 308
dominant vs. recessive phenotypes, 92. See also genetic 

disorders
Donaldson, James O., 147
dopamine

gender differences in, 22–23
hormonal influences on, 80–81
Parkinson disease and, 349–351

double cortex syndrome, 102, 131
Down syndrome in, 103
doxepin, 54, 54t
doxylamine, 58, 58t
Dreifuss-Emery muscular dystrophy, 96, 134
drug abuse, coercing women to prevent fetal harm

(AIDS/drug exposure, etc.), 119–122
drug risk categories, 44–45, 45t
drug treatment and trials in women, 41–62

adverse effects of, 43, 44t
breast feeding and, 47, 47t
categories of risk for, 44–45, 45t
classes of drugs in, 49–60
contraception and, 47–48
elderly and, 48
gender differences in, 41–42
hormonal influences on disease and, 42
informed consent and, 115–119
menopause and, 42
pharmacodynamics and, 48
pharmacokinetics and, 48
placenta and, 46–47
pregnancy and, 41, 43–47
risks of, 42–43
teratogens and, 42–43

Duane abducens palsy, 94

Duchenne muscular dystrophy, 94–96, 128, 129, 134, 315–318
pelvic floor disorders and, 373

dysthymia, 430. See also psychiatric disorders
dystonia, 351

eating disorders, 422–425. See also anorexia nervosa; 
psychiatric disorders

eclampsia, 102, 235–245
cerebral pathology of, 238–239, 240, 241
clinical characteristics of, 235–237, 236t
diagnosis of, 239, 240t
disseminated intravascular coagulation (DIC) and, 235
edema in, 235–236
electroencephalography, 241
HELLP syndrome and, 235, 236, 238
hypertension in, 235, 241–242, 241t
imaging studies of, 240–241, 240, 241
laboratory studies for, 239–240
liver hemorrhage in, 235
magnesium sulfate in treatment of, 242–243, 242, 243t
management of, 241–243, 241t
mechanisms suggested as possible etiologies of, 237–239,

237t
multiple births and, 235
pathology of, 239
pathophysiology of, 237–239
pregnancy induced hypertension (PIH) and, 235, 238
prevention of, 243
proteinuria and, 236
racial differences in, 235
seizures during, 236, 242–243, 242
visual problems and, 236, 237

edema, eclampsia and, 235–236
Edward syndrome in, 103
Effexor. See venlafaxine
Ehlers–Danlos syndrome type IV, 102
elderly, 185–197

acetaminophen and, 50
Alzheimer disease and, 413
anticoagulants and, 52
antidepressants and, 55
antiparkinsonian drugs and, 57, 57t
aspirin use and, 50
benzodiazepines and, 59
beta blockers and, 56, 56t
calcium channel blockers and, 57
cognitive function and, 192
dementia and, 192–193
depression in, 193
diseases of, 192–193
drug treatment and trials in, 48
exercise and, 194
factors associated with frailty in, 186, 187t
frailty in, 185–197
functional reserve in, 188
gait and postural stability in, 190–191, 191
gender differences in, 186–192
hormonal influences on, 192
hormone replacement therapy (HRT) and, 178–180,

193–194



INDEX460

elderly (continued)
illness and disability in, 185–186, 186
injury in, 194
life style and health in, 194
memory and, 192
movement and, 190
muscle strength in, 187–190
narcotic use in, 51
nerve function in, 189–190
nonsteroidal antiinflammatory drugs (NSAIDs), 50
Parkinson disease and, 192–193
pharmacodynamics in, 48
pharmacokinetics in, 48
preventing frailty in, 193–194
psychiatric disorders, 421
sarcopenia and, 188–189
sensory perception in, 191–192
stroke and, 192–193

electroencephalography (EEG)
eclampsia and, 241
gender differences in, 20–23

electromyography, in pelvic floor disorders, 375–376, 376t
eletriptan, 49t
Emery-Dreifuss. See Dreifuss-Emery
emetine, 327
Emetrol, 58, 58t
emotional stimuli, gender differences in, brain activation in

response to, 22
employment of women, 29
empyema, subdural, 384
enalapril, 56t
encephalomyelitis, 391t
encephalopathies, fetal/neonate birth injuries and, 159, 160t
endocrine disorders

muscle disease and, 326
pseudotumor cerebri and, 397–398, 397t
thyroid-related myopathy in, 326

endometriosis, peripheral neuropathy and, 308
entorhinal regions, gender differences in, 18
ependymoma, 390
epidemiology, gender differences in, 8
epilepsy and seizure disorders, 219–234. See also antiepileptic

drugs (AEDs); eclampsia, seizures during; nonepileptic
seizures

Aicardi syndrome and, 222
antiepileptic drugs (AEDs) and, 63–73, 225–230, 225t. See

also antiepileptic drugs (AEDs)
bone health and osteoporosis and, 226
breast feeding and, 232
catamenial seizures and, 139, 224
childhood absence, 222
classification of, 220, 220–221t
contraception and, 226
differential diagnosis of, 222–223, 222t
eclampsia and, 236, eclampsia and, 242–243, 242
electroencephalogram (EEG) in, 450–451, 451t
epidemiology of, in women, 219–223
estrogen and, 223
folic acid supplementation during, 45
gamma aminobutyric acid (GABA) and, 223

epilepsy and seizure disorders (continued)
gender differences in, 4, 5t, 9–10, 84–85, 223–224
health concerns of women with, 226
hormonal influence on, 84–85, 148, 223–224
incidence and prevalence of, 219–223, 220t
infertility and, 227
juvenile myoclonic (JME) and, 222
menopause and, 224
n-methyl-d-aspartate (NMDA) and, 223
nonepileptic seizures vs. See nonepileptic seizures
ovarian hormones and, 223–224
phenotypic expression of, 223
photosensitive, 222
polycystic ovarian syndrome (PCOS) and, 227–228
pregnancy and, 148, 151–152, 152t, 156–157, 156t,

230–232
progesterone and, 223–224
prolactin levels in, 451–452
pseudoseizures in, 222–223
psychogenic seizures and, 222–223
puberty and, 224
reproductive health and, 226–227
resources for, 232
Rett syndrome and, 222
sexual function and, 229–230, 229t
status epilepticus in, 156–157
susceptibility and inheritance of, 230
syndromes of, 220–222, 221t
treating hormonally sensitive seizures in, 224

epitopes, multiple sclerosis and, 267
ergotamine, 49–50, 49t, 208
escitalopram (Lexapro), 429, 429t
essential tremor, 352
estradiol, 77–79, 208

menopause and, 171–183
nervous system affected by, 77–79

estrogen, 75–79, 147–150
epilepsy and, 223
hyper–CKemia in, 328
infections of the nervous system and, 384
menopause and, 170–183, 173–174t
migraine and, 206–213
nervous system affected by, 75–79
neuronal excitability and, 81
Parkinson disease and, 350–351

estrone, 77–79
menopause and, 170–183
nervous system affected by, 77–79

ethambutol, 382t, 383t
ethanol, 327
ethosuximide, 225t
etiology, gender differences in, 3
expansion of triplet repeats, 104
experimental allergic encephalomyelitis (EAE), multiple scle-

rosis and, 276, 276t

Fabry disease, 97, 129, 136–137, 375
facial dermal hypoplasia. See MIDAS syndrome
facial nerve palsy, 297–298
facioscapulohumeral dystrophy (FSHD), 318



INDEX 461

factitious disorders, 437, 449. See also psychiatric disorders
Fahn, Stanley , 349
famciclovir, 57t
familial brachial neuritis, 103
familial intracranial cavernous hemangiomas, 102
fecal incontinence, 371. See also pelvic floor disorders 
felbamate, 66–69, 66t, 225t

pregnancy and, 66–69, 66t
femoral cutaneous nerve disorders, 299–300, 299
femoral neuropathy, 303
fenoprofen, 49t
fetal acidosis, 158–159
fetal harm, coercing women to prevent fetal harm (AIDS/drug

exposure, etc.), 119–122
fetal warfarin syndrome, 52
fetal/neonate birth injuries, 157–158

brachial plexus injury in, 158
cerebral palsy in, 158–159
congenital neurologic injuries in, 159–160
encephalopathies in, 159, 160t
fetal acidosis in, 158–159
hemorrhage, antiepileptic drugs (AEDs) and, 69–70
intracranial hemorrhage in, 157–158
Klumpke palsy in, 158
life support for, withholding or withdrawing, 122–124
multicystic encephalomalacia in, 159–160
neurologic disorders of the fetus and, 160
shoulder dystocia in, 158
spinal injuries in, 159

fetal/neonate neurologic disorders, 160, 162–163t
myasthenia gravis and, 322–323

FG syndrome, 102
fibromuscular dysplasia (FMD), 251–252

stroke and, 251–252
fibromyalgia, 328
fingerprint myopathy, 96
Fitzsimmons mental retardation-spastic paraplegia-palmoplantar

hyperkeratosis syndrome, 102
5HT2

gender differences in, 22–23
hormonal influences on, 80–81

fluconazole, 381t
fluvoxamine (Luvox), 429, 429t
fluoxetine (Prozac), 54t, 55, 211–212, 211t, 429, 429t
folate, 45
folic acid, 104
follicle stimulating hormone (FSH), 75–79

menopause and, 170–183
migraine and, 206–207
nervous system affected by, 75–79

fragile X mental retardation, 129
fragile X syndrome, 133
frailty in elderly women, 185–197
Freud, Sigmund, 446
Frey, Lauren, 3
Friedreich ataxia, 375
friendship, female, 31
frontal lobe, gender differences in, 18
frovatriptan, 49t
futility of treatment, legal issues of, 123–124

functional MRI (fMRI), gender differences in, 20, 22
functional reserve, elderly and, 188

gabapentin, 53, 63–73, 65t, 66t, 225t
contraception vs., 63
pregnancy and, 66–69, 66t

gait, in elderly, 191
gamma aminobutyric acid (GABA), 369

epilepsy and, 223
hormonal influences on, 80–81

gender differences in brain structure/function, 15–26, 79–80
age-associated changes in brain and, 19–20, 186
behavior and performance, 15
blood flow in brain, 21
cognitive challenge and, brain activation in response to,

21–22
corpus callosum and, 18–19, 19
CT and MRI in, 16, 18, 19–20
drug treatment and trials in, 41–42
electroencephalography (EEG) and, 20–23
emotional stimuli and, brain activation in response to, 22
functional MRI (fMRI) and, 20, 22
gray and white matter, 19
hemispheric specialization and, 15, 18, 21–22
hormonal influences on, 79–80
hypothalamus and, 16, 79–80
language processing and, 21–22, 80
massa intermedia and, 16
neural asymmetry and, 20
neuroanatomic, 15–20

humans, 16–20, 17t
nonhuman primates, 16
songbirds and rodents, 15–16

neurotransmission and, 22–23, 80–81
positron emission tomography (PET) and, 20, 21
regional brain physiology and, 20
regional cerebral blood flow (rCBF) and, 20, 21
sensory evoked potentials (ERPs) and, 20
single photon emission computed tomography (SPECT)

and, 20, 21
gender differences in disease of nervous system, 3–13

age adjustment and, 9
Alzheimer disease and, 6t, 10, 411, 412–413
amyotrophic lateral sclerosis and, 7t, 10
Bell palsy and, 7t, 10
brain tumors and, 7t, 10
cancers, malignancy, tumors and, 387
clinical impressions and, 3
clinical series on, 4–8
cohort studies in, 8
cross-sectional surveys in, 8
cumulative incidence and, 9
drug treatment and trials in, 41–42
epidemiologic considerations of, 8–9
epilepsy and seizure disorders and, 5t, 9–10, 84–85,

223–224
etiology and, clues to, 3
frequency and, 9–11
Guillain–Barré syndrome and, 7t, 10
headache and, 138–139



INDEX462

gender differences in disease of nervous system (continued)
hormonal influences on, 3
incidence and, 8–9
infections of the nervous system and, 384
intracerebral hemorrhage and, 5t
migraine and, 7t, 10, 85–86, 206
mild cognitive impairment and, 6t, 10
mortality and, 8
movement disorders and, 349–354
multiple sclerosis and, 6t, 10, 86–87, 139,  268, 268t
myasthenia gravis and, 10–11
Parkinson disease and, 6–7t, 10, 87
prevalence and, 8
prospective studies in, 9
pseudotumor cerebri and, 7t, 10
psychiatric disorders and, 419
psychosocial aspects of, 140
referral bias and, 4
remission and, 8
risk factors and, 9
specificity for women issues and, 3
status epilepticus and, 6t
stroke and, 4–5t, 9, 10, 247–250
subarachnoid hemorrhage and, 5t
SUDEP and, 6t
vascular dementia and, 6t, 10

generalized anxiety disorder (GAD), 433–437. See also psy-
chiatric disorders

genetic anticipation, 133
genetic counseling, 105–109, 160–161

muscular dystrophy and, 317
genetic disorders, 83–84, 91–114

Aarskog-Scott faciogenital dysplasia syndrome in, 101
acute fatty liver of pregnancy and, 103
adrenoleukodystrophy (ALD) in, 98, 129, 134–135
adrenomyeloneuropathy (AMN) in, 98, 135
Angelman syndrome in, 104
Aicardi syndrome in, 93–94, 129–130, 130
aneuploidy in, 103
antithrombin III deficiency in, 102
aplasia of the cerebellar vermis in, 131
Arts fatal X-linked ataxia and deafness in, 99
ataxia-deafness syndrome in, 99
Becker muscular dystrophy in, 94–95, 315–318
bilateral acoustic neurofibromatosis (NF II) in, 103
bilateral periventricular nodular heterotopia in, 131, 131
channelopathies (myotonia congenita and periodic paraly-

sis) in, 324
Charcot-Marie-Tooth disease in, 96–97, 103, 129,

133–134, 303
CHILD syndrome in, 93, 134
Christian mental retardation abducens palsy and skeletal

dysplasia syndrome in, 102
chromosomal abnormalities in, 103
chronic progressive external ophthalmoplegia in, 103
CODAS syndrome in, 94
Coffin-Lowry syndrome in, 101
congenital muscular dystrophy (CMD) in, 320–321
congenital myopathy in, 326–327
Cowchock variant of CMT disease in, 97

genetic disorders (continued)
cutis laxa/occipital horn syndrome in, 99
Dandy-Walker malformation in, 98
distal infantile arthrogryposis in, 97
dominant vs. recessive phenotypes in, 92
double cortex syndrome in, 102, 131
Down syndrome in, 103
Dreifuss-Emery muscular dystrophy in, 96, 134
Duane abducens palsy in, 94
Duchenne muscular dystrophy and, 94–96, 128, 129,

315–318
Edward syndrome in, 103
Ehlers–Danlos syndrome type IV and, 102
expansion of triplet repeats in, 104
expression of, 91–102
Fabry disease in, 97, 129, 136–137
facioscapulohumeral dystrophy (FSHD) in, 318
familial brachial neuritis in, 103
familial intracranial cavernous hemangiomas and, 102
FG syndrome in, 102
fingerprint myopathy in, 96
Fitzsimmons mental retardation-spastic paraplegia-palmo-

plantar hyperkeratosis syndrome in, 102
fragile X mental retardation in, 129
fragile X syndrome in, 133
genetic anticipation in, 133
genetic counseling and, 105–109,  160–161, 317
genomic imprinting and, 104
Goeminne TKCR syndrome in, 99
Goltz syndrome (focal dermal hypoplasia) in, 129–130
Hallervorden-Spatz-Pettigrew syndrome in, 98
HELLP syndrome and, 103
hormonal influences on, 83–84
Hunter syndrome (MPS II) in, 100, 129, 137
hypomelanosis of Ito in, 93
incontinentia pigmenti  in, 92–93, 131–132, 132
Kallmann syndrome in, 98
Kearns-Sayre syndrome in, 103
Kennedy spinobulbar atrophy in, 97
Klinefelter syndrome in, 127
Klippel-Feli anomaly in, 94, 134
Leber optic atrophy in, 103
Leigh disease in, 103, 136, 137
Lenz dysplasia in, 102
Lesch-Nyhan syndrome in, 99, 129, 136
lethal infantile sex-linked spinal muscular dystrophy

(SMAX2) in, 97
leukodystrophies in, 134–135
limb girdle muscular dystrophy,  94, 317–318
Lowe oculocerebrorenal syndrome in, 102, 129
Lujan-Fryns syndrome in, 101
lyonization in, 128
Marfan syndrome in, 102
Martin-Bell fragile X-A syndrome in, 101
MASA syndrome in, 98
MELAS syndrome in, 103
Menkes kinky-hair disease in, 98–99, 129, 137
mental retardation in, 133
MERRF syndrome in, 103
metabolic disorders and, 104–105



INDEX 463

genetic disorders (continued)
microphthalmia with linear skin defects (MLS) syndrome

in, 129–130
MIDAS syndrome in, 93, 129–130
mitochondrial inheritance in, 103–104, 326, 326
movement disorders and, 349
multiple mitochondrial DNA deletion syndrome in, 104
multiple sclerosis and, 266
muscular dystrophy in, 134
myopia-ophthalmoplegia syndrome in, 97
myotonic dystrophy in, 318–320
myotonic dystrophy type 2 in, 320
myotubular/centronuclear myopathy in, 96, 137
neural tube defects (NTD) and, 104
neuronal migration disorders in, 131
nongenetic transmission of, 104–105
Online Mendelian Inheritance in Man (OMIM) database

and, 91
optic neuritis and, 289–290
oral-facial-digital dysplasia (OFD) type I in, 93, 132–133
ornithine transcarbamoylase (OTC) deficiency in, 100,

129, 135
Patau syndrome in, 103
Pelizaeus-Merzbacher disease in, 98, 127, 134–135
phenylketonuria (PKU) and, 104
phosphoglycerate kinase (PGK1) deficiency in, 96
polycystic kidney–berry aneurysm disease in, 93
polyneuropathies in, 303
Prader-Willi syndrome in, 104
pregnancy and, exacerbations of, 102–103
premature ovarian failure and, 101
proximal myotonic myopathy (PROMM) in, 320
pyruvate dehydrogenase (PDH) deficiency in, 100, 129,

135–136, 136
Rett syndrome in, 94, 127, 130–131
Rosenberg-Chutorian syndrome  in, 97
scapuloperoneal muscular dystrophy in, 96
screening for, 105–109, 105
sensorimotor neuropathy associated with aplasia cutis 

congenita in, 97
severe infantile myotonic dystrophy in, 104
sex-limited diseases in, 102–103
sex-linked/X-linked disorders and, 91–92, 127–129, 128t

seen almost exclusively in females, 92–94, 106t
seen in males and females, 105–109, 106–108t
with milder manifestations in females, 94–102

syndromic X-linked mental retardation type 4 in, 102
toxemia of pregnancy and, 102–103
transmission of, by women, 103–109
trifunctional enzyme mutations and, 103
Turner syndrome in, 103, 128
von Gierke glycogen storage disease in, 104
von Hippel Lindau (VHL) syndrome in, 102
von Recklinghausen neurofibromatosis (NF I) in, 102–103
Waisman early-onset parkinsonism with mental retardation

and, 99
Westphal variant of Huntington disease in, 104
Wildervanck cervicooculoacoustic syndrome in, 94, 134
X-linked aqueductal stenosis in, 98
X-linked ataxias and movement disorders in, 98–99

genetic disorders (continued)
X-linked cerebellar ataxia in, 99
X-linked dominant chondrodysplasia punctata 2 (CDPX2)

in, 93
X-linked dominant disease in, 129–134
X-linked inheritance in, 103
X-linked lissencephaly/subcortical band heterotopia in, 131
X-linked mental retardation in, 101
X-linked metabolic encephalopathies, 99–100
X-linked motor neuron disorders in, 97
X-linked nonprogressive encephalopathies in, 100–102
X-linked peripheral neuropathies in, 96–97
X-linked recessive disease in, 134–137
X-linked spastic parapareses in, 97–98
X-linked spastic paraplegia in, 98
X-linked torsion-dystonia syndrome in, 99
Xp11–autosomal translocation disorder (incontinentia 

pigmenti type I) in, 93
genomic imprinting, 104
gentamicin, 381t
genitofemoral neuropathies, 304–305
giant cell arteritis, 336, 336t, 359–366

clinical presentation of, 360–362
corticosteroids in treatment of, 364
diagnosis of, 363–364
distribution of affected vessels in, 360
epidemiology of, 359
headache in, 360
jaw claudication in, 360–361
laboratories abnormalities in, 363
laboratory abnormalities in, 360, 360t
neurologic manifestations of, 361, 361t
nonclassic presentations of, 362–363
occult presentation of, 362–363, 363t
pathology, pathogenesis, etiology of, 359–360
peripheral nervous system involvement in, 362–363, 362t
polymyalgia rheumatica in, 361
signs of, 363
stroke and, 362, 362t
symptoms of, 360–362, 360–362, 360t
treatment of, 364
visual abnormalities in, 361, 361t, 362t

Gilchrist, James M., 315
girls, neurologic disease of. See neurologic disease of girls
glatiramer acetate (Copaxone), 273–274, 273t, 274t, 275
glial tumors, 387–389
glucocorticoids, 271–273, 273t. See also corticosteroids
glycogen storage disease, 104, 324
Goeminne TKCR syndrome, 99
Goltz syndrome (focal dermal hypoplasia) in, 129–130
gonadotrophin releasing hormone (GnRH), 75–79

nervous system affected by, 75–79, 76
gonadotrophins, 75–79

menopause and, 170–183
nervous system affected by, 75–79

gonadotropin hypothesis of follicular androgen and estrogen
production, 77–78, 78

Graves disease, 149
gray matter, gender differences in, 18, 19
growth hormone, 398–399, 398t



INDEX464

Guarda, Angela S., 419
Guillain-Barré syndrome, 149, 300–301, 305

gender differences in, 7t, 10
pelvic floor disorders and, 375

Hallervorden-Spatz-Pettigrew syndrome, 98
haloperidol and, 58, 58t
Hamaad, Mustafa, 265
handicap-based discrimination, 122
Harbeson v. Parke-Davis Inc., 116–117
Hashimoto thyroiditis, 276
Hauser, W. Allen, 3
headache, 138–139

gender differences in, 4, 8, 138–139
giant cell arteritis and, 360
hormonal influence on, 148
pregnancy and, 148
pseudotumor cerebri and, 394

health care issues, 27–39
cathexis in, sexism and, 28
childrearing responsibilities and, 28
collaboration in, 36
consumers, women as consumers of health care and, 32
contemporary lives of women and, 28–31. See also women

and society
cultural diversity and, 35
gender differences in, 27–28, 36
insurance and uninsured women and, 28
Medicare/Medicaid and, 28
psychosocial aspects of, 140
telecommunications and, 32–33
traditional communication within health care and, 33–35.

See also doctor/patient relationships
health insurance. See health care issues
Hellmann, David B., 359
HELLP syndrome, 103, 235, 236, 238, 240
hemangioblastoma, 390
hemispheric specialization, gender differences in, 15, 18,

21–22
hemolysis, elevated liver enzymes and low platelets. See

HELLP syndrome
hemorrhagic stroke, 248. See also stroke 
heparin, 51–52, 51t
herpes simplex virus (HSV), 383
Heschl gyrus, gender differences in, 18, 20
Hickman v. Group Health Plan , 117
hippocampus, gender differences in, 18
Hirschsprung disease, 369
HIV/AIDS, 105

antiviral drugs, 57, 57t
coercing women to prevent fetal harm (AIDS/drug expo-

sure, etc.), 119–122
psychiatric disorders, 430–431
toxic myopathy in, 327

hormonal influences on disease/wellness, 3, 75–90, 147–150.
See also gender differences in disease of nervous 
system; ovarian hormones and nervous system

Alzheimer disease and, 413–414
anatomic considerations of, 75–79
antiepileptic drugs (AEDs) and, 63–64

hormonal influences on disease/wellness (continued)
basal forebrain and, 82–83
biosynthetic pathways of production in, 77–78, 78
blood vessel function and, 148
cardiovascular effects and, 148
catamenial seizures and, 139, 224
cholinergic function and, 82–83
cognitive function and, 413–414
congenital adrenal hyperplasia (CAH) and, 83–84
corticosteroids and, 82
developmental considerations of, 75–79
drug treatment and trials in, 42
elderly and, 192
epilepsy, seizure disorders and, 84–85, 148, 223–224
gender differences in, 3, 42
genetically based disorders and, 83–84
gonadotropin hypothesis of follicular androgen and estro-

gen production in, 77–78, 78
headache and, 148
hyper–CKemia in, 328
immune function and, 149
infections of the nervous system and, 384
lifecycle of human ovary and, 77, 77
menopause and, 169–183
menstrual cycle and, 77, 77
metabolic disorders and, 147–148
migraine and, 85–86, 206–213, 209t
movement disorders and, 87, 148
multiple sclerosis and, 86–87, 275–276, 277, 278
myelination and, 83
neuronal excitability and, 81
neuronal injury and, 83
neuroprotective action in, 83
neuropsychiatric disease and, 87
neurotransmitters and, 80–81
organizational and structural effects of, 79–80
ovarian hormones, nervous system, and, 75–90. See also

ovarian hormones and nervous
Parkinson disease and, 87, 350–351
physiologic considerations of, 75–79
physiologic disorders and, 84–87
pregnancy and, 63–64
psychiatric disorders, 432–433
stroke and, 254–256
trophic effects and, 82–83
tumors, brain tumors and, 148
Turner syndrome and, 83

hormone replacement therapy (HRT), 177–180, 212
elderly and, 193–194
infections of the nervous system and, 384
stroke and, 255–256
subarachnoid hemorrhage and, 256

hot flashes, 175–177
Hunter syndrome (MPS II), 100, 129, 137
Huntington disease

psychiatric disorders, 430–431
Westphal variant of, 104

Hurko, Orest, 91
hydralazine, 241
hydromorphone, 51, 51t



INDEX 465

hyperandrogenism, 42
hyper–CKemia, 328
hyperemesis gravidarum, 356
hyperkinesias, 349, 351–352. See also movement disorders 
hypersomnia, 139
hypertension, eclampsia and, 241–242, 241t
hypertensive encephalopathy and pregnancy, 153
hyperthermia, malignant, 325
hypnotics, 58
hypochondriasis, 439
hypokinetic disorders, 349–351. See also movement disorders

and 
hypomelanosis of Ito, 93
hypothalamus

gender differences in, 16, 79, 80
menopause and, 170–171

hysteria, nonepileptic seizures and, 445–446
hysteroepilepsy, 446, 448. See also nonepileptic seizures 
hysterogenic zones of Charcot, 446, 446

iatrogenic mononeuropathies, 308
ibuprofen, 49t
idiopathic thrombocytopenic purpura (ITP), 401
iliohypogastric neuropathies, 304–305
ilioinguinal neuropathies, 304–305
imipramine (Tofranil), 54, 55t, 429, 429t
immune function, 379–380

autoimmune disorders and, 379
hormonal influence on, 149
infections of the nervous system and, 379–380
menopause and, 175
menstrual cycle and variation in, 380
multiple sclerosis and, 267, 268t, 275
myasthenia gravis in, 321–323
pregnancy and, 149, 301–302, 379–380

incidence, gender differences in, 8–9
incontinentia pigmenti type II, 92–93, 131–132, 132
indomethacin, 49t, 398–399, 398t
infections of the nervous system, 379–386

antimicrobials and, 380, 381t, 383t
autoimmune disorders and, 379
brain abscess in, 384
coccidioidomycosis in, 381–382
drug treatment of, 380, 381t, 382t, 383t
gender differences in, 384
herpes simplex virus (HSV) in, 383
hormonal therapy and, 384
immune function and, 379–380
listeriosis and, 380–381
malaria in, 382
menstrual cycle and variation in, 380
mumps in, 384
pregnancy and, 379–383
subdural empyema in, 384
toxic shock syndrome (TSS) and, 380
tuberculosis (TB) and, 380
vaccination during pregnancy and, 383–384
viruses in, 382–383

infertility, epilepsy and, 227
informed consent, 115–119

inheritance. See also genetic disorders
mitochondrial, 103–104
X-linked, 103

inhibin, 77–79
menopause and, 170–183
nervous system affected by, 77–79

insulin metabolism
antiepileptic drugs (AEDs) and, 65
menopause and, 172

insulin resistance syndrome/syndrome X, 172
insurance. See health care issues
interferon beta 1 a (Avonex; Rebif), 273–275, 273t, 274t

optic neuritis and, 290–291
interferon beta 1 b (Betaseron), 273–275, 273t, 274t

optic neuritis and, 291
Internet and health care, 32–33
intracerebral hemorrhage, gender differences in, 5t
intracranial hemorrhage, fetal/neonate birth injuries and,

157–158
intravenous immune globulin (IVIg), 300, 302
intraventricular hemorrhage, 157
ipecac, 327
Irani, David N., 379
ischemic stroke, 247. See also stroke

pregnancy and, 256–257
isolated angiitis of the CNS, 251
isoniazid, 382t, 383t

jaw claudication, giant cell arteritis and, 360–361
Johnson, Julene K., 411
juvenile myoclonic epilepsy (JME), 222

Kallmann syndrome, 98
Kaplan, Peter W., 235
Kearns-Sayre syndrome in, 103
Kennedy spinobulbar atrophy, 97
Kepone. See chlordecone
ketoconazole, 389
ketoprofen, 398–399, 398t
ketorolac, 49t
Khurana, Ramesh K., 201
Klein, Pavel, 75
Kleine-Levin syndrome, 139
Klinefelter syndrome, 127
Klippel-Feli anomaly, 94, 134
Klumpke palsy, 158
Krumholz, Allan, 445

labetalol, 241
labor and delivery. See also pelvic floor disorders

femoral neuropathy in, 303
ilioinguinal, genitofemoral, iliohypogastric neuropathies in,

304–305
lumbosacral plexopathy in, 303
obturator neuropathy in, 304
pelvic floor disorders and. See pelvic floor disorders
peroneal neuropathy and, 304
pudendal neuropathy in, 305

lactation. See breast feeding
Lambert-Eaton syndrome, 391t



INDEX466

lamivudine, 327
lamotrigene, 53–54, 66–73, 65t, 66t, 225t

contraception vs., 63
pregnancy and, 66–69, 66t

language processing, gender differences in, 21–22, 80
lateral femoral cutaneous nerve disorders, 299–300, 299
Laterra, John J., 387
lead poisoning, 398–399, 398t
Leber optic atrophy in, 103
legal issues, 115–124

child abuse and, 123
civil detention and fetal protection in, 120
custody of children and, 120
disclosure in, 117–119
fetal harm, coercing women to prevent fetal harm

(AIDS/drug exposure, etc.), 119–122
futility of treatment and, 123–124
handicap-based discrimination and, 122
informed consent and, 115–119
life support, withholding or withdrawing, for neonates,

122–124
Tarasoff doctrine in, 121

Leigh disease, 103, 136, 137
Lenz dysplasia, 102
Lesch-Nyhan syndrome, 99, 129. 136
lethal infantile sex-linked spinal muscular dystrophy

(SMAX2), 97
leukodystrophies, 134–135
leuprolide acetate, 398–399, 398t
levetiracetam, 53, 63–73, 65t, 66t, 225t

contraception vs., 63
pregnancy and, 66–69, 66t

levodopa (Sinemet), 57, 57t, 398–399, 398t
levonorgestrel (Norplant), 48, 63, 398–399, 398t
Lewy bodies, Parkinson disease and, 349–351
Lexapro. See escitalopram
lidocaine, 59, lidocaine, 59t
life support, neonate, withholding or withdrawing, 122–124
limb-girdle muscular dystrophy in, 94, 317–318
lipid metabolism, antiepileptic drugs (AEDs) and, 65. See also

cholesterol levels
Listeria monocytogenes, 380
listeriosis, 380–381
lithium, 59–60, 59t, 398–399, 398t
Llinas, Rafael H., 247
Loranger, Aileen MacLaren, 27
lorazepam, 59, 59t
low molecular weight heparin (LMWH), 51t, 52, 258
Lowe oculocerebrorenal syndrome, 102, 129
Lujan-Fryns syndrome, 101
lumbosacral plexus disorders, 300, 303, 372–373
lumbosacral radiculopathies, 372
lung cancers, 390
luteinizing hormone (LH), 75–79

menopause and, 170–183
migraine and, 206–207
nervous system affected by, 75–79

luteinizing hormone releasing hormone (LHRH), 75–79
nervous system affected by, 75–79

Luvox. See fluvoxamine

Lyon, Mary, 92
lyonization, 128

magnesium sulfate, eclampsia and, 242–243, 242, 243t
magnetic resonance imaging (MRI)

eclampsia and, 240
gender differences in, 16, 18, 19–20
migraine and, 210
multiple sclerosis and, 269, 270, 271t, 276
optic neuritis and, 286–287, 287, 288

malaria, 382
malignancy. See cancers, malignancy, tumors
malignant hyperthermia, 325
malingering, 437, 449. See also psychiatric disorders
malnutrition, peripheral neuropathy and, 308
MAOIs, 54t
Marfan syndrome, 102
marriage and divorce, 29
Martin-Bell fragile X-A syndrome, 101
MASA syndrome, 98
massa intermedia, gender differences in, 16
Massachusetts Women Health Study (MWHS), 170
Massey, E. Wayne, 297
Massey, Janice M., 297
maternal serum alpha–fetoprotein (MSAFP), 45
Matter of Baby K, 123–124
McArdle disease, 324
McDonald criteria, multiple sclerosis and, 269–270, 269t
meclizine, 59t
meclofenamate, 49t
median nerve disorders, 298–299
Medicare/Medicaid, 28
medroxyprogesterone (Depo–Provera), 48
medulloblastoma, 390
MELAS syndrome, 103, 325
Melbourne Women Health Project, 170
memory, elderly and, 192
menarche. See also menstrual cycle

epilepsy and, 224
Parkinson disease and, 350–351

meningiomas, 389–390
Menkes kinky-hair disease, 98–99, 129, 137
menopause, 169–183

autonomic nervous system and, 175
blood pressure levels and, 174
cancer and, 175
cholesterol levels and, 172, 174
cognitive function and, 174
drug treatment and trials in, 42
epilepsy and, 224
hormone replacement therapy (HRT) and, 177–180
hot flashes in, 175–177
hypothalamic-pituitary-ovarian function in, 170–171, 171t
immune function and, 175
insulin metabolism and diabetes in, 172
insulin resistance syndrome/syndrome X in, 172
metabolic disorders during, 172
metabolic syndrome in, 172
migraine and, 211
neuronal excitability and, 174–175



INDEX 467

menopause (continued)
Parkinson disease and, 350–351
physiologic consequences of, 172–175
psychiatric disorders, 421
stages of, 169–171, 170
stroke and, 174
symptoms of, 175–177
transition to, reregulation during, 171–177

menstrual cycle, 77, 77, 147–150
hormonal influences in, 77–79, 77
immune function and, 380
infections of the nervous system and, 380
menopause and, 169–183
migraine and, 206–207
multiple sclerosis and, 278
myasthenia gravis and, 322
toxic shock syndrome (TSS) and, 380

menstrual disorders, 42
mental retardation, 133. See also nonprogressive

encephalopathies
meperidine, 51, 51t, 211–212, 211t
meralgia paresthetica, 149, 300
MERRF syndrome in, 103
metabolic disorders, 104–105

genetic disorders and, 104–105
glycogen storage diseases in, 324
hormonal influence on, 147–148, 149
malignant hyperthermia in, 325
McArdle disease in, 324
menopause and, 172
metabolic-related polyneuropathies and, 302–303
myoglobinuria in, 325
myopathies in, 324–325
myophosphorylase deficiency in, 324
ornithine transcarbamylase (OTC) deficiency in, 135
phenylketonuria (PKU) and, 104
pregnancy and, 46, 147–148, 149
pseudotumor cerebri and, 397–398, 397t
pyruvate dehydrogenase (PDH) deficiency in, 135–136, 136
von Gierke glycogen storage disease in, 104

metabolic encephalopathies
Hunter syndrome (MPS II) in, 100
ornithine transcarbamoylase (OTC) deficiency in, 100
pyruvate dehydrogenase (PDH) deficiency in, 100
X-linked, 99–100

metabolic syndrome, 172
metabolism, during pregnancy, 46
metastatic disease, 390
methadone, 51, 51t
methotrexate, 275t, 302
methylergonovine, 49t
methylprednisolone, 364

multiple sclerosis and, 271–272
optic neuritis and, 290

methylsergide, 49t
metoclopramide, 58, 58t
metoprolol, 56, 56t
Metter, E. Jeffrey, 185
microphthalmia with linear skin defects (MLS) syndrome in,

129–130

microphthalmia. See MIDAS syndrome
MIDAS syndrome, 93, 129–130
migraine, 201–217

aura in, 201, 202–203
blood flow in brain during, 203–204
classic, 201–202
classification of, 201–202, 202t
clinical features of, 202–203
common, 201–202
computed tomography (CT) and, 210
cortical spreading depression (CSD) in, 204–205
definition of, 201–202
diagnosis of, 210
differential diagnosis of, 210–211
drug treatment for, 49–51, 49t
gender differences in, 7t, 10, 85–86, 206
hormonal influences on, 85–86, 206–213, 209t
hormone replacement therapy (HRT) and, 212
magnetic resonance imaging (MRI) studies of, 210
menarche and, 206
menopause and, 211
menstrual cycle and, 206–207
neurogenic hypothesis of, 204
oral contraceptives and, 212–213
pain in, 203
pathophysiology of, 203–206
PET studies of, 204–205
pharmacotherapy for, 211–212, 211t
pregnancy and, 209–210, 211–212
premonitory symptoms of, 202–203
prolonged aura type, 203
prophylactic treatment of, 208–209
serotonin and, 205–206
stroke and, 252, 254
teratogenicity of drugs used to treat, 211–212, 212t
treatment of, 207–209, 208t
vascular theory of, 204

mild cognitive impairment, 413, 413t
gender differences in, 6t, 10

Miller, Neil R., 283
Mini-Mental Status Examination (MMSE), 441
mirtazapine (Remeron), 429, 429t
mitochondrial encephalomyopathies, 325–326

carnitine deficiency in, 325
MELAS syndrome in, 325
mitochondrial maternal inheritance in, 326, 326

mitochondrial inheritance/DNA, 103–104, 326, 326
mitoxantrone (Novantrone), 273–274, 273t, 274t
monoamine oxidase (MAO), 174
mononeuropathies, 308
mononeuropathies of pregnancy, 297–300. See also periph-

eral neuropathy 
Moore, Alan R., 297
moral reasoning abilities, 31–32
Morgan, Thomas Hunt, 92
morphine, 51, 51t
Morrell, Martha J., 63, 219
mortality, gender differences in, 8
motor neuron disease

distal infantile arthrogryposis in, 97



INDEX468

motor neuron disease (continued)
elderly and, 189–190
Kennedy spinobulbar atrophy in, 97
lethal infantile sex-linked spinal muscular dystrophy

(SMAX2) in, 97
X-linked, 97

movement disorders and ataxias, 349–354, 391t
Arts fatal X-linked ataxia and deafness in, 99
ataxia-deafness syndrome in, 99
chorea gravidarum in, 355–358t
chorea in, 351–352
corticobasal ganglionic degeneration (CBGD) in, 351
cutis laxa/occipital horn syndrome in, 99
Dandy-Walker malformation in, 98
dystonia in, 351
elderly and, 190
essential tremor in, 352
gender differences in, 349–354
genetic, 349
Goeminne TKCR syndrome in, 99
Hallervorden-Spatz-Pettigrew syndrome in, 98
hormonal influence on, 148
hyperkinesias in, 349, 351–352
hypokinetic disorders in, 349–351
Lesch-Nyhan syndrome in, 99, 136
Menkes kinky-hair disease in, 98–99, 137
multiple system atrophy (MSA) in, 351
Parkinson disease in, 349–351
Parkinson-plus syndromes in, 351
parkinsonism and, 349
Pelizaeus-Merzbacher disease in, 98
pregnancy and, 148
progressive supranuclear palsy (PSP) in, 351
psychogenic movement disorders in, 352
restless leg syndrome  in, 352
tardive dyskinesia in, 352
tic disorders in, 352
Waisman early-onset parkinsonism with mental retardation

and, 99
X-linked, 98–99
X-linked cerebellar ataxia in, 99
X-linked torsion-dystonia syndrome in, 99

moya moya, 252, 252
stroke and, 252, 252

mu opioid system, gender differences in, 22–23
multicystic encephalomalacia, fetal/neonate birth injuries and,

159–160
multifocal motor neuropathy (MMN), 301
Multigeneration Continuous Feeding Reproductive Study,

42–43
multiple mitochondrial DNA deletion syndrome, 104
multiple sclerosis, 265–282

AAN/MS Council clinical practice guidelines for, 274
age of onset for, 268
breast feeding and, 278
causes of, 266–267
clinical presentation of, 269–270, 269t, 270t
contraception and, 278
corticosteroids and, 271–273, 273t
diagnostic criteria for, 269–271, 269t, 270t

multiple sclerosis (continued)
differential diagnosis of, 270–271, 271t
disease modifying agents in treatment of, 273–274, 273t,

274t
epidemiology of, 267–269
epitopes and, 267
exacerbations of, 265
experimental allergic encephalomyelitis (EAE) in, 276, 276t
frequency of, 267–268
gender differences and, 6t, 10, 86–87, 139, 268, 268t
genetic predisposition to, 266
glatiramer acetate (Copaxone) in, 273–275, 273t, 274t
hormonal influence on, 86–87, 275–276, 278
immune function and, 267, 268t, 275
immunosuppressives in, 275, 275t
infectious agents implicated in, 266–267, 267t
interferon beta 1 a (Avonex; Rebif), 273–275, 273t, 274t
interferon beta 1 b (Betaseron) in, 273–275, 273t, 274t
laboratory studies for, 270, 270t
magnetic resonance imaging (MRI) and, 269, 270, 271t, 276
management of, 271–278
McDonald criteria for, 269–270, 269t
menstrual cycle and, 278
mitoxantrone (Novantrone)  in, 273–274, 273t, 274t
morbidity and mortality of, 268–269
NMSS disease management consensus statement for, 274
optic neuritis and, 289, 287, 288, 290
pathogenesis of, 266–267
pregnancy and, 277–278
primary progressive, 265
progressive relapsing, 266
psychosocial issues of, 278–279, 279t
relapsing, 265
secondary progressive, 265–266
subtypes of, 265–266, 266t
symptomatic therapies for, 271, 272t

multiple system atrophy (MSA), 351
mumps, 384
muscle disease, 315–334, 316t

carnitine deficiency in, 325
channelopathies (myotonia congenita and periodic paralysis)

in, 324
congenital muscular dystrophy (CMD) in, 320–321
congenital myopathy in, 326–327
cramps and, 327–328
dermatomyositis in, 323–324
endocrine myopathies, 326
facioscapulohumeral dystrophy (FSHD) in, 318
fibromyalgia in, 328
glycogen storage diseases in, 324
hyper–CKemia in, 328
malignant hyperthermia in, 325
McArdle disease in, 324
MELAS syndrome in, 325
metabolic myopathies in, 324–325
mitochondrial encephalomyopathies in, 325–326
mitochondrial maternal inheritance in, 326, 326
muscular dystrophies, 315–319. See also muscular dystrophy
myalgia in, 327–328
myasthenia gravis in, 321–323



INDEX 469

muscle disease (continued)
myoglobinuria in, 325
myophosphorylase deficiency in, 324
myotonic dystrophy in, 318–320
myotonic dystrophy type 2 in, 320
myotonic spasm in, 324
polymyositis in, 323–324
proximal myotonic myopathy (PROMM) in, 320
thyroid-related myopathy in, 326
toxic myopathy in, 327

muscle strength, elderly and, 187–190, 188
muscular dystrophy, 134, 315–321, 316t

Becker, 93–94, 315–318
congenital muscular dystrophy (CMD) in, 320–321
Dreifuss-Emery, 96, 134
Duchenne, 94–96, 128, 129, 134, 315–318
facioscapulohumeral dystrophy (FSHD) in, 318
lethal infantile sex-linked spinal (SMAX2), 97
limb girdle, 94, 317–318
manifesting carriers of, 315–317
myotonic dystrophy in, 318–320
myotonic dystrophy type 2 in, 320
pregnancy and, 155–156
prenatal diagnosis and counseling in, 317
proximal myotonic myopathy (PROMM) in, 320
scapuloperoneal, 96
X autosome translocations and, 317

myalgia, 327–328
myasthenia gravis, 154–155, 276, 321–323

gender differences in, 10–11
menstrual cycle and, 322
neonatal form of, 322–323
pelvic floor disorders and, 373
pregnancy and, 322

Mycobacterium tuberculosis, 380
mycophenolate mofetil, 275t, 301
myelination, hormonal influences on, 83
myoclonus, 391t
myoglobinuria, 325
myophosphorylase deficiency, 324
myopia-ophthalmoplegia syndrome, 97
myotonia congenita, 324
myotonic dystrophy, 318–320

pregnancy and, 155–156, 319–320, 320t
severe infantile  form of, 104

myotonic spasm, 324
myotubular/centronuclear myopathy, 96, 137
Mysoline, 65t

n-methyl-d-aspartate (NMDA)
epilepsy and, 223
neuronal excitability and, 81

nadolol, 56, 56t, 208
nalidixic acid, 398–399, 398t
naproxen sodium, 49t, 208
naratriptan, 49, 49t
Nardil. See phenelzine
nefazodone (Serzone), 429, 429t
neonatal hemorrhage, antiepileptic drugs (AEDs) and, 

69–70

neonates, life support for, withholding or withdrawing,
122–124

neoplastic infiltration, 307
nerve conduction studies, pelvic floor disorders and, 376
nerve function, in elderly, 189–190
nerve growth factor (NGF), 82
nerve injury, during pregnancy, 157. See also pelvic floor 

disorders
neural tube defects (NTDs), 104, 160

antiepileptic drugs (AEDs) and, 66, 68–69
genetic disorders and, 104

neuro-oncologic disease. See cancers, malignancy, and tumors
neuroanatomic differences, by gender

humans, 16–20, 17t
nonhuman primates, 16
songbirds and rodents, 15–16

neurofibromatosis (NF), 102–103
neurogenic bladder, 370–371, 371, 372. See also pelvic floor

disorders 
neuroleptics, 58
neurologic disease in girls, 127–146

adrenoleukodystrophy (ALD) in, 129, 134–135
Aicardi syndrome in, 129–130, 130
aplasia of the cerebellar vermis in, 131
autism in, 139
bilateral periventricular nodular heterotopia in, 131, 131
catamenial seizures and, 139, 224
Charcot-Marie-Tooth disease in, 129, 133–134
CHILD syndrome in, 134
differential expression of disease in, 137–139, 137t
double cortex syndrome in, 131
Duchenne muscular dystrophy and, 128, 129, 134
Fabry disease in, 129, 136–137
fragile X mental retardation in, 129
fragile X syndrome in, 133
Goltz syndrome (focal dermal hypoplasia) in, 129–130
headache and, 138–139
Hunter syndrome (MPS II) in, 137
Hunter syndrome in, 129
incontinentia pigmenti  in, 131–132, 132
Kleine-Levin syndrome in, 139
Klinefelter syndrome in, 127
Klippel-Feli anomaly, 134
Leigh disease in, 136, 137
Lesch-Nyhan syndrome in, 129, 136
leukodystrophies in, 134–135
Lowe oculocerebrorenal syndrome in, 129
lyonization in, 128
Menkes kinky-hair disease in, 129, 137
mental retardation in, 133
microphthalmia with linear skin defects (MLS) syndrome

in, 129–130
MIDAS syndrome in, 129–130
multiple sclerosis and, 139
muscular dystrophy in, 134
myotubular/centronuclear myopathy in, 137
neuronal migration disorders in, 131
oral-facial-digital syndrome I in, 132–133
ornithine transcarbamylase (OTC) deficiency in, 129, 135
Pelizaeus-Merzbacher disease in, 127, 134–135



INDEX470

neurologic disease in girls (continued)
periodic hypersomnia in, 139
psychosocial aspects of, 140
pyruvate dehydrogenase (PDH) deficiency in, 129,

135–136, 136
Rett syndrome in, 127, 130–131
Tourette syndrome and, 137–138
treatment aspects of, 139–140
Turner syndrome in, 128
Wildervanck cervicooculoacoustic syndrome in, 134
X-linked disease in, 127–129, 128t
X-linked dominant disease in, 129–134
X-linked lissencephaly/subcortical band heterotopia in, 131
X-linked recessive disease in, 134–137

neuronal excitability
hormonal influences on, 81
menopause and, 174–175

neuronal injury, hormonal influences on, 83
neuronal migration disorders, 131
neuroprotective actions, hormonal influences on, 83
neuropsychiatric disease, hormonal influences on, 87
neurotransmitters

gender differences in, 22–23, 80–81
hormonal influences on, 80–81

neurotrophins, 82
nifedipine, 56t, 241
nimodipine, 56t
nitrofurantoin toxicity, 303
nitroglycerin, 241
nonepileptic seizures, 222–223, 445–454.  See also psychiatric

disorders
classification of, 447, 447t
definition of, 446–449
diagnosis of, 450–452
dissociative disorders and, 449
epidemiology of, 449
epileptic seizures vs., 450–452, 450t, 451t
factitious disorders and, 449
history of, 445–446
hysteria and, 445–446
hysteroepilepsy as, 446, 448
hysterogenic zones of Charcot and, 446, 446
malingering and, 449
neuropsychologic testing in, 452
ovarian compression and, 446, 446
prognosis for, 452–453
prolactin levels and, 451–452
provoking factors for, 449–450
pseudoseizures in, 222–223
psychogenic seizures and, 222–223, 447–449
somatoform disorders and, 447–449
treatment of, 452, 452t
video-EEG monitoring of, 451

nonhuman primate studies, gender differences in neuro-
anatomy, 16

nonprogressive encephalopathies
Aarskog-Scott faciogenital dysplasia syndrome in, 101
Christian mental retardation abducens palsy and skeletal

dysplasia syndrome in, 102
Coffin-Lowry syndrome in, 101

nonprogressive encephalopathies (continued)
double cortex syndrome in, 102
FG syndrome in, 102
Fitzsimmons mental retardation-spastic paraplegia-palmo-

plantar hyperkeratosis syndrome in, 102
Lenz dysplasia in, 102
Lowe oculocerebrorenal syndrome in, 102
Lujan-Fryns syndrome in, 101
Martin-Bell fragile X-A syndrome in, 101
premature ovarian failure and, 101
syndromic X-linked mental retardation type 4 in, 102
X-linked mental retardation in, 101
X-linked, 100–102

nonsteroidal antiinflammatory drugs (NSAIDs), 50–51
migraine and, 207–208

Norplant. See levonorgestrel
Norpramin. See desipramine
nortriptyline (Pamelor), 52t, 55, 429, 429t
Norwitz, Errol R., 151
Novantrone. See mitoxantrone
nutritional deficiencies, peripheral neuropathy and, 308

obsessive-compulsive disorder (OCD), 433–437. See also psy-
chiatric disorders

obstetric issues. See pregnancy
obturator neuropathy, 304
occipital lobe, gender differences in, 18
ocular motility disorders, 298
olanzapine, 58t
Olivi, Alessandro, 387
oncologic disease. See cancers, malignancy, tumors
Online Mendelian Inheritance in Man (OMIM) database, 91
opioids, 51, 51t
opsoclonus, 391t
optic nerve disorders, 298
optic neuritis, 283–295

acute idiopathic or demyelinating type, 283–287, 285
central vision loss in, 284
demographics of, 284
diagnostic, etiologic, prognostic studies in, 286–287
fellow eye and, visual function in, 286
genetic factors in, 289–290
improvement over time of, 288–289
magnetic resonance imaging (MRI) in, 286–287, 287, 288
management recommendations for, 291, 291t
multiple sclerosis risk and, 287, 288, 289, 290
natural history of, 288–289
neurologic prognosis for, 289–290
pain in, 284
positive visual phenomena (photopsias) in, 284
relative afferent pupillary defect (RAPD) in, 285
serologic and cerebrospinal fluid studies in, 287, 289
signs of, 284–286
symptoms of, 284, 284, 285
treatment of, 290–291
Uhthoff syndrome and, 289

anterior, 283
chronic demyelinating, 291–292
papillitis and, 283
retrobulbar, 283



INDEX 471

optic neuritis (continued)
subclinical, 292
visual evoked potentials (VEPs) in, 292

oral contraceptives (OC), 41, 254–255, 398–399, 398t
migraine and, 212–213

oral-facial-digital dysplasia (OFD) type I, 93, 132–133
ornithine transcarbamoylase (OTC) deficiency, 100, 129, 135
osteoporosis

antiepileptic drugs (AEDs) and, 64
epilepsy and, 226

ovarian compression belt, 446, 446
ovarian hormones, 75–90. See also hormonal influences on

disease/wellness
epilepsy and, 223–224
menopause and, 170–171

ovary, lifecycle of, 77, 77
overactive bladder, 370–371, 371, 372. See also pelvic floor

disorders 
oxcarbazepine, 53, 63–73, 65t, 66t, 225t, 227t

contraception vs., 63
pregnancy and, 66–69, 66t

oxytocin, 398–399, 398t

paclitaxel, peripheral neuropathy and, 307–308
pain, gender differences in, 22–23
pain disorders, psychiatric disorders and, 439
Pamelor. See nortriptyline
panic disorder, 433–437. See also psychiatric disorders
papilledema, 400
papillitis, 283. See also optic neuritis 
paraneoplastic neuropathies, 307
paraneoplastic syndromes, 390–391, 391t
paraplegia, pregnancy and, 154
paregoric, 59t, 60
parenting, gender differences in, 29–30
parietal lobe, gender differences in, 18
Parkinson disease, 192–193, 349–351

antiparkinsonian drugs, 57, 57t
corticobasal ganglionic degeneration (CBGD) in, 351
estrogen and, 350–351
gender differences in, 4, 6–7t, 10, 87
hormonal influences on, 87
menopause and, 350–351
multiple system atrophy (MSA) in, 351
Parkinson-plus syndromes in, 351
pelvic floor disorders and, 374
pregnancy and, 350–351
progressive supranuclear palsy (PSP) in, 351
psychiatric disorders, 430–431

Parkinson-plus syndromes, 351
parkinsonism, 349

Waisman early-onset parkinsonism with mental retardation
and, 99

Parnate. See tranylcypromine
paroxetine (Paxil), 54t, 55, 429, 429t
Patau syndrome, 103
Paxil. See paroxetine
Pelizaeus-Merzbacher disease, 98, 127, 134–135
pelvic floor disorders, 367–378

anatomy in, 368

pelvic floor disorders (continued)
anterior horn cell disease in, 373
autonomic tests in, 377
bethanechol test for vesical denervation in, 377
bladder incontinence and, 367
bowel incontinence and, 367
cauda equina lesions and, 374
cauda equina lesions in, 372
clinical neurophysiologic studies in, 372
conus medullaris lesions in, 372
conus medullaris lesions and, 374
cortical evoked potentials in, 377
Duchenne muscular dystrophy and, 373
electromyography in, 375–376, 376t
Fabry disease and, 375
fecal incontinence and, 371
Friedreich ataxia and, 375
Guillain Barré syndrome and, 375
incidence of, 367–368
initial evaluation of, 372
lumbosacral plexus lesions in, 372–373
lumbosacral radiculopathies in, 372
myasthenia gravis and, 373
nerve conduction studies in, 376
neurologic entities causing, 372–373, 373t
normal voiding and defecation vs., 368–370
normative values vs., 375, 375t
Parkinson disease and, 374
pelvic nerve damage in, 373
proximal urethral evoked potential in, 377
pudendal nerve somatosensory evoked potentials in, 

377
sacral agenesis in, 372
sensory nerve damage and, 374–375
sphincter function, 368–370, 369t
spinal cord disorders and, 374
Tangier disease and, 375
tests for, 375–377, 375t, 376t, 377t
transverse myelitis in, 372
upper motor neuron lesions and, 373
urethral anal reflex in, 376
urinary bladder, sphincters, innervation in, 368, 369
urinary incontinence and, 370–371, 371, 372, 374, 374t
urinary retention and, 371
vitamin B12 deficiency and, 375

pelvic nerve damage, 373
penicillin, 398–399, 398t
pentoxifylline, 51t, 52
pergolide, 57, 57t
perhexiline maleate, 398–399, 398t
periodic hypersomnia, 139
periodic paralysis, 324
peripheral neuropathies, 96–97, 297–313

anesthesia-related neuropathies and myelopathy in, 305
autoimmune-related polyneuropathies in, 300–301
brachial plexus disorders in, 299
brachial plexus neuropathy in, 305
breast implants and, 308
cancer and malignancy, 306–308

neoplastic infiltration and, 307



INDEX472

peripheral neuropathies (continued)
paraneoplastic neuropathies and, 307
treatment-related neuropathies in, 307–308

carpal tunnel syndrome (CTS) and, 298–299, 305, 308
Charcot-Marie-Tooth disease in, 96–97, 303
chronic inflammatory demyelinating polyradiculoneu-

ropath7 (CIDP) in, 301
chronic pain syndromes and, 308
connective tissue diseases in, 305–307
Cowchock variant of CMT disease in, 97
diabetic neuropathy and, 302
domestic violence and nerve injury in, 308
endometriosis and, 308
Fabry disease in, 97, 136–137
facial nerve palsy in, 297–298
femoral neuropathy in, 303
giant cell arteritis and, 362–363, 362t
Guillain-Barré syndrome in, 300–301, 305
iatrogenic mononeuropathies in, 308
ilioinguinal, genitofemoral, iliohypogastric neuropathies in,

304–305
lateral femoral cutaneous nerve disorders in, 299–300, 299
lower extremities in, 299–300
lumbosacral plexus disorders in, 300, 303
median nerve disorders and, 298–299
meralgia paresthetica in, 300
metabolic-related polyneuropathies and, 302–303
mononeuropathies in, 308
mononeuropathies of pregnancy and, 297–300
multifocal motor neuropathy (MMN) in, 301
myopia-ophthalmoplegia syndrome in, 97
nitrofurantoin toxicity and, 303
nutritional deficiencies and, 308
obturator neuropathy in, 304
ocular motility disorders in, 298
optic nerve disorders in, 298
peroneal neuropathy and, 304
porphyria and, 302–303, 306
pregnancy and, 297–303

anesthesia-related neuropathies and myelopathy in, 305
autoimmune-related polyneuropathies in, 300–301
brachial plexus disorders in, 299, 305
carpal tunnel syndrome (CTS) and, 298–299, 305
Charcot-Marie-Tooth disease in, 303
chronic inflammatory demyelinating polyradiculoneu-

ropath7 (CIDP) in, 301
diabetic neuropathy and, 302
facial nerve palsy in, 297–298
femoral neuropathy in, 303
Guillain-Barré syndrome in, 300–301, 305
hereditary polyneuropathies in, 303
ilioinguinal, genitofemoral, iliohypogastric neuropathies

in, 304–305
immune modulation therapy in, 301–302
lateral femoral cutaneous nerve disorders in, 299–300,

299
localization of sensory and motor complaints in, 304t
lower extremities in, 299–300
lumbosacral plexus disorders in, 300, 303
median nerve disorders and, 298–299

peripheral neuropathies (continued)
meralgia paresthetica in, 300
metabolic-related polyneuropathies and, 302–303
multifocal motor neuropathy (MMN) in, 301
nitrofurantoin toxicity and, 303
obturator neuropathy in, 304
ocular motility disorders in, 298
optic nerve disorders in, 298
peroneal neuropathy and, 304
polyneuropathies of, 300–303
porphyria and, 302–303
pudendal neuropathy in, 305
thiamine deficiency and, 302
tibial nerve disorders in, 300
toxin-related polyneuropathies in, 303
trunk intercostal nerve disorders in, 298, 298
ulnar nerve disorders in, 299
upper extremities and, 298–299
Wernicke encephalopathy and, 302

pudendal neuropathy in, 305
rheumatoid arthritis in, 306
Rosenberg-Chutorian syndrome  in, 97
sensorimotor neuropathy associated with aplasia cutis con-

genita in, 97
Sjögren syndrome in, 305–306, 306
systemic diseases in, 305–308
systemic lupus erythematosus (SLE) in, 306
thiamine deficiency and, 302
thyroid disease and, 306
tibial nerve disorders in, 300
trunk intercostal nerve disorders in, 298, 298
ulnar nerve disorders in, 299
upper extremities and, 298–299
Wernicke encephalopathy and, 302
X-linked, 96–97

perirhinal regions, gender differences in, 18
Petri, Michelle, 335
phenelzine (Nardil), 54t, 55, 429, 429t
phenobarbital, 53, 54, 59t, 63–73, 65t, 66t, 225t, 227t

contraception vs., 63
pregnancy and, 66–69, 66t

phenylbutazone, 52t, 52
phenylketonuria (PKU), 104
phenytoin, 53, 54, 63073, 65t, 66t, 225t, 227t, 398–399,

398t
contraception vs., 63
pregnancy and, 45, 66–69, 66t

phenothiazine, 58t
phobias, 433–437. See also psychiatric disorders
phosphoglycerate kinase (PGK1) deficiency, 96
photosensitive epilepsy, 222
pili torti, 137. See also Menkes kinky-hair disease
pituitary, menopause and, 170–171
pituitary tumors, 389
placenta, 46–47
planum temporale, gender differences in, 18, 20
plasmapheresis, 300, 302
Plasmodium falciparum, 382
polyarteritis, giant cell arteritis and, 362
polyarteritis nodosa (PAN), 251



INDEX 473

polycystic kidney–berry aneurysm disease, 93
polycystic ovarian syndrome (PCOS), 42, 139–140

antiepileptic drugs (AEDs) and,  64–65, 227–228
polymyalgia rheumatica, giant cell arteritis and, 361
polymyositis, 323–324
polyneuropathies of pregnancy, 300–303. See also peripheral

neuropathy 
pontine micturition center (PMC), 369
porphyria, 302–303, 306
positron emission tomography (PET)

gender differences in, 20, 21
migraine and, 204–205

post traumatic stress disorder (PTSD), 433–437. See also psy-
chiatric disorders

postural stability, elderly and, 190–191
Prader-Willi syndrome in, 104
prednisone, 58, 301, 364
prednisone, 57t, 211–212, 211t
preeclampsia, 102. See also eclampsia
prefrontal cortex, gender differences in, 18
pregnancy, 147–168. See also labor and delivery; pelvic floor

disorders
acute fatty liver of pregnancy and, 103
adrenergic blockers and, 56
adverse effects of drugs during, 43, 44t
analgesics during, 49, 49t
anesthesia-related neuropathies and myelopathy in, 305
angiitis of pregnancy and, 253
anticoagulants and, 51–52
antidepressants and, 54–55, 54t
antiemetics and, 58
antiepileptic drugs (AEDs) and, 44, 65, 53–54, 54t, 63–73,

239–231
antihistamines and, 59
antihypertensives and, 55–57, 56t
antimicrobials and, 380, 381t, 383t
antithrombin III deficiency in, 102
antiviral drugs and, 57, 57t
arteriovenous malformation and aneurysm in pregnancy

and, 257–258
autoimmune-related polyneuropathies in, 300–301
backache and, 154
barbiturates in, 58
benzodiazepines and, 58–59
bilateral acoustic neurofibromatosis (NF II) in, 103
blood vessel function and, 148
brachial plexus disorders in, 299, 305
breast feeding and. See breast feeding
bupropion and, 55
butalbital and, 58
calcium channel blockers and, 56–57
cancers, malignancy, tumors and, 148, 388
carbamazepine and, 53, 66–69, 66t
cardiovascular effects and, 148
carpal tunnel syndrome (CTS) and, 298–299, 305
categories of drug risk during, 44–45, 45t
cerebral venous thrombosis (CVT) and, 253–254, 253, 257
channelopathies (myotonia congenita and periodic paraly-

sis) in, 324
Charcot-Marie-Tooth disease in, 103, 303

pregnancy (continued)
chlordiazepoxide in, 58–59
chlorpromazine and, 58
chorea gravidarum in, 355–358
chronic inflammatory demyelinating polyradiculoneu-

ropath7 (CIDP) in, 301
citalopram and, 55
civil detention and fetal protection in, 120
coccidioidomycosis in, 381–382
coercing women to prevent fetal harm (AIDS/drug expo-

sure, etc.), 119–122
contraception in, 63
corticosteroids and, 57–58, 301
cortisone and, 57
cyproheptadine and, 59
developmental defects and, 44
dexamethasone and, 57–58
diabetes and, 46
diabetic neuropathy and, 302
diazepam and, 59
diphenoxylate and, 59
doxylamine and, 58
drug treatment and trials during, 41, 43–47, 164, 380,

381t, 382t, 383t
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valproic acid and, 54
venlafaxine and, 55
viral infections during, 382–383
von Hippel Lindau (VHL) syndrome in, 102
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pudendal neuropathy, 305
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