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Series Introduction  

The past quarter century has seen a virtual revolution in the ability of physicians to learn
more about their stroke patients. Modern brain imaging now has the ability to show
quickly and safely whether strokes are hemorrhagic or ischemic, and to define the
location and extent of the brain injury. Even more importantly, modern diagnostic
technology can also define the underlying cardiac, hematological, and cervicocranial
cerebrovascular lesions that cause the stroke and threaten to cause subsequent strokes and
further brain injury. 

This technological revolution has allowed physicians to define and quantitate 
neurological damage much better than in the past. Now they are able to add
neuroimaging and cardiovascular imaging results to their customary detailed neurological
examinations. Neurological scales that quantitate neurological signs and functional
capabilities have also been introduced widely into stroke care. This quantification of
clinical neurological abnormalities and brain and vascular findings allows doctors to
render a more reliable prognosis than at any time in the past. Knowing what is wrong
with the patient also allows much more logical selection of treatment than in the era
before modern technology. 

Patients and families as well as caring physicians want to know: What is wrong with 
the patient? What is the outlook? What can be done to help improve the natural course of
the condition or illness? Central to these queries is information about the usual and
natural course of a condition. Hippocrates, the Greek physician often lauded as the father
of medicine, developed his reputation almost solely on the basis of his ability to describe 
diseases and to prognosticate. The rendering of an accurate prognosis is a very important
core function for treating physicians and researchers alike. After all, the aim of treatment
is to improve the natural course. Without knowing the natural course, how can the effect
of treatment be analyzed? 

Correlation of neurological abnormalities with the brain and vascular imaging data,
and knowledge from follow-up care, have only recently taught physicians who care for
stroke patients a great deal. Although the ability of stroke experts to prognosticate and
treat has vastly improved, much of this knowledge is not currently available in the
medical and neurological literature. Julien Bogousslavsky, a master clinician and skilled
writer and editor, has compiled in this volume the work of impressive group of
international chapter authors. The contributors are among the most experienced stroke
doctors in the world. The chapters in this volume cover most of the essential bases
concerning long-term effects of stroke and the prognoses of various neurological deficits 
and handicaps. This material is essential for physicians who care for patients after stroke.  



This information is also important if physicians are to understand rehabilitation, 
recovery, and treatment after stroke. The book should prove very useful for a wide array
of health care providers who care for patients during and after stroke. 

Louis R.Caplan, M.D.
Professor of Neurology

Harvard Medical School
Boston, Massachusetts



Preface  

Stroke is the third most common cause of death and the first leading cause of acquired
handicap in adults. Each stroke costs a mean of $80,000 in medical expenses. If one
realizes that over 700,000 people in the United States and over 700,000 Europeans are the
victims of a first stroke each year, it is easy to imagine that stroke not only is a major
burden to patients and their families, but also represents a global health and social
issue—the “burden” of stroke. 

In the past decade, major advances were made in acute stroke management, including 
fibrinolysis, and in stroke prevention (treatment of risk factors,
antiplatelet/antithrombotic agents, carotid surgery, etc.). However, despite these
achievements, strokes continue—and will continue—to occur, with potentially 
devastating consequences that include impairment or loss of brain functions, inability to
resume previous activities, social changes, decreased quality of life, depressed mood or
loss of drive, various handicaps, and increased risk of death. A higher risk of developing
a new stroke and other vascular events, including myocardial infraction, must also be
emphasized. 

In the first part of this book, definitions and assessment of outcome, handicap, 
disability, and quality of life after stroke are presented. Mortality and stroke recurrence
are also addressed. The following chapters cover specific dysfunctions that are
particularly common and disabling after stroke, including motor impairment,
neurobehavioral changes, cognitive loss, emotional disorders, and dementia. Finally,
emerging issues are presented, including the complex problem of cost vs. benefit of 
poststroke management. Since a discussion of rehabilitation issues and programs could
fill an entire book in itself, we have decided not to cover this field, in which several
controversies remain. Instead, we have focused the book on the best possible update of
what is known about prognosis after stroke. 

In order to provide the reader with representative worldwide opinions, we have 
attempted to put together a truly international panel of experts covering views from
America, Europe, and Australia. Indeed, many aspects of rehabilitation after stroke are
still flavored with local traditions, which should be clearly recognized as such. While
national or regional secularities should be taken into account, it is important to
differentiate them from scientific data, especially when poststroke management programs
are initiated at individual centers. 

With the general aging of the Western population, the aftermath of stroke is likely to
be one of the major health care issues of the 21st century. This book attempts to
summarize what we currently know on the evolution and prognosis of patients who have
suffered a stroke. 

Julien Bogousslavsky
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1  
Definition and Measurement of Outcome  

P.Vuadens  

Clinique Romande de Réadaptation, Sion, Switzerland  

I. INTRODUCTION  

Stroke is considered the most prevalent disabling disorder requiring neurorehabilitation.
The cost of care is directly dependent on the ability of patients to return home. It is
estimated that approximately 60% of stroke survivors are expected to recover
independence, and 75% to walk independently (1). Whether or not neurorehabilitation is
efficacious is still controversial because of different variables that contribute to stroke
outcomes: severity of neurological deficit, comorbidity, and psychosocial factors (2–4). 
However, outcome measures are becoming more and more important, especially to assess
the efficacy of pharmacological interventions and quality of care provided for stroke
patients. To meet these needs a growing number of outcome measures are available. To
use them to their best effect, it is important to know their strengths and weaknesses. 

In neurorehabilitation the correct measurement of outcomes is not based on a single 
factor and the use of less than optimal scales for measuring outcome may cause
problems. Conflicting results can be observed when the outcome measures vary. In fact,
in terms of neurorehabilitation, different outcomes such as returning home or working
can be evaluated. Usually, people dealing with stroke rehabilitation are more concerned
with adaptation to disability and ability to perform activities of daily living (ADL),
because the major goal of stroke rehabilitation is to return to independence in ADL. This
goal needs specific scales for assessing effectiveness of therapeutic or institutional
programs (5). Other outcome measurements include measure of ambulation, motor 
abilities, and overall quality of life (6). So applications of outcome measurements can
focus on the patient needs or on larger applications such as health care needs, efficacy of
treatment or therapy, and quality of life. 

To measure the outcomes of neurorehabilitation programs entails evaluating the impact 
of disability across different functions, especially concerning the person and societal level
(7). Therefore, it seems necessary to work within a framework to determine or classify
what might be analyzed. In this way, under the leadership of Nagi and Wood, a
framework for rehabilitation concepts has been described and developed over many years
(8–10). Finally, based on the concepts of impairment, disability, and handicap, the World
Health Organization (WHO) published an international classification of the consequences
of any diseases (ICIDH) in 1980 (11). Later, Granger proposed to organize these
concepts across three levels: organ, person, and society (12). Each one can result in either 
impairment, disability, or handicap. All organic dysfunctions determine impairment,



while performance defects or difficulty in coping with daily tasks within the physical and
social environment correspond to disability. Handicaps are represented by all social
limitations or disadvantages, especially influenced by social rules and policy. In reality,
each impairment can create limitations in function, such as using skills, performing
activities, or fulfilling social roles. Contextual factors are also determinants. 

Therefore, to provide health outcomes in terms proposed by Granger, the WHO revised 
its system and proposed a revised version of the International Classification of
Impairments, Disabilities, and Handicaps (ICIDH–2) in 1999 (13). The terminology had 
to be changed and the terms “disability” and “handicap” were replaced by “limitations in 
activities” and “restriction in participation.” This new version also includes contextual 
factors (personal experiences, physical environment, and social environment). 

Outcomes measures can have different goals and according to the WHO classification,
they may be measured at different levels. The first goal is to provide the results that
measure not only therapeutic or technical success of rehabilitation but the patient’s 
satisfaction, as well as the patient’s ability to function physically, emotionally, and
socially. Outcome measures can be a study of cohorts of stroke patients in order to
understand the clinical evolution of patients treated by specific drugs or techniques.
Administrative data can also be useful for clinical research on effectiveness or efficacy.
Finally, outcome measures can help to diffuse information and develop guidelines for
clinical practice. 

So in selecting an outcome measure, it is necessary to define clearly the functional 
attribute of interest: a global outcome measure or an assessment of partial function. Jette
suggested that functioning can be divided into physical, mental, emotional, and social
performance (14). Usually patients are more concerned with activity. In addition, the 
items in any outcome measure ought to relate to only one single level within the ICIDH
because of the difficulty in analyzing results from a measure that reflects more than one
level (15).  

II. OUTCOME MEASURES SELECTION  

There is no single correct measurement of outcome for stroke patients. The choice of a
particular scale depends on the type of underlying condition and the specific motive for
obtaining the measure. Moreover, an outcome measure can be appropriate for a patient or
group of patients at one stage of the evolution but not at another stage. In fact, given the
natural history of stroke, change may continue over months and the proportion of change
may vary between the different levels of the ICIDH (16). Usually outcome scales are 
based on the classification of the WHO and attempt to assess impairment, disability,
handicap, or quality of life. However, the choice of a scale requires scales that can
provide standardization among different examiners and institutions. Two elements are
important for selecting an outcome scale. First, the criteria in the scale must correspond
with the user’s purpose (17, 18). The wrong choice can lead to erroneous results or
information. Second, the scale must be reliable, valid, and appropriately responsive (17, 
19–21). 

Consequently, outcome measure must consider the timing of any assessment, and the
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factors that can impact on the chosen outcomes. The method of statistical analysis must
also suit the chosen outcome. 

III. RELIABILITY  

Reliability corresponds with the property of reproducibility, in other words if the variance
in scoring is minimal on an unchanged population. A scale is reliable when any
differences over time reflect true change and not random fluctuation (18). Reliability can 
be assessed in different ways. Test-retest reliability (intrarater reliability) is evaluated by
repeated measures under the same conditions at different stages in time. An interval of 2–
14 days is usually recommended (22). Enough time allows one to minimize the effects of 
memory, but too much time may change the phenomenon under study significantly.
Therefore, only experience may sometimes determine whether the reliability of a scale is
adequate or not. In addition, the reliability of scale scores tends to be higher than that of
individual items. 

Interrater reliability represents the level of agreement between different examiners who 
evaluate the same patient or group of patients at the same stage in time (23–25). Good 
interrater reliability is an essential quality in selecting a scale. 

Reliability of a scale is evaluated with k-statistics and with weighted k for ordinal 
scales. A k-value of 0 signifies a chance agreement. Almost perfect reliability is accepted 
for k-values of 0.81–1.00 and substantial reliability for k-values of 0.61–0.80 (24–26).  

Internal consistency is an estimate of the homogeneity of the items and the mean 
correlations between them (23). It measures the strength of the relationships between the
items of the scale. In other words, internal consistency allows one to judge whether the
items of a scale being grouped together measure a unified domain. It is estimated by
Cronbach’s alpha coefficient and item-total correlations, e.g., Kuder-Richardson 20 (23, 
27). To consider good internal consistency, it is necessary that Cronbach’s alpha 
coefficient should be higher than 0.7 and that item-total correlations should exceed 0.2 
(22, 28). 

IV. VALIDITY  

Validity means that a scale must indeed evaluate and measure what it proposes to do (17, 
21). It is different from reliability but it cannot be obtained without reliability. 

Validity can be estimated when a “gold standard” exists with which to compare a mean 
measure. In fact, such estimation is difficult when validity is applied to variables such as
behavior. There are three main types of validity: content, construct, and discriminant. 

A. Content Validity  

This relates to a scale that includes all the relevant, appropriate, and representative
aspects of what is being evaluated (23). It supposes that all relevant concepts are present
in the scale. Unfortunately, there is no statistical test to quantify content validity. Usually,
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it is based on systematic use of expert opinion (21, 29). 

B. Criterion Validity  

By comparing the relationship between the scale and other tests or scales, construct
validity is accepted if expected patterns of relationships are observed. If the examined
scale measures the same construct, convergent validity is admitted. On the other hand,
discriminant validity maps the correlations between measures of different constructs (29, 
30). 

V. RESPONSIVENESS OR SENSITIVITY  

To establish comparisons between patients, doctors, or institutions, discriminative scales
are required (31). In fact, the term “sensitivity” describes good discriminatory power of a 
scale that allows detection of clinical differences between individuals or groups at a given
point in time. On the other hand, responsiveness is the property of being able to detect
clinical change over time. It is the power of a test to detect the smallest difference for 
evaluative indices. This aspect is difficult to establish, and approaches to measuring
responsiveness are still uncertain (32). So in selecting a scale, it is important to choose 
one that has been designed to detect meaningful change. Moreover, many scales are
responsive to change only in the midportion of the scale. Therefore, they must not be
applied to patients who are at one extreme of the scale (33). 

A scale can be unresponsive to change for different reasons. First, the selected
instrument may not contain the specific items for a particular group of patients. Second,
the presence of static items reduces responsiveness, as well as the inclusion of single
global questions, or the use of only broad response categories. Third, ceiling and floor
effects can also alter responsiveness. Ceiling effect means that improvement or
modifications cannot be detected in patients included with a maximal pretreatment score.
Floor effect means the contrary: a deterioration in patient conditions cannot be noticed in
patients with minimal pretreatment scores. 

VI. STATISTICAL CONSIDERATIONS  

A stroke scale is composed of several items with scores that highlight different degrees of
dysfunction and the results correspond to the order of the qualitative responses. There are
four main types of scales. 

A nominal scale classifies the construct according to different possibilities:
presence/absence, yes/no, or different types of stroke for example. Ordinal scales
establish a hierarchy, e.g., maximal to minimal dependency. In interval scales, the
difference between adjacent levels of an ordinal scale is constant, while a ratio scale is an
interval scale with an absolute zero point (time required to complete a task for example). 

Ordinal and nominal scales cannot be subjected to parametric statistics. In fact, the
difference between two scores on an ordinal scale is not necessarily more than the
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difference between two other scores. So the data are not true values but categories in a
ranked grading system. Usually, the Mann-Whitney U-test is the most frequently used 
nonparametric test. 

The range of values on a scale is also important to reflect relevant differences. Limited 
levels would probably be insufficiently discriminative, while numerous levels would be
more sensitive but the differences between levels would become much less clear. 
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Assessment of Disability After Stroke  

P.Vuadens  

Clinique Romande de Réadaptation, Sion, Switzerland  

I. INTRODUCTION  

According to the World Health Organization International Classification of Impairment,
Disability, and Handicap, disability is “any restriction or lack (resulting from an 
impairment) of ability to perform an activity within the range considered normal for a
human being.” It concerns the consequence of the impairment at the personal level and it 
is the reflection of performances in activities of daily living (ADL) (1, 2). The basic 
ADLs include all the self-care skills necessary for personal independence: feeding,
dressing, bathing, grooming, toileting, continence, transfers, and mobility. So the
different scales that attempt to evaluate these functional abilities must be able to assess
patient progress with good reliability and validity. Since the late 1980s, many scales or
indexes have been developed and used for outcome evaluation of stroke patients. They
may assist not only clinical management but also research or medical audit. These scales
are also useful for assessing outcome in many different conditions, especially the ability
to live independently (3–5). Moreover, most of these scales measure independence in 
ADL in a similar manner (6, 7). In this chapter we will describe the best-known and most 
extensively studied scales. 

II. MEASURES OF GLOBAL DISABILITY  

A. The Barthel Scale ( Table 1 )  

Published by Mahoney and Barthel in 1965, the Barthel scale, or Barthel’s Index, is a 
worldwide ADL scale used in stroke trial (8). In 1979 the number of items  



Table 1 The Barthel Index 

Bowels 

  0=Incontinent 

  5=Occasional accident (1×/week), or needs help with enema or suppository 

  10=Continent, able to use enema or suppository if needed 

Bladder 

  0=Incontinent, or catheterized and unable to manage 

  5=Occasional accident (maximum 1×/24 hr) 

  10=Continent (>7 days), or able to manage collecting device if used 

Grooming 

  0=Needs help with personal care 

  5=Washes face, combs hair, brushes teeth 

Toilet use 

  0=Dependent 

  5=Needs help, but can do something alone 

  10=Independent (on and off, wiping, dressing) 

Feeding 

  0—Unable 

  5=Needs help cutting, spreading butter, etc. 

  10=Independent if food provided 

Chair/bed transfer 

  0=Completely bedridden, use of chair not possible 

  5=Able to sit, but needs major help (1–2 people) to transfer 

  10=Minor help (verbal or physical) to transfer 

  15=Independent, including locking wheelchair and lifting footrests 

Mobility 

  0=Sits on wheelchair, but cannot propel it 

  5=Independent in wheelchair, including corners, etc., for 50 yd 

  10=Walks with help of one person (verbal or physical) for 50 yd 

  15=Independent, but may use any aid 

Dressing 

  0=Dependent 
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and the rating categories were increased and in 1988 Collin et al. simplified the scoring
system of the original version (9–11). This index of ADL was initially developed to 
measure progress in self-care and mobility of patients in rehabilitation. Designed for use 
with patients with neuromuscular or musculoskeletal disorders, it has been rapidly
applied to monitor stroke patients and it is an excellent scale to measure the outcome of
stroke patients for long-term follow-up (12). It is recommended as the best measure
available (13–15). In a critical review of over 20 ADL scales, Law and Letts analyzed the 
most appropriate function for each index and they recommended the Barthel Index over
all others (16). 

This scale consists of 10 items referring to incontinence for bowel and bladder, 
grooming, toilet use, feeding, transfer, mobility, dressing, stairs, and bathing. Patient
performances are rated in three response categories: “dependent,” “needs help,” and 
“independent.” The items are scored in five-point increments, based upon the amount of 
help needed and time taken in providing help. So the item scores may range from 0
(totally dependent) to 100 the maximal score indicating normal function. The modified
version uses a range of 0–20. A score of 60 or more marks relative functional
independence and with 75 points or more, patients can be considered considerably
independent (9, 17). A score over 60 is the cutoff point at which a stroke patient can live
at home with the assistance of a spouse or caregiver (18, 19). In acute stroke trials, there 
is often a difference in the definition of favorable outcome. According to Sulter et al.,
poor outcome can be defined if the end points are: death, institutionalization, Barthel’s 
Index<60 or modified Rankin scale>3 (20). A score of 100 points means that the patient 
is independent in daily activities but it does not necessarily mean that the patient can live
alone. He may not be able to cook or keep house for example, but he is able to get along
without attendant care. 

As the scale evaluates the ability to perform ADL, guidelines are available that focus
on actual, not potential, functioning (10). Moreover, this index is very useful for
moderately to severely disabled patients. A ceiling effect can arise if patients are
relatively independent and this may lead to underestimation of patients’ and carers’ needs 
in up to a third of patients (21). 

Administration of the Index is very short (a few minutes) and can even be done by

  5=Needs help, but can do about half unaided 

  10=Independent, including buttons, zippers, and laces 

Stairs 

  0=Unable 

  5=Needs help (verbal or physical) 

  10=Independent up and down, but may use any aid 

Bathing 

  0=Needs help 

  5=Independent (or in shower) 
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telephone (22, 23). It can be made by anyone who is familiar with the patient’s ADL or 
by self-report. A recent study that compared the Barthel Index scores between relatives
and occupational therapists showed that the difference in total score was two points or
less in more than 80% of the patients. This means an acceptable agreement between the
raters. A moderate agreement has been reported for the items “grooming” and “bladder” 
and the probability of disagreement between raters may increase with the patient’s age 
(24). In fact, the scale has a high test-retest reliability and interrater reliability (9, 10, 17). 
This advantage is also valid with the modified version. Examining the relations between
this scale and other tests, numerous studies have demonstrated construct validity, and 
high correlation with the Katz ADL scale has been confirmed. Criterion validity was also
revealed and the scale relates to many variables: survival, length of hospital stay, stroke
severity, age, and others (11, 13, 25–27). 

The disadvantage of this scale is that it does not take cognitive aspects, social 
functioning, or household activities into account. To assess the entire range of ADL, the
Barthel Index can be combined with the Frenchay Activities Index (28). 

B. The Functional Independence Measure (FIM) ( Table 2 )  

The Functional Independence Measure is the functional assessment scale of the Uniform
Data System for Medical Rehabilitation (UDS), which allows measuring disability and
outcome rehabilitation (29–32). Sponsored by the American Academy of Physical
Medicine and Rehabilitation, the UDS has been progressively developed (32) and rapidly 
became more and more frequently used in rehabilitation facilities for different reasons.
First, this scale has expanded the number of categories found in earlier ADL scales and
has increased the number of scoring possibilities for each category. More importantly,
this scale has considerably improved the sensitivity of the measurement to small changes
in function. It is used to assist and evaluate rehabilitation programs, to select patients for
intensive rehabilitation, to assess outcomes of rehabilitation, and even to calculate the
reimbursement for rehabilitation services based upon improvement in functions (33– 37). 

The FIM measures selected daily activities, incorporating additional items of cognitive 
and communication skills and social integration. In fact, 18 items explore motor activities
(13 items) and mental functions and social interactions (five items). In addition, six
general fields are explored: grooming, continence, mobility, transfer, communication, and
social behavior. Each item is scored according to a scale from 1 to 7 points corresponding
to complete dependence to total independence. Total score varies from 16 to 126 points.
The score allows appreciating not only the improvement of patients but also the efficacy
of rehabilitation (38). However, the same total score can describe two different patients.
In fact, the global score does not determine the specific functions of ADL that have been
improved. Subscores for motor or cognitive functions can be used (39). 

Validity, reliability, and sensitivity have largely been evaluated (40–42). Validity is 
excellent. The FIM is more appropriate than the Barthel Index to explore the functions of
grooming, transfer, locomotion, and the cognitive aspects (42). Construct validity is 
globally high for each item, except for locomotion (walk and stairs), which is more a
handicap than a disability (43). Certain functions, such as feeding or grooming, are easier
to be executed by patients than transfer or locomotion. Moreover, the score between 1
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and 7 is not strictly linear for each item. Nevertheless, using Rasch analysis, it is possible
to give the same  

Table 2 The Functional Independence Measure (FIM) 

Self-care  Follow up 
A. Eating □   

B. Grooming □   

C. Bathing □   

D. Dressing—upper body □   

E. Dressing—lower body □   

F. Toileting □   

Sphincter control      

G. Bladder management □   

H. Bowel management □   

Mobility      

Transfer:     

I. Bed, chair, wheelchair □   

J. Toilet □   

K. Tub, shower □   

Locomotion      

L. Walk/wheelChair □ W □ C 

M. Stairs □   

Communication      

N. Comprehension (auditory, visual) □ A □ V 

O. Expression (vocal, nonvocal) □ V □ N 

Social cognition      

P. Social interaction □   

Q. Problem solving □   

R. Memory □   

Total FIM (maximum 126) □   

  7 Complete independence   

No help 6 Modified dependence (device)   

With help Modified dependence  L 
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importance to each item and then the interval between each notation becomes similar. So
the FIM scale is actually one of the most reliable scales (44–46). Reliability is good with 
test/retest coefficient between 0.86 and 0.96: total score =0.96, cognitive score=0.91, and
motor score=0.96 (47, 48). Median and mean reliability coefficients for FIM motor items
are higher than for cognitive or communication items. In a meta-analysis of 11 published 
studies, the majority of the reliability values (81%) are from interrater reliability studies
(48). 

The sensitivity of the FIM scale has been compared with that of the Barthel Index and 
the FIM was considered to be more valid than the Barthel Index. In a cohort of 25
patients, 14% significantly improved on the FIM scale without any modification on the
Barthel Index (42). 

The difference of scores between admission and discharge of patients is indicative of 
improvement, prognosis of stroke patients, and efficacy of rehabilitation (49–51). The 
score at admission is also useful for predicting discharge destination of stroke patients
(52, 53). However, familial and environmental factors interfere with the chances of home
discharge when the FIM score is between 50 and 80. According to Galin et al., a
score<50 at admission predicts a 25–30% chance to be discharged home, while 40–80% 
of patients will return home when the score is between 50 and 80, and 80–90% of 
patients if the FIM score is greater than 100 (54). 

The FIM score at discharge is less predictive of the destination of patients. 
Nevertheless, if the score is less than 50, patients will be discharged to a nursing home.
On the other hand, discharge home can be planned when the score is greater than 100 (55, 
56). 

Thus the FIM scale fits well for stroke patients. It allows prediction of the prognosis of 
patients, the length of hospital stay, and evaluation of the care needs before discharge. 

C. The Katz Index of ADL  

Used in orthopaedic and elderly patients by Katz et al. in 1963, this index measures
independence in ADL (57). It is one of the earliest and most widely used scales of
functional independence and it has been used in a variety of settings and populations (58–
62). It is not copyrighted and is available in many languages. 

This evaluation assumes that the abilities recover in a predictable order, and with 
hierarchical scoring it evaluates six basic functions (bathing, dressing, toileting, transfer,
continence, and feeding) on a three-point scale. It omits mobility, wheelchair skills,

  5 Supervision E 

  4 Minimal assistance (subject≥75%) V 

  3 Moderate assistance (subject≥50%) E 

  Complete dependence  L 

  2 Maximal assistance (subject≥25%) S 

  1 Total assistance   
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grooming, and the use of stairs. The ratings of each function are dichotomized to
“independence” and “dependence” and converted into a graded index from A to G. A is
the most independent grade and G the most dependent grade.  

Patient performance rather than ability is measured. For example, a patient who refuses 
to perform a function is considered as not performing the function, even though he is
deemed able to do so. 

In the original article, agreement between raters occurred in 19 of 20 cases, but test-
retest reliability has not been reported yet. However, reproducibility of the index is
admitted (63, 64). It has a construct validity to predict outcomes, such as mortality and 
discharge status (58, 59, 63). There is a high degree of agreement between the scores on 
the Barthel Index and on the Katz Index of ADL (Kappa Coefficient of Agreement,
K=0.77) and internal consistency is excellent (11, 65). 

D. PULSES Profile  

This acronym means: P=physical condition, U=upper-limb functions, L= lower-limb 
functions, S=sensory components (speech, vision, hearing), E= excretory functions,
S=mental and emotional status. 

First introduced by Moskowitz and McCann in 1957 to evaluate fitness for military 
duty, this index was modified in 1975 by Granger et al. (66, 67). Each section is graded 
from 1 (normal) to 4 (severe abnormalities, complete dependence), with scores ranging
from 0 to 24. It is a scale designed to evaluate the consequences of disease and usually
used by a community rehabilitation network (68). 

E. The Frenchay Activities Index  

Developed in 1983 for use with stroke patients by Holbrook and Skilbeck, this index
aims to provide detail on the premorbid lifestyle of patients and to measure modifications
in daily activities following a stroke (69). A revised coding and a simplification of the
scoring system were presented in 1985 (70). This version, easy to understand, offers an 
extensive list of instructions, which are not copyrighted. It takes 5 min to score and can
be completed by interview or be used as a mail questionnaire. Fifteen items referring to
activities both within and outside the home are rated on a four-point scale. The activities 
were chosen to reflect lifestyle, e.g., hobbies, shopping, social activities, and they are
scored according to the frequency with which they are performed. A total score of 0
corresponds to an inactive patient and the maximal score of 45 to a highly active patient.
Bond et al. demonstrated a test-retest coefficient of 0.83 between two assessments with 
an interval of 9 months (71). Good interrater reliability and internal consistency were
confirmed by others studies (70, 72). Concerning the construct validity of this index,
convergent and discriminant validity was confirmed with compari-son with the Barthel 
Index and selected items form the Sickness Impact Profile (72, 73). However, the 
responsiveness has yet to be established. 
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F. Nottingham Extended ADL Scale  

This scale, developed by Nouri and Lincoln in 1987, is divided into four sections:
mobility, kitchen, domestic, and leisure (74). It can be used as a mailed measure of
instrumental ADL ability of stroke patients. In fact, this scale is appropriate for studies
evaluating rehabilitation outcome and it is suitable for mail surveys. Its validity was
examined in 303 stroke patients (75). It was confirmed that each section (mobility, 
kitchen, domestic, leisure) forms a unidimensional hierarchical scale and that the scores
from the sections can be added to provide a global score (76). Usually it is used for 
following functional ability of stroke patients after discharge from hospital or
rehabilitation center (77). 

G. The Rivermead ADL Scale  

Developed for evaluation of stroke patients in a rehabilitation center in 1980, this scale
was revised 10 years later (78, 79). The new version is valid for elderly stroke patients
(aged>64 years) and has improved reliability by using each item without an intermediate
grade. The scoring ranges from 1 (dependent) to 3 (independent with/without aid). The
scale assesses two main aspects of daily activities: self-care and household. Its major 
fault is not to evaluate continence. 

III. GLOBAL OUTCOME SCALES  

A. The Rankin Scale  

The Rankin Scale was one of the earliest to be developed to evaluate the outcome of
stroke patients. It has been found useful for evaluating outcome in many large clinical
trials (80–84) (Table 3). The initial scale has five grades (1–5):1=no significant disability 
but symptoms only and 5=severe disability: bedridden, incontinent, and requiring
constant care with all activities. For trial purpose, an additional class (0) for no symptoms
at all was used (85, 86). More recently, a class for death has been included (87). Its good 
inter- and intrarater reliability has been confirmed by two studies (85, 88). Moreover, 
even though the Rankin Scale mixes impairments and disabilities, it is not a measure of
handicap. 

B. The Glasgow Outcome Scale  

The Glasgow Outcome Scale is used to evaluate the outcome after coma (89). It has five 
grades: 1=death; 2=persistent vegetative state; 3=severe disability  
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(conscious but dependent); 4=moderate disability (independent, but disabled); 5=good
recovery. It is reliable and as sensitive as other stroke impairment scales to detect
differences between treatment groups (90, 91). 

IV. MEASURES OF FOCAL DISABILITY  

The evaluation of disability in one specific function or body part can also be important to
plan treatment or care needs. So a number of scales have been designed to assess
mobility, hand dexterity for example. 

The Rivermead Mobility Index (RMI) has been developed to assess mobility 
specifically and was validated in the stroke population (92). Fifteen questions allow 
evaluation of such tasks as managing stairs, standing without aid, running, or turning in
bed. The RMI is simple to use in hospital or at home and is reliable (93, 94). 

Time walking can quantify the patient’s functional walking abilities in testing either
speed or endurance with good reliability (95). However, endurance is more sensitive to 
change than speed in stroke patients (96). In a short period, the distance covered,
velocity, or heart rate before and after the walk can be easily measured (97, 98). Patients 
are asked to walk at a self-selected speed for a period of 2, 3, 6, or 12 min (95, 97). 
Because a 12-min walk can be fatiguing to the patient and time-consuming, a study has 
confirmed that the 12-min test has good test-retest reliability; the 2-min test is equally 
reliable (95). To examine the patient’s ability to adapt gait to changing locomotor
demands the Duke Mobility Skills Profile is appropriate, according to Shummway-Cook 
and Woollacott (99). 

Upper-extremity disability can be tested with simple scales. For example, the Purdue
Pegboard Test is a time-based test of finger manipulation and dexterity (100). It requires 
the placement of pins into holes, or the assembly of a group of pins, washers, and collars.
In the same way, the Nine-Hole Peg Test measures the time necessary to place nine 

Table 3 Rankin Scale 

Grade Description 

0 No symptoms at all 

1 No significant disability, despite symptoms; able to carry out all duties and activities 

2 Slight disability; unable to carry out all previous activities but able to look after own 
affairs without assistance 

3 Moderate disability; requiring some help, but able to walk without assistance 

4 Moderately severe disability; unable to walk without assistance and unable to attend to 
own bodily needs without assistance 

5 Severe disability; bedridden, incontinent, and requiring constant nursing care and 
attention 
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wooden dowels into holes drilled into a wooden base (101). These two tests are valid and 
reliable but they are insensitive to proximal arm dysfunction and not useful when
impairment is severe (102, 103).  

The Jebsen Hand Function Test is a standardized test to assess especially hand 
functions: writing, picking up small items, card turning, simulated feeding, etc. (104, 
105). It is quick to administer (10–15 min) and has excellent test-retest reliability, except 
for writing and feeding subtests (106, 107). In the same way, the Action Research Arm 
Test (ARAT) is a quantitative test for upper-extremity functions, divided into four
subtests: grasp, grip, pinch, and gross movement. The original version (1965) was
simplified by Lyle in 1981 (108, 109). For each subtest, the items are hierarchically
ordered so that if the first item, the most difficult of the subtest, is achieved, it is not
necessary to pass the other items, which are easier. The ARAT takes only 10–15 min to 
be completed but it requires some equipment. It has excellent validity and reliability. The
Frenchay Arm Test was a 25-item test that was also shortened to seven and then five
items. It is simple, quicker than the ARAT, but focuses on proximal function (110, 111). 
Its validity and reliability have been demonstrated (112). 
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I. HANDICAP—DEFINITION AND ASSESSMENT  

In the World Health Organization’s (WHO) model, any illness can be considered at four
levels: pathology, impairment, disability, and handicap (1). Handicap is defined as “the 
social disadvantage for a given individual, resulting from an impairment or a disability,
that limits or prevents the fulfillment of a role that is normal (depending on age, sex,
social, and cultural factors) for that individual” (1). 

Handicap relates to social roles that the individual no longer can fulfill, such as
parenthood, being the breadwinner of the family, ability to run the home, etc. It refers to
the social disadvantage that may arise from disability. A minor injury can handicap a
violinist but may not restrict, or even be recognized by, someone else. The environment
has a major impact upon handicap. The International Classification of Impairments,
Disabilities, and Handicaps (ICIDH) suggests six areas of handicap, called “survival 
roles”: 

orientation 
physical independence 
mobility 
occupation of time 
social integration 
economic self-sufficiency 

A nine-point scale of severity and a description of the grading are presented in the ICIDH 
but reliability and validity have not been studied. Impairment and disability are more 
distinctly conceptualized than handicap that contains many disability-related elements 
(e.g., mobility, physical independence) rather than the level of social disadvantage
conferred by the disability. 

There are a few other handicap measures (2–4) and among them the Rankin Scale is 
the most well known in stroke outcome research. The original scale has been modified
and the word “disability” was replaced by “handicap” and the word “lifestyle” was 
included in the descriptions of scoring categories (5). de Haan et al. (6) have investigated 
the clinical meaning of the Rankin Scale, and conclude that it should not be used as a
handicap measure but rather as a global functional health index with a strong emphasis on
physical disability. As such, it is useful in large multicenter studies because it is simple,
reliable, and well tested. 



As handicap arises from an interaction between the disability and the patient’s external 
environment, environmental factors should also be assessed. These include physical,
social, cultural, and economic conditions affecting the patient’s life, e.g., appropriateness 
of housing, accessibility of a wheelchair in public buildings, financial allowances,
availability of meals-on-wheels, etc. Clinically, a simple checklist can identify problem
areas where changes can reduce handicap. Because assessment of handicap is so
complex, several authorities have suggested that when medical treatments for stroke
patients are evaluated, focus should not be on handicap as a primary outcome but rather
on more tangible manifestations of disease such as disability (7, 8). 

However, the extent to which a disabled stroke patient can fulfill expected social roles
and relate adequately with his social environment is of major importance for his overall
quality of life. The concept of “quality of life” (QL) does not feature within the ICIDH
model. In this context, Wade (8) proposes that handicap could be seen as probably
synonymous with QL. 

In 1997, WHO made a revision of the ICIDH model called the ICIDH-2 (9). The terms 
“disability” and “handicap” are replaced by the more positive terms “activity” and 
“participation” (e.g., in society). According to this classification, impairments, activity
limitations, and participation restriction are the negative poles of these dimensions and
describe the disablement of a person. The contextual factors consist of external
environmental and internal personal factors that interact to form the level of disablement.
The ICIDH-2 is aimed at field trials and is yet not implemented in clinical practice and 
research. 

Clearly, more patient-centered outcomes are needed. In a 1998 meta-analysis based on 
the Cochrane Stroke Group’s database, handicap or QL was assessed as clinical outcome
in only 2% of acute stroke trials (use of the Rankin Scale excluded) (10). Most measures 
were inadequate in terms of their content, reliability, validity, and statistical analysis, and
were of insufficient relevance to patients. The authors state that phase III trials in acute
stroke ought to concentrate on measurement of disability, handicap, or health-related QL. 
More than a decade earlier, Seale and Davies (11), after an examination of representative
articles in stroke rehabilitation research, reached the same conclusion.  

II. QL—METHODOLOGICAL CONSIDERATIONS  

A. Theoretical Aspects  

Fifty years ago, WHO defined health as not merely the absence of disease but also
physical, mental, and social well-being (12). Since then, QL aspects have become 
steadily more important in health care and research, being used to sum up various health-
related components centered around the patient’s point of view. Health status, life 
satisfaction, and QL are concepts that have been used interchangeably. 

Valued aspects of life exist, which are not considered as “health,” but they are mostly 
used by social scientists in population studies. As we here focus on QL after stroke, we
restrict the term to health-related quality of life (HQL). HQL is conceptualized as the 
physical, psychological, and social aspects of health, seen as distinct areas influenced by
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a person’s experience, beliefs, expectations, and perceptions (13). These core aspects of 
life are thought of as affected by changes in health states filtered through the person’s 
values, personality, coping strategies, etc. The importance of measuring outcome of
stroke in this more holistic way has become increasingly recognized. 

When the HQL concept is considered unidimensionally and globally (e.g., “How 
would you rate your quality of life?”), it becomes vague and ambiguously defined.
Nevertheless, a global rating by the patient of his or her “overall” HQL is a valuable and 
recommended part of a more extensive HQL measurement (14). 

Today, there is a broad consensus on the multidimensionality of the HQL concept. The 
number of domains and the extent to which they are covered vary between instruments
(Table 1). Dimensions such as self-care, mobility, sexuality, activity level/work are often
added. The physical dimension refers to disease-and treatment-related symptoms. Central 
components of the psychological life domain are emotional and cognitive status, general
well-being, life satisfaction, or happiness. The social dimension includes social 
integration and contacts. Health profiles are descriptive and attempt to measure all
important aspects of HQL. Thus, differential effects on specific dimensions of HQL are
possible to detect. Well-known examples of this type of scales are shown in Table 1. 

B. Generic and Disease-Specific Scales  

HQL measures can be differentiated into: 

generic (“broad-spectrum”) scales 
disease-specific scales 
scale batteries 

The generic scales are applicable across different diseases, as they are not developed for a
specific target population. Thus, they allow comparison of HQL results across patient
populations or different diseases. Generic instruments include  
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Table 1 Generic HQL Instruments Used in Stroke Research: A Comparison  

health profiles and utility measures of HQL. For example, the Nottingham Health Profile
(15), as shown by its name, contains a profile consisting of 13 component dimensions 
(subscales). Some instruments, such as the Sickness Impact Profile (SIP) (16), report 
results either as a profile or as a single aggregated score, or both. Examples of other
instruments often used in stroke research emerge from Table 1. 

In utility measures of HQL, a single summary score is obtained. The single score is 
thought of as representing the net impact on quality and quantity of life. By comparing
alternative treatments, HQL-based cost-utility analyses are an integral part of 
pharmacoeconomic evaluations and have been used as a basis for allocation of limited
health care resources. There is an ongoing debate regarding standards and guidelines in
this expanding field. 

Generic scales are not always sufficiently focused on the specific problems of interest.
The disease-specific scales assess HQL with questions and scales specific to a disease or
condition. They often are more relevant to patients as the questions cover functions
typically affected by that disease, e.g., stroke. These scales do not allow comparisons
across diseases but are more sensitive to assess within-subject changes over time (e.g., in 
clinical trials) and can detect small changes in scores between experimental and control
groups. Only a few disease-specific scales have been developed for stroke. 

A battery of established scales can be selected for measuring the specific domains of
interest, such as ADL, depression, cognitive and social functioning, etc. This approach
gives good possibility to assess each relevant domain more in depth, and with high
psychometric quality of data. 

Each approach has its strengths and weaknesses and is suitable for different 
circumstances. A combination of generic and disease-specific measures may be used, 
especially in groups of patients in whom comorbidity is prevalent, such as among elderly
stroke patients. However, substantial resources are needed for data collection, and a
whole battery of tests can burden the patients too much. 
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C. Modes of Administration  

Patients’ self-reports are the basis for most of the available HQL instruments. Structured 
interviews or written questionnaires for self-administration are used for data collection. 
The former method requires considerable resources, but gives better compliance and
decreases misunderstandings and missing items. The latter approach is less expensive,
but has a lower response rate. Both methods have weaknesses in studies of stroke
patients, who often cannot read or write, have aphasia, and have cognitive disorders.
These patients have often been excluded from HQL assessments. As this is a highly
relevant subgroup of patients, many results cannot be generalized to the total stroke
population. One solution has been to ask physicians to rate their patients’ HQL. Studies 
have shown low interrater reliability and disagreement between physician and patient
ratings (17, 18). 

Significant others, such as partners or children, are an alternative source of 
information. In this so-called proxy rating, the respondent is asked to answer the 
questions as he or she thinks the patient would. Evidence regarding the quality of proxy
ratings is mixed (19, 20). Sneeuw et al. (21) assessed HQL after stroke by means of the
Sickness Impact profile (SIP). The proxies systematically rated patients as having more
functional impairments than the patients had rated themselves. This is in agreement with
other findings (19). Nevertheless, the authors conclude that the benefits of using proxy
ratings, for noncommunicative stroke patients, outweigh their limitations (the difference
was small). This is confirmed in a study of stroke patients and their caregivers, using the
Health Utilities Index (22). The correlation between patient and proxy ratings was 
acceptable, also regarding more subjective domains of HQL, such as pain and emotion.
Further, Robinson (23) found that valid social functioning assessment can be made by 
another person who is well acquainted with the patient. 

Another approach to include as many noncommunicative patients as possible is to use
a visual analogue scale (VAS) (24, 25). It typically consists of a 10-cm line, where 
patients are asked to make a mark to reflect their current state between the two defined
extremes of the line. Ahlsiö et al. found that VAS was a useful tool in stroke patients
(24), but Kwa et al. remark that the VAS did not fulfill their expectations regarding an 
increase of the number of testable patients (25). Price et al. (26) investigated how stroke-
related impairments could alter the ability of subjects to answer accurately on VAS, and
concluded that many patients after a stroke are unable to successfully complete self-
report measurement scales, including VAS. 

D. HQL as a Measure in Clinical Practice  

Routine assessment of HQL in clinical practice could serve many purposes, e.g., to really
assess the needs and concerns of one specific individual, to describe his or her overall
state also regarding subjective matters, setting treatment goals in which the patient
actively participates, monitoring treatment response, etc. A crucial question is: Can a
change in a measure that has been shown meaningful in group terms be expected to have
the same relevance on an individual basis? To be used at the individual-patient level, 
scales should meet several measurement standards, e.g., regarding reliability, range, and

Handicap and quality of life after stroke     27



depth of health states (ceiling and floor effects), responsiveness, and validity. McHorney
and Tarlov (27) concluded, after an examination of HQL instruments proposed for
individual-patient application, that the tools available today are far from perfect for 
individualpatient assessment, and particularly so for longitudinal individual monitoring. 

In clinical practice, HQL measures can be used as the first part of a screen-ing process. 
Although imprecise, they can act as “flags” for problems (e.g., emotional, social, 
functional, etc.) that otherwise could be unrecognized. An example of an HQL instrument
intended for routine clinical use is the COOP Chart system (28). It comprises nine simple 
charts, where a drawing illustrates the domains, such as perceived health and physical,
emotional, and social functioning, along a five-point ordinal scale. The drawings make
the charts “user-friendly.” Mostly, it has been used in primary care. Its usefulness and
psychometric properties in stroke patients have not been reported. 

E. HQ Measures in Stroke Studies  

Stroke studies have not used HQL measures until quite recently. The Sickness Impact 
Profile (SIP) has been used in a long-term follow-up study of stroke patients (29). A 
major disadvantage of SIP is its length. A shorter version is developed for use in stroke
outcome research, and is called SA-SIP 30 (30). The authors conclude that it is a feasible 
and clinimetrically sound measure. However, its responsiveness is not known, and there
is uncertainty if its yes/no format makes it less sensitive to within-patient changes. 

The Short Form 36 (SF-36) is rapidly becoming the generic HQL measure of choice
for use in many settings (31), and is increasingly being used in stroke studies (32–35). 
Anderson et al. (32) explored its validity in stroke patients and found it to be high as 
regards physical and mental health but less valid in social functioning. They used an
interview setting, and found low rates of missing data. Administration of SF-36 (as well 
as other HQL scales) by mail is not appropriate in elderly stroke patients. A shorter form,
called SF-12, reproduces SF-36 scores (physical and mental subscales) without 
substantial loss of information in stroke patients capable of self-report (36). 

The Nottingham Health Profile (NHP) is commonly used in many countries (15). NHP 
emotion scores are convergent with well-known depression scales (37), and might be a 
valid screening of depressed mood. Thus, patients with high NHP emotion scores should
be questioned more closely about depression. 

The EuroQOL Instrument was developed by a multidisciplinary group of European
researchers (38). An advantage over the SF-36 is its simplicity. In the International
Stroke Trial, patients were randomized to either the SF-36 or the EuroQOL (39). More 
patients provided complete data on the EuroQOL. This research group also has validated
the EuroQOL for proxy completion (40). There is a continuing research agenda from the 
EuroQOL collaboration group, indicating that progress will continue to be made. 

Two new stroke-specific measures of HQL, called SS-QOL (34) and Stroke Impact 
Scale Version 2.0 (41), seem promising regarding reliability, validity, and responsiveness
in mild to moderate stroke. The development of these scales, as well as SA-SIP 30 (30), 
is based on stroke patients who had the communication skills and cognitive function to
participate. Further studies are required in larger and more heterogeneous stroke
populations, and the feasibility and validity of proxy responses for more severely
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impaired patients have to be evaluated. 

F. Assessing QL in the Family  

Means of assessing the QL of the total family system around the stroke patient need to be
developed. However, there are special scales to estimate the burden of caregiving. The
Sense of Competence Questionnaire (SCQ) has been developed and used to measure the 
burden in caregivers of dementia patients. At least one study has shown that SCQ has
good psychometric properties for use in assessing the burden of caregiving in partners of
stroke patients (42). The instrument may help to identify caregivers at risk for high levels
of burden. Furthermore, the SCQ is able to identify the characteristics of caregiving that
especially burden caregivers of stroke patients and thus give guidelines for interventions
to provide support. 

The Caregiver Strain Index (23) has been used to identify the strain perceived by 
caregivers of stroke patients (43). It is a short summary measure. Its validity was well
tested in the original paper; however, not in stroke carers. 

The burden of caregiving often leads to physical as well as psychological health 
problems, emotional distress, depression, and social isolation (44, 45). Thus, the HQL 
concept might be relevant, and the “broad-spectrum” instruments recently described 
could be used as a screening device also in the carers. For instance, in a study of HQL in
partners to patients after subarachnoid hemorrhage (46), the SF-36, the SIP, and a visual 
analogue scale were used. However, the psychometric properties for this purpose have
not been reported. 

Today, the most valuable instrument for assessing burden of caregiving as experienced 
by partners of stroke patients seems to be the multidimensional and specific SCQ (42). It 
might be suitable for use in clinical trials as well as in everyday clinical practice. Further
studies are needed to explore the influence of partner characteristics on perceived burden. 

III. IMPACT OF STROKE ON QL AND HANDICAP  

A. Patients’ Preferences for Various Outcomes of Stroke  

Time tradeoff or standard gamble methods have been used to assess how people value
life after stroke. On a scale with 0 as worst possible life and 1 as perfect health, life after
a minor stroke scores 0.88–0.91 on average, whereas a major stroke scores 0.51–0.61 
(47). Interestingly, stroke survivors assign considerably higher QL utilities than healthy 
people. Psychological mechanisms like inhibition (patients) and stigmatization (healthy 
people) may explain the differences in how the consequences of a stroke are perceived. 

A U.S. study included patients who had suffered a stroke or were at particular risk. As
many as 45% considered major stroke to be a worse outcome than death (48). Subjects 
who considered major stroke to have the greatest impact on HQL were older and
perceived themselves to be in poorer health. Again, patients who already had had a stroke
assigned higher values to life after stroke than asymptomatic patients at risk (48). In a 
similar study on preferences for lifesustaining treatment performed in Canada, 29% of
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patients who had suffered a stroke thought that a severe stroke was worse than death.
This proportion was considerably lower than among older people without stroke (49%)
(49). 

Common to all studies, and perhaps the most striking finding, is that there is a wide
variation in how people perceive life after stroke (47, 48, 50). Nevertheless, the studies 
uniformly show that people who have experienced a stroke assign higher values to life
after stroke than healthy individuals do. 

B. Reduced QL as Predictor for Stroke  

Psychosocial factors have been shown to predict various manifestations of cardiovascular
disease, including stroke. In a study focusing on QL as predictor in a cohort of treated
hypertensive men, patients with poor contentment and/or poor vitality at entry into the
study had a significantly higher risk for stroke during more than 6 years of follow-up 
(51). The relationship persisted after adjustment for a large number of other possible 
determinants. 

C. Quantification of QL Reduction After Stroke  

Figure 1 shows the proportion of stroke patients who experience deterioration in QL at 
late follow-up (at least 1 year after stroke), in relation either to their prestroke situation or
to nonstroke subjects of the same age. This proportion ranges from 44% to 60%. For five
studies combined, the proportion with lowered QL or increased handicap is 54% (95%
confidence interval 48–60%). 

When quantified using various scales, usually the SIP or VAS, the mean or median
reduction in QL is typically estimated at 20–35% (Table 2). When the extent of handicap 
is measured, a median reduction of approximately 60% has been reported (52). 

D. QL Over Time After Stroke  

Few studies have assessed how QL changes over time after stroke. Figure 2 shows the 
time profile in two such studies. In one of the studies, the patients were asked to relate
their present QL to the situation before stroke. In the other study, the  
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Fig. 1 Longitudinal development of QL and life satisfaction. (Left) How 
patients rate their QL in relation to the situation before stroke. Data 
from Ahlsiö et al. (24). (Right) How stroke patients estimate their life 
satisfaction in comparison with a general elderly population. Adapted 
from Åström et al. (53). 

Table 2 Quantitative Change as Measured by QL or Handicap Instruments (studies listed 
by number of patients) 

First author, year 
(ref.) 

Country No. of 
patients 

Time to follow-
up 

Percentage 
declinea  

Hackett, 2000 (35) New Zealand 639 6 years –16% 

de Haan, 1995 (57) The 
Netherlands 

441 6 mo –24% 

Sneew, 1997 (21) The 
Netherlands 

228 6 mo –18% 

Johansson, 1992 (60) Sweden 224 6 mo –22% 

Ebrahim, 1986 (37) UK 198 6 mo –25% 

Yoon, 1997 (61) Korea 119 Not stated –30% 

Ahlsiö, 1984 (24) Sweden 96 2 years –24% 

King, 1996 (55) USA 86 1–3 years –24% 

Nydevik, 1991 (98) Sweden 57 9 mo –25% 
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Fig. 2 Proportion of stroke patients with impaired QL, life satisfaction, or 
social integration (handicap) in five studies with follow-up performed 
at least 1 year after stroke (307 patients in total). The proportions 
relate either to the situation before stroke or to a reference population. 
Horizontal lines show 95% confidence intervals. 

patients were asked if their QL was good, fair, or poor and the ratings were compared
with a general elderly population. Both approaches show that there is little or no
spontaneous improvement of QL late after the stroke event. The study by Åström et al. 
(53) also showed that life satisfaction was considerably lower in patients already before 
stroke compared to a general population of the same age (Fig. 2B). 

E. Effects of Stroke on Dimensions of QL and Handicap  

Several of the studies on QL after stroke have reported on the effects on various
dimensions of QL and handicap. In general, physical, mental, as well as emotional
dimensions and social functioning are profoundly affected (29, 33, 52, 54–56). Stroke 
may also have severe impact on economic self-sufficiency (52, 55). Figure 3 illustrates 
the profiles of deterioration in one large study on QL and one study on handicap after
stroke. 

Kim, 1999 (99) Canada 50 1–3 years –38% 

Bethoux, 1999 (100) France 45 6–26 mo –44% 

Jonkman, 1998 (101) The 
Netherlands 

35 1 year –66% 

Granger, 1993 (102) USA 21 3–12 mo –35% 

a Calculated from various scoring systems with baseline=maximum points. 
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F. Size, Localization, and Type of Brain Lesion  

As shown in Table 3, large size of brain lesion, not unexpectedly, predicts poor QL at late 
follow-up. Patients with lacunar infarcts have better outcome in various dimensions of
QL with the exception of emotional distress, which seems to be  

 

Fig. 3 Extent to which stroke affects various dimensions of QL and handicap. 
Circles denote a 10% reduction in a QL dimension (A) and a 25% 
increase in the degree of handicap (B). Based on data by Hackett et 
al. (35) (n=639) and Harwood et al. (52) (n =141). 

as common as in patients with cortical or subcortical stroke (57). Left-sided and right-
sided hemispheric lesions appear to have similar effects on the various QL dimensions at
6 months after stroke with one obvious exception: the dimension of communication is
much more often impaired in patients with right-sided lesions (57). 

Surviving patients with infarcts and cerebral hemorrhages seem to have similar QL 
outcome (Table 3). Survivors after a subarachnoid hemorrhage quite often experience 
substantial deterioration of QL (58), but direct comparisons suggest that they are better 
off than patients with ischemic stroke (54). 

G. Other Determinants of QL  

A large number of studies have attempted to identify determinants of handicap or poor
QL after stroke (Table 4). Many of the studies included only a few patients and had low 
statistical power to detect possible determinants. A general picture emerges, with
depression, stroke severity with impaired ADL functions, and poor social support as
being very important determinants of poor QL. Depression is also closely related to loss
of social activities (59), which may be seen  
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Table 3 Effect of Type, Size, and Localization of Brain Lesion on QL After Stroke 
(studies listed by number of patients) 

First 
author, 
year 
(ref.) 

Country No. of 
patients 

Time 
of 

follow-
up 

Type of stroke Size of 
lesion 

Localization 

de Haan, 
1995; 
Sneew, 
1997 
(21, 57) 

The 
Netherlands 

437–441 6 mo Similar QL after 
infarcts and 
intracerebral 
hemorrhages 

Relatively 
good QL 
after 
lacunar 
infarcts 

Worse QL after 
supratentorial 
than after 
infratentorial 
infarcts 

Kwa, 
1996 
(25) 

The 
Netherlands 

97 3 mo–4 
years 

  QL worse 
after larger 
infarcts 

No difference 
between right- vs. 
left-sided 
hemispheric or 
between supra- 
vs. infratentorial 
infarcts 

Niemi, 
1998 
(54) 

Finland 46 4 years Worse QL after 
infarcts than after 
SAHs 

  Worse QL after 
hemispheric than 
after brainstem 
infarcts 

Brilstra, 
1997 
(103) 

The 
Netherlands 

25 6 mo–6 
years 

No reduction in QL 
among survivors of 
perimesencephalic 
hemorrhage 
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Table 1 Generic HQL Instruments Used in Stroke Research: A Comparison  

as a proxy for handicap. There is considerable, although somewhat weaker, support for
high age, aphasia, and cognitive impairment as determinants of poor QL. Premorbid
personality traits have occasionally been reported to influence QL after stroke (60, 61). 
After adjustment for age, men and women seem to experience about the same
deterioration in QL after stroke (Table 4). 
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H. Specific Aspects of QL and Handicap  

1. Return to Work 

The proportion of stroke patients who are able to return to their previous work obviously
depends on age and type and severity of stroke. Most studies on work as an aspect of QL
have reported that 54–73% of patients have been able to return to previous work, either 
full-time or part-time (Table 5). In a French study, patients who returned to full-time 
work did so at 4 months after stroke on average, whereas patients who could work only
part-time or needed adjustments in their work returned at a mean of 18 months (62). In a 
multivariate analysis, stroke severity was the only independent determinant of return to
work (62). 

2. Leisure 

Leisure is closely associated with life satisfaction (63). Even prior to stroke, the patients 
have reduced physical and social activities (64). They often fail to resume leisure
activities that they had before stroke. The reduction in leisure pursuits caused by loss of
physical ability is, even in young stroke patients, seldom replaced by new types of
activities (65). Survivors of a subarachnoid hemorrhage often have a significant reduction
in their leisure-time activities despite relatively few physical limitations (58, 66). 

Both the number of leisure activities and the frequency are reduced (65, 67). Not only 
physical but also other activities like reading books diminish (64). The result is often a 
discontented and passive patient, with time spent alone or with the spouse (65). In fact, 
reduction in leisure activities contributes substantially to overall loss of QL after stroke
(29). Improved leisure activity may be an important component of stroke rehabilitation 
but there are, as yet, no scientific studies to support the concept that this approach will
improve overall life satisfaction among stroke patients (63). A small randomized trial 
failed to show any effects on QL of occupational therapy aimed at improving leisure-time 
activities (68). 

3. Sexual Activity 

Sexual activity is one component of QL that is seldom addressed in follow-up studies 
after stroke. It has, however, been shown that long-term survivors after stroke have a very 
marked decline in all sexual functions measured: libido, coital  
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frequency, erectile and orgasmic ability, vaginal lubrication, and sexual satisfaction (69–
71). Severe ADL dependency and impaired cutaneous sensibility has been identified as
important determinants of loss of sexual activity (69). Fear that a new stroke may occur 
during intercourse may also contribute (70). Not only stroke patients but also their 
spouses report reduced libido, sexual activity, and satisfaction (71). Unsuccessful coping 
seems to be crucial for sexual dysfunction after stroke (69). 

I. Impact of Stroke Interventions on QL  

1. Organization of Stroke Services 

The beneficial effects of dedicated stroke units on survival, disability, and need for long-
term institutional care have been amply demonstrated (72). However, few of the 19 
randomized trials included in the Stroke Unit Trialistś Collaboration studied QL as an 
end point. In a trial performed in Trondheim, Norway, improvement in several
dimensions of QL (energy, physical mobility, emotions, social activities, and sleep) was

Table 5 Return to Work Among Subjects Who Were Fully Employed Before Stroke 
(only studies on work as a component of QL, listed by number of included 
patients) 

        Return to work, % 

First 
author, 
year (ref.) 

Country No. of 
patients 

Patient 
characteristics 

Full 
employment 

Part-time or 
adjusted 

employment 

No 
return 

to 
work 

Lindberg, 
1992 (66) 

Sweden 296 Long-term 
survivors of SAH 
(2–13 years after 
the event) 

60%   ——40%—— 

Ogden, 
1997 (107) 

New 
Zealand 

123 Survivors of SAH 
4–7 years after the 
event 

59%   ——41%—— 

Soelberg-
Sørensen, 
1989 (108) 

Denmark 102 Patients with 
ischemic events 
of<72 hr duration 

——62%—— 38% 

Neau, 1998 
(62) 

France 63 <45 years, brain 
infarct 

54%   19% 27% 

Niemi, 
1998 (54) 

Finland 39 <65 years, survivors 
at 4 years, all stroke 
subtypes 

——54%—— 46% 
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observed as late as 10 years after stroke unit care (73). Another Norwegian trial, 
performed in Oslo, failed to confirm any effects of stroke unit management on HQL (74). 
A major difference between the Trondheim and the Oslo stroke units was that the former
placed considerably more emphasis on early rehabilitation with longer hospital stay. 

Not unexpectedly, a very modest intervention like distribution of an information pack
to stroke patients at discharge from hospital had no measurable impact on any of the
aspects of QL 6 months after stroke (75). 

In randomized controlled trials of home rehabilitation versus conventional 
rehabilitation, QL has been measured as outcome in one trial (76) and handicap in one 
trial (77). Both studies failed to detect any significant differences in these outcomes. 
After having reviewed seven randomized trials on day-hospital rehabilitation, the 
evaluators concluded that, as of now, it has not been possible to prove beneficial effects
of this form of rehabilitation (78). 

2. Acute Stroke Treatment 

In calculations of the cost-effectiveness of acute thrombolytic therapy in ischemic stroke,
quality-adjusted life years (QALYs) gained have been calculated in the U.S. NINDS rt-
PA trial. The estimated improvement in health outcome was approximately 0.5 QALYs
saved per patient treated (79). It should be noted that these calculations are based on
results from the single most successful trial of thrombolytic therapy, and that modeling,
which included several imprecise assumptions, was used. The estimates of QALYs saved
by thrombolytic therapy are therefore crude.  

3. Antithrombotic Stroke Prevention 

Time tradeoff and standard gamble methods have been applied to patients with atrial
fibrillation to estimate the utilities of aspirin and warfarin in stroke prevention (80). Both 
antithrombotic strategies were found to have generally high utilities; i.e., the trouble of
taking drugs and the risks involved by far outweigh the effects of a possible stroke as
estimated by the patients. However, a small sub-group of patients with atrial fibrillation 
(16%) rated the utility of warfarin therapy so low that their quality-adjusted life 
expectancy would be greater with aspirin (80). 

4. Surgery 

In an uncontrolled study with methodological weaknesses, cerebral vascularization
(extracranial-intracranial bypass) surgery in stroke patients was reported to improve QL
and return to work (81). These beneficial results are yet to be confirmed in controlled
trials. There seem to be no immediate adverse or beneficial effects by carotid
endarterectomy on HQL (82). An exception may possibly be patients operated for carotid
stenoses who have a contralateral carotid occlusion. In a small group of such patients,
improvement in QL was reported at 3 months after the endarterectomy (82). Cognitive 
function has been reported to be close to normal 8–11 years after carotid endarterectomy, 
but nonoperated patients with carotid stenoses have the same good cognitive performance
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at late follow-up (83). 

5. Acupuncture 

Effects of acupuncture in the subacute phase of stroke on QL have been reported in four
randomized control trials. Two early studies reported improved social situation and/or QL
(84, 112), whereas two subsequent trials failed to confirm any beneficial effects (85, 86). 
Features of the two negative trials (as distinct from the positive ones) were that they
included more patients and that subjects in the control group received the same attention
and time as the intervention group. 

6. Physiotherapy and Occupational Therapy 

There is limited scientific information from controlled trials on the effects of
physiotherapy, occupational therapy, and speech therapy on long-term QL and/or 
handicap. In a randomized trial of 101 severely disabled stroke patients, intensive training
of leg or arm function was shown to give at least a temporary improvement in sickness
impact (87). A program involving aerobic exercises and muscle strengthening has also
been reported to improve quality of life, as measured by the Nottingham Health Profile
(88).  

In a British study randomizing stroke patients 1 month after the event, 5 months of 
occupational therapy at home was compared with no intervention. Occupational therapy
significantly reduced handicap, measured by the London handicap scale, and also
reduced cargivers’ strain (89). In a similar randomized trial, a relatively brief (6 weeks) 
domiciliary occupational program improved overall patient satisfaction (but specific QL
or handicap was not assessed) (90). An intense multifaceted rehabilitation program late
(>1 year) after stroke seemed to be beneficial after 3 months’ intervention when 
compared with no treatment in a trial that was small and not strictly randomized (91). 
There is, as yet, no scientific support for an effect of specific speech therapy on QL or
handicap (92). 

Common to all rehabilitation programs that have reported beneficial effects on QL or
handicap is that they have also had positive effects on determinants of QL such as
physical performance, gait, or ADL proficiency. 

J. QL of Caregivers  

A meta-analysis published in 1999 identified 31 studies on QL of informal carers of
stroke patients (93). Caregivers, most often the spouse, usually experience a considerable
physical and emotional burden (22, 94). This is so not only in carers of elderly stroke 
patients but also among partners of relatively young patients who have had a
subarachnoid hemorrhage (46). The spouses rate their satisfaction with the marriage 
much lower after stroke compared with the situation before their partner was affected. 

Coresident caregivers of stroke patients experience the same degree of burden and
have the same high levels of psychological morbidity as the care-givers of demented 
patients (94). The patients’ physical as well as mental impairments contribute to the 
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burden placed on caregivers. Partners are especially burdened by the consequences of
caregiving for their own personal life, e.g., the burden of continuously feeling heavily
responsible and worried (42). Loss of the possibilities to travel seems to be particularly
frustrating (95). Inappropriate expectations of what the stroke patient can do may lead to 
strained family relations (96). A substantial proportion of the carers who were working at
the time the patient has his/her stroke give up there jobs during the subsequent year (97). 
Table 6 lists some of the determinants of poor well-being of carers of stroke patients. 

Few interventions have been directed at improving carer outcomes and the studies have 
shown mixed results (93). Lack of information is only a weak predictor of poor QL in 
caregivers (42), and it is unlikely that better information alone will improve the well-
being of caregivers. It has been suggested that use of positive coping strategies (93), 
sharing of responsibilities, and getting tempo- 

rary relief from caregiving (42) may be useful ways of supporting caregivers of stroke 
patients. 
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I. INTRODUCTION  

Stroke-related mortality has been on the decline in most Western and Asian countries in
recent years. Currently, the main strategies used to prevent further strokes are antiplatelet
and anticoagulant therapies, carotid endarterectomy, and control of vascular risk factors.
A considerable number of stroke survivors, however, fail to receive any preventive
therapy or fail to adhere to a regimen of preventive measures. 

Stroke survivors are at high risk of experiencing a stroke recurrence. Of all well-
established stroke risk factors, previous stroke is at the top of the list, with a risk seven
times higher than that found in the general population. One-third of the approximately 
730,000 strokes that occur in the United States every year are recurrences. Rates,
predictors, patterns, and outcome after recurrence vary depending on stroke subtype.
Therefore, the identification of subgroups of patients at high risk of recurrence after first-
ever events has become a priority in order to target and optimize secondary stroke
prevention. 

This chapter examines the patterns, epidemiological aspects, and outcome of ischemic 
and hemorrhagic stroke recurrences, and their prevention according to different stroke
subtypes.  

II. EARLY ISCHEMIC-STROKE RECURRENCE  

Over the past few years, the case-fatality rate at 28 days after stroke has fallen in most
industrialized countries (1–5). Early case-fatality rates for ischemic stroke (IS) currently
range from 5.8% to 20.4% (6–9). The result of this decline in the rate of short-term stroke 
mortality is the growing number of IS survivors at risk of developing a closely following
further stroke, one of the most feared complications during the first days or weeks after
the initial event. 

Literature on this topic reflects the lack of a universally accepted definition of early IS 
recurrence. Differences exist as to the interval from index stroke to second event that



qualifies as “early” recurrence. The first 14 days has sometimes been chosen as the 
boundary between early and long-term recurrences, particularly in studies assessing this 
matter in patients with brain infarction thought to derive from cardioembolic sources (10–
12). Other series, on the other hand, have stretched the limit to 90 days after first IS (13–
16). However, the first 30 days after index stroke is the cutoff point in most studies for
speaking of short-term recurrence (17–19). The 1-month interval seems reasonable, since 
30–60% of recurrences appear within the first 30 days after the initial event (16, 18). 

In most patients, the initial neurological condition after IS remains stable, but 25–30% 
of patients may experience deterioration during the first 96 h (20– 23). The mechanisms 
responsible for initial neurological deterioration are not well understood (21, 24, 25) 
(Table 1). Criteria for early stroke recurrence should include a new neurological deficit of
more than a 24-h duration (16, 19, 26, 27) or a sudden worsening of a preexisting deficit 
(27, 28). These circumstances should be attributable solely to the involvement of a 
different vascular territory or anatomical site and, finally, the recurring event should
occur during the first 30 days after index stroke. Other neurological and systemic
disorders may also worsen the initial neurological status and should be ruled out to avoid
a misdiagnosis of stroke recurrence (29–35) (Table 1). In some instances, clinical 
worsening of an existing deficit is not easy to note, particularly in those infarcts involving
the mainstem of the middle cerebral artery or the internal carotid artery (36). 

A. Epidemiology and Predictors  

Epidemiological data on early stroke recurrence have been strongly influenced by study
design (retrospective vs. prospective), period of follow-up, type of treatment, and by 
whether studies are community- or population-based. Average rates of 3.4% (varying 
from 1.6% to 4.4%) have been found in hospital-based studies (17, 20, 37) while 
community-based studies have shown average rates of 3.18% (varying from 1.2% to
5.6%) (17, 26, 36, 39, 40). The immediate period (<7 days)  

Table 1 Mechanisms and Causes of Worsening After Ischemic Stroke 

Mechanisms of worsening 

  Thrombus propagation 

  Progression of arterial stenosis 

  Carotid siphon occlusion 

  Poor collateral circulation 

Neurological causes of worsening 

  Stroke recurrence 

  Increased intracranial pressure 

  Obstructive hydrocephalus 

  Focal seizures 
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after the index event carries the greatest risk of recurrence, with 50% of second events
falling within this interval (26, 41, 42). 

The Stroke Data Bank investigators found that a diastolic blood pressure >100 mmHg 
and a history of diabetes both increase the risk of early recurrence by 5.2% and 4.9%,
respectively (17). Moreover, patients with both hypertension and an initial blood-sugar 
concentration higher than 200 mg/dL had a risk of recurrence at 30 days of 4.9%, and this
risk was twice as great when blood-glucose concentration was over 300 mg/dL (17). 

The risk of early stroke recurrence depends on the pathophysiological IS subtype. 
Patients with infarcts due to large-vessel atherosclerosis possess a high risk of early 
recurrence, estimated at 7.9% in the first 30 days (17). Microembolic signals (MES) 
detected by transcranial Doppler (TCD) monitoring of patients with IS of presumed
arterial origin have been associated with a high probability of ipsilateral early recurrence,
regardless of the severity of carotid stenosis (43– 45) 

Brain infarcts presumed to be of cardioembolic origin have been considered to carry a
higher risk of recurrence than other brain-infarct etiologies. In fact, the Cerebral
Embolism Task Force has estimated retrospectively that around 12% of patients with
cardioembolic stroke can be expected to experience a second event within 2 weeks of an
initial event (46). A much higher figure was found in a study of 227 untreated patients
with cardioembolic infarct (27% with rheumatic valvular disease); one of every five
patients developed a second ischemic event within the first 14 days. Dehydration, low
plasma levels of antithrombin III, rheumatic heart disease (RHD), prosthetic valves, and
intracardiac thrombi were associated with these recurrences (41). 

The embolism-recurrence rates at 30 days currently reported for patients with cardiac
sources of embolism (CSE), which vary from 2.9% to 6.9%, are lower than those
previously estimated (15, 17, 47, 48). Rates of recurrence at 1 month after index IS in
untreated patients with a CSE range from 10% to 17%, while in both treated (most with
anticoagulant therapy) and untreated patients, the recurrence rates at 30 days range
between 3% and 9% (49–51). 

The rates of stroke recurrence at 30 days in community- and population-based studies 
for patients with nonvalvular atrial fibrillation (NVAF) vary from 1% to 6.2% (27, 37, 
51–53). The contribution of NVAF to early stroke recurrence is still controversial,
however. In the Framingham Study, AF was significantly associated with recurrence
(54). In contrast, other series have not consistently found an elevated risk of early 
recurrence in such patients (27, 55, 56). In keeping with these last findings, one
multicenter-based study, performed to evaluate the efficacy of early antithrombotic 
therapy in the acute phase of stroke, found that AF patients had stroke-recurrence rates of 
approximately 2% in the first month, similar to those of patients with sinus rhythm (55). 

Nonneurological causes 

  Electrolyte and metabolic disturbances 

  Pulmonary infections 

  Coexisting cardiac disease 

  Cardiac arrhythmia 
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In another community-based study, the risk rate was even lower: 1% for patients with AF
versus 4% for patients with sinus rhythm (27). 

The presence of a CSE has not by itself been found to constitute a strong predictor of 
early recurrence. The risk of recurrence increases when the cardiac source coexists with
another risk factor or another cardiac disorder. Concurrent hypertension, valvular heart
disease, and AF were found to promote recurrence, though none of these was a predictor
when existing separately (42). It has long been suggested that RHD carries a high risk of 
early recurrent embolism. However, the risk of recurrence has not been strikingly
different between patients with NVAF and those with RHD (13). In fact, RHD has been 
identified as an independent predictor of recurrence only when it coexists with congestive
heart disease (15). 

Scarcity of data has been a hindrance in establishing the rates of early stroke 
recurrence in other types of CSE. It has been found, however, that embolism rarely recurs
in the setting of infective endocarditis, once antibiotic therapy has been started (57–59). 
No early stroke recurrences have been documented for patients with patent foramen ovale
(PFO) and other interatrial septal abnormalities (60). 

Lacunar infarcts have a favorable short-term prognosis and the lowest rates of early 
stroke recurrence among all other subtypes of brain infarcts (from 0% to 2.2% at 30 days)
(17, 36, 61, 62). Patients with brain infarcts of undetermined cause have a slightly higher 
risk of early recurrence (about 3%) than those with a definite lacunar etiology (17).  

B. Prognosis  

Prognosis is dismal for patients with early IS recurrence. These patients show a
deterioration in motor deficit of approximately 60% (17). Early IS recurrence prolongs 
hospital stay by almost twice that of patients with no recurrence (17, 42). In addition, 
case-fatality rates for patients with recurrent brain infarct are two or three times higher 
than for patients with first-ever IS (7, 41, 42). In the Stroke Data Bank the early case-
fatality rate for patients with first-ever IS was 7.4%, and rose to 20% for patients with IS
recurrence (17). In-hospital mortality was almost three times greater for patients with
recurrent cardioembolic infarcts (70.8%) than for patients with no recurrence (24.4%)
(42). 

C. Prevention of Early Recurrence After Brain Infarct  

Early anticoagulation to avoid stroke progression and recurrence after IS has been
commonly prescribed in the acute phase. In two studies anticoagulation failed to prevent
early recurrence in patients with noncardioembolic infarcts (63, 64), but three recent 
randomized trials have suggested otherwise (55, 65, 66). However, the possible benefit 
appears to be offset by the risk of major bleeding episodes (Table 2).  
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Retrospective and nonrandomized studies have found that anticoagulation reduces by
60% the absolute risk of recurrence in the first month after a cardioembolic stroke (11, 
67, 68). The recurrence rate was eight times higher within 21 days after IS in 
nonanticoagulated patients or those in whom anticoagulation was delayed (17.5%)
compared with those early anticoagulated (2%) (69). Early anticoagulation with heparin 
was found to be relatively safe in 231 patients with cardioembolic strokes monitorized
closely in a nonrandomized, noncontrolled observational study (70). The rate of in-
hospital recurrence was 2.1% and the rate of major bleeding episodes was 3.4%;
recurrences were significantly related to lower mean activated partial thromboplastin time
(70). Anticoagulation has been common in NVAF-related strokes particularly in the 
absence of large infarcts or uncontrolled hypertension (11, 71, 72). Lower recurrence 
rates were observed in patients with NVAF (2.8%) than nonanticoagulated patients
(4.9%), but the former group was more prone to develop hemorrhagic strokes (54). 

Early anticoagulation in cardioembolic strokes has been considered potentially risky, 
because of the propensity for spontaneous brain hemorrhage conversion (73, 74). In two 
studies immediate anticoagulation did not promote hemorrhagic transformation (11, 75). 
In addition, neurological status can remain stable despite continuation of anticoagulation
in the presence of hemorrhagic infarct (68, 69, 76, 77). 

Table 2 Ischemic Stroke Recurrence, Hemorrhagic Transformation, and Bleeding 
Complications with Heparin for Acute Stroke 

Trial No. of 
patients 

Recurrence 
IS 

Hemorrhagic 
transformation 

Major extracranial 
bleeding 

IST (55)         

  Heparina  4,855 2.9%b 1.2% 1.3% 

  Control 4,859 3.8% 0.4% 0.4% 

TOAST (66)         

  Danaparoid 638 1.56%c 1.72%d 5.01% 

  Placebo 628 1.75% 0.47% 1.59% 

Low-molecular-weight heparin (65)     

  Nadroparin 203 1.47%e 0.98% 0.49% 

  Control 105 0.95 0.95% 1.9% 

IST: International Stroke Trial. 
TOAST: Trial of ORG 10172 in Acute Stroke Treatment. 
a Low and high doses of heparin. 
b Stroke recurrence within 14 days. 
c Stroke recurrence within 10 days. 
d Symptomatic hemorrhagic transformation within 10 days. 
e Stroke recurrence within 10 days. 
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Early anticoagulation in the acute phase of IS still remains controversial. 
Appropriateness of anticoagulation should be tailored to the individual patient weighing
the risk-benefit ratio and taking into account the presence either of risk factors that might
promote recurrence or hemorrhagic transformation. 

Aspirin (ASA) has been found to prevent early recurrences to a slight extent at doses of
between 160 and 300 mg/day administered within 48 hr after stroke (55, 78). Recently, 
intravenous aspirin reduced MES in seven patients with recent brain infarct attributable to
ipsilateral large-artery disease (79). 

III. LONG-TERM STROKE RECURRENCE  

There has been a trend toward improvement in long-term survival after initial stroke over 
time. Some evidence from population-based studies suggests that the risk of death 2 years 
after stroke in the 1990s was 40% lower than in the 1980s. Among all types of IS,
atherothrombotic infarcts were found to have the best survival rates (3). 

In spite of the benefits of secondary preventive measures after stroke (80– 84), risk 
factors in patients with prior stroke remain to a large extent uncontrolled (85, 86) or there 
are a considerable proportion of initial-stroke patients who lack treatment in the long 
term (87). Therefore, there exists a high risk of recurrence for a large proportion of those
surviving at least 1 month after a first-ever stroke.  

Recurring strokes may account for approximately 30% of all events (3, 7, 40, 88–92). 
Despite a decline in stroke incidence during the 1980s, rates of stroke recurrence have not
experienced a similar trend (93). Recently, however, a significant decline in recurrence
rates was observed over a period of 4 years in Malmö, Sweden, most likely as the result 
of an improvement in secondary preventive measures (94). 

Several studies record an annual incidence of symptomatic recurrence after IS of 4–
14% (13, 18, 95–98). The risk of recurrence is especially great during the first year after
IS. The Stroke Data Bank observed a rate of 9.3% in 1273 patients with IS during a mean
follow-up of 1.1 years (18). From the second year on, it carries a risk of 5–8% per year 
(99). A rate of 14.1 % at 2 years has been recorded (18), and other studies show rates 
ranging from 5% to 20% (100). A number of studies show a 5-year cumulative risk of 
recurrence of between 22% and 30% (26, 39, 90, 96). 

A. Predictors of Long-Term Stroke Recurrence  

In most instances, determination of risk factors for stroke recurrence has yielded
conflictive results (13, 15, 17, 18, 26, 40, 54, 90, 91, 94, 97, 101, 102, 104–113) (Table 
3). Some of these risk factors are linked to recurrence with particular stroke subtypes. 
Leonberg, Sobel, and, recently, Yamamoto provide highlights as to the importance of
risk-factor profile in recurrence, stressing that the number of risk  
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factors and their interaction play a substantial role in stroke recurrence (103, 116, 117). 
IS is a heterogeneous disorder encompassing many pathophysiological mechanisms. 

Consequently, not all stroke patients are at similar risk of recurrence, the differences 
depending on stroke subtype, as well as the number of risk factors involved. 

B. Atherothrombotic Infarcts  

The medical treatment arms of two large carotid endarterectomy trials have provided data
about the natural history of symptomatic extracranial carotid stenosis (83, 84). Virtually 
26% of patients with internal carotid stenosis greater than 70% experienced a new
ipsilateral stroke within 2 years in the NASCET study (83), and the ECST study showed
a figure of 22% at 3 years (84) (Table 4). In 1273 patients with IS, Hier et al. found a 
similar rate of recurrence at 2 years for patients with infarcts due to large-vessel 
atherosclerotic disease (18). In addition, recurrence rates rise in proportion to the number 
of risk factors present, being twice as high for patients with more than five stroke-risk 
factors (83).  

Table 3 Predictors of Long-Term Ischemic Stroke Recurrence 

Age (26, 101, 102) 

Male gender (97) 

Female sex (91) 

Hypertension (17, 18, 40, 97, 102, 104–107) 

Diabetes (17, 18, 26, 94, 101, 109) 

Valvular heart disease (15) 

Ischemic heart disease (15, 97, 101, 102, 104) 

Congestive heart failure (15, 97, 101, 102, 104) 

Atrial fibrillation (13, 94, 101, 104) 

Previous TIAs (94, 104, 105) 

Ethanol abuse (40) 

Current smoking (90) 

Proximal aortic atheromas (plaques>4 mm in thickness) (114, 115) 

Dementia following stroke (91) 

Elevated fibrinogen-plasma levels (111) 

High-serum lipoprotein (a) levels (111) 

Positive anticardiolipin antibodies (112, 113) 
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The risk of ipsilateral stroke in subgroups of patients with symptomatic stenosis greater 
than 70% also correlates with the degree of stenosis. The rate of a further ipsilateral
stroke at 1 year for patients with stenosis ranging between 70% and 79% was 12.8%,
while it was three times higher for patients with stenosis ranging from 90% to 94% (118). 
In addition, the risk of ipsilateral stroke rises steeply in the presence of ulcerated plaques
(defined by angiography) (119). 

Patients with moderate internal carotid stenosis have a more benign course than those 
with severe stenosis. The rate of ipsilateral stroke at 2 years in 87 symptomatic patients
with from 50% to 79% of internal carotid artery (ICA) stenosis was 12.9% (120). 
Progression of carotid stenosis, defined by color-flow duplex scanning, occurred in 
approximately 16% of these 87 patients during a mean follow-up period of 44 months, 
and their rate of ipsilateral stroke recurrence rose to 14.3% at 2 years (120). Occlusion of 
the internal carotid artery has been considered to have a prognosis similar to that of
stenotic lesions (121), though some studies have yielded rates of ipsilateral stroke of 
about 3% per year (122, 123). 

The annual risk of ipsilateral stroke for patients with distal internal carotid stenosis or 
middle cerebral artery (MCA) stenosis runs from 4% to 12% (124– 129). Intracranial 

Table 4 Rates of Ipsilateral Stroke in Patients with Stenosis or Occlusion in the Arteries 
of the Anterior and the Posterior Circulation 

Artery Rate of ipsilateral recurrence Interval,a years 

ICA stenosis>70% (83) 26% 2 

ICA stenosis>70% (84) 22% 3 

ICA stenosis 50–69% (120) 12.9% 2 

ICA occlusion (122, 123) 3% Annual 

Intracranial ICA stenosis 50–69% (130) 19.4% 3 

Intracranial ICA stenosis>85% (130) 45.7% 3 

MCA stenosis (127, 129) 7.8% Annual 

MCA occlusion (127, 129) 7.1% Annual 

Intracranial vertebral stenosis 50%–99% (140) 7.8% Annual 

Intracranial basilar stenosis 50–99% (140) 13.7% Annual 

PICA (140) 6% Annual 

PCA (140) 6% Annual 

a Interval of ipsilateral stroke recurrence since first stroke. 
ICA: internal carotid artery. 
MCA: middle cerebral artery. 
PICA: posterior-inferior cerebellar artery. 
PCA: posterior cerebral artery. 
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ICA stenosis has been found to be an independent risk factor for ipsilateral stroke (130). 
For the patients included in the medical arm of the NASCET study, the estimated risk of
ipsilateral stroke was 19.4% at 3 years in patients with intracranial ICA stenosis of
between 50% and 69%, while for patients with an intracranial ICA stenosis of over 85%
it rose to 45.7% (130). 

Stenosis of the main branches of the ICA has received little attention. It occurs more 
often in African, African-American, and Asian subjects (131–136) than in Caucasian 
populations (137, 138). Atherosclerotic stenosis of the MCA rarely causes brain
infarctions in Western populations (136, 139). There is relatively little information 
available concerning the prognosis of patients with atherosclerotic MCA disease, and
most of it is usually derived from the EC/IC Bypass Study (127). The yearly rate of 
ipsilateral IS in the stenosis group was slightly higher than that of the occlusion group
(7.8% and 7.1%, respectively) (127, 129) (Table 4). 

In a retrospective study of 68 patients with intracranial symptomatic stenosis ranging 
from 50% to 99% involving mainly the vertebral and basilar arteries, almost one-fourth 
developed further ischemic events, and two-thirds of these recurred in the same 
symptomatic territory over an average follow-up period of 13.8 months (140). For those 
patients having previous infarcts in the basilar and vertebral arteries, the annual rate of
stroke recurrence in the same arterial territories was 10.7% and 7.8%, respectively (140) 
(Table 4). It was higher when all vascular territories were taken into account: 15% when
first infarct was in the basilar-artery territory and 13.7% when it was in the vertebral-
artery territory. Patients with initial infarcts in the posterior cerebral artery and in the
posterior-inferior cerebral artery had lower rates of recurrence (about 6%). Rates of 
stroke recurrence involving the same territory as the first infarct were twice as high for
patients treated with antiplatelet agents as for those who received warfarin therapy (140). 

Recurrence of infarcts caused by large-vessel atherosclerotic disease most often 
happens in the same arterial territory as the first, particularly when the carotid circulation
is involved (141, 142). In addition, this kind of infarct often recurs as the same
pathological type, with frequencies ranging between 64% and 82% (117, 141). 
Cardioembolic and Lacunar infarct (LI) each account for approximately 15% of
recurrences, while hemorrhagic strokes are less frequent (117). 

C. Prevention of Long-Term Recurrence After Atherothrombotic Infarct  

IS recurrence tends to be of the same pathological mechanism as the first event, but other
mechanisms already present, though not etiologically related to the first stroke, may be
responsible for further events. Consequently, extensive noninvasive investigations of the
heart, aorta, and major craniocerebral arteries, as well as blood tests, should be performed
on patients with first-ever stroke, even when there is a definite etiology for the current 
event, to identify all underlying pathological mechanisms that could contribute to a
recurrence. 

Medical options for secondary stroke prevention comprise antiplatelet aggregation,
anticoagulation, and control of risk factors. Anticoagulation will be discussed in the
section on secondary prevention of cardioembolic strokes. Aspirin, ticlopidine,
dypiridamole, and, more recently, clopidogrel are the antiplatelet agents proven to be
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useful in secondary stroke prevention. 
Aspirin was first demonstrated to be clinically efficacious in secondary stroke

prevention some 25 years ago; 1300 mg/day of aspirin, alone or with sulfinpyrazone,
significantly reduced the incidence of stroke or death by 31% among patients who had
experienced a transient ischemic attack (TIA) 3 months previously (143). 

Recently, pooled data from 145 trials of antiplatelet therapy, involving 70,000 subjects
at high risk of cardiovascular events, have provided conclusive evidence that aspirin
reduces the incidence of nonfatal stroke by 22% (80). Low doses of aspirin (50–325 
mg/day) are currently recommended for the prevention of IS and TIA (144, 145), and 
have the added benefit of reducing adverse effects, principally gastrointestinal toxicity
(146–148). 

Increased platelet aggregation lasting several months has been documented in patients 
with previous IS (149, 150). Partial inhibition of platelet aggregation, either transient or
permanent, may occur in 20–30% of patients with prior IS treated with aspirin (151). 
Moreover, initial total inhibition of platelet aggregation may be lost over time in one-
third of patients treated with aspirin. Overall, 8% of patients exhibit aspirin resistance,
even at high doses (151). Therefore, stroke recurrence in some patients treated with
aspirin may be due to an inadequate effect. 

Two large multicenter trials have shown ticlopidine to be superior to both aspirin and 
placebo in reducing nonfatal or fatal strokes in patients with previous noncardioembolic
strokes (81, 152). Ticlopidine significantly reduced the risk of recurrence by 33% over
placebo (81), while in the TASS Study, ticlopidine was 20% more effective than aspirin
in reducing recurrences (152). Both trials established that such adverse effects as
diarrhea, rash, and, most notably, neutropenia (severe in some instances) were more
common in patients receiving ticlopidine than in those treated with aspirin (81, 152). 

The efficacy of clopidogrel in the prevention of cardiovascular events was established 
in a single multicenter study performed on 19, 185 high-risk patients (with recent 
myocardial infarction, stroke, or significant peripheral arterial disease) (153). Patients 
were randomly allocated to either 325 mg/day of aspirin or 75 mg/day of clopidogrel, and
were followed up over an average of 1.9 years. The relative risk reduction of
cardiovascular events by clopidogrel was 8.7% over that of aspirin, but this finding was
unfortunately statistically marginal (153). Analysis of the stroke subgroup showed a 
yearly rate of recurring stroke of 5.7% in patients on aspirin and 5.2% in those on
clopidogrel, resulting in a nonsignificant risk reduction of about 7% (153). 

Available evidence suggests that clopidogrel is safer than ticlopidine. Clopidogrel is
devoid of the adverse hematological effects seen with ticlopidine; diarrhea and rash are
also less frequent in patients on clopidogrel (153). On the other hand, analysis of cost-
effectiveness favors aspirin over both clopidogrel and ticlopidine for the prevention of
thromboembolic stroke recurrence (145). 

Trials during the 1980s to evaluate the efficacy of dypiridamole in secondary stroke 
prevention, alone or in combination with aspirin, yielded inconclusive results (154–156). 
Not long ago an extended-release dypiridamole presentation was reassessed in a four-arm 
trial performed on 6602 patients with previous TIA or IS occurring no more than 3
months prior to randomization (157). Aspirin was tested at low doses (50 mg daily) and 
dypiridamole at high doses (400 mg daily). Aspirin and dypiridamole as sole therapy
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were both superior to placebo, and the combination of these two antiplatelet agents
significantly reduced the risk of recurrence by 37% (157). 

In light of the available evidence, aspirin so far constitutes the first-line therapy for a 
great proportion of patients with atherothrombotic infarcts. Clopidogrel may be chosen as
a second-line treatment, particularly in instances where aspirin fails or is contraindicated. 

Anticoagulation is often used in patients with brain infarcts and intracranial stenosis. In
a nonrandomized retrospective study involving 151 patients with symptomatic,
angiographically proven intracranial large-artery stenosis (>50%), warfarin prevented 
more annual stroke recurrences than aspirin (3.6/100 vs. 10.4/100 patients-years, 
respectively) (158). However, percutaneous transluminal angioplasty (PTA) and stenting 
may be alternative options in suitable patients. Both procedures are effective in the
treatment of symptomatic extraintracranial carotid and vertebral atherosclerotic stenosis
(159–161). Marks et al. reported that the annual rate of new ipsilateral ischemic events
was 3.2% in the territory appropriate to the site of angioplasty in 23 patients with
intracranial stenosis followed over 35 months (159). Other series of PTA have not 
reported stroke recurrences after angioplasty in patients with intracranial lesions in the
anterior and posterior circulation (160, 161). The experience is still limited, however, and 
requires further study (162–165). The only surgical option for secondary stroke 
prevention is carotid endarterectomy in extracranial symptomatic stenosis with a
narrowing of carotid artery diameter of more than 70%, provided there is a low risk of
perioperative morbidity and mortality (83, 84). 

Finally, any effort to reduce stroke recurrence should also include therapeutic 
interventions oriented toward controlling modifiable risk factors for stroke. 

D. Long-Term Recurrence After Cardioembolic Infarct  

Cardieombolism is the second most common cause of first IS, accounting for
approximately 20–30% of all cases (20, 166–171). Recurrence rates in the first year after
cardioembolic stroke range from 5% to 12% (15, 18, 40, 141). Cumulative rates of 
recurrence reach 32% at 5 years after index stroke (15, 18, 40, 141). Recurrence rates 
depend on the specific underlying cardiac condition. 

E. Atrial Fibrillation  

Atrial fibrillation (AF) is by far the most common potential cardiac source of embolism
(19, 172, 173). Currently, nonvalvular AF (NVAF) is much more frequent than rheumatic
AF (173, 174). Overall, one in six first ischemic strokes is related to NVAF (27, 175, 
176), with frequencies increasing steeply with age (175). Patients older than 60 with 
NVAF have an overall rate of first-ever IS between 4.5% and 8% per year (69, 177–179). 

Age, diabetes, history of hypertension, and previous TIA or stroke are the risk factors
that predict stroke in patients with NVAF (114). In the European Atrial Fibrillation Trial
(EAFT), the predictors of recurrent vascular events were: a history of previous
thromboembolism, ischemic heart disease, cardiothoracic ratio>50% on chest
roentgenogram, systolic blood pressure greater than 160 mmHg at study entry, AF with a
duration of more than 1 year prior to index stroke, and evidence of previous IS on
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computerized-tomography scan (180). One-third of the placebo-treated patients in the 
EAFT trial had three or more risk factors and a recurrence-hazard ratio of 3.9, compared 
to 1.9 in patients with only or two of the above-mentioned risk factors (180). 

NVAF patients with previous stroke exhibit a yearly rate of further stroke twice as high
(10–12%) as stroke-free AF patients (177, 181, 182). In the last few years, patients with 
NVAF have been categorized according to the presence of other risk factors in order to
identify high-risk subgroups of systemic embolism (177, 183–185). According to the 
Stroke Prevention Atrial Fibrillation (SPAF) I-III trials, AF patients at high risk of 
embolism include women older than 75, those over the age of 75 and with history of
hypertension, or those of any age with a systolic blood pressure higher than 160 mmHg
(186). The moderate-risk category comprises patients younger than 75 and patients with a 
history of hypertension or diabetes (186). Thus, patients in the high-risk group exhibited 
yearly rates of recurrence of 20%, whereas the rate decreased to 10% per year in the
moderate-risk group. Low-risk patients had an annual recurrence rate of 5.9% (186). 

In several studies, the risk of recurring stroke in AF patients was higher in the first 
year, with rates of approximately 10–15% (187, 188), and especially high rates have been 
observed during the first quarter (27, 82, 189). One study obtained identical results for 
the first year, but found no decline over time, with rates in subsequent years remaining as
high as in the first year after stroke recurrence (82). 

Not all patients with AF share the same risk of first-ever stroke and recurrence. Lone 
AF mainly occurs in younger patients and carries an annual risk of first-ever stroke of 
less than 0.5% (190). Risk of recurrence remains low over time (<1/100 patient-years) 
(191). 

F. Valvular Heart Disease  

Valvular heart disease (VHD) accounts for 4–20% of potential cardiac sources of
embolism (48, 173). Mitral stenosis is responsible for most VHD (192). Approximately, 
40% of patients with VHD also develop AF (193). Coexistent mitral stenosis and AF
carries a high risk of embolism. The annual rate of systemic embolism ranges between
4% and 5%, with more than half of emboli lodging in cerebral vasculature (192, 194). 
Recurring embolism seems to be high, with one- to two-thirds of cases occurring within 
the first year after initial event (192, 195, 196). The risk of recurring embolism is 
substantially reduced through long-term anticoagulation (192, 196, 197). Anticoagulated 
patients with mitral stenosis after brain infarct showed a 3.9% per year recurrence risk
(198). 

G. Interatrial Septal Abnormalities  

Interatrial septal abnormalities (ISA), including patent foramen ovale (PFO) (199–203) 
and atrial septal aneurysms (ASA) (204–207), have been considered as possible CSE in 
patients with cryptogenic IS, particularly among younger subjects. Both these ISA are
found to coexist in 30–40% of patients with IS (205, 207, 208). 

Available information on recurrence of infarcts attributed to paradoxical embolism
(PE) suggests that the risk is rather low. Hanna et al., in 15 patients with IS treated with
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aspirin, warfarin, or surgical closure of PFO, did not find any stroke recurrence during a
mean follow-up of 28 months (208). Bogousslavsky et al. reported 140 patients with IS 
and PFO who were randomly allocated to anti-platelet aggregation, anticoagulation, or 
surgical closure. Stroke recurred in eight of these patients during a mean follow-up of 3 
years, giving an estimated annual rate of recurrence of 1.9% per year (60). The predictors 
of stroke recurrence in this study were infarct involving the territory of the posterior
cerebral artery, associated interatrial communication, a history of recent migraine, and
coexisting cause of stroke, the latter found in 15% of patients (60). The French Study 
Group confirmed a low rate of stroke recurrence (1% per year) in patients with stroke and
ISA. A higher rate of stroke recurrence occurred, however, in patients with coexisting
PFO and ASA (4.4% per year), suggesting the existence of synergism between both
abnormalities respecting risk of recurrence (209). 

H. Patterns of Recurrence  

In general, most recurrences in patients with first cardioembolic cerebral infarct are of the
same etiology as the initial event (117). Large-artery disease with significant stenosis in 
the appropriate artery and small-vessel disease as a consequence of long-standing 
hypertension coexist in nearly 20% of all patients with IS and are a potential cardiac
source of embolism (173, 210–212). In accord with these findings, noncardiac non-LI 
and LI account for 20% and 5%, respectively, of recurrences in patients with first
cardioembolic IS (117). 

I. Prevention of Long-Term Recurrence After Cardioembolic Stroke  

As in other subtypes of initial IS, the existence of a source of embolism from the heart
does not preclude an extensive search for coexisting causes of stroke that may constitute
alternative mechanisms for a recurrence, and such an investigation may allow for better
secondary prevention. 

The efficacy of anticoagulation in primary stroke prevention for patients with NVAF 
has been firmly substantiated by various placebo-controlled clinical trials (178, 213–217). 
So far, the European Atrial Fibrillation Trial (EAFT) is the only major study devoted to
this matter (82). This multicenter study was conducted on 1007 patients with NVAF and
recent (<3 months) TIA or minor stroke. Patients were randomly allocated to either a
warfarin-eligible group (open anticoagulation, or double-blind treatment with either 
aspirin at 300 mg/day or a pla-cebo) or a warfarin-ineligible group (double-blind 
treatment with either aspirin or a placebo). The mean age of patients was 73 years, mean
follow-up was 2.3 years, and the warfarin target was International Normalized Ratio
(INR) 2.5–4.0 (84). Warfarin-treated patients had a hazard ratio of recurrence of 0.34, 
while patients receiving aspirin showed a hazard ratio of 0.86 (82). In absolute terms, 
anticoagulation prevented eight strokes per 100 patients annually, while aspirin avoided
approximately two strokes per 100 patients annually. The rate of bleeding complications
was 2.8% and 0.7% per year in the warfarin and nonanticoagulated groups, respectively
(82). The issue of appropriate timing for starting anticoagula-tion after NVAF-related IS 
has not been addressed. In the EAFT study, anticoagulation was begun within 14 days

Prognosis after stroke     59



after qualifying stroke in 46% of patients assigned to warfarin therapy (82). In a 
subsequent report of the EAFT Study Group, the optimal level of anticoagulation
suggested for secondary prevention in patients with AF-related stroke ranges between 
INR 2.0 and 3.9, with a target INR of 3.0 (218). Low-intensity warfarin (INR 1.5–2.1) 
may be safer in older subjects (179, 219). In consequence, warfarin anticoagulation with 
a target INR of 3.0 is the first choice for patients with AF, and aspirin is the alternative
when warfarin is contraindicated. 

Long-term anticoagulation is also the first choice for prevention of recurring strokes in
patients after an ischemic event caused by rheumatic mitral stenosis, prosthetic heart
valve, dilated cardiomiopathy, or left ventricular dyskinesia (220). The target INR should 
be between 2.0 and 3.0. If a recurrence occurs despite adequate treatment, the target
therapeutic range can be increased to 3.5, or aspirin can be added (221). Anticoagulation 
with a target of INR 3.0–4.0 should be maintained in patients with mechanical prosthetic
heart valves. In these patients, anticoagulation can be supplemented with aspirin if a new
cardioembolic stroke occurs despite an INR within the therapeutic range at the time of
event (222). 

Antiplatelet therapy is the first line of treatment in patients with stroke and suspected
Paradoxical Embolism (PE) (223). Surgical closure of PFO has been proposed for
patients assumed to have a high risk of recurrence. Criteria for the latter approach include
brain infarct with no other demonstrated cause along with at least two of the following:
massive right-to-left shunt, recurring clinical brain infarcts or multiple silent ischemic
lesions on brain magnetic resonance imaging (MRI) PFO associated with ASA, and
Valsalva maneuver preceding onset of stroke (223). Long-term anticoagulation can be of 
benefit to surgical candidates who refuse the operation and to patients with no other
demonstrated cause of brain infarct who have only one of the factors mentioned above
(224). 

J. Lacunar Infarcts  

Lacunar infarcts (LI) make up 20–25% of all first IS (225–230). Survival rates for 
patients with LI are significantly better than for those with nonlacunar infarcts (61, 227, 
231) and decrease approximately 5% per year after occurrence (110). Thus, 80–90% of 
patients are still alive 2 years after LI, whereas 65–75% of patients survive 5 years after 
LI (110, 225, 226, 229). 

Of 172 patients with symptomatic LI as first-ever stroke (followed on average for 3 
years), 16 patients (9%) suffered a further stroke (110). Higher frequencies (21%) were 
reported in 322 patients with minor stroke during a follow-up period of 10 years, but only 
one-third of these patients had LI (232). 

The risk of recurrence in LI is higher in the first year after the qualifying event. At 1 
year, the rate of recurrence ranges from 4.7% to 12% (141, 225, 231, 233). Hospital and 
population-based studies have estimated that the average annual rate of recurrence after 
the first year is 5–6% (225, 227). In line with this finding, the cumulative rates of 
recurrence reported at 5 years and 7 years have been 26% (227) and 34%, respectively 
(225). 

Most studies have not identified predictors of stroke recurrence in LL Age,
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hypertension, heart disease, diabetes, cigarette smoking, and dyslipidemia have not been
correlated with further strokes in patients with previous LI (108, 110, 141, 234). Only 
leukoaraiosis (LA) has been associated, by means of univariate analysis, with stroke
recurrence in patients with LI as initial stroke (235), but this finding has not been 
corroborated in other studies (108, 110, 233). Recently, diabetes has been associated with 
stroke recurrence (117). 

Most patients with LI as index stroke experience only one recurrence. However, 20%
of patients may experience two or more ensuing strokes (110). The interval between the 
initial LI and a subsequent stroke is usually around twice as long as that observed for
stroke recurrence of nonlacunar infarcts or hemorrhagic strokes. Yamamoto and
Bogousslavsky found that the mean interval between the first and second events for 19
patients with initial LI was 68 months, whereas other types of stroke exhibited intervals
ranging from 31 to 38 months (117). 

Several patterns of recurrence have been identified in patients with first LI. Most series 
have shown that approximately 50% of patients with initial LI have a recurrence of the
same type (108, 117, 141, 233, 236), though in a study reported by Boiten and Lodder a 
value of 85% was found (61). This frequency was lower in some other series, where only 
around 25% of patients with initial LI experienced a subsequent LI (110, 225, 227). The 
discrepancy among these series may support the fact that LI is not linked to a single
pathological mechanism. In some instances, when recurrence of LI is in the same side as
the qualifying event, it has likely not been considered as a recurring episode, but only a
worsening of sequelae. 

Recurrence may also manifest as nonlacunar IS. It should be kept in mind that at least
one-third of first LI may also result from embolic or hemodynamic mechanisms in the 
appropriate penetrating artery territory, both in patients with and without classic risk
factors for LI (237–241). Moreover, large-artery disease and cardiac source of embolism 
may coexist in patients with first-ever small deep infarct (242). Therefore, either of these 
etiologies could be the dominant factor in first LI, and it is reasonable to assume that one 
or both of them may also play a role in a subsequent stroke. 

In keeping with these facts, the further ischemic event is of a nonlacunar nature in 15–
45% of patients with first-ever LI (61, 108, 110, 117, 141, 225, 233, 243). However, most 
of these series have made no distinction between ischemic recurrences resulting from
large-artery disease and those arising from cardioembolic sources, or the latter have been
excluded from the analysis. This distinction was established in one series, where it was
found that approximately 15% of ischemic recurrences in patients with index LI resulted
from heart-related embolus (117). 

Asymptomatic ischemic recurrences in patients with initial LI have received little
attention, although they may be at least as common as symptomatic recurrences. Out of
81 patients with symptomatic initial LI, MRI imaging identified asymptomatic
recurrences in eight cases, and half of these showed a pattern of recurrence that was also
LI (233). 

Stroke-recurrence patterns for patients with minor stroke, including 30% with LI, 
resembled those where solely LI was involved (232). Half of all recurrences were also 
minor strokes, while the risk of a major infarct as recurrence was associated with either
nonlacunar stroke, recurrent minor stroke, prior myocardial infarction or hypertension, or
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any combination thereof (232). Intracerebral hemorrhages, on the other hand, account for
approximately 10–15% of recurrences in patients with initial LI resulting from the 
deleterious effects of hypertension on penetrating arteries (108, 110, 225, 233). 

Outcome is better for LI than for nonlacunar infarcts. Approximately 65–80% of 
patients are functionally independent 1 year after index stroke (110, 141, 231, 233, 244). 
These findings were corroborated in another study that included 102 patients with
recurring strokes (117). Patients with first-ever LI exhibited significantly better 
functional outcomes than those with nonlacunar index stroke (117). After a subsequent 
stroke, and regardless of the pattern of recurrence, the initial difference in functional
outcome observed among the various stroke types was lost (117). Nevertheless, 
functional outcome is more likely to be better in patients with first LI when the recurrent
stroke is also LI (233). 

K. Prevention of Long-Term Recurrence After LI  

Most trials conducted to assess the efficacy of antiplatelet therapy in secondary stroke
prevention have not specifically focused on this issue. In a retrospective analysis, aspirin
(over 600 mg/day) and ticlopidine both prevented (though not significantly) more
recurrent strokes in patients with LI than low doses of aspirin (325 mg/day) (245). 

In the randomized AICLA trial, 16% of patients had presumed LI. In these patients, 
high doses of aspirin (1000 mg/day), administered both with and without 225 mg/day of
dypiridamole, significantly reduced the incidence of recurring stroke by 62% (155). In 
effect, recurring-stroke incidence was 10% and 26% in the aspirin and placebo groups,
respectively (155). A subgroup analysis of the TASS study showed that ticlopidine was
slightly more effective than aspirin in reducing the risk of recurring stroke in patients
with minor stroke (246). 

L. Prognosis, Morbidity, and Mortality After Ischemic Stroke Recurrence  

Hypertension, the most preventable risk factor, is associated with all stroke sub-types. 
The long-term effects of hypertension include coronary heart disease (CHD) and
congestive heart failure (247). Thus, cardiac comorbidity is high in virtually all stroke
types. The prevalence of CHD ranges from 28% to 41% in patients with TIA or cerebral
infarction, although they do not usually have a history of CHD (248–250). Additionally, 
the prevalence of CHD correlates well with the severity of stenosis in the carotid arteries,
being 17% in patients free of carotid stenosis and rising to 46% in those with stenosis
over 75% (251). Patients who have had a stroke recurrence run a greater risk of 
myocardial infarction and vascular death than first-stroke sufferers (99). Patients with 
recurrent stroke have a higher mortality risk (1.8 times) than patients with first-ever 
stroke; mortality was higher in patients with contralateral recurrent stroke than patients
with ipsilateral recurrence (234). 

Recurring strokes are associated with a poor prognosis (252). Greater levels of 
disability are expected in patients with recurring stroke than in those with first-ever 
strokes. Survival at 2 years after stroke was higher for patients with a single episode
(56.7%) than for patients with a recurrence (48%) (253). 
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M. Burden of Ischemic Stroke Recurrence  

Stroke recurrence is important from the standpoint of public health, since the real burden
of stroke is best expressed in terms of both first-ever and recurring-stroke rates (88). 
Recurring stroke imposes a significant economic and social burden. Available data on
costs for patients with first and recurring IS comes from a sample of Medicare patients
over the age of 65 (253). Costs of initial hospitalization and treatment costs for the first to 
the third month were not substantially different for patients with first strokes and for
those with recurring events. However, total costs (including medication, doctors’ fees, 
nursing-home bills, hospital and rehabilitation charges) were higher from the fourth to the
twenty-fourth month for patients with recurring strokes, with an average per-patient 
difference of $375 per month, the difference being more pronounced in younger patients.
Nursing-home and rehospitalization costs were responsible for the difference between
first and recurring-stroke expense (253).  

IV. LONG-TERM RECURRENCE AFTER INTRACEREBRAL 
HEMORRHAGES  

Nontraumatic intracerebral hemorrhages (ICH) account for approximately 9–14% of all 
strokes in Western series (20, 166, 168, 254–257). Frequency differs among racial 
groups, the highest incidence being found in Asian and Hispanic populations (258–263). 

Traditional wisdom long maintained that hypertensive ICH would most likely occur 
only once in a lifetime (168, 264–266). A number of recent studies suggest otherwise,
however (263, 267, 268). Several factors may partially contribute to this trend. First,
there has been an increase in the number of ICH survivors over time. In fact, most
hospital-based series agree that the current early-case-fatality rate for ICH has fallen to 
30–35% (265, 269–272). Community-based studies show higher rates; the difference may
be explained by the exclusion in hospital series of fatalities occurring before admission
(255, 256). Second, a large proportion of hypertensive patients remain uncontrolled after
initial stroke (86, 87). Finally, as life expectancy increases, it is to be expected that there
will be a growing number of persons suffering from hypertension or other pathological
processes common in the elderly, such as cerebral amyloid angiopathy (CAA). 

Two European series in the 1980s failed to find ICH recurrence during a follow-up that 
lasted no longer than 29 months (264, 265). Short and long-term follow-ups of Asian 
series have shown rates of rebleeding ranging from 1.8% to 5.9% in patients with first-
ever primary ICH (273–277). A rate of recurrence between 2 and 2.4% per year was 
found in two studies of patients who survived to 30 days after ICH (278, 279). Recently, 
both French and Mexican studies found, over a period of 10 years, a recurrence rate for
primary ICH of 6.4% and 6%, respectively (263, 268) (Table 5). Passero et al. have 
reported higher rates, however, with one-fourth of the patients in a group of 112 suffering
at least one rebleeding during an average follow-up of 7 years after initial ICH (267). 
Although second or third rebleedings are considered uncommon, it has been found that
anywhere from 6% to 25% of patients having a second ICH may also develop further
episodes (268, 277, 280). 
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Commonly, recurrence after primary ICH happens soon after index stroke (281). Two-
thirds of recurrences occur within 2 years of the first hemorrhage; of these recurrences,
one-third to one-half are in the first year (263, 267, 277). Lower age (268), cirrhosis of 
the liver (282), and lobar location (267, 268, 278) have been associated with rebleeding. 
Moreover, patients receiving less than 3 months of antihypertensive therapy after first
ICH and those with uncontrolled hypertension also face an increased risk of recurrence
(277, 283). Diastolic blood pressure (>90 mmHg) increases the risk of recurrence, with
rates of 10% per year (279). Several case-control (284, 285) and prospective studies (286, 
287) have demonstrated that alcohol consumption increases the risk of first hemorrhagic  

stroke in direct proportion to the amount consumed, but no studies have been made to
assess the role of continued consumption in hemorrhagic recurrence (263, 267, 268, 277). 

Ganglionic hemorrhages usually predominate over lobar locations in patients with
first-ever ICH, regardless of etiology (8, 257, 271, 288, 289). Most rebleeding occurs at 
locations different from the previous hemorrhage (268, 274, 275, 280), although in one-
third of all cases both the first and second hemorrhages are at the same site (267). 
“Lobar-lobar” and “ganglionic-ganglionic” are the most common patterns of recurrence.
The former predominates in European series, showing up in 45–60% of cases (267, 268, 
290), while the latter is more prevalent in Asian (273–276) and Hispano-American 
populations (263), where frequencies range from 50% to 85%. The difference is most
likely due to the higher frequency of hypertension in patients with “ganglionic-
ganglionic” recurrences (268). 

Elderly patients usually show a “lobar-lobar” rather than a “ganglionic-ganglionic” 
pattern (267, 268), most likely due to the contribution of CAA. Hemorrhages in the

Table 5 Rates of Recurrence of Intracerebral Hemorrhage and Predictors of Recurrence 

Author Year Rate of recurrence Predictor 

Lee (275) 1990 2.7% Not described 

Hirohata (273) 1991 1.8% Not described 

Chen (274) 1995 5.3% Not described 

Misra (280) 1995 4.7% Not described 

Passero (267) 1995 24% Lobar location 

Neau (268) 1997 6.4% Younger age 

      Lobar location 

Gonzáles-Duarte (263) 1998 6.0% Not described 

Arakawa (279) 1998 2.0% DBP>90 mmHg 

Bae (277) 1999 5.4% Antihypertensive therapy<3 months 

Hill (278) 2000 2% Lobar location 

DBP: Diastolic blood pressure. 
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setting of CAA are usually lobar (291–293), and tend to recur sequentially over a period
of months or years (294–300). Hypertension has been found in 25–65% of patients with 
recurring lobar hemorrhages (267, 268, 281). Thus, hypertension and CAA often coexist 
in the elderly and the former may contribute to both the first and the recurring CAA-
related hemorrhage. Other patterns, such as ganglionic-thalamic, may occasionally 
predominate in certain series (277). Lobar-ganglionic or, vice versa, cerebellum-
ganglionic and brain-stem-lobar patterns are uncommon (263, 268). 

Stroke recurrence in patients with initial ICH may also manifest as an ischemic event. 
Interestingly, the risk of cerebral infarct in survivors of first ICH has been estimated to be
3% per year (278). Cerebral infarcts accounted for 15–60% of all recurrences in patients 
with first ICH (117, 281), and most were of noncardioembolic origin (117). 

Recurrence of ICH worsens outcome (281). The worst prognosis of all is usually
associated with ganglionic-ganglionic hemorrhages (263). Approximately 40% of 
patients have been reported to suffer severe disability after a second ICH (263, 277), 
although 75% of the patients in the French study, in striking contrast, were able to walk
with aids after a recurrence (268). Overall mortality after a second hemorrhage has been 
reported to be anywhere from 0% to 32% (263, 274, 275, 277, 280). Passero et al., 
however, have reported case fatalities reaching 70% (267). 

A. Prevention of Long-Term Recurrence After Intracerebral Hemorrhage  

Hypertension plays a paramount role in ganglionic hemorrhages, and probably lobar
hemorrhages, as well. It also contributes greatly to IS caused by either large- or small-
vessel disease. The present section therefore deals with the impact of high-blood-pressure 
treatment on stroke recurrence. 

Treatment of high blood pressure in middle-aged and elderly hypertensive-free stroke 
subjects reduces the incidence of first-ever stroke by approximately 40% (301–304). 
Benefits of treatment may be age-related. In subjects younger than 65, reduction may
reach 46%, whereas in patients over 65 years old it may be only 35% (305). 

The possible advantage of treating high blood pressure to reduce stroke recurrence was 
suggested by two randomized clinical trials in the 1970s (306, 307). The first trial 
included 50 patients allocated to antihypertensive treatment and 49 patients comprising a
control group. Over a mean follow-up period of 3.6 years, the rate of stroke recurrence 
was twice as high in the control patients (306). In the second trial, 233 and 219 patients
were assigned to treatment and control groups, respectively. Subjects were followed for
2.3 years and the rate of stroke recurrence was only slightly lower in the treatment group
(307). 

In the multicenter TEST (Tenormin after Stroke and TIA) study, no difference in the 
rate of recurrence was found between 372 patients with previous ischemic or
hemorrhagic strokes who received 50 mg/day of atenolol and 348 patients given a
placebo (308). 

A relative risk reduction of approximately 30% in stroke recurrence was observed in 
536 patients included in the INDANA database, but this finding was not significant
(309). This database included patients from six different Western trials conducted to
assess the efficacy of antihypertensive treatment in patients with and without a history of
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stroke (309). For the first time, results coming from the Post-stroke Antihypertensive 
Treatment Study (PATS) showed a significant reduction in relative risk of stroke
recurrence on the order of 28% among subjects treated for hypertension (310). In this 
study, 2841 and 2824 Chinese patients with previous stroke were assigned to treatment
and control groups, respectively. During a mean follow-up period of 1.8 years, rates of 
recurrence were 5.59% for the treatment group and 7.68% for the control group (310). In 
line with these findings, a recent meta-analysis of nine randomized clinical trials
performed to evaluate the efficacy of antihypertensive treatment on main cardiovascular
outcomes confirmed a significant relative reduction in stroke recurrence of 28% (311). 
However, most trials addressing efficacy in reducing stroke recurrence have not
specifically compared the benefits of different antihypertensive drugs, nor have they
taken into account the quality of blood pressure control. 

Medical interventions to lower high blood pressure seem to be more efficacious in
primary than in secondary stroke prevention. Bae et al. (277) have pointed out that 
treating hypertension is the most effective means to prevent recurring hemorrhage. Stroke
recurrence may be the result of the effects of long-standing hypertension on the cerebral
vasculature, the interaction of hypertension with other risk factors, or a consequence of
other preexistent underlying mechanisms that are not modified by antihypertensive
treatment. In all likelihood, any of these circumstances could explain the difference in the
efficacy of antihypertensive treatment found between primary and secondary stroke
prevention. 

Currently, prevention of recurrence after CAA-related hemorrhages is mainly limited
to the withdrawal of anticoagulant agents and control of hypertension, if present.
Promising strategies may be based on restraining the mechanisms involved in amyloid
production and its deposition in the vessel walls and those involved in the rupture of
amyloid-laden vessels (312). 

V. CONCLUSION  

One-third of all strokes are recurrences. Rates of short- and long-term recurrence differ 
between first ischemic and first hemorrhagic strokes. For ischemic stroke, risk of
recurrence depends on subtype and risk-factor profile. For hemorrhagic stroke, risk
factors and patterns of recurrence are population related. In both cases, the etiology of
recurrence is often of the same type as for the first event, although one-third of all 
recurrences are caused by different etiologies already present in the first stroke.
Functional disability, morbidity, and mortality are higher after recurrence. The essential
measures to prevent recurrence are the iden-tification of all underlying potential
mechanisms for stroke, vigorous control of risk factors, and optimal medical or surgical
treatment after the first event.  
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I. INTRODUCTION  

The diagnostic category stroke, defined as brain injury resulting from disease of the blood 
vessels, is obviously a heterogeneous group with different pathological bases and varying
clinical outcomes. In general, prognosis, including mortality, after stroke is largely
determined by the mechanissm or type of stroke. Hemorrhage is considerably more likely
to be lethal than infarction; however, even within these two major categories, mortality is
related to the specific stroke subtype. Stroke mortality is generally divided into acute,
usually within 30 days following stroke—the 30-day case fatality rate (CFR), and long-
term, 1–5 years poststroke. Factors mediating acute mortality are generally a reflection of 
the severity of the initial insult while age and comorbid disease play a greater role in late
deaths. Vital statistics, usually based on death certificate data, often lack the specificity to
distinguish hemorrhage from ischemic stroke. Clinical series of well-studied stroke 
patients generally achieve this distinction with ease provided a computed tomography
scan of the brain (CT-brain) is made soon after stroke onset. 

It is usually possible to separate hemorrhage and ischemic stroke subtypes into distinct 
pathophysiological categories. In these studies, the severity of the deficit, recurrence
rates, and mortality are closely related to the specific stroke subtype. For hemorrhage, the
clinical features as well as the outcomes differ in patients with subarachnoid hemorrhage
from aneurysm and those with intracerebral hemorrhage resulting from hypertensive
arteriolar disease. Other, less common varieties include intraparenchymatous bleeding
from vascular malformations, amyloid angiopathy, and bleeding diatheses. Among
ischemic stroke subtypes, lacunar infarcts have the lowest CFR, infarction secondary to
largeartery atherothrombosis or occlusion is next, and cerebral embolism from a cardiac
source has the highest CFR. Thus, the 30-day CFR reflects the severity of the acute 
stroke insult and modifying factors including comorbidity. Death usually results from
mass effect or from complications (aspiration, urinary sepsis, pulmonary embolism)
following the acute stroke. Late (1–5 year) mortality, on the other hand, is more often due
to recurrent stroke or other coexisting diseases, particularly cardiac diseases. In addition,
specific stroke types, e.g., cardiogenic embolism in persons with atrial fibrillation (AF),
are more likely to have a stroke recurrence during the 30 days following initial stroke.
Survivors of the acute stroke have considerably greater risk of stroke recurrence during
the subsequent months and years. 



II. GEOGRAPHIC VARIATION IN STROKE MORTALITY  

Death rates for stroke vary widely in different geographic locales probably reflecting
powerful environmental influences (Fig. 1). Death rates are highest in Asia and Eastern 
Europe presumably reflecting the influence of poverty, poor sanitation and nutrition, and
suboptimal health practices. These wide variations in death rates, presumably an
indication of variations in stroke incidence, reflect the considerable importance of
environmental factors on stroke occurrence. However, even within the United States, the
geographic distribution of stroke deaths varies from 20–24 deaths/100,000 population in 
the Southwest to 29–42/100,000  

 

Fig. 1 Age-adjusted death rates for stroke by country and sex, age 35–74, 1996. 
(From: National Institutes of Health: Morbidity and Mortality: 1996 
Chartbook on Cardiovascular, Lung, and Blood Diseases. Bethesda, 
MD: NIH, 1996.) 
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Fig. 2 The stroke belt. Map of U.S. countries showing the stroke buckle (dark 
shading), stroke belt (light shading), and the remainder of the United 
States (not shaded). Note that Alaska and Hawaii are included in the 
remainder of the United States but are not shown in the map. (From: 
Evaluation of Social Status as a Contributing Factor to the Stroke 
Belt Region of the United States, George Howard, DrPH; Roger 
Anderson, PhD; Norman J. Johnson, PhD; Paul Sorlie, PhD; Gregory 
Russell, MS; Virginia J.Howard, MSPH. Stroke 1997; 28:936–940.) 

population in the Southeast, a region designated the stroke belt (Fig. 2). These high death 
rates from stroke in the coastal plains of North and South Carolina and Georgia occur in
whites as well as African-Americans, and in both sexes. The basis for these geographic 
variations generally and for the 40% excess in stroke deaths in the stroke belt remains
unexplained (1, 2). 

III. SECULAR TRENDS IN STROKE MORTALITY  

During the past three decades, total stroke mortality rates have fallen more than 60%
(figure from ASA). This decline has occurred in both men and women, in whites and
nonwhites, throughout North America, Japan, Western Europe, and in most industrialized
nations (3). These declines in deaths have taken place in the absence of clear or uniform 
evidence of a decline in overall stroke incidence and may reflect improved survival either 
from better medical management or as a reflection of decreased stroke severity. In turn, 
the apparent reduction in stroke severity may be a result of a decrease in the proportion of
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strokes due to large intracerebral hemorrhages (IH) or from an overall reduction in
severity of strokes, both infarcts and hemorrhages. Regarding the change in the “case 
mix,” there clearly appears to be a smaller proportion of stroke secondary to fatal IH. 
This apparent diminution in IH may reflect the routine use of CT or MRI imaging and the
attendant capacity to detect smaller and less lethal hemorrhages (4). In addition, declining 
incidence of IH has been noted for more than 30 years (5, 6). In a recent report from the 
Canadian Collaborative Study Group of Stroke Hospitalizations, a decline in 30-day CFR 
for cerebral infarction was noted. There was an even greater decline in 30-day CFR for 
intracerebral hemorrhage during the two time periods 1982–1983 and 1991–1992 (7) 
(Table 1). The analyses were based on large numbers: a total of 335, 283 discharges for
stroke over the 10-year period (309,631 cerebral infarctions and 25,652 intracerebral
hemorrhages) from Canada’s 10 provinces. The age-specific decline in 30-day CFR 
varied from 11% following cerebral infarction for men and women aged 15–54 and ≥85 
years with a fall of 23% for the age group 65–74. For intracerebral hemorrhage, even 
more striking declines in 30-day CFR were seen. Decreases were three- to fourfold 
greater than for cerebral infarction and ranged from 38% to 51% (7).  

This improvement in survival following acute stroke is quite remarkable particularly 
since there was no specific therapeutic tool or strategy for treatment of stroke during the

Table 1 Age-Specific, 30-Day, In-Hospital Case-Fatality Rates in Canada in 1982–1983 
and 1991–1992 and Estimated Changea over This Period (Rate, %) 

Age group, years 1982–1983 1991–1992 % Change (95% CI) 

Cerebral infarction       

15–54 5.5 6.9 –11 (–28 to 11) 

55–64 9.7 7.5 −17 (–27 to –7) 

65–74 13.2 11.3 −23 (–28 to –17) 

75–84 19.6 16.3 −18 (–22 to –13) 

≥85 29.8 27.3 −11 (–17 to –5) 

Intracerebral hemorrhage       

15–54 36.2 29.3 –46 (–56 to –33) 

55–64 55.5 37.1 –40 (–51 to –26) 

65–74 48.8 40.9 –38 (–48 to –27) 

75–84 65.7 44.7 –51 (–59 to –41) 

≥85 71.9 58.8 –48 (–62 to –28) 

a Sex-adjusted; excludes data from British Columbia (1982) and Alberta (1989, 1990, and 1991). 
From Mayo N, Neville D, Kirkland S, Ostbye T, Mustard CA, Reeder B, Joffres M, Brauer G, 
Levy AR. Hospitalization and case-fatality rates for stroke in Canada from 1982 through 1991. 
Stroke 1996; 27:1215–1220. 
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decade under study. Unfortunately, no revolutionary therapy exists even now. 

A. Intracerebral Hemorrhage  

In rural Japan during the years following World War II, massive intraparenchymatous
hemorrhage accounted for a large proportion of stroke. This was attributed to high-salt, 
low-animal-protein and low-fat diet, and high levels of uncontrolled hypertension (8–10). 
Improvements in nutrition, sanitation, and public health generally have been associated
with a marked decline in IH incidence and mortality. 

B. Subarachnoid Hemorrhage  

Recent data from New Zealand continue to show a decline in mortality and suggest a
decline in incidence rates of SH (11). However, no change in CFRs was seen despite 
substantial improvements in critical care during the past 20 years (11, 12). By contrast, in 
the Rochester, Minnesota, population, 30-day survival was 71% during 1985–1994, 
compared with 40% for 1955–1964 (p=0.006) (13). Previous analyses disclosed no 
change in incidence but this most recent time period showed a trend toward a reduction in
incidence in the most recent 10-year period (12, 14). 

 

Fig. 3 Change in age-adjusted death rates since 1950, United States, 1950–
1998. 

Mortality in patients with stroke     89



 

Fig. 4 Mortality from stroke in the United States, 1980–1998. (Data from: Vital 
Statistics of U.S., NCHS.) 

C. Ischemic Stroke  

Since 1960 death rates for stroke have declined more than 60% (Fig. 3). Evidence for a 
decreased incidence is scanty while improved survival has been documented in many
studies (7, 11, 15–19). As noted previously, the decline in severity of hospitalized stroke 
patients and the improved detection of smaller, milder strokes by modern techniques are
both probable contributors to this pattern. The decline in stroke mortality seems to have
reached a plateau with rates leveling off in the 1990s (20) (Fig. 4). With an increasing 
proportion of the population surviving to ages where stroke incidence is high, it is quite
likely stroke will continue to grow as a cause of death in the years to come. 

IV. ACUTE MORTALITY FOLLOWING STROKE  

A. Hemorrhage  

1. Subarachnoid Hemorrhage (SAH) 

Aneurysm rupture accounts for most cases of subarachnoid hemorrhage. The 28-day (or 
30-day) CFRs do not increase with increasing age below 65 years since the severity of 
the brain injury (as attested to by the presence of coma or dimin-ished level of 
consciousness) rather than comorbid diseases is determinative. However, SAH in persons
above age 65 years is higher and approaches 80% (11). Overall, 28-day CFR ranges from 
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25% to 55% (11, 15, 22–24). In Framingham, CFR with coma at onset of hemorrhage 
was 83% (21). For those with focal deficits CFR was 56% and in persons free of coma or
focal deficits it was 13% (21). A clear correlation to the Hunt and Hess Grade of Glascow
Coma Scale (GCS) has also been noted. In Rochester, Minnesota, the 30-day CFR ranged 
from 30% in Grade 1–2 patients (asymptomatic but for headache, neck rigidity, and no 
focal deficit but for cranial nerve palsy), 65% in Grade 3 (drowsy, confused, or mild focal
neurological deficit), to 85% in Grade 4–5 (stupor to coma, moderate to severe
hemiparesis, decerebrate rigidity) (12). Rebleeding risk may be as high as 50% in the 60 
days following the initial hemorrhage and carries additional risk of mortality (12). 

2. Intracerebral Hemorrhage 

Spontaneous bleeding into the brain, commonly referred to as “hypertensive” 
intracerebral hemorrhage (ICH), has the highest 30-day CFR of all stroke subtypes. These
deep hemorrhages, principally a consequence of uncontrolled hypertension, commonly
occur in specific sites: basal ganglia, thalamus, cerebellum, or pons. The other principal
type, lobar hemorrhage, largely due to amyloid an-gioplasty, is becoming more prevalent
with the aging of the population. In the pre-CT era, where decrease in level of
consciousness was a key indicator leading to the ICH diagnosis, the 30-day CFR was 
approximately 90% (21, 25). In modern CT-based studies, CFR ranges from a mean of 
35% for hospital-based studies to 48% in community-based studies. Most of these studies 
occur within 2 days of onset and are the direct result of the brain injury by the expanding
hematoma. Volume of hemorrhage, pulse pressure, and level of consciousness as
assessed by means of the GCS measured on admission were the key indicators of
outcome in the NINDS Stroke Data Bank series (26). Thirty-day survival was far greater 
and reached 98% in patients with smaller hematomas (small), GCS≥9, and pulse 
pressure≤40 mmHg. By contrast, when the hematoma was large, the GCS≤8, and the 
pulse pressure>65 mmHg, survival at 30 days was 8%. This estimation of acute survival
was based on an algorithm derived from 94 systemically studied acute intracerebral
hemorrhages in the Stroke Data Bank (27). Much of the improvement in 30-day CFR in 
recent years is more likely due to improved detection of smaller, less lethal, hemorrhages
by means of imaging than from specific improvement in the treatment of patients with
ICH (25). 

3. Cerebral Infarction 

Ischemic infarction accounts for approximately 85% of all stroke events with hemorrhage
making up the balance. Using data obtained from communities or  
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Fig. 5 Observed percentage surviving (Kaplan-Meier estimates) after incident 
ischemic stroke among 442 residents of Rochester, Minnesota, 1985–
1989, with common ischemic stroke subtypes. (From Ref. 35.) 

general population samples, a less distorted picture is obtained than from hospital or
referral-based data. In Rochester, Minnesota, the overall 30-day CFR for cerebral 
infarction was 13.9% (20). In the Framingham Study, 30-day CFR following 
atherothrombotic brain infarction was 15%. A recent report from Rochester, Minnesota,
population, for the years 1985–1989, disclosed wide variation in 30-day CFR depending 
upon the specific ischemic stroke subtype (20). Case-fatality rates at 30 days ranged from 
1.4% following lacunar infarction, to 8.1% following stroke related to large artery
stenosis, to 14.0% for infarct of uncertain cause, to 30.3% following cardioembolic stroke
(Fig. 5). Similarly, acute mortality from cardioembolic stroke, particularly in subjects 
with atrial fibrillation, was four times greater than in patients with stroke due to large
artery atherosclerosis (20). Increasing age, stroke severity, and congestive heart failure
also had an adverse influence on 30-day CFR. Similarly, in the Framingham study,
among ischemic strokes, the 30-day CFR of 25% was greatest for cardioembolic stroke in
persons with atrial fibrillation (28). Uniformly, lacunar infarction has an extremely low
30-day CFR; in the Rochester, Minnesota, study it was 1.4% (20). 

B. Late Mortality  

1. Hemorrhage 

There are few reports of long-term outcome, including recurrence, among survivors of 
major intracerebral hemorrhage secondary to hypertensive small vessel disease. 
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Following rupture of an aneurysm arising from the circle of Willis, recurrence of
subarachnoid hemorrhage is common, often within days or weeks of the initial bleed, and
contributes to acute and subacute mortality from the condition. Owing to the high acute
mortality, follow-up data are sparse. 

2. Lobar Hemorrhage 

Cerebral amyloid angioplasty is thought to underlie lobar intracerebral hemorrhage in the
elderly—usually above the age of 60 years—and accounts for approximately one-third of 
all cases of intracerebral hemorrhage (29). Lobar hemorrhage is less likely to be fatal 
than the “hypertensive” variety and has a tendency to recur (30). Recurrence, in fact, is 
one of the hallmarks of this condition, occurring in 19 of 71 lobar hemorrhage survivors,
a cumulative rate of recurrence of 21% during a mean follow-up period of 23.9±14.8 
months (31). Recurrence appears to be related to apolipoprotein E genotype with either
the ε2 or ε4 allele predisposing to recurrent hemorrhage (31). Cerebral amyloid 
angiopathy is thought to be more frequent in persons with memory loss and these
congophilic changes in the walls of cerebral arteries are often present in Alzheimer’s 
disease brains. With an increasing population of elderly it is likely this variety of cerebral
hemorrhage and recurrent hemorrhage will account for increasing morbidity and
mortality from stroke. 

3. Cerebral Infarction 

While ischemic stroke subtype is strongly related to 30-day CFR and stroke severity, 1-
and 5-year mortality is more often related to age and comorbid disease. Rates vary widely
by the age of the population, calendar year, and between different case series in different
geographic settings. During the 30-year period between 1955–1959 and 1985–1989 1-
year survival following cerebral infarction rose from 75% to 79% for men (mean age 68
and 70 years, respectively) and from 62% to 64% for women (mean age 74 and 79 years,
respectively). However, a Cox proportional hazards model showed 1-year survival to be 
strongly dependent upon age and calendar year (both p<0.0001). The gender difference 
was no longer significant after this statistical analysis took the older ages of the women in
the population into account (32). Extensive physical and lifestyle data were available on 
the participants of the Cardiovascular Health Study of 5201 men and women, aged 65–84 
years at entry. After 7 years of follow-up there was a total of 455 incident strokes, 101 of 
which were fatal. As noted in other studies, hemorrhage was more likely to be lethal than
infarction and cardiogenic embolism more deadly than other ischemic stroke subtypes.
However, no specific analyses of determinants of late mortality (as compared with 30-
day CFR) were reported. In all, 11% of persons with incident ischemic stroke died during
the follow-up period. Of those subjects with incident strokes who died, 51.3% died of 
stroke. These stroke deaths were attributed to either the index event, late effects of the 
stroke, or a recurrent stroke event. Only 16.2% died of coronary heart disease and 4.6%
from other atherosclerotic or cardiovascular diseases. Independent determinants of
fatality were: age; stroke type (hemorrhage vs. ischemic stroke); taking longer to perform
a timed walk prior to stroke onset. Other variables analyzed that did not reach statistical
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significance were: stroke location, gender, race, education, smoking status, alcohol use,
income, clinic site, blocks walked in the previous week, previous transient ischemic
attack, previous myocardial infarction, previous angina pectoris, previous congestive
heart failure, previous atrial fibrillation, self-reported diabetes, self-reported 
hypertension, use of aspirin two or more times in the last 2 weeks, use of any
antihypertensive medication, use of any diuretic, height, weight in quartiles, systolic and
diastolic blood pressure as continuous variables and in quartiles, kcal expended per week,
grip strength, modified Mini-Mental State Examination score, Digit Symbol Substitution 
score, depression score, Activities of Daily Living, Instrumental Activities of Daily
Living, potassium, creatinine, hematocrit, factor VII, fibrinogen, C-reactive protein, 
forced expiratory volume in 1 sec, forced vital capacity, maximum wall thickness of
internal carotid artery, maximum wall thickness of common carotid artery, and
procedure-related stroke (33). Small case series report, in addition to age and initial
stroke severity, that congestive heart failure and diabetes (or elevated blood sugar at the
time of stroke) are significant factors in long-term mortality (34).  
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I. INTRODUCTION  

The challenging aspect in each stroke patient is the question to what degree he or she will
recover from his or her neurological deficit. Studies on large clinical cohorts showed that
approximately half of the patients with completed stroke have persistent hemiparesis (1). 
Most recovery occurs during the first weeks following stroke (2, 3). Stroke can interfere 
with virtually every single capacity of the human brain. The resulting deficits can either
be assessed in global terms such as the disability level of daily activities or scored for
specific neurological impairments (4). The adequate assessment of the functional state
has become increasingly important, as the correlation with the tissue perfusion state and
with the recruitment of perilesional areas during functional activation provides the
ground for evaluation of the efficacy of new therapeutic interventions that have recently
come into clinical use. Since most of the recovery takes place early after stroke, a major
question regarding the underlying mechanisms is how far the restoration of tissue
function contributes to the reorganization of the remaining network. 

These processes will be discussed in this chapter with reference to the clinical 
predictors, lesion patterns, electrophysiological data, and evidence from neuroimaging. 

II. CLINICAL PREDICTORS  

The severity and resolution of hemiparesis after brain infarction vary between patients.
This variability has turned out to be one of the major problems of assess-ing stroke 
recovery (5). Many patients experience transient deficits that disappear within 24 hr (6) 
or suffer from slight or moderate hemiparesis that regresses completely within a couple
of days (2, 7). Of the patients with severe completed stroke approximately 50% recover 
from hemiparesis (1, 8). In most of these patients recovery takes place within 4 weeks
after infarction usually starting with shoulder and synergistic arm-hand movements (2, 3, 
9). In subcortical infarctions, functional restoration may be slower, continuing over 
several years (10, 11). This suggests that a variety of mechanisms are involved in the
restoration of executive functions after brain infarction. Also, hitherto-undetected white 
matter changes and the large prevalence of silent stroke lesions in patients presenting



with the clinical symptoms of acute infarction affect the cognitive and attentional state of
the patients and their capacity to recover (12–14). 

In a prospective study of patients admitted to our neurology service we found that 
patients with hemiparetic stroke fell into three groups, when a score designed to measure
motor impairment, including paresis, apraxia, and motor neglect, was applied (15). 
Patients could be assigned to these three groups on the basis of their different degree of
motor recovery (Fig. 1). Patients were separated by a critical score value defining a group 
with a severe acute motor deficit and poor recovery, another group with a severe initial
deficit and moderate to good recovery, and a third group with a slight initial deficit and
excellent recovery. Patients with a score value below 16 recovered completely within 4
weeks, while more severely affected patients showed a protracted recovery course. 

These results imply that postlesional recovery is strongly influenced by a critical 
residual spared function that appears to determine whether a given system can undergo
recovery or not. Furthermore, these data accord with multivariate analyses indicating that
the severity of the initial motor deficit and clinical state after 1 week are reliable
predictors for stroke outcome (16, 17). Prolonged flaccidity of the affected half of the
body after stroke has been found to indicate poor motor recovery (18–20). Furthermore, 
younger age allows for better functional recovery than advanced age (16, 20–22). 
Nevertheless, young stroke victims face an increased mortality risk compared with the
general population as found by a prospective follow-up over 8 years (23). 

The differences in functional restoration among patients make it likely that apart from 
the cortical output system, feedback provided by the use of a partly compromised limb
may play a major role for the reshaping of the remaining circuits. This is best illustrated
by the inability of deafferented patients to learn new movement patterns. The situation in
a paralyzed limb is similar, because the lack of active limb use precludes any motor-
related feedback (24). The hypothesis that a critical minimum of residual executive 
capacity is a necessary condition for tuning the remaining network into function holds
promise for new approaches to rehabilitative strategies (25, 26). Feedback can even be 
provided by the visual domain. For example, visual neglect compromises recovery from
hemiparesis  
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Fig. 1 Analysis of poststroke recovery shows three different groups irrespective 
of cortical and subcortical lesion location. Less severely affected 
patients with initial motor scores below 16 recovered within 30 days 
(n=17). Severely affected patients with initial motor scores greater 
than 16 showed negligible recovery (n=19) or recovered well in a 
longer time course (n=16). (From Ref. 46.) 

(20, 27). Conversely, neuroimaging data provided evidence that patients who have
recovered from hemiparesis employ the visual system in relation to the execution of
finger movements (28). 

Epidemiological studies showed that early physiotherapy and patient mobilization after 
stroke is beneficial (29). It is unclear at present how these data obtained in humans can be
reconciled with observations in animal experiments showing that training during the first
days aggravates postischemic brain lesions (30, 31). In the early chronic phase, the 
intensity of repetitive training has been shown to fascilitate motor recovery (32–35). 
Even rhythmic movement fascilitation as well as robot training appear to be beneficial for
motor recovery (36– 38). Repetitive training and voluntary contraction of affected
muscles fascilitate motor cortical activity as shown by transcranial magnetic stimulation
(37, 39). These data correspond to evidence from animal experiments showing an 
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enlarge-ment of the motor cortical representation in monkeys that were subjected to
rehabilitative training after experimental stroke in motor cortex (Fig. 2). Furthermore, it 
was shown by functional neuroimaging that the supplementary motor area that plays a
prominent role in movement initiation is activated in patients who have recovered from
hemiparetic infarction in the area of the middle cerebral artery (40, 41). 

Apart from the affected side, also the body half ipsilateral to the brain infarction is
compromised after brain infarction. In the acute stage after hemiplegic stroke the
psilesional arm moves less and can exert only reduced grip force (42). However, even at 
a chronic stage ipsilateral deficits in fine motor control have been shown to persist (43). 
This may be related to simultaneous affection  

 

Fig. 2 Cortical reorganization as assessed by microelectrode mapping after 
focal ischemic lesion (dashed circle) in the monkey motor cortex. 
The long white arrows show the expansion of the partially lesioned 
digit representation into the adjacent cortical representation of the 
proximal arm following some 4 weeks of dedicated rehabilitative 
training. Note also, the expanded wrist-forearm representation (short 
white arrows). (From Ref. 145.) 

of ispilateral corticospinal projections (44, 45), or to transcallosal diaschisis (28). 
Moreover, left-hemisphere damage resulting in apraxia induces bilateral long-standing 
deficits in hand use (46–48). 
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III. LESION SIZE AND LOCATION  

Lesion volume of infarction does not predict recovery except for very large lesions that
do not allow for recovery (49–51). Accordingly, the motor score and lesion size were not 
correlated (Fig. 3). In contrast, lesion location within the affected hemisphere as well as
in right versus left hemisphere as assessed with CT or MRI is an important determinant
for recovery (47, 52–54). Measurements of cerebral oxygen extraction (50) and diffusion 
weighted MR imaging (55–58)  

 

Fig. 3 The relation of postischemic recovery and stroke lesion volume for the 
individual patients shown in Fig. 1. Note that the improvement in 
motor score approximates the initial impairment in the majority of 
patients. Some patients with more severe initial hemiparesis and 
score values greater than 16 did not recover irrespective of lesion 
volume. While the smaller lesion occurred in either cortical or 
subcortical location, the very large lesions involved both cortical and 
subcortical structures including the basal ganglia and thalamus. 
Lesion volume is coded by circle diameter. (From ref. 46 with 
permission.) 

showed a tendency for large infarctions to be associated with little recovery. However,
this relation did not hold for less than very large infarctions (Fig. 3). One possible 
explanation of the poor recovery in the cases with quasi sensorimotor hemispherectomies
is that the candidate structures for the mediation of functional substitution are destroyed
altogether: primary sensorimotor cortex, premotor, and parietal areas. This view is
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supported by findings showing that in addition to corticospinal tract damage, thalamic
affection contributes to poor outcome (10, 49). Moreover, multivariate analyses of 
neuroimaging data showed that distributed cortical networks affect also other brain areas
and functional systems in remote locations that normally subserve hand function (28, 40). 
Finally, a particular mortality risk in stroke is the involvement of the insular cortex
causing sudden death probably due to affection of autonomic functions (59). 

One of the most important/actors influencing motor recovery appears to be the
integrity of the pyramidal motor output system. It has been well documented that
extensive brain lesions in the area of the cortical motor representations along the
precentral gyrus induce a contralateral hemiparesis in animals and humans with
permanent loss of prehension or locomotor movements (49, 60– 64). However, 
subcortical lesions involving the pyramidal tract can also cause severe contralateral
hemiparesis that may not or only slowly resolve over time. Owing to the convergence of
nerve fibers from the motor cortex as they approach the internal capsule and the resulting
increase in nerve fiber density, a small lesion in the pyramidal tract at the level of the
internal capsule is comparable to a larger cortical lesion in terms of the amount of
affected axons (49). 

IV. ELECTROPHYSIOLOGICAL PREDICTORS  

Physiological evidence of the importance of the pyramidal output system for motor
recovery in humans has been obtained from transcranial magnetic stimulation, which
showed that in the acute stage after stroke, but also after 2 months, absence of magnetic
evoked motor potentials (MEPs) and somatosensory evoked potentials (SSEPs) was
related to poor motor recovery after stroke (65–68). Specifically, it was shown that the 
reduction of corticospinal tract affection during the first 4 weeks after stroke was related
to an increase of the MEP amplitudes and to clinical motor recovery in a quantitative
manner (49). The MEPs first reoccurred in the proximal muscles and later in the distal 
hand muscles in parallel to the clinical pattern of recovery (42) when recovered 
amplitude and central conduction times approached normal values. 

Fractionated finger movements, as opposed to leg and arm muscle activity, usually 
remain severely impaired when the corticospinal output system is extensively damaged at
whatever level. This was demonstrated in monkeys with cortical and brainstem lesions
(60, 69–71) and in patients with hemispheric brain in-farctions (49) and brainstem lesions 
(72, 73). In these studies it was estimated that approximately 20% of corticospinal tract 
fibers must be spared to ensure restitution of fractionated finger movements.
Phylogenetic comparisons and ontogenetic data in the monkey revealed that the
development of fractionated finger movements was parallelled by an extension of cortical
projections and probably by direct synaptic connections to the motor neurons at the lower
cervical levels of the spinal cord (74–77). This point is well illustrated by the famous case
reported by Foerster (78). This patient underwent ablation of the motor cortex for 
intractable focal epilepsy and later, at autopsy, showed complete unilateral pyramidal
tract degeneration. He had regained the capacity to lift his arm straight over his head and
to hold a pen. However, his fractionated finger movements remained severely
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handicapped. Further evidence for the role of the pyramidal tract was obtained from
morphometric measurements that revealed a good correlation of neurological impairment
and tract affection as well as from MR diffusion tensor imaging (79–81). 

Owing to the multifold affection of the cortex by ischemia, enhanced inhibition and
disinhibition have been shown to develop in a spatially distinct manner and with a
defined time course (82). In humans enhanced inhibition was shown by transcranial 
magnetic stimulation to occur after extensive ischemia of premotor or parietal cortex
resulting in hemiparesis (83, 84). This inhibition regressed in parallel to clinical recovery 
(Fig. 4). These observations are supported by experimental studies in rats showing that 
cortical ischemia impairs synaptic transmission, while the direct wave of motor evoked
potentials and the early potential of the somatosensory evoked potentials promptly
recovered (85). In contrast, disinhibition occurs after circumscribed infarction of motor
cortex as can be demonstrated by a shortened silent period after transcranial magnetic
stimulation (86, 87). In such patients, paired transcranial magnetic stimulation revealed 
disinhibition of the cerebral cortex being associated with rapid clinical recovery (88). 

V. THE ROLE OF NEUROIMAGING FOR PREDICTION OF STROKE 
RECOVERY  

In the patients who recover from stroke, recovery was attributed to reorganization within
the remaining functional network. However, in patients with transient functional
impairment in the sense of transient ischemic attack, recovery may result from restitution
of tissue function after transient ischemia. These mechanisms can now be studied in
humans with the new imaging techniques. Perfusion and diffusion weighted imaging (PI,
DWI) with magnetic resonance imaging (MRI) and MR angiography provide information
on the hemodynamic status of ischemic brain areas and about irreversible brain damage
as well as about the  
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Fig. 4 Exaggerated silent period in hemiparesis. (A) Prolonged and variable 
silent period in the affected arm about 20 days after middle cerebral 
artery infarction. (B) Double stimulation revealed the enhanced 
suppression of the second stimulus at two different stimulation 
strengths. The regression of the duration and variability of the silent 
period correlated with the clinical recovery. (C) Chronic infarct 
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lesion in one of the patients with an exaggerated silent period as plotted onto 
axial brain slices of standard anatomy (252). The infarct lesion 
involved the premotor, parietal, and peri-insular cortex, while the 
dorsal part of the motor cortex including the representation of the 
hand were spared. Dots indicate location of motor cortex and 
corticospinal tract. [From Classen et al. (83) with permission.] 

major brain-supplying arteries. These techniques have significantly improved the 
accuracy of early stroke diagnosis (89). They further allow measurement of the apparent
diffusion coefficient providing quantitative information about the functional state of brain
tissue after ischemic brain injury (90). 

A. Stroke Imaging  

Interruption of circulation due to cerebral artery occlusion induces immediate changes in
cerebral electrical activity with peri-infarct depolarization resulting in repeated episodes 
of metabolic stress and growth of the infarction from 4 to 24 hr postocclusion and
characteristic lesion patterns (89, 91–94). Clinically, middle cerebral artery (MCA)
occlusion is manifest by apoplectiform contralateral hemiplegia within 60 sec (95). 
Usually, recanalization of the occluded cerebral artery with partial restoration of
perfusion occurs within 24 hr (96, 97). Early recanalization of MCA occlusion within 8 
hr and good leptomeningeal collaterals critically increase the chances of functional
restitution with favorable clinical outcome (98–100). This is probably also the mode of 
action in acute thrombolysis as evident from functional imaging (101, 102) and 
monitoring with MRI and transcranial Doppler sonography (103). Figure 5 illustrates a 
patient with a severe perfusion deficit due to acute thrombembolic occlusion of the distal
MCA in the presence of a small manifest infarct lesion as evident from DWI. After
restoration of brain perfusion, the patient had a remarkable clinical recovery. 

Mounting evidence shows that secondary inflammatory and apoptotic processes ensue
in the subacute ischemic state leading to augmentation of infarct volume following
reperfusion (104–106). Furthermore, arteriosclerotic lesions in the extracranial arteries
are prone to augmentation by inflammatory changes that lead to placque destabilization
and the occurrence of microemboli (107, 108). These microemboli are predictive of the 
occurrence of subsequent brain infarction adding to preexisting ischemic lesions. The
inflammatory leukocytic invasion into tissue can be visualized in humans by imaging
with GAB A-A receptor ligand PK11195 (109). Conversely, hyperperfusion of the 
infarcted brain tissue is not  
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Fig. 5 Thrombembolic occlusion of the distal part of the left middle cerebral 
artery on the basis of an acute occlusion of the left internal carotid 
artery in a 65-year-old patient. Note the extensive area of severely 
impaired perfusion in the presence of a small infarct lesion in the left 
insula as evident from diffusion-weighted imaging. 

a factor contributing to aggravation of infarction (110). The therapeutically important 
aspect of acute stroke is that the secondary events after ischemia are possibly at least
partially reversible by the inhibition of caspases (111). 

During ischemia the thresholds for selective neuronal and tissue necrosis are a function
of rCBF (90). In patients with early recanalization and effective leptomeningeal
collaterals, the amount of brain tissue subjected to necrosis is, therefore, smaller than in 
those with prolonged MCA occlusion and poor leptomeningeal collaterals. Consequently,
persisting metabolic abnormalities around the necrotic core of brain infarction within the
affected perfusion area are probably the result of selective ischemic nerve cell damage in
the presence of viable glia (91, 112). These data indicate that recovery of function in 
brain infarction is critically determined by the spatial extent and duration of severe
ischemia. Hemiplegia and depression of rCBF produced by temporary carotid artery
balloon occlusion have been shown to normalize completely with 15 min (95). This im-
plies that a chronic structural brain lesion as evident in CT and MRI reflects only a
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portion of the total amount of brain tissue affected at the acute stage of brain infarction.
Accordingly, the neuronal loss after transient ischemia significantly exceeds the area
showing a DWI abnormality (94). 

As evident from PI and DWI imaging, during stroke evolution the hypoperfused area is
typically larger then the DWI lesion resulting in a prominent PI-DWI mismatch (Fig. 6). 
The PI abnormalities correlate better with the initial neurological deficit (58, 113–115) 
than the DWI lesions (56, 58, 113), rendering perfusion imaging an important diagnostic
tool for acute stroke. While the PI deficit closely reflects the functional effect of
ischemia, the so called PI-DWI mismatch region reflects tissue at risk that can be 
recruited into the ischemic infarct during the subsequent hours. Experimentally, it has
been shown that the flow thresholds for irreversible structural damage and functional
disturbances are different (90). The PI method is sensitive enough to detect perfusion
deficits in mild hypoperfusion states that are below the threshold for function but above
the threshold for structural damage. Identification and follow-up of these areas has  

 

Fig. 6 Quantitation of the perfusion-diffusion mismatch in acute stroke. 
Quantitative assessment showed that a delay of perfusion of 6 sec in 
the infarct compared to the nonaffected hemisphere was predictive 
for the ischemic lesion as indicated by the lesion in the diffusion-
weighted MR-image. Further details in Neumann-Haefelin et al. 
(113). 

provided new ground for our thinking about structure function relationships during stroke
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evolution. This is illustrated in Fig. 7, which shows that the initial PI-DWI mismatch is 
followed by a subsequent increase of the DWI lesion, which returns to the lesion size of
the initial perfusion defect after 30 days. It should be noted, however, that the first MR
scan was done after treatment initiation on average more than 5 hr after stroke onset
(116). DWI lesions more than 5 hr of age readily predict the infarct lesion as measured
with T2-weighted MR at 7 days (115, 117). 

Figure 8 shows the example of such a mismatch between PI and DWI areas in a 
transient ischemic attack 2 hr after onset. A subsequent scan 24 hr later demonstrated that
the hypoperfused area diminished in size, whereas infarct size only marginally increased.
This is the typical event after TIA, showing that TIAs may result in small lacunar infarct
lesions. The same dynamics of PI and DWI evolution were observed with a more
protracted time course also after completed infarction in the majority of our patients
(115). These observations contradict experimental results indicating that the PI area is
invariably recruited into the infarct. 

A second insight that was learned from early stroke imaging was that the hypoperfused
state could be maintained much longer than formerly thought. In  

 

Fig. 7 Time course of lesion evolution after treatment initiation in the first 30 
days after stroke. The perfusion deficit at 5 hr predicted the final 
infarct lesion as evident in diffusion-weighted imaging. While the 
perfusion deficit decreased over time, the diffusion lesion culminated 
at day 6. [From Beaulieu et al. (116).] 
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Fig. 8 Perfusion and diffusion-weighted imaging of a transitory ischemic 
attack. At the time of MR scanning the initial hemiparesis and motor 
aphasia had already nearly completely resolved. Note the severe 
initial perfusion-diffusion mismatch (upper two rows). One day later, 
when the patient was normal again, virtually no perfusion deficit was 
detectable, while there were small infarct lesions along the central 
sulcus (lower two rows). 

hemodynamically relevant carotid artery stenosis, DWI shows only a small infarct
whereas PI shows a relatively large hypoperfused area (118). That is, in acute stroke the 
total PI-DWI mismatch is often larger in those with ipsilateral carotid stenosis>70% than
in patients without carotid stenosis (118). In these cases, hypoperfusion clears as soon as 
such a patient is operated on for the carotid artery stenosis or acute occlusion (Fig. 9). 
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Such findings indicate that most of the total mismatch in these patients is not necessarily
at high risk of irreversible tissue damage. Between the acute and the follow-up MR study 
after 7 days in the stenosis group only 7% of the total PI-DWI mismatch became 
recruited into the infarct, as compared to 40% of the patients without carotid artery
stenosis (118). This was probably due to the fact that the severity of the perfusion deficit 
in the periphery of the mismatch was relatively mild in most patients with carotid
stenosis. While previous studies found that a positive PI-DWI mismatch was associated 
with subsequent lesion enlargement (57, 116, 119), apparently a considerably smaller
percentage of the total PI-DWI mismatch is at risk of becoming recruited into the infarct 
in patients with severe carotid stenosis than in those without carotid stenosis (118). 
Although these observations need to be corroborated by further investigations, the
evidence from early stroke imaging indicates that partial hypoperfusion can persist longer
than previously thought. Consequently its resolution can underlie functional improvement
in terms not only of  

 

Fig. 9 Effect of acute carotid endarterectomy as demonstrated by time-of-flight 
magnetic resonance angiography in the patient shown in Fig. 5. Note 
the lack of signal in the left internal carotid artery and the reduced 
signal in the left middle cerebral artery about 3 hr after stroke onset 
(A). Restoration of the intra-arterial perfusion signal occurred after 
carotid endarterectomy performed 8 hr after stroke onset (B). 

hours but probably also of a couple of days. How many patients maintain such
hypoperfused stage for how long is still unclear. Nevertheless, these observations suggest
that recovery may well be the consequence of the resolution of partially hypoperfused
states. 

In acute stroke patients with extracranial severe carotid artery disease, PI abnormalities 
may be due to blood flow obstruction at the level of the stenosis or to emboli lodging in
downstream intracranial cerebral vessels. These emboli severely alter the perfusion
pattern in the stroke area as was demonstrated in experimental ischemia (120). 
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Furthermore, the ischemic abnormalities grow from the center to the periphery of the
infarctions at later stages. Collateral flow, mainly via the circle of Willis, can partially
compensate for the local flow obstruction such that CBF is often only moderately
reduced in patients with severe carotid disease without prior stroke (121). Evidence from 
multitracer imaging with positron emission tomography shows that the perfusion deficit
pattern does not correlate with the angiographic studies in such patients with severe
occlusive artery disease (122, 123). Collateral blood flow by small vessels below the 
resolution capacity of intraarterial angiography, therefore, seems to play an important
role in the compensation of locally reduced cerebral perfusion. Likewise, good CBF has
been shown to reduce the risk of stroke or TIA in association with carotid artery surgery
and on a long-term scale (124). 

Currently, it is a matter of debate which perfusion parameters—time-to-peak (TTP), 
regional mean transit time (rMTT), regional cerebral blood flow (rCBF) or regional
cerebral blood volume (rCBV)—are optimal for differentiating critical from only
moderate perfusion abnormalities. TTP maps obtained after an intravenous Gd-DTPA 
bolus are relatively easy to generate and perfusion deficits are easily visualized.
Quantification of the TTP delay may be used to semiquantitatively assess the severity of
the perfusion deficit in the PI-DWI mismatch (Fig. 6) and is clearly superior to purely 
qualitative forms of evaluation (125). But TTP is only an indirect measure of tissue
perfusion. Absolute quantification of CBF, CBV, and MTT, on the other hand, has been
shown to be possible in healthy volunteers using deconvolution methods that require
determination of an arterial input function (126, 127). However, although absolute flow 
quantification would be ideal for defining tissue at risk, it is currently unknown how
accurate these methods will be when applied to acute stroke patients. 

Most investigators using relative rMTT, rCBF, or rCBV maps measured total lesion
volumes, but did not attempt to quantify the severity of the perfusion deficit. Recently,
however, Schlaug et al. (128) determined rCBF and rCBV values in comparison to
unaffected contralateral tissue in the DWI lesion and in the “penumbra,” which was 
operationally defined as tissue that became recruited into the infarct lesion. Among other
parameters, rCBF values of 0.12 and 0.37 were reported for the ischemic core and the
“penumbra,” respectively. However, normal rCBF is almost three times higher in gray
than in white matter, indicating that ideally gray and white matter should be evaluated 
separately to assess the degree of cerebral ischemia. 

In addition to the acute changes of perfusion and oxidative metabolism following 
stroke (91), there are also topographically specific, chronic changes in perilesional and 
remote locations reflecting the damage of the brain induced by the infarct (129–132). 
Specifically, categorical comparisons with healthy controls showed that in patients with
hemiplegic infarction, rCBF and the cerebral metabolism were reduced in the affected
motor cortex, the adjacent premotor and parietal cortex, the basal ganglia, the thalamus,
and the contralesional cerebellum (130, 131). Application of a principal component 
analysis (PCA) revealed an abnormally configured network in such stroke patients that
reflected the topographic extent of lesion-related abnormalities affecting the damaged
cerebral hemisphere and also the unaffected contralesional hemisphere, and subcortical
structures such as the basal ganglia and the thalamus (Fig. 10). Spectral EEG analysis 
provided supporting evidence for transhemispheric diaschisis (133). Figure 11 shows the 
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bilateral suppression of EEG activity after a severe MCA infarction. It is evident that the
contralateral EEG recovered in a protracted manner in parallel to some degree of clinical
recovery. These findings are consistent with recent descriptions of contralateral
abnormalities in electroencephalographic and magnetoencephalographic recordings of
spontaneous and movement-related brain activity after hemiparetic stroke (134, 135). 
Also, in accordance with earlier observations in patients with suprathalamic infarctions in
the middle cerebral territory (130), no lesion-related abnormalities were observed in the 
contralesional cerebellum. Interestingly, stroke patients retain subtle motor and cognitive
deficits that are most likely reflected by deficient cortical activation patterns even after
clinical motor  

 

Fig. 10 Lesion-related abnormalities of the regional cerebral blood flow in 
patients with infarctions of the middle cerebral artery territory as 
visualized by a network analysis. The white areas indicate the 
perilesional zone, while the gray areas indicate the remote 
abnormalities in the contralesional hemisphere. (From ref. 28.) 
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Fig. 11 Bilateral suppression of EEG activity in a 49-year-old patient with 
malignant right hemispheric brain infarction 24 hr after thrombolysis 
with rtPA. Eight days after craniectomy the patient’s state improved, 
which was paralleled by reoccurrence of EEG activity in the 
contralesional cerebral hemisphere. For methodological details see 
Siebler et al. (135). 

recovery (136, 138). Such deficits may be augmented by changes related to a vascular
encephalopathy (139, 140). 

B. Functional Imaging  

Functional activation studies with PET and fMRI make it possible to map the cerebral
structures that participate in the execution of an experimental task or a certain function.
While heavily employed for studying normal brain function (see ref. 141), they more 
recently have also been used for studying the reorganization of functional representations
in the human brain related to disease and functional recovery in a number of cerebral
disorders including brain ischemia. Similar to other disease conditions, such as psychosis,
it is important to study stroke patients with tasks they can perform (142), since the 
activation patterns are heavily influenced by the disease and disease-related functional 
changes that affect the brain activation patterns obscuring the task-specific activation 
patterns. This work led to new insights into the capacity of the human brain to reorganize.
In this section mechanisms for such a reorganization will be discussed.  
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1. Reorganization 

Since the pioneering work of Merzenich and Sameshima (143) it is known that functional 
reorganization can take place in the adult nervous system. The classic experiments were
first shown for input manipulation where the overuse or disuse of particular inputs led to
an increase or decrease of the corresponding cortical representation areas. The pivotal
question for restorative neurology was whether such plasticity also operates after cortical
damage. Ablation of areas 1, 2, and 3 in the hand area of the primary somatosensory
cortex of the monkey (SI) led to an immediate unresponsiveness on the hand
representation in SII, the second somatosensory cortex, a functionally related but distinct
cooperative area (144). Twenty-four hours later the formally unresponsive hand area was
then occupied by a foot representation. Nudo et al. (145) observed that the cortical finger 
representations adjacent to partly damaged finger representations became enlarged in
relation to rehabilitative treatment, while they remained unchanged in the monkeys not
subjected to rehabilitative treatment (Fig. 2). This and other experiments of this kind
showed that reorganization occurs in the adult nervous system also after focal brain
damage. It shows further that this reorganization operates rapidly, as in the case of input
manipulation. The time course of this functional reorganization clearly exceeds the more
protracted recovery curves seen in stroke patients in Fig. 1. It follows that for many 
patients, in particular those with partial or mild initial deficits, these reorganization
processes could fully account for the observed recovery. On the other hand, tissue-born 
recovery could contribute in a similar way, so that the two processes might overlap and
both underlie early recovery. At present it is impossible to single out the contribution of
either mechanism to recovery in the individual patient. 

Imaging studies in patients who had recovered from their first hemiparetic stroke 
involving the internal capsule and the basal ganglia consistently showed enlarged areas of
activation in the cortical areas ipsilateral to the infarction during movement activity of the
affected hand (146–148). However, the magnitude of the rCBF increases in the motor
cortex was unrelated to the local remote decrease in rCBF, being as high as normal and
probably corresponding to the normal MEPs of the affected hand (138, 149). Thus, there 
are good reasons to believe that the motor cortex of the affected hemisphere was actively
involved in task performance. In contrast, movement imagery does not induce rCBF
increases in the motor cortex (150–152). Individual data analysis in recovering patients
demonstrated that additional rCBF increases occurred, in particular in premoter and
frontomesial cortical areas of both cerebral hemispheres, suggesting parallel involvement
of a number of cortical areas in motor restitution (149, 153, 154). 

In contrast, after recovery from hemiparetic stroke in the MCA territory with 
predominantly cortical involvement there was a lack of activation in motor cortex and SI,
although the corticospinal tract was functional as assessed by motor evoked potentials 
and metabolic studies (41, 52). This is illustrated for the chronic state in Fig. 12. While in 
the chronic stage no rCBF changes were observed in sensorimotor cortex adjacent to the
stroke lesion, in the subacute stage after stroke activation of sensorimotor cortex close to
the lesion has been well demonstrated (Fig. 13). These data showed lateral displacement 
of the activation area as also present in brain tumors (155, 156). The data suggest a local 
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reorganization employing the plastic capacity of the underlying neural machinery (157). 
Moreover, the patterns and cerebral locations of the most effective stimulation sites of
MEPs in patients who have recovered from cortical infarction were not distinguishable
from those in recovered patients with subcortical infarction (158). This suggests that in 
both subcortical and cortical brain infarctions motor cortex was most likely active during
finger movement performance. Nevertheless, diminished rCBF increases due to
sensorimotor stimulation have been reported after transient ischemic attacks and
subcortical stroke (138, 159). Possibly these observations indicate an uncoupling of rCBF
(no response) and rCMRGlu (persistent response) after pharmacological inhibition of the
neuronal nitric oxide synthetase (160). 

 

Fig. 12 Abnormal activations in patients who have recovered from their first 
brain infarction involving the middle cerebral artery territory as 
demonstrated with PET. While healthy controls (right) performing 
the same finger sequence task showed a significant rCBF increase in 
the motor and premotor cortex, the patients (left) had activations of 
bilateral premotor cortex and of the supplementary motor area. 
Further details in ref. 41. 
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Fig. 13 Activation pattern in left sensorimotor cortex infarction (arrow) during 
tactile exploration of a complex geometrical object with the affected, 
partially recovered right hand as demonstrated with functional MRI. 
Note the lateral displacement of the postcentral activation and the 
extensive activation of the homolog area in the contralesional 
hemisphere. Related to the task demand, there were also activations 
in left premotor and right prefrontal cortex. 

An important mechanism for recovery-related reorganization is the possibility that 
projection systems of the homolog system in the contralateral cerebral hemisphere can
become engaged in the restoration of executive functions. We observed that in MCA
infarction involving the anterior parietal lobule, somatosensory discrimination of
macrogeometric objects induced rCBF increases in contralesional parietal cortical regions
(41). They occurred in an area that in normal subjects seems to participate in voluntary 
controlled movement (152, 161). In this connection, it is noteworthy that the rCBF in the
supplementary motor area and in parietal cortex was shown to be related to the exertion
of force (162). Nevertheless, the parietal activation probably reflected a large-scale 
reorganization of the sensorimotor system to meet the task demands of the sensorimotor
activation paradigm. Indeed, there is kinematic evidence showing that patients with
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parietal cortex lesions retain abnormal fingers movements when required to explore 
macrogeometric objects after recovery from hermisparesis (46). In addition, there is 
abnormal prefrontal cortex activation suggesting enhanced cognitive control for a task
that is relatively difficult for patients as compared with healthy subjects (41). 

Interestingly, there was relatively little activation in the frontomesial cortex including 
the SMA in the patients who had recovered from striatocapsular infarction (149, 163) in 
contrast to the patients who had recovered from MCA infarction. Activation of the SMA
probably corresponds to the initiative role of the SMA in movement control (164, 165). 
The lack of SMA activation in the striatocapsular infarctions is probably due to damage
of the corticospinal projection from the SMA to the basal ganglia by the stroke lesion.
Thus, these patients appeared to activate instead the contralesional premotor cortex. Also,
the lateral promoter cortex was activated in both hemispheres in the patients with MCA
infarction. Conversely, stroke patients with involvement of premotor cortex exhibit an
additional motor deficit that counteracts recovery (64, 166). Nevertheless, during 
somatosensory activation, both, patients with subcortical and cortical stroke showed
parietal lobe activation (Fig. 13). The parietal cortex subserves sensorimotor integration
being heavily interwoven with executive functions mediated in the frontal motor cortical
areas (149). 

There is convincing clinical evidence showing that the motor system in the 
contralesional hemisphere plays an important role for deficit compensation by
postischemic reorganization (167). The first to show this in brain lesions acquired in 
adulthood using PET were Chollet et al. (146). Later it was replicated by Cao et al. (168) 
using fMRI. However, it was noted that those patients who exhibited significant rCBF
increases in motor cortex contralateral to the cerebral infarction had associated
movements of the nonaffected hand (153). Obviously, this corresponded to
electromyographic findings in healthy subjects in whom effort, force, and activity with
the nondominant hand were accompanied by increased muscle activity in the homologe
muscles contralateral to the moving hand (169, 170). The associated rCBF increases in 
the motor cortex of the nonaffected hemisphere occurred in those patients with limited
recovery (149, 153). They probably corresponded to the presence of ipsilateral MEPs in 
such patients (171, 172) reflecting an unmasking of ipsilateral corticospinal projections in 
relation to heightened effort and action with the affected hand. That associated finger
movements can occur in hemiparesis has long been known (173). Typically, their onset is 
significantly shorter than those evoked by high effort of the normal hand (174). It could 
be that these movements are mediated by exposure of the zone in the motor cortex, which
has been shown in the monkey to be involved in bilateral hand movements (175). 
However, fMRI showed that the ipsilateral activation does not occur in a homolog
location compared with the contralateral motor cortical representation (176). Similarly, 
the recovery may be brought about by recruitment of ipsilateral corticospinal projections 
as evident from patients with congenital brain lesions (44, 45, 177, 178). Usually, this 
leads to initial reoccurrence of proximal movements compared to the later recovery of
distal movements (42, 179). This hypothesis is corroborated by the ipsilateral impairment
of forearm function in the acute stage after stroke (180). Remarkably, the more 
asymmetrical the activations, the worse the clinical outcome (181). 

It is important to realize that involvement of homolog areas including the premoter 
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cortical areas contralateral to a stroke lesion has repeatedly been reported as a mechanism
for recovery that applies also for aphasia (182–184). Most comspiciously, recovery from 
hemiplegia may be connected also with activation of the lower premotor cortex including
the inferior frontal cortex ipsilateral to the moving hand during execution of fast and
sequential finger movements with the recovered hand (41, 153). These areas are also 
activated in healthy subjects during learning of finger movement sequences (185, 186) 
but not after skill acquisition (187). 

The situation is different in congenital hemispheric brain lesions involving the pre- and 
postcentral gyrus. In these patients motor function in the contralateral hand may be
remarkable and even allow independent finger movements (188, 189). Sabatini et al. 
(189) reported a case presenting 19 years after a large porencephalic lesion in the area of
the right middle cerebral artery, in whom rCBF increases were confined to the motor
cortex of the nonaffected hemisphere during finger movements of either hand.
Electrophysiological support for such findings has been obtained in patients with
congenital hemiplegic palsy and hemispherectomy, showing unmasking of ipsilateral
corticospinal motor projections that are usually not excitable in healthy people (44, 45, 
177). It should be stressed that these observations were obtained many years after birth 
and hemispherectomy, respectively. One can, therefore, postulate that in these patients
the cortical reorganization mediating recovery of motor functions had occurred very early
in life having had sufficient time to take place. It appears likely that the capacity for
cerebral reorganization of the focally damaged brain, as for instance after stroke, is less
extensive in the adult brain. 

2. The Role of Reafferent Feedback 

It appears from Fig. 1 that most patients recover well and early. One group who were 
severely impaired initially recovered in contrast to other severely affected patients who
did not recover at all. It is likely that the decisive distinctive feature is the absence of
residual function in the nonrecovering patients. Evidence from combined clinical and
electrophysiological studies suggests that in addition to the motor score the presence of
SSEPs indicates good recovery (190). Furthermore, illusory arm movements have been 
reported to activate beyond motor ar-eas also the somatosensory cortex (191). It may 
therefore be assumed that the absence of residual function over a critical time span
prevents functional restitution. Conversely, animal experiments show an enlargement of
the somatosensory representations during skill recovery after focal lesions of the primary
somatosensory cortex (192). Further, deafferented monkeys who were not using the
affected limb many weeks after injury failed to recover (193). From these observations 
the concept was derived that the animals learned not to use the affected limb because of
discomfort, stress, the frustration when doing so, but rather used the intact arm. This
concept of “learned nonuse” laid the ground for subsequent therapy studies in severely 
impaired chronic human stroke victims. This concept imposed constraints on the
unaffected limb because it has to be worn in a cast for many hours a day forcing the
subject to use the minimal residual functions of the affected arm for whatever purpose.
This so-called “constrained induced” therapy has now been shown to be very successful 
even when applied in the chronic state for severely affected patients (193, 194). Thus, 
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there is good evidence to support the view that reafferent somatosensory information
from the partly compromised limb is critically required for tuning the remaining network
into function as may be evident from scanning passive movements (195). These data are 
corroborated further by the observation that there is a posterior shift of the sensorimotor
area in patients with sensorimotor strokes (134). 

Another modality that seems to play an important role in postischemic recovery is the
visual system. Monkeys with focal ischemic lesions in motor cortex visually inspect their
hand when retrieving objects with the affected hand (196). In humans, it was observed 
that patients who had recovered from ischemic stroke differed significantly from healthy
controls by the recruitment of a predominantly contralesional network, involving visual
cortical areas, prefrontal cortex, thalamus, hippocampus, and cerebellum during the
blindfolded performance of sequential finger movements (28). Greater expression of this 
cortical-subcortical network correlated with a more severe sensorimotor deficit in the 
acute stage after stroke, reflecting its role for poststroke recovery. Thus, a visuomotor
brain system appeared to compensate for a sensorimotor deficit in patients who had
recovered from hemiparetic stroke. This observation corresponds to animal models of
focal brain lesions and to the developing human visual and auditory systems (197–200), 
suggesting that postlesional reorganization involves a network usually not active in
sensorimotor activity. 

In addition, it was shown that the lesion-affected and the recovery-related network in 
stroke patients shared the same structures in the contralesional thalamus and bilateral in
visual association areas (28). Thus, these sharing structures accommodated
simultaneously passive lesion effects and active recovery-related changes in locations 
remote from the site of the brain infarction. This observation corresponds to the original 
conception of diaschisis as a restorative mechanism in functional recovery. That is,
recovery is mediated by areas that have regained activity after initial inhibition by a
distant brain lesion (201). Thus, postlesional reorganization appeared as a task-related 
rewiring of intrinsic cerebral networks. While such a reorganization was shown to be
effective in the perilesional vicinity (157), there seems to be also large-scale interregional 
reorganization. These affected regions did not show metabolic depressions in categorical
comparisons with healthy subjects, which therefore did not seem to be a prerequisite for
diaschisis. The type of activation-related interregional interactions suggests a taskrelated 
engagement of preexisting, hitherto latent pathways. Accordingly, when the functional
changes as evident from brain imaging correlate with neurological deficits or with
neurological recovery, they may be referred to as instances of diaschisis and the
regression of diaschisis. Similar conclusions were also proposed recently for
psychologically impaired patients (142). 

As evidenced by PET activation studies in patients recovered from hemiplegic stroke,
such unused, but functionally related pathways take on backup or facilitatory functions
(146, 147, 149, 153). They may become engaged as alternative neural routes in patients
with congenital or developmental brain diseases (44, 45, 177, 189). From a 
phenomenological point of view, these cases represent temporary loss of function and its
reappearance after a shorter or longer period of time. Disturbances of complex motor
behavior like neglect and limb kinetic apraxia also tend to disappear with time (166, 202). 
Nevertheless, ideomotor apraxia, visuomotor ataxia, and motor aphasia may be
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sufficiently stable in some patients or detectable by adequate neuropsychological testing
(203–205). As in the case of simple motor functions, the clinical presentation and
resolution of these complex cerebral dysfunctions appear to be determined by the
localization and size of the underlying brain lesion (206–211). In aphasia, however, the 
location of the original lesion appears to vary more widely between subjects, reflecting
the great variability of language localization (212, 213). Also, there is some evidence that 
larger lesions in the frontal operculum induce a more severe aphasia (214). 

An alternative hypothesis is that recovering patients select an alternative strategy to
compensate for their neurological deficit as was shown in monkeys (215). A simple 
approach is that patients employ more extended finger movements for object exploration
than they usually would (216). In contrast to the hand representation in motor cortex
(217–219), there is no overlapping somatotopy of digit representation in the
somatosensory cortex (220). Thus, a spatially enhanced input is processed in a large
portion of the sensorimotor cortex in these patients. Similarly, there is evidence
suggesting that patients with hemianopia can learn to exaggerate saccadic eye movements
to compensate for their visual field defect (221, 222). Likewise, hemiparetic patients may 
engage muscles for moving a pa-retic limb that are usually only used for auxillatory 
actions or reserved for high levels of exertion. This compensatory behavior is most
prominent in patients with dystrophic muscle diseases, for instance while they are
standing up or lifting a limb (223), but probably also holds for brain lesions. Finally,
patients with Parkinson’s disease sometimes employ sensory cues to initiate locomotion 
(224– 226). Clearly, these altered actions rely on abnormal sensorimotor or visuomotor 
information processing and are most likely to produce abnormal cortical activation
patterns. 

3. The Role of the Perilesional Area 

There is plenty of evidence from experimental studies that the perilesional zone after
focal ischemia is grossly abnormal. This does not refer to the concept of penumbra,
which has been defined for tissue at risk during the first minutes and hours after the
insult. Rather the perilesional zone accommodates persistent and severe changes in tissue
function in a surprisingly large area surrounding a lesion as demonstrated experimentally
(82). In the thrombosis model of the rat, small focal cortical lesions lead to changes that 
can be revealed by electrophysiological, anatomical, and audioradiographic methods.
Specifically, intracortical excitability is increased, intracortical inhibition decreased, and
spontaneous activity and stimulus response characteristics are distinctly altered. Figure 
14 shows that intracortical inhibition is severely changed in area up to 6 mm from the
border of a 2-mm stroke lesion. In close accordance, audioradiography revealed a 
decreased inhibition as it shows down-regulation of GABA α and β receptors (227, 228). 
In addition, there was an increase in glutamate receptor densities. These changes persist
over many weeks. The implication of these prolonged changes for functional restoration
and the cooperation of these perilesional areas with the remaining network are as yet
unknown. Moreover, the perilesional area can be visualized microscipically by different
staining methods in the histological pictures but cannot be properly recognized even at
high field (7 Tesla) MRI, although its electrophysiological, audioradiographic, and
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metabolic patterns are clearly defined (229). Rather, neuroimaging in baboons and 
humans suggests that decreased labeling of the GABA-B receptor indicated irreversibly 
damaged brain tissue (109, 230–233). 

For the clinician this means that we do not see the remote changes. This is similar to 
the fact that we do not see relevant pathophysiology in basal ganglia, such as increased,
spontaneous activity, abnormal synchronization, and the like, by imaging methods.
Nevertheless, we must assume that this perilesional area is of considerable influence for
the postischemic neurological deficit and the pattern of functional restoration. The
structural and the functional component of reafferent feedback emphasize that the old
mechanistic view that the size of a destructed  
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Fig. 14 Excitability changes in the cerebral cortex 7 days after 1-hr occlusion of 
the middle cerebral artery. (A1) Schematic diagram of the 
microelectrode recording sites in rat cortex. (A2) Field potentials of 
the excitatory postsynaptic potentials (fEPSP) obtained at the 
recording sites illustrated in A1. (B1) Note the severe suppression of 
the first fEPSP in the vicinity of the lesion border, which gradually 
normalizes in relation to an increasing distance to the lesion border 
suggesting perilesional decreased activity. (B2) Close to the lesion 
and remote from the lesion the ratio of the first and second fEPSP 
was significantly greater than in control animals as indicated by the 
horizontal lines. At day 27 the first to second fEPSP ratio had 
normalized in the perilesional area but remained abnormal in remote 
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location allowing for locally enhanced excitability. [From Neuman-Haefelin 
and Witte (251).] 

area is the major determinant for the resulting functional impairment is certainly too
simplistic.  

VI. PERSPECTIVES  

Motor activity represents relatively well-defined brain functions, whereas higher cortical
functions like neglect, apraxia, and aphasia are more difficult to study as they are
composed of a number of different subfunctions. Initial activation studies in stroke
patients suggest comparable determinants for recovery. In higher cortical functions the
mechanisms include the critical preservation of the circuits normally subserving attention
or language production and frustrane activation of the contralateral homolog areas in poor
recovery (234–238). However, these studies point to the importance of brain-mapping 
studies for a better understanding of recovery from brain lesion and the development of
neurobiologically based therapeutic regimens. 

Motor functions represent good models for studying modulating actions of
neurotransmitters and pharmaceuticals. There is evidence from animal experiments for
the importance of the widely projecting, adrenergic and cholinergic neurons for brain
function (239–241). These neurons become retrogradely affected by the ischemic tissue
lesion and their damage has been related to the manifestation of diaschisis (242). 
Likewise, adrenergic mediators have been shown to promote recovery in animals, while
adrenergic receptor blockers and related drugs are found to impair it (243–247). 
Randomized and double-blind studies in humans are still lacking, but retrospective 
analysis of large groups of patients recovering from stroke seem to corroborate the
animal data (248). Recently, it was reported that epinephrine and fluoxetin augmented
electromyographic activity in leg muscles in paraplegia during aided walking as well as
brain activity related to movement (249, 250). Thus, functional recovery may be
enhanced also by drug action. 

Finally, on the horizon of today’s knowledge, there is the possibility of using 
molecular approaches for regeneration of nervous tissue such as gene transfer and stem
cell engineering. If shown operational, they will open new perspectives of research on the
prognosis of functional restoration after stroke. 
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I. INTRODUCTION  

Cognitive and behavioral deficits are present in the majority of hemispheral stroke
survivors. Although they cause significant disability, they are often overlooked or paid
less attention than motor deficits. Commonly used disability scales, such as the Barthel
Scale, do not consider the impact of language, cognitive, or behavioral impairments on
the daily life of stroke victims. Patients afflicted with communication deficits, demented,
or with behavioral disturbances pose additional difficulties for their caregivers and
consequently some will end up in institutions. Many of these patients will receive speech
therapy or neurocognitive rehabilitation and may need pharmacological interventions.
Paradoxically, they are less likely to receive appropriate secondary prevention measures. 

In this chapter recovery from deficits in individual domains will be presented, focusing 
on data from follow-up series. Transcranial Doppler (TCD), SPECT, PET, and fMRI 
performed during the recovery process have been instrumental in improving our
understanding of the intra- and interhemispheric mechanisms underlying recovery. 

II. RECOVERY FROM APHASIA  

About one-third of acute stroke patients are aphasic (1). Aphasia has an adverse influence 
on functional outcome (2), mood (3), quality of life (4, 5), and ability to return to work. 
Most studies on the natural recovery of language deficits after stroke were carried out in
the 1970s and 1980s (6–18). We will briefly review several aspects of recovery from 
aphasia, namely its time course, the influence of biographical (age, gender, education,
handedness), language (aphasia type and language components), and lesion factors
(etiology, location, size). 

A. The Recovery Curves of Stroke Aphasia  

Almost all studies agree that most of the recovery takes place during the first 1–3 months. 
Within the first month the greatest improvement was observed during the first 2 weeks
after onset (18). After the first 3 months there will be some improvement up to 6 and not
so frequently up to 12 months post onset (19, 20). After 1 year very little, if any, 
spontaneous recovery is to be expected and language proficiency may even decline later
(21). About 40% of acute aphasics eventually recover completely or almost completely in 



12 months (8). In the Copenhagen Stroke study (1) (one of the few community studies on
the recovery of aphasia), the percentage of aphasic patients dropped from 38% at the time
of admission to 18% at discharge. The remission curve was steep: stationary language
function was reached within 2 weeks for those with initial mild aphasia, within 6 weeks
for those with moderate aphasia, and within 10 weeks for those with severe aphasia. 

B. Biographical Factors: Gender, Handedness, Education, Age  

Some studies state that females recover better than males in oral production (22) and 
auditory comprehension (23), but no gender differences were noticed in the majority of
other series. Left-handers, ambidextrous persons, and those with a familial story of left-
handedness are more likely to have a bilateral representation of language. They might
also have a better recovery than right-handers. However, the evidence for such claims is 
rather limited (24, 25). Atypical skull asymmetries (large left frontal or right occipital
torque) were associated with a better prognosis in one study (26), but this was not 
confirmed by subsequent investigations (27, 28). It is often stated that higher education
might be a favorable prognostic factor. Again the evidence for that is scarce and the
opposite may even be true (15). There is no evidence for a relationship between IQ and
language recovery (29). 

Aphasia secondary to stroke in children recovers much better than in adults and often
completely (30). The upper age limit of this superior recovery in younger patients is not
known. Although some series failed to show an association between the intensity of
improvement and age, at least five studies that compared language recovery in young and
older stroke patients demonstrated that young and middle-aged (6, 31–34) aphasic stroke 
patients have a better recovery than older aphasics. A different distribution of infarcts
with age (35), decreased cerebral plasticity, and subclinical dementia with limited
capacity for learning are plausible explanations for this difference. 

C. Motivational and Emotional Factors  

Motivational factors are also important in the recovery and in the rehabilitation process.
Several studies (36, 37) indicate that poststroke mood and anxiety disorders have a
negative influence on outcome. It seems likely that depression may impact the patient’s 
recovery from aphasia and aphasia may impact on the severity and duration of
depression. 

D. Language Factors: Severity, Type of Aphasia, and Language 
Components  

Severity of aphasia at first evaluation correlates with and is a significant indicator of the
intensity of the residual permanent deficit (1, 10, 15). Statistical prediction of outcome 
based on initial severity is possible using multiple regression (38) or connectionist 
networks (39). Type of aphasia is a major determinant of the outcome and of the pattern
of evolution (8–10, 15). Broadly speaking, anomic and conduction aphasia syndromes 
have the better outcome, transcortical and Broca’s aphasia a intermediate prognosis, 
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while Wernicke’s and global aphasia have a worse prognosis. 
Severe nonfluent aphasia recovers to less severe forms of nonfluent aphasia and 

eventually to anomic aphasia or dysarthria/dysprosody, but not to fluent aphasia. From a
transient period of muteness and anarthria the patient starts producing sterotyped
utterances and emotional expressions. The utterances differentiate by intonation
following communication intent and become more varied. If recovery continues,
agrammatical speech follows. The initiation of word production may be hampered by oral
apraxia. Eventually, only hesitancy in word finding and minor syntactical or phonological
errors can be noticed. 

Similarly, severe Wernicke’s aphasia usually evolves to transcortical sensory, anomic,
or, less often, conduction type. From a copious neologistic jargon with anosognosia, the
patient improves to a lower-frequency semantic jargon and eventually to anomia with
occasional paraphasias. 

Of the four major components of the classic aphasic syndromes, comprehension
usually shows the more rapid and complete recovery, at least for everyday
communication and simple tasks such as word comprehension, yes-no questions, and 
sequential commands. Repetition also improves faster. Naming and fluency recovery
curves are slower and often incomplete. The percentage of pa-tients improving in 
comprehension is higher than in production. Similarly, more patients improve in oral
language than in written language. 

E. Lesion Factors: Type, Location, and Size  

Aphasia secondary to intracerebral hemorrhage usually recovers better than that due to
infarcts of similar size (19). After deep intracerebral hemorrhages (40–42), recovery goes 
along with the disappearance of diaschisis and the improvement of cortical hypoperfusion
and hypometabolism (43, 44). Following left putaminal hemorrhage patients with fluent 
speech are likely to have a better outcome than patients who are initially nonfluent (42). 
In lobar hemorrhages (45), improvement of aphasia follows reabsorption of the 
hematoma. The residual language deficit should be correlated with the remaining lesion
after the absorption of the hematoma. After a hemorrhagic stroke, the residual lesion is
much smaller than the initial hematoma; it usually spares the cortex and it is of smaller
size than an infarct causing an aphasia of similar acute severity. 

Following subarachnoid haemorrhage, aphasia can be due to delayed cerebral ischemia 
or to lesions related to the surgical or neuroradiological intervention. Language deficits
are more frequent after middle cerebral artery or posterior communicating aneurysms
(46). Language deficits after subarachnoid haemorrhage show wide variation in recovery 
rate, because improvement is influenced by the number, location, and size of infarcts on
relevant anatomical structures (47). Language deficits that are not related to cerebral
infarcts are in general due to cortical hypoperfusion and usually recover well. 

Little information is available on recovery of aphasia following cerebral vein 
thrombosis (48, 49), but in general its prognosis is very favorable because the language
deficit is usually due to edema or hemorrhagic lesions. 

Lesion size had an inverse correlation with the improvement rate (10, 13, 14, 28), the 
highest negative correlation being found with the recovery of fluency (10), while 
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comprehension recovery may even have a positive correlation with lesion size. Actually,
even patients with extremely large middle cerebral artery cortical-subcortical infarcts 
recover their verbal comprehension to some extent and are able to understand verbal
emotional expressions, single spoken or written words, and some one-step commands. A 
PET study indicated that metabolic activity in left hemispheric (LH) speech-relevant 
brain regions measured early after stroke was a predictor of the outcome of aphasia, when
evaluated by the Token test and a word fluency task (50). 

The relationship between lesion location and aphasia recovery is rather complex and 
should be considered separately for each individual aphasic syndrome. To determine the
role of a particular area for aphasia recovery, the evolution of positive (with damage to
that area) and negative (with that area spared) cases should be examined and
longitudinally investigated. The interaction be-tween damage to different areas, the
cumulative effect of simultaneous damage to more than one area, and the fact that
vascular lesions have some topographical restrictions, as they are confined to the vascular
territories, must be considered (51, 52). When founded only on linguistic-radiological 
correlations of a single case or small case series of chronic patients, statements that
certain areas are critical to the recovery of particular linguistic functions should be read
with caution. 

Several longitudinal studies demonstrated the crucial role of the anatomical areas 
surrounding and connected to the classic language areas in the recovery process. An
infarct limited to Broca’s area generally produces a nonfluent aphasia with a good
prognosis (53). However, if the infarct also involves the insulae, the rolandic operculum, 
the white matter underlying Broca’s area, or the anterior striatum, the likelihood of
complete recovery decreases. Large prerolandic infarcts involving simultaneously several
of the above-mentioned anatomical structures usually produce a persisting Broca’s 
aphasia (15). Persistent nonfluency is associated with extensive corticosubcortical 
rolandic damage (14). 

In the acute stage, a global aphasia is the monotonous presentation of several types of 
infarcts (28): type 1—whole middle cerebral artery (MCA) territory (with or without 
lenticulostriate involvement); type 2—dual embolic simultaneous lesion of Broca’s and 
Wernicke’s area (54); type 3—frontal corticosubcortical infarct; 4—frontosubcortical-
parietal infarct; types 3 and 4 are located on superior division of the middle cerebral
artery territory; 5—lenticulostriate infarct. The first type has an ominous prognosis.
There are few reported followup evaluations of patients with the dual-infarct type, and 
the prognosis is variable (54–57). The third and fourth types evolve to Broca’s or 
transcortical motor aphasia, while the fifth has the better outcome and evolves either to a
transcortical or an anomic aphasia and eventually to complete recovery (28). 

In Wernicke’s aphasia recovery is rather limited if the lesion also extends to the areas 
surrounding Wernicke’s area, i.e., the second temporal gyrus, the posterior insula, and the 
supramarginal and angular gyrus (15). Persistent impairment of oral naming is associated
with lesion size (>60 cm2) and with damage to the posterior-superior temporal and the 
inferior parietal areas (semantic paraphasic errors) or to the insula-putamen (phonological 
paraphasic errors) (58). Persistent deficits in sentence repetition are associated with
lesions destroying parts or all of Wernicke’s area (59). In what concerns the recovery of 
auditory comprehension for commands, lesions in the posterior superior temporal and
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infrasylvian supramarginal regions (13) or damage to more than half of Wernicke’s area, 
particularly if with additional extension into the middle temporal gyrus (16), indicates a 
poor prognosis for recovery. Late recovery of auditory comprehension in global aphasics
is superior after subcortical temporal isthmus lesions, in contrast to Wernicke’s cortical 
area lesions (60). However, damage to Wernicke’s area did not preclude complete 
recovery of single-word comprehension. Only patients with very extensive left 
hemispheric lesions had incomplete recovery of single-word comprehension (61). 

We described general anatomical rules for recovery. However, considerable
interindividual variability exists, reflecting individual differences in the cortical extent of
language areas (62) and the variable contribution of subcortical structures and
corticosubcortical loops and of the nondominant hemisphere for language processing. 

F. Intra- and Interhemispheric Reorganization and Aphasia Recovery  

The role of the LH and right hemisphere (RH) in aphasia recovery may be investigated
analyzing the evolution of language deficits in patients with sequential lesions and by
using functional imaging methods. 

1. Sequential Lesions 

A few case reports have been published of aphasic patients who sustained a second lesion
after a left hemispheric stroke that rendered them aphasic. The language deficits of these
partly or completely recovered aphasics increased irrespective of the hemispheric side of
the second stroke (63). 

2. Functional Imaging Methods 

The contributions of the right hemisphere and of the spared areas of the left hemisphere
to the recovery of language have been investigated using functional imaging methods,
such as rCBF, SPECT, TCD, or PET. In the acute phase, these methods show an area of
abnormal circulation/metabolism larger than the infarct depicted by CT/MR. This can be
observed in (1) ipsilesional zones with the same territorial blood supply, representing
hypoperfusion, (2) functional connected ipsilesional areas, representing diaschisis (64), 
and (3) contralesional homotopic areas, representing transcallosal diaschisis (65). 

These in vivo studies of recovery mechanisms use in general two types of experimental 
designs: (1) measurements at rest, comparing baseline and followup, (2) measurements
during activation tasks, when the recovery of the performance on such task is under
study. The interpretation of abnormal activation during recovery is not straightforward,
because it can represent either new emerging functional proprieties responsible for the
recovery or a maladaptive process that can explain the persistence of the deficits (66). 
Most of the functional studies found a circulatory or metabolic enhancement both on the
nondamaged areas of the left hemisphere and on the homotopic frontal and temporal
regions of the right hemisphere. They showed that there is a greater potential for
homotopic interhemispheric reorganization for language than for motor functions (67).  

Knopman et al. (68) used serial Xenon 133 CBF studies and observed that good 
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recovery of comprehension was associated with early diffuse activation of the RH and
late activation of the left posterior parietotemporal region, while incomplete recovery was
associated with activation of right frontal areas. Weiller et al. (69) studied the recovery of 
six patients with Wernicke’s aphasia with PET and observed bilateral activation (left
prefrontal and areas of RH homotopic to language areas) during tasks of repetition of
pseudowords and verb generation. This observation indicates: (1) parallel processing of
LH language areas, a strategy different from the usual sequential processing, and (2)
bilateral network (bi-temporal or RH for the lexical-semantic processing, prefrontal LH 
for the speech production and syntactic processing) as the central mechanism in
functional reorganization of language areas after stroke. No new areas were found to be
involved in language processing during recovery. Silvestrini et al. (70) used TCD to 
investigate the effect of a word fluency task on the flow velocity of the middle cerebral
artery of chronic patients. They found a significant increase of right MCA mean flow
velocity in patients with previous aphasia (now recovered), indicating a participation of
the RH in recovery. Cappa et al. (71) studied nine aphasic patients within 2 weeks and
after 6 months of stroke onset with PET. They found an association between the
regression of functional deactivation of intact anatomical areas in both hemispheres and
spontaneous recovery. They concluded that language recovery in the first months is
associated with regression of intra- and transhemispheric functional depression. Belin et
al. (66) investigated seven chronic nonfluent cases with PET receiving melodic intonation
therapy (MIT) in hearing, repetition, and repetition of MIT-loaded words. They observed 
reactivated Broca’s area and left prefrontal and deactivated right Wernicke’s counterpart 
and concluded that abnormal activation patterns are not necessarily related to recovery,
because in some cases they coincide with the persistence rather than the recovery of
aphasia. This observation also shows that these activations are modifiable by treatment.
In fact they could be used as surrogates to evaluate whether a pharmacological or a
speech therapy intervention has the potential to modify the pattern of activation that is
usually found during recovery. 

Two recent studies indicate that preserved left hemispheric speech area (or the cortex 
surrounding it) plays a crucial role in aphasia improvement. Heiss et al. (72) investigated 
word repetition with PET in 23 aphasic patients (with frontal, subcortical, and temporal
lesions) 2 weeks and 8 months after onset. The subcortical and the frontal group
improved substantially. They activated the right inferior frontal gyrus and the right
superior temporal gyrus at baseline and regained left superior temporal gyrus activation at
follow-up. The temporal group improved only in word comprehension. It activated the
left Broca area and supplementary motor areas at baseline and the percentral gyrus
bilaterally as well as the right superior temporal gyrus, but could not reactivate the left
superior temporal gyrus. Activation of the right hemispheric regions was not efficacious
for a considerable recovery from aphasia. Warburton et al. (73) used PET to study six 
patients who had at least some recovery from aphasia and found left inferotemporal
activation, but little evidence of right hemispheric activation, on a word retrieval task. 

In summary, in the early period after stroke, recovery, namely, comprehension 
recovery, reflects the regression of diaschisis in areas that usually participate in language
processing. In the long term, the outcome of aphasia is mainly dependent on the size and
location of the left hemispheric lesion. Reorganization of RH (mainly for language
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decoding and semantic tasks) and LH speech areas (mainly for speech output, syntax, and
lexical tasks) constitutes the functional basis for late recovery. Good recovery seems to
correlate with the possibility to activate left temporal areas. 

III. RECOVERY FROM NEGLECT  

Neglect is a failure to attend, represent, orient, or respond to stimuli on a hemispace (74). 
In neglect there is a defect of alerting, of nonlateralized nonspatial sustained attention, of
lateralized spatial attention, and of motor activation and preparation to respond (74–76). 
Neglect is the most common cognitive dysfunction after RH strokes. It is detected in
about 25% of acute stroke patients (77). Almost all investigations that have addressed 
recovery from neglect have studied RH lesions; therefore, we will concentrate on the
recovery of left hemispatial inattention. 

It can be rather misleading to indicate or to interpret figures on the prevalence of 
neglect, or the proportion of patients affected by or recovered from that sign, unless the
definition of neglect, the methods used to evaluate it, and the setting of the study can be
clearly identified. While the majority of neuropsychological disturbances are relatively
stable at a given moment, neglect is a dynamic phenomenon. Performance on neglect
tests can be affected by several variables that should be controlled in studies of neglect
recovery (78). Shortening the presentation time (79), simultaneous performance of 
stepping (80) or of an attentional task (81), increasing the number of distractors (82) or 
the perceptual difficulty of the stimuli, using visuospatial stimuli instead of verbal (83), 
performing line bisection instead of line extension (84), all increase the severity of 
neglect. Increasing the number of trials, background leftward movements (85), priming 
(86), using a passive nonverbal auditory stimuli (87), performing passive or purposeful 
movements of the left limbs (88), an explicit verbal instruction (89), voluntary orientation 
(90) or gaze deviation to the left (91), pointing toward the left side with the right hand 
(92), all decrease the intensity of neglect. Even the same patient tested twice on the same 
day may show fluctuations in visual neglect after stroke.  
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Fig. 1 Recovery from neglect on a consecutive series of 93 right hemispheric 
stroke patients followed during 12 months. 

Follow-up studies are reported of single cases, case series, or cohorts (Fig. 1) (93–106), 
case reports of patients with sequential strokes, intervention studies, and functional
studies of patients with neglect during the recovery period. 

The setting of the different studies must be considered when reading the literature on 
the recovery of neglect. Of the series including acute stroke patients, only one was
performed in a community setting (101); the remaining were acute hospital or 
rehabilitation center series. Some included only subacute or chronic stroke patients and
were performed at rehabilitation centers (98, 100). Generalization of the results of 
recovery studies from rehabilitation centers has strong limitations, because they have
referral bias and miss the early course of spontaneous neglect recovery. Other
methodological problems in many of these studies are patient selection (how many
patients could not be assessed at entry and why not?) and patient attrition, i.e., lost during
follow-up. The sample size was rather limited in other studies and very few used
multivariate analysis to identify predictors of neglect recovery. 

A. Neglect as an Unfavorable Prognostic Factor  

Several studies indicate that neglect is an unfavorable sign for overall prognosis,
improvement on rehabilitation, length of hospital stay, and discharge home (2, 98, 105–
116). Patients with neglect have more inpatient falls and more left-sided wheelchair 
collisions (117). A recent study on the outcome of RH patients admitted to a stroke unit
showed that patients with neglect had higher duration of hospitalization and lower
Barthel scores (despite higher therapy input) but similar discharge destinations (116). 
However, the only community-based study yet performed failed to confirm these
previous findings (77). While patients with neglect had a worse prognosis than patients
without neglect, on multivariate analysis neglect was not an independent predictor of bad
outcome. This means that large, severe RH strokes have poor prognosis and usually
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present neglect, but otherwise neglect does not have an independent influence on
recovery of acute RH strokes. In a cohort of 1630 first-ever strokes in subjects under 65 
years of age neglect was not identified as a predictor of independent survival (118), 
although patients with neglect had a worse outcome than patients without neglect. A
different view is given by patients with severe strokes and neglect who are admitted to a
rehabilitation center with neglect. They usually have a poor prognosis, not only because
they have severe strokes but also because neglect makes rehabilitation more difficult.
However, a recent study showed that patients with neglect admitted to a rehabilitation
center showed significantly higher gains during rehabilitation, but had longer in-hospital 
stays (119). Concerning anosog-nosia, in the Copenhagen Stroke Study, anosognosia was 
found to be an independent predictor of no recovery and persistence of unawareness of
the left-sided symptoms was an ominous sign (77). Anosognosia was recognized as an 
inhibitory factor hampering rehabilitation in another study (120). 

During recovery, brief remission periods during follow-up examination in visuospatial 
neglect have been described (121). Conversely, subjects apparently recovered from
neglect may show subtle deficits such as extinction on double simultaneous stimulation
with brief presentation of stimuli or right attentional bias, e.g., when analyzing chimeric
figures (122). 

B. Recovery Pattern and Profile  

The most evident and conspicuous manifestations of neglect usually vanish within 1
month after onset. By 12 months only a minority of patients have a clinically apparent
hemispatial innattention (123). The percentage of recovered RH stroke patients in
available follow-up series ranges from 0 to 100%. This variation is mainly related to 
patient selection and variation in the tests used to evaluate neglect. The Hier et al. study
(99) is the only one to indicate the recovery time of the individual clinical manifestations 
of neglect. Median time to recovery was 8 weeks on drawing, 9 weeks on visual and
auditory orienting, 11 weeks for anosognosia, and 43 weeks for double simultaneous
tactile stimulation. Sunderland et al. detected neglect in 8–11% of patients 3 weeks after 
stroke, but significant neglect was rarely observed by 6 months, although further recovery
was noticed between 6 months and 1 year (101). Stone et al. used quantitated neglect 
recovery with the visual neglect recovery index and showed that most of the recovery
occurs in the first 10 days, reaching a plateau by 3 months (103). In the early phase 
patients with neglect also make errors or are slow in responding on the nonneglected 
hemispace. Improvement on cancellation tasks is observed in both the right and left half
hemispaces (123). Cassidy et al. showed that recovery on a crossing-out task was 
maximal in the rightmost third (106). 

C. Factors Influencing the Severity and Duration of Neglect  

Early anatomoclinical correlations of neglect emphasized the crucial role of parietal lobe
lesions in the production of neglect (124, 125). After the advent of mod-ern 
neuroimaging, neglect was described in association with other cortical (frontal) (126) and 
subcortical (thalamus, striatum) (127, 128) locations (15, 74, 129). PET studies (130) also 
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indicate that spatial attention is subserved by a distributed network, including the
cingulum, the frontal and parietal cortices, and several subcortical structures. Mesulam’s 
model (131, 132) followed that evidence and considered that the anatomical basis of 
spatial attention was a distributed largescale network, with different anatomical structures
playing different roles in the network. The posterior parietal component provides a
sensory representation of the extrapersonal space, the frontal component provides a map
for the distribution of orienting and exploratory movements, the cingulate component
gives a map to assign value to spatial coordinates, and the reticulothalamic component
modifies the level of arousal or activation bias. A problem with that model is that
although some cases of pure perceptual, attentional, or intentional neglect can be found,
the location of their lesions does not always follow the pattern predicted by the model.
Furthermore, in most patients the manifestations of neglect are mixed and monotonous
regardless of the lesion location (93). As a lesion in any of the components or their
reciprocate projections can produce neglect, recovery can be explained by undamaged
areas taking over the function of lesioned modules. Thus persistent neglect would require
large lesions damaging more than one component. 

Voluntary orientation of spatial attention includes three steps: orienting (whose
anatomical bases are posterior parietal-pulvinar-colliculus), selecting (cingulate gyrus), 
and maintaining sustained attention, also described as “disengage, move, and 
engage” (76). A multicomponent model of neglect (122, 133) postulates three separate 
deficits: (1) an initial automatic orienting of attention toward the ipsilesional side, (2)
impairment of disengaging attention from that side and reorienting of spatial attention
toward stimuli on the contralesional side, and (3) generalized reduction of
attentional/information processing capacity. The second of these disturbances seems to
recover faster (122). 

Parietal lesions usually produce more severe (129) and stable neglect, while after 
lesions with other locations, neglect is in general less severe and transient (15, 79). Hier 
et al. (99) analyzed the effect of lobar sparing on recovery rate. They found that recovery 
from neglect to left-sided visual and auditory stimuli on drawing and extinction were 
more rapid in patients without injury to the right frontal lobe. Patients without injury to
the parietal lobe also recovered more quickly from extinction. Persistent neglect is
usually associated with large frontoparietal infarcts (99). Factors with negative influence 
on neglect recovery include age over 65 (99), cortical lesion (vs. subcortical), ischemic
lesions (vs. hemorrhagic) lesion size (99, 100), brain atrophy (100), neglect severity (94, 
97, 100, 104), anosognosia (104), and neglect on the line cancellation test (106). 

D. Intra- and Interhemispheric Reorganization and Neglect Recovery  

The role of the RH and LH in the recovery of neglect can be appreciated when analyzing
patients with sequential strokes and data from functional studies. 

1. Sequential Strokes 

There are very few reported cases of sequential strokes with neglect. Daffner et al. (134) 
described a case where sequential right frontal and parietal hemispherical strokes
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worsened the neglect caused by the first stroke. Vuilleumier et al. (135) reported a patient 
with a right parietal stroke whose neglect showed abrupt recovery following a left
hemispheric area 8 stroke. This observation seems in accordance with Kinsbourne’s 
theory of functional interhemispheric imbalance (136). 

2. Functional Studies 

In humans, recovery from neglect caused by subcortical RH lesions is associated with
disappearance of ipsilesional diaschisis on the relevant cortical areas of the RH
(cingulate, frontal, parietal) (137–140). We emphasized cortical regional diaschisis and
the role of ambi- or left-hemispheric dominance on subcortical neglect. In fact, neglect
was observed in a patient with persistent frontal diaschisis but not parietal
hypometabolism, and in another patient with persisting cortical diachisis, suggesting
ambi- or left-hemispheric dominance. 

Few cases of neglect recovery were investigated with PET (140, 141). Perani et al. 
(140) studied two cases, but only one had follow-up. Bihemispheric metabolic depression 
was found in the acute phase. Paralleling almost complete recovery, PET demonstrated
return of LH metabolism to normal and partial RH metabolic recovery. These findings
suggest a bihemispheric role in neglect recovery. The LH may be important for early and
RH for late recovery. Pizzamiglio et al. (141) studied neglect recovery in three patients
and showed that regions notably more active after recovery were almost exclusively
found in the RH corti-cal area, and overlapped with those observed in normal subjects
performing the same task. 

IV. RECOVERY FROM APRAXIA  

The information available on the recovery of praxis is limited. Recovery of apraxia was
studied mainly in aphasic patients (142). Kertesz et al. found that the recovery rate of 
praxis was similar to that of language, in particular of comprehension, except for global
aphasics, who showed a somewhat better recovery of praxis than of language. Follow-up 
studies showed that 50% of acute apraxic patients are recovered between 3 and 6 months
(15, 143). In the long term the recovery from ideomotor apraxia is striking, very few
patients remaining permanently affected (144), more often in buccofacial praxis. The 
ipsilateral nonparetic limb can show sympathetic apraxia and impaired dexterity.
Ipsilateral dexterity recovers significantly during. the first 6 months and about 60% of the
patients will perform within the normal range (145). 

Long-term recovery of apraxia is predicted by initial severity (143, 144) and by LH 
lesion site, posterior lesions having a worse prognosis for limb apraxia (143) and 
extensive anterior opercular lesions for buccofacial apraxia (15). Recovery may be less 
complete in old patients (146). The presence of a lesion on the RH does not influence
recovery (143) nor does lesion size. Even global aphasics with infarcts of the whole 
MCA territory can have normal praxis, showing that language and praxis are subserved
by partly overlapping, but independent, neural networks (147). Apraxic patients with 
parietal infarcts can often recognize gestures and distinguish between correct and
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incorrect performances, showing that gestures have multiple and bilateral representations.
There are several alternative pathways (e.g., occipitofrontal fasciculus, superior
longitudinal fasciculus, external capsule) connecting the left posterior and anterior areas
participating in praxis. These anatomofunctional features contribute to the superior
recovery of apraxia when compared to disorders of spoken or written language.
Impairment in drawing and other two- or three-dimensional constructional tasks has less
functional impact than limb apraxia. LH patients show better average recovery than RH
ones. The improvement in constructional tasks is superior to that of language (142) but 
considerable individual variability exits within the LH group (148). Some global and 
Wernicke’s aphasics and subjects with large left parietotemporal or parieto-occipital 
infarcts can remain permanently impaired. After RH lesions the median duration to
recovery was 16 weeks in one study (99), and the probability of recovery was between 60 
and 80%. Age, lesion size, and type (infarction) had a negative effect on recovery.
Recovery in the Block Design Test was more rapid in patients without injury to the right
frontal lobe.  

The probability of recovery from dressing apraxia following a RH stroke was 60% at 
the tenth week. Dressing apraxia could no longer be detected after 50 weeks. The mean
duration for recovery was 32 weeks (99). 

V. RECOVERY FROM ALEXIA, AGRAPHIA, AND CALCULATION 
DISORDERS  

Very few data exist from follow-up series analyzing the recovery from alexia, agraphia, 
and calculation disorders following stroke. Kotila et al. (149) found that 61% and 37% of 
stroke survivors had either dyslexia, dysgraphia, or dyscalculia at 3 and 12 months
respectively. A number of longitudinal case studies detailed the modifications of
neurolinguistic processes during recovery, but they cannot provide information to
establish the prognosis of individual patients. An additional difficulty are the different
classification systems (150), considering either an anatomical-clinical or a 
neurolinguistic-neurocognitive approach. The improvement of reading and calculation is 
comparable to that of aphasia, while that of writing is inferior (142). 

The prognosis of acalculia is better after postrolandic than after prerolandic or pre- and 
postrolandic lesions (151). If impairment in calculation is still present at 3 months,
complete restoration of function is unlikely. Pure acute acalculia from a frontal or parietal
infarct is usually short-lived. 

Writing disorders in aphasic patients after left middle cerebral artery infarcts have a
poor prognosis. Many patients regain the ability to write their name or copy single words
even with their nondominant hand. Writing by dictation remains hard and frequently
incorrect. Writing a text or letter spontaneously is usually impossible. Agraphia
secondary to left prerolandic lesions had a worse prognosis than writing disorders due to
post postrolandic lesions in 25 agraphic patients with left MCA infarcts followed up for
3–6 months. Of the two patients with extensive, rolandic infarcts, one remained
completely agraphic and the other could not write on dictation. None of the 11 agraphic
subjects with prerolandic lesions improved, while out of 12 patients with postrolandic
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lesions, seven recovered fully and four remained impaired, writing only on dictation (15). 
Left posterior cerebral artery infarcts and occipital hemorrhages can cause hemialexia 

and visual-form alexia (pure or without agraphia). The prognosis for reading recovery in 
the latter is limited, in particular in patients with large infarcts involving the splenium of
the corpus callosum. Initially patients use a letter-byletter strategy, and if they improve 
they start using the whole word visual form recognition system, but this process remains
slow and often inaccurate, with frequent visual errors and confabulation of the right half
of the words. Very few patients improve enough to be able to read a book or a
newspaper.  

In temporoparietal alexia, patients usually recover the comprehension of written single 
words, but reading aloud and text comprehension remain impaired. In some cases of
transcortical aphasia reading words aloud can become normal but without comprehension
of their meaning. Of the three types of central alexia, deep dyslexia occasionally resolves
into phonological dyslexia, as semantic errors decrease during recovery. This may be due
to gradual recovery of the semantic reading route or a partial recovery of the
phonological route, which would inhibit the production of semantic paralexias (152). 
Small et al. (153) studied with fMRI a patient with phonological dyslexia before and after 
treatment. The patient became able to read nonwords and functional words, preferring a
decompositional sublexical strategy. Meanwhile the main activated area shifted from the
left angular gyrus to the lingual gyrus. 

VI. RECOVERY FROM AGNOSIA AND BALINT’S SYNDROME  

There is almost no systematic information on the prognosis of visual agnosia and Balint’s 
syndrome and its components, namely optic or visuomotor ataxia. The prognosis of
visual agnosia is worse in the case of bilateral lesions and for the apperceptive than for
the associative type of visual agnosia. Apperceptive visual agnosia often results from the
improvement of cortical blindness. Associative visual agnosia can evolve favorably to
include only certain classes of stimuli, such as colours or faces, or to misnaming of visual
presented objects, so-called optic aphasia (154). Similarly in color agnosia, color-naming 
defects take longer to recover than the ability to match seen color to color name given
verbally (155). A visual-speech disconnection syndrome is reported of a patient with 
optic aphasia, agnosia alexia, and color anomia (154). 

Prosopagnosia after a unilateral RH lesion is usually transient (99). Persistent 
innability to recognize familiar faces is in general secondary to bilateral lesions. 

Optic ataxia, even when prominent in the first day after stroke, usually recovers
quickly (156) and has no long-standing functional impact. Complete Balint’s syndrome 
when it persists for a few weeks is usually persistent and disabling, although some
patients may show some improvement with rehabilitation (157). 

VII. RECOVERY FROM DISORIENTATION  

Disorientation regarding time, location, or identity is common in acute stroke patients.
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Wade et al. and Desmond et al. (158, 159) found that 41% of acute stroke patients were 
disoriented 7–10 days after stroke and 39 patients remained disoriented 3 months later.
Disorientation was associated with severe hemispheral stroke syndromes. Disorientation
was an inaccurate marker of dementia or deficits in memory or attention, but intact
orientation suggests that cognitive functions are likely to be preserved. In the
Copenhagen Stroke Study (160) impaired orientation was found in 23% of alert 
nonaphasic patients on admission and in 12% of the survivors after complete
rehabilitation. A stationary level of orientation was achieved by 80% of the patients
within 2 weeks and by 95% within 6 weeks. Stroke severity and comorbidity were
independent determinants of disorientation on admission. Lesions of the anterior or
medial thalamus and of any of the cerebral lobes were associated with impaired
orientation. Decreased orientation at 6 months still exerted a marked negative influence
on ADL and social functions (160). 

VIII. RECOVERY FROM AMNESIA  

Medial temporal posterior cerebral artery infarcts, thalamic and caudate infarcts and
hemorrhages, capsular genu infarcts, and intraventricular and subarachnoid hemorrhages
can produce amnesia. Little systematic information exists on the follow-up of patients 
who suffered from memory impairment following strokes in those sites. 

After temporal infarcts the recovery of memory can be almost complete or fair if the
lesion is unilateral, but the prognosis is ominous when the damage is bilateral. Memory
loss can then be very severe and permanent, leading to dependency in everyday life.
Bilateral PCA infarcts are one of the mechanisms of “focal” or “strategic infarct” 
vascular dementia (161). 

Although not all authors would agree (162), amnesia is considered to be more severe 
and stable after polar than after dorsomedial thalamic infarcts (163), owing to the 
simultaneous lesion of the mammillothalamic tract, the anterior thalamic nuclei, and its
projections to the frontal lobe. After dorsomedial infarcts memory impairment is usually
transient, unless the lesion extends rostrally to include the mammillothalamic tract, the
ventral portion of the laminamedullaris interna (164), or the inferior thalamic peduncle, 
which includes the ventral amygdalofugal pathway (165). After unilateral infarcts 
memory disturbances usually show considerable recovery, but occasionally the defect
persists (166). After dorsomedial infarctions abulia followed by memory impairment is 
the dominant residual symptom, often preventing return to work (167). Patients with 
bilateral lesions have a more severe and long-lasting memory defect. Bilateral 
paramedian thalamic infarcts are another form of strategic infarct vascular dementia. In
caudate lesions abulia and “frontal lobe-like” abnormalities predominate over mem-ory 
troubles (168). Confusion and memory loss due to infarct of the inferior capsular genu is
also considered a strategic infarct form of vascular dementia. However, the
neuropsychological defects improve with time and patients are left with minor residual
cognitive and moderate memory troubles that do not in general interfere with previous
lifestyle (123). Mild memory problems remain in about 30% of the survivors of primary 
intraventricular haemorrhage (169). They display a learning defect more important for
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novel words or associations (170). 

A. Recovery of Cognitive Functions after Stroke  

The prognosis of cognitive deficits and dementia associated with stroke was investigated
longitudinally in a few studies. The prevalence of cognitive impairment 3 months after
stroke ranges from 35% (171) to 70% (172). The more frequently impaired domains are
memory, orientation, language, and attention (171), visuospatial and visuoconstructive 
tasks, arithmetic, and speed of information processing (172). Cognitive impairment was 
associated with major cortical syndromes and infarctions in the left anterior and posterior
cerebral artery territories in one study (171) and with hemorrhagic strokes, left 
hemisphere lesions, female sex, and presence of aphasia in another (172). 

The prevalence of dementia observed 3 months after the stroke varies between 14% 
(173) and 32% (174) and has been associated with: (1) stroke-related factors such as 
major stroke syndromes (174), stroke location and vascular territory (175), presence of 
aphasia (173), and confusional state in the acute phase (176); (2) vascular risk factors like 
diabetes (173) and prior stroke (175, 177); (3) host characteristics such as higher age, 
lower education (174–178), nonwhite race (175, 178), and preexisting dementia (179). 

Table 1 shows recent studies that used comprehensive neuropsychological batteries to
assess cognitive functions on at least two evaluations after stroke (176,180–183). In these 
studies the prevalence of cognitive impairment at baseline ranged from 32% to 35%,
while dementia was observed in 6–33% of the patients. Improvement in cognitive
functions occurred in 21–36% of the patients in the first year and the risk of dementia
seems to be lower in subsequent years. No improvement or cognitive decline was
associated with diabetes, reinfarction, acute confusional state, and presence of aphasia.
Improvement in some cognitive domains was associated with major hemisphere stroke
syndromes. 

B. Recovery of Cognitive Deficits after Specific Types of Stroke  

The pattern of cognitive deficits after the stroke is not homogeneous and varies according
to the location, number, size, and pathophysiology of the brain insult.  

Table 1 Follow-up Studies on Cognitive Impairment After Stroke 

Author SampleFollow-
up 

Long-term 
cognitive 

impairment

Impairment 
criteria 

Frequently 
impaired 
cognitive 
domains 

Associated 
factors for 
cognitive 

impairment 
in the first 
evaluation

Predictive factors
improvement/decl

on follow-up 

Desmond 
et al., 
1996 

1513, 12, 
24, 36 
months 

Generalized 
cognitive 
impairment 

DSM III-R 
modified 

Memory;a 
orientation,a 
visuospatial 

  Improvement on the
first year is associat
with left hemisphere
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found in 
35% at 
baseline. 

function,a 
attention,a 
Ianguage,a 
and abstract 
reasoning 

infarction and major
hemisphere syndrom
Diabetes mellitus 
associated with 
difficulty to improv

      Improvement 
in first year: 
36% 

    

Andersen 
et al., 
1996 

1031, 6, 12 
months 

General 
intellectual 
impairment: 
32% 1st 
month; 26% 
6th month; 
26% 12th 
month. 

Cut-off 
score of 
2SD below 
the mean of 
a population 
sample in 
the MDRS 

Attention, 
initiation, 
perseveration, 
construe-tion 
ability, 
memory,a 
and abstract 
reasoning 

Age; lower 
prestroke 
social and 
physical 
activities 

Decline of cognitive
functions associated
with reinfarction 

      Recovery         
      Improvement 

in the three 
evaluations: 
16% 

        

Treves et 
al., 1997 

158 3, 6, 
12, 24, 
36 
months 

Dementia DSM-III-R Not 
specified 

Less 
schooling; 
atrial 
fibrillation; 
diabetes 
mellitus 

Decline 
associated 
with acute 
confusional 
state and 
aphasia 

  0.29% 1st 
year; 

    

      1.3–3.4% 
subsequent 
years 

    

Hénon et 
al., 1999 

110 6, 12, 
24 
months 

Dementia DSM-IV, 
NINCDSADRDA, 
NINDSAIREN 

Not 
specified 

Poststroke 
dementia 
associated 
with 
preexisting 
cognitive 
decline 

  

  6 months: 
33% (31% 
preexisting 
dementia) 

    

      12 months: 
32% (36% 
preexisting 
dementia) 

        

      24 months: 
27% (32% 
preexisting 
dementia) 

        

Madureira 
and Ferro, 

148 3, 12 
months 

Dementia NINDS-AIREN Verbal 
fluency, 

Cognitive 
decline 

  

  3 months:     
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Following unilateral strategic infarcts (thalamic, capsular genu, anterior cerebral artery,
or posterior cerebral artery) considerable improvement occurs, but bilateral strategic
lesions usually cause nonreversible dementia. 

By definition, single lacunar infarcts do not produce clinically apparent cognitive
deficits. In a long-term follow-up of a cohort of patients with lacunar infarction, using the
Mini-Mental State Examination, Loeb et al. (184) found that 23% of the patients 
developed dementia. Recurrent stroke was the strongest associated factor. Guerreiro et al.
(185), using a comprehensive cognitive battery to assess 66 patients with first lacunar 
infarction, found only one demented patient on the baseline evaluation (3 months). At the
first year 4.3% of the patients were demented but by the third year, none of the evaluated
patients was demented. Thus, the risk of long-term cognitive impairment appears to be
low after a single lacunar infarct, but increases after recurrent strokes. 

In a 2-year follow-up study of 55 patients with intracerebral haemorrhage, Guerreiro et 
al. (186) found dementia in 5% of the patients at the first year and other types of
cognitive impairment in 51%. At the second evaluation improvement was observed in
15%. Aphasia in the acute phase, previous functional deficit, and the severity of
neurological deficits were predictive factors for cognitive decline. 

Subtle cognitive and behavioral impairments are common in subarachnoid 
haemorrhage (SAH) patients, even in the absence of other neurological deficits. Rupture
of anterior communicating artery aneurysms (ACoA) can be associated with amnesia,
confabulation, and personality changes referred as “ACoA syndrome” (187). The pattern 
of cognitive deficits in these patients may differ according to the lesion site. Irle et al.
(188) showed that patients with combined lesions in the basal forebrain and striatum or
basal forebrain, striatum, and ventral frontal cortex had severe memory deficits while
patients with basal forebrain or striatum lesions alone had no deficits. Emotional changes
were most pronounced in patients with striate lesions alone. Böttger et al. (189) also 
found different patterns of cognitive deficits in ACoA aneurysm patients: memory

1999 6% motor 
initiative, 
memory,a 
orientation,a 
and 
lang age

associated 
with higher 
age and 
low 
education 
le el

      12 months: 
6% 

    

      Recovery     

      Improved: 
21% 

        

      Stabilized: 
64% 

        

DSM=Diagnostic and Statistical Manual of Mental Disorders; MDRS=Mattis Dementia Rating 
Scale; NINCDS-ADRDA=National Institute of Neurological and Communicative Disorders and 
Stroke-Alzheimer’s Disease and Related Disorders Association; NINDS-AIREN=National 
Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et 
l’Enseignement en Neurosciences. 
a Cognitive domains that were significantly improved in the second evaluation. 
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deficits, executive function deficits, and attentional deficits. Memory and attentional
disorders had a better prognosis. 

Cross-sectional studies are the most frequently used method for long-term evaluation 
of patients surviving an acute SAH. In these works there is a wide variation in the
interval from the bleeding to the evaluation of individual patients. The prevalence of
cognitive impairment in patients with good neurological recovery after SAH varies
between 30% (190) and 83% (191), depending on the number of cognitive impaired 
functions considered. Frequent impairment is observed in memory, visuospatial and
visuoconstructive abilities, conceptualization, attention, orientation, and cognitive speed.
Cognitive impairment has been associated with a number of clinical factors such as
aneurysm location (190), late surgery (192), worse neurological condition on admission
(193), and severity of the initial bleeding (194). However, age seems to be the most 
crucial determinant for cognitive impairment (190, 191, 194, 195). Regarding 
longitudinal studies, McKenna et al. (196) compared SAH patients with and without 
neurological deficits at discharge, 3 and 12 months after the event. Residual confusion
and generalized impairment in cognitive functions were seen in both groups at discharge.
At 3 months patients with no neurological deficits were almost recovered, and at 1 year
no evidence of cognitive deficits was found in this group of patients. Long-term 
impairment was associated with neurological deficits at discharge. MauriceWilliams et al.
(197) assessed SAH patients before surgery, at discharge, and 1 year after. Four of the
five patients (18.5%) who worsened considerably on the postsurgery psychometric
assessment recovered at 1 year. Cognitive impairment was related to postsurgery
complications such as delayed ischemia or hydrocephalus. However, residual
psychological symptoms, such as irritability, forgetfulness, depression, dizziness, and
headaches, were mentioned by 52% of the patients. 

Ogden et al. (198), in a prospective study of 89 SAH patients, showed that notable 
improvement in verbal memory occurred in more than 80% of the patients 10 weeks after
the SAH and continued to improve throughout a 12-month period. In contrast, nonverbal 
memory deficits were more frequent and persistent for 47% of the patients. Patients who
showed mild or severe deficits in tests requiring sustained attention, psychomotor speed,
and mental flexibility had no significant improvement at 12 months. The presence or site
of the aneurysm was not associated with long-term cognitive impairment. The best
predictor of impairment at follow-up was a poor grade at discharge. Germanò et al. (199) 
studied a group of patients enrolled according to the following criteria: age between 18
and 60 years, Hunt and Hess grade≤2, no intracerebral or intraventricular bleeding,
single aneurysm, early surgery, and no symptomatic vasospasm. In these patients they
found no cognitive or emotional disturbance 1 year after the surgery. 

Nonaneurysmal SAH patients are reported as having better outcome compared with
aneurysmal SAH patients (200–202). Hütter et al. (203) found that patients with 
nonaneurysmal S AH scored worse in attention tests than aneurysmal SAH patients.
Germanò et al. (204) found no significant long-term alterations after nonaneurysmal 
SAH. In summary, after SAH memory, orientation, attention, or subtle language
disturbances have better prognosis than executive functions or visuospatial disabilities.
Recovery occurs predominantly between the third and twelfth months. Subtle emotional
effects may last longer. 
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Prospective studies to evaluate the course of cognitive impairment after different stroke 
types are needed to understand the mechanisms related to cognitive recovery and to
identify the determinants of lack of improvement or deterioration, including prevalent
subcortical white matter changes and “assympto-matic” degenerative dementia. It is 
important to stress that some poststroke cognitive impairment and dementia diagnosed in
early stages of recovery (i.e., 3 months) are expected to improve in a substantial
proportion of patients.  
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I. INTRODUCTION  

Mood disorders are frequently seen in stroke patients. Symptoms or signs of depression
and anxiety occur at any time after stroke in about 20–60% of patients (1–4), and have a 
negative impact on the functional outcome. The phenomenon is even more important
because of the high incidence and cost of disability of stroke. 

From a theoretical point of view, stroke is an excellent field of research for mood 
disorders in terms of anatomicoclinical correlations, as poststroke depression is a very
frequent disorder. High-resolution MRI techniques permit precise localization. In 
addition, advances in functional neuroimaging have allowed the visualization of brain
activity during mental and motor tasks, making it possible to identify the involvement of
cerebral regions that are distant from the lesion, but still part of the neural networks
underlying a specific behavioral function. Thus, stroke is a highly innovative field of
investigation of human behavior and, despite methodological diversity, will soon become
a field of convergence for the disciplines of neurology, neuropsychology, psychology,
and psychiatry (5). 

Although the anatomicoclinical correlations of most neurobehavioral syndromes
occurring in stroke are now recognized, the etiopathology and prognosis of poststroke
mood disorders are still not completely understood (6). Many complicated factors are 
involved: these include the possibility of different subgroups with different etiologies for
the same mood disorder; differences in the methods used for diagnosis; the location of the
lesion; the poststroke delay; cognitive and physical impairment; the presence of aphasia,
anosognosia, motor aprosody, amnesia, fatigue, apathy, catastrophic reaction,
emotionalism, indifference reaction, loss of self psychic autoactivation, or dynamic
psychological reactions to the disease itself; and the role of neurorehabilitation and
behavioral or pharmacological treatments. 

Neurocognitive approaches (i.e., the study of specific cognitive functions by means of
double dissociation in a single patient with different lesions and/or the study of all the
subgroups of functions constituting a normal function) are therefore of limited value in
this field. The complexity of behavioral and cognitive symptoms and the marked
interpatient variation in clinical expression also limit the use of protocol paradigms in
functional neuroimaging. The physiological neural systems processing mood regulation
and the neurotransmitters involved are only partially known, and there are no biological



markers for diagnosis or experimental models. As a result, the best current approach to
investigating mood disorders in stroke is to use very large populations in clinical studies
with univocal diagnostic criteria, extensive neuropsychological measurements, and valid
statistical analysis. 

Many such studies (about 300 in the past 30 years) have been performed; however,
because of methodological limitations and differences, the results have been
contradictory and difficult to interpret, and at present, the data are not conclusive. 

In this chapter, we critically summarize current knowledge on depression, anxiety, 
mania, and psychosis developing after stroke. 

II. DIAGNOSIS OF MOOD AND BEHAVIOR CHANGES AFTER 
STROKE  

The diagnosis of mood disorders associated with stroke and/or with other chronic medical
conditions is largely based on structured interviews using DSM-IV diagnostic criteria 
(American Psychiatric Association, 1994). The difference between DSM-III and DSM-IV 
criteria for poststroke mood disorders is that in the DSM-IV definition, stroke is 
considered the causal factor of the mood disturbance (DSM-IV 310.1). The ICD-10 
diagnostic criteria (World Health Organization, 1993) for an organic depressive disorder
are comparable to those in DSM-IV. The DSM-IV diagnostic criteria for mood disorder 
due to a general medical condition are summarized in Table 1. 

It is still a subject of controversy whether poststroke depression (“organic depression”) 
and endogenous depression are the result of dysfunction of the same cerebral areas and
whether the behavioral signs and subjective symptoms of both conditions are equivalent
(7) or at least partially different (8). In endogenous depression, the “nonreactive” or 
“unmotivated” (possibly biologically deter  

Table 1 DSM-IV Diagnostic Criteria 

Mood disorder due to a general medical condition, mood-incongruent delusions or hallucinations, 
or disorganized speech. The essential feature is a prominent persistent mood judged to be due to 
the direct physiological effects of a general medical condition. 

Subtypes    

I. With depressive features—the predominant mood is depressed, but not all criteria for a 
major depressive episode are met 

II. With major depressive-like episodes 

  A. At least five of the following symptoms are present over at least a 2-week period; 
at least one of the symptoms is either (1) a depressed mood or (2) loss of interest or 
pleasure 

    1. Depressed mood most of the day 

    2. Markedly decreased interest or pleasure 
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mined) aspects (e.g., feelings of worthlessness, guilt, and suicidal ideation) and morning
aggravation prevail, while in poststroke depression, anxiety, diurnal mood fluctuation,
and the “motivated” or “reactive” aspects (e.g., low mood, reduced appetite, and anergia)
are prevalent (9). The motivated aspects are probably the expression of a psychological 
reaction to functional impairment consequent to the stroke itself (9). The Post-Stroke 
Depression Scale, developed to define a behavioral profile specific to depression in
stroke and to differentiate it from endogenous depression (10), is a useful tool for 
recruiting more homogeneous samples of patients in clinical studies. Despite different
behavioral profiles, the experimental and clinical data indicate that the two forms of
depression share the same neurotransmitter and metabolic dysfunction (serotoninergic),
the same response to specific antidepressant drugs (serotonin reuptake inhibitors), and,
possibly, dysfunction of the same cerebral regions (see below).  

Differentiating between “major” and “minor” forms of depression is another aspect of
great clinical relevance. The symptoms of “major depression” include low mood, 
insomnia or hypersomnia, reduced appetite, weight loss, anergia, psychomotor
retardation, difficulty in concentrating, forgetfulness, anhedonia, loss of interest in sex,
feelings of worthlessness, pathological guilt, and recurrent thoughts of death or suicide.
The DSM-IV diagnosis of a “major depressive-like episode” is based on the existence of 
five or more of these depressive symptoms, two of which must be a depressed mood and
a loss of interest and pleasure in almost all activities. “Minor depression” is defined as a 
less severe form of depression with the presence of two, but fewer than five, of the
symptoms of major depression and including either a depressed mood or loss of interest.
The DSM-IV distinction between major and minor depression seems reasonable and
clinically adequate in both stroke patients (11) and endogenous depression. It is uncertain 
whether the two forms of depression correspond to different etiologies and outcomes. 

The distinction between major and minor forms of poststroke depression has been 
debated in terms of the “continuum” versus the “categorical” hypothesis. The continuum 
hypothesis considers that in stroke patients, major and minor depression are two

    3. Significant weight loss or weight gain 

    4. Insomnia or hypersomnia 

    5. Psychomotor agitation or retardation 

    6. Fatigue or loss of energy 

    7. Feelings of worthlessness or excessive or inappropriate guilt 

    8. Diminished ability to think or concentrate 

    9. Recurrent thoughts of death 

  B. Distress or impairment of social, occupational, or other functioning 

  C. No bereavement 

III. With manic features—the predominant mood is elevated, euphoric, or irritable 

IV. With mixed features—symptoms of both mania and depression are present, but neither 
predominates 
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expressions of the same disease, which are differentiated by the severity of symptoms on
a continuous gradient (10). This continuity may correspond to the same psychological 
reaction, varying only in its intensity according to the degree of the functional
consequences of stroke. The continuum hypothesis has a psychodynamic foundation and
is less congruent with neurochemical or anatomicoclinical models. The categorical
hypothesis considers that the major and minor forms of poststroke depression are two
syndromes with different etiologies, different outcomes, and different implications for
therapeutical interventions (12), and has been mainly advanced to support a 
localizationist model. 

DSM-IV diagnostic criteria for behavioral or personality changes due to general 
medical conditions are summarized in Table 2. 

A. Scales and Questionnaires  

In the absence of biological markers, clinical studies must rely on the use of scales and
questionnaires for diagnosis and reporting symptoms of poststroke mood disorders, all of
which have limitations. 

Cutoff scores, indices of reliability, and the validity of the scales and the questionnaires
for mood evaluation conforming to the DSM-III or DSM-IV criteria are summarized in 
Table 3. 

The use of checklist behavioral questionnaires (Table 4) can also be proposed for 
predicting an organic pathology in psychiatric patients, even though psychiatric patients
without organic mental disorder are expected to show some impairment in one or more of
the scale items.  

Table 2 DSM-IV Diagnostic Criteria for Personality Change due to a General Medical 
Condition (310.1) 

A. A persistent personality disturbance that represents a change from the individual’s previous 
characteristics personality pattern 

B. There is evidence from the history, physical examination, or laboratory findings that the 
disturbance is the direct physiological consequence of a general medical condition 

C. The disturbance is not better accounted for by another mental disorder, including other Mental 
Disorders due to a General Medical Condition 

D. The disturbance does not occur exclusively during the course of a delirium and does not meet 
criteria for a dementia. 

E. The disturbance causes clinically significant distress or impairment in social, occupational, or 
other important areas of functioning. 

Specify type: Labile Type: the predominant feature is affective lability. 

Dysinhibited Type: the predominant feature is poor impulse control as evidenced by sexual 
indiscretions, etc. 

Aggressive Type: the predominant feature is aggressive behavior. 
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B. Diagnosis of Mood Disorders in Patients with Aphasia and Other 
Neurocognitive Syndromes  

The neurobehavioral sequelae of stroke syndromes, such as aphasia, indifference or
denial, and cognitive impairment, compromise the validity of patients’ answers to the 
scales. Even when language and attentive functions are not involved, patients may still
fail to respond in a reliable fashion to standardized tests, such as the Neurobehavioral
Cognitive Status Examination (50) or the Visual Analogic Mood Scales (42). Tests to 
check the validity of replies in interviews are rarely performed. Even patients without
cognitive deficits who show dramatic improvement of hemiplegia after thrombolysis
seem unaware of the severity of the initial neurological impairment and, surprisingly,
sound unemotional (51). 

Caution in the use of rating scales is also required, since patients might be more
sensitive to the stressor event of stroke than affected by depression and anxiety (52). For 
these reasons, the evaluation of mood disorders in stroke requires standardized
neurological and neuropsychological measurements to assess response reliability of stress
levels. The presence of misleading neurological and neurocognitive conditions (Table 5) 
should also be carefully evaluated.  

Apathetic Type: the predominant feature is marked apathy and indifference. 

Paranoid Type: the predominant feature is suspiciousness or paranoid ideation. 

Other Type: the predominant feature is not one of above. 

Combined Type: more than one feature predominates in the clinical picture. 

Table 3 Methods for Assessment of Mood Disorders 

Questionnaire 
(abbreviations) 

Scoring Comments 

Hamilton Depression 
Rating Scales (HDRS): 17 
or 21 Items versions [13–
15] 

>25: severe depression Most widely used 

18–24: moderate 
depression 

Self-rating 

7–17: mild depression In stroke patients, cut-off of 8 or 10 

  0–6 no depression   

Beck Depression 
Inventory: 21 Items (BDI-
II) [16–18] 

0–13: minimal, or no, 
depression 

Most widely used 

14–19: mild depression Self-rating 

  20–28: moderate 
depression 

Symptoms of sadness, loss of pleasure, 
guilty feelings, vegetable signs. Good 
correlations with HDRS (0.7). It could be 
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  29–63: severe depression implemented by HDRS for somatic 
items. 

Hospital Anxiety and 
Depression Scales: 14 
Items (HAD) [19; 20; 21] 

Depression: 8–10 doubtful 
cases, 11 et>11: 
depression 

Self-rating. Easy for the patients. 
Excellent validity compared to HDRS. 

  Anxiety: 8–10 doubtful 
cases, 11 et>11: anxiety 

  

General Health 
Questionnaire: 28 Items 
(GHQ-28) [19; 22; 23] 

Score>12: presence of a 
psychiatric disorder. 

No significant differences in stroke 
patients between the GHQ-30 and the 
HAD Scale in identifying depression or 
anxiety disorders but cut-off could be 
suboptimal. 

  4 subscales. 1) somatic 
symptoms, 2) anxiety and 
insomnia 3) social 
dysfunction 4) severe 
depression. 

  No specific for diagnostic 
syndromes 

  

Geriatric Depression 
Scale (GDS): 30 Items 
[20; 24–26] 

11–30: depression More useful in geriatrci populations. It 
de-emphasizes somatic symptoms. 

Zung Self-Rating 
Depression Scale 
(ZSRDS) (27) 

  Useful in patients with neurologic 
disorders, smilar to BDI and CES-D. 

Post-Stroke Depression 
Scale (PSDS) [10] 

No cut-off scores, but 
symptomatic profile 

It detects: depressed mood, feelings of 
guilt, thoughts of death and suicide, 
vegetative disorders, apathy, anxiety, 
catastrophic reactions, emotionalism, 
anhedonia, diurnal mood variations. 

Center for 
Epidemiologic Studies 
Depression Scale (CES-
D): 20 Items [28–30] 

Score>16: depression Self-rating 

  Correlation with HDRS: 0.44–0.69. No 
influence of sex, age, race, education. 

    It could be difficult to discriminate 
major depression and generalized 
anxiety. 

Goldberg Anxiety and 
Depression Scales 
(GADS): [31; 32] 

Nine questions Useful as screening measures in 
medical setting for anxiety or 
depression but lacks specificity for 
each disorder. 

Montgomery-Asberg 
Depression Rating Scale 

Cut off of 35 to separate 
moderate from severe 

Significant correlation with the HRDS. 
Its capacity to differentiate between 

Mood changes and disorders after Stroke     175



(MADRS): 10 Items [33, 
34] 

depression responders and nonresponders to 
antidepressant treatment may be better 
than the HRS, showing a greater 
sensitivity to change. 

Neurobehavioral 
Cognitive Status 
Examination (NCSE): 
10 scales. [35–37] 

Score between 10 and 40. 13 
was optimal for discriminating 
between patients with organic 
mental disorder and those 
without the disorder. 

Useful as screening tool. 

Visual Analogic Mood 
Scales (VAMS) [18; 38–
42] 

No cut off scores: continuous 
variables. 

Vertical lines version to avoid bias due 
to hemineglect. Especially constructed 
for patients with language 
disturbancies. 

    The utility of these scales in stroke 
patients is debated [38; 39; 42] 

Stroke Aphasic 
Depression 
Questionnaire: 10 Items 
(SADQ) [43] 

Specific for aphasic patients Validity: 0.32–0.67 with HDRS 

Modified Analogue 
Dysphoria Scale 
(MADS) [40] 

Specific for patients with 
severe language disturbances. 

Sleep and eating disturbances 
measured by using both self-report and 
nursing assessments. 

Table 4 Methods for Assessment of Behavior Disorders 

Questionnaire 
(abbreviations) 

Scoring Comments 

Neuropsychiatric 
inventory (NPI) [44; 45] 

Domain-specific scores (delusions, 
hallucinations, agitation/aggression, 
dysphoria, anxiety, euphoria, apathy, 
disinhibition, irritability/lability, aberrant 
motor activity, nighttime behavioral 
disturbances, appetite and eating behaviors). 

Structured caregiver 
interview 

  Useful for behavioral 
changes in dementia 
syndromes, 

Neurobehavioral 
Cognitive Status 
Examination (NCSE): 
10 scales [35–37] 

Score between 10 and 40. 13 is optimal for 
discriminating between patients with organic 
mental disorder and those without the 
disorder. 

Useful as screening tool 
for cognitive impairment 
in psychiatric or medical 
setting. 

Neurobehavioral Rating 
Scale: 27 subscales [46] 

Subscales score (cognition/energy, 
metacognition [self-appraisal, planning, 
disinhibition] somatic conern/anxiety, 
depression, language, orientation, memory, 

Self-report. Used in 
closed head injury 
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reasoning, attention etc…) 

Neuropsychology 
Behavior and Affect 
Profile: 106 statements 
[47] 

Five scales: inappropriateness, indifference, 
depression, pragnosia (defect in 
communicative style), mania. It has questions 
to break the tendency of the patient among 
the scales. 

Structured informant 
interview. Studies on 
patients with dementia 
and stroke, 

Frontal behavioral 
inventory: 24 Items [48] 

Operational definition with a minimal score 
of 27 for psychopathological diagnosis. Score 
range: 0–72. Evaluation of apathy, 
perseveration, inappropriateness, utilization 
behavior etc. 

Informant interview. 
Used to enhance 
diagnosis of Frontal 
Lobe Dementia. 
Promitting for patients 
with focal brain lesions, 

Revised Memory and 
Behavior Problems 
Checklist: 24 Items [49] 

3 first-order factors: memory-related, 
depression, and disruptive behaviors, and 1 
general factor of behavioral disturbance. 

Questions to caregiver 
and patient: empirical 
assessment of behavior 
problems in dementia 
patients. 

Table 5 Diagnostic Confounders of Depressive Syndromes After Stroke 

1) Indirect 

Common to many severely ill hospitalized patients 

  Controlled appetite (e.g., NPO and tube feeding) 

  Frequently awakened 

  Confined to bed 

  Delirium (acute confusional states) 

Of special concern in stroke patients 

  Immobility (potential confusion with apathy) 

  Dysphagia (interferes with eating habits) 

  Slurred speech (and resultant miscommunication) 

2) Direct 

  Aphasia 

  Amnesia and cognitive impairment 

  Anosognosia and denial of depressive signs 

  Aprosody 

  Neurological apathy syndromes 

    Isolated abulia/apathia 
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Most studies have excluded patients with language disturbances as their emotions, 
behavior, and mood changes cannot be reliably tested by verbal examination. Very few
authors have considered the real effect of this methodological limitation by reporting the
number of excluded patients and calculating its effect on the variances of the statistical
analysis. Fedoroff et al. (53) suggested that the exclusion of aphasic patients did not 
significantly affect the results of their studies supporting a localizationistic model, but
Gainotti et al. (54) showed that if the statistical analysis took into consideration those
patients who could not be assessed or who could only be evaluated by nonverbal mood
measurements, the role of lesion location might not be significant. 

Various scales and questionnaires have been constructed and tested to objectify mood
changes in patients with aphasia. The Stroke Aphasic Depression Questionnaire (43) and 
a modified Analogue Dysphoria Scale (40) make it possible to report, together with
verbal items, vegetative and other symptoms independently of language ability (i.e.,
eating and sleep disturbances). These scales show a good validity compared to other
standard mood disorder questionnaires, especially the HRDS. The Visual Analog Mood
Scales (VAMS) assess mood (sad, happy, tense, afraid, tired, energetic, confused, and
angry) on a 10-cm vertical line (to avoid neglect effects) with two pictures at the bottom 
(e.g., a smiling and a sad face for happiness and sadness). Some studies (38, 39) have 
demonstrated their validity as standardized measurements, while others have criticized
their utility because their administration is not completely independent of linguistic cues
and the test-retest variability may be surprisingly great, even for short time intervals (42). 

Anosognosia and denial are neurological conditions, generally consequent to right
hemispheral lesions, that involve self-perception at a primitive and nonconscient level 
and have no apparent relation with mood disorders. Anosognosia is the patient’s inability 
to recognize, with different degrees of severity, his own neurological deficit (i.e.,
hemianopsia, motor paresis, dysarthria, and sensory loss). Although the distinction with
anosognosia is not always retained, denial is more dependent on the observer’s 
interpretation of the patient’s behavioral response to the disease and its consequences,
and does not focus on single neurological deficits. The type of interview can influence
both the degree of anosognosia and denial. 

    Loss of psychic auto-activation 

    Frontal lobe syndrome 

    Klüver-Bucy syndrome 

    Korsakoff’s syndrome 

    Poststroke fatigue 

  Special behavioral syndromes 

    Emotional lability or emotionalism 

    Catastrophic reaction 

  Dementia 

  Pseudobulbar syndrome 
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There are reports that patients with anosognosia and denial express behavioral 
correlates of depression (overt sadness, passivity, or vegetative symptoms), although they
might deny mood changes, as they do with neurological deficits (55, 56). Thus, 
anosognosia and neglect might surprisingly coexist with major depression, which
supports a theory of depressive diseases as general arousal-attentional disorders (57). 
Specific scales and questionnaires (58) must be used to assess anosognosia and denial in
patients with right-hemispheric lesions who are evaluated for mood disorders. 

Emotional dysprosody, consequent to right-hemispheric or basal ganglia lesion, is the 
impaired ability to give expressional tone modulation to oral language. While talking,
patients with dysprosodia give the impression of a lack of affection and are, therefore,
considered depressed, even when they are not. Emotional dysprosody, which is often
associated with impairment of facial emotion recognition and with anosognosia, must,
therefore, be clearly distinguished from poststroke depression. The caregiver’s replies to 
interview questions should be carefully evaluated to check whether the patient has
features of dy sprosody, rather than of depression. Detailed testing of emotional
dysprosody is provided by the Recognition of Facial and Vocal Expression of Emotion
Test (59). A test that can be used for bedside screening is the repetition of a sentence
(e.g., I’m going to the cinema) in happy, sad, angry, or indifferent tones of voice, while
judging the patient’s ability to match the examiner’s affective quality. 

Patients with amnesia or cognitive impairment can provide unreliable responses to 
mood questionnaires and may also react with negative feelings because of inability to
cope with tasks. A clinical assessment of stroke patients for mood disorders requires a
complete neuropsychological evaluation, including memory testing (word and sign lists)
and executive functions (i.e., Stroop test, inhibition of inappropriate responses, and Luria
gestural sequences), and must include the examiner’s clinical judgment regarding the 
reliability of a patient who shows memory or cognitive impairment. 

In about 20–25% of cases, patients with stroke complain of fatigue or apathy, and 
these symptoms can contribute to functional and cognitive impairment (60, 61). 

Apathy is defined as a lack of motivation not attributable to a reduced level of 
consciousness, cognitive impairment, or emotional distress, which manifests as flat
affect, short and delayed answers, hypophonia, reduced motor responses, fixed and blank
face, perseverations, and lack of awareness of the situation. Apathy and depression are
related dimensions of behavior, but can be distinguished. Apathy is related to disruption
of frontosubcortical pathways at various anatomical sites, such as the right dorsolateral
frontal and left frontotemporal regions (62), the cingulate gyrus (63), and the posterior 
limb of the internal capsule (60). Structured interviews, such as the Apathy scale (61) and 
the Apathy Evaluation Scale (64, 65), can help in the diagnosis of apathy and in
distinguishing it from depression. 

Fatigue problems are reported by up to 70% of stroke patients, even at a considerable
time after stroke (66), and can have a great impact on cognitive, physical, and social
functions, and on rehabilitation. Fatigue is frequently independent of depressive feelings,
neurological deficits, and lesion location. The Fatigue Impact Scale can be an useful tool
in characterizing this symptom and its causes (66). 

Loss of self-autopsychic activation (or athymormia) is a behavioral syndrome distinct 
from depression, characterized by apathetic, aspontaneous, indifferent behavior with loss
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of motor and affective drive, due to lack of motivation. In contrast to depression, it is
reversible under repeated stimulation. Athymormia, which can be assessed by special
interviews (67), is generally consequent either to ischemic focal lesions (68, 69), such as 
subcortical lesions (70) involving, often bilaterally, the rostral part of the caudate 
nucleus, the pallidum, the putamen, the thalamus (71), and the gyrus cinguli, or to 
disseminated cortical and subcortical lesions, as in the case of antiphospholipid syndrome
(personal observation). 

The diagnosis of apathy, fatigue, and athymormia and their distinction from mood 
disorders is necessary to optimize therapy and maximize recovery.  

Emotionalism and catastrophic reactions are other syndromes that can be independent 
of depression in patients with stroke. 

Emotionalism or emotional lability is an increase in the frequency of crying or
laughing that starts with little or no warning. Emotional expression is outside normal
control, with the result that the patient cries or laughs in social situations in which he
would not previously have done so. It affects 15–25% of patients in the first 6 months
after stroke, with a declining prevalence at 1 year (72). It is one manifestation of a more 
general disorder of emotional control occurring after stroke and is often associated with
depression (72–75), although most people with emotionalism are not depressed. The 
scale developed by Robinson et al. (76) is useful for measuring the intensity of
pathological crying and laughing. Emotionalism must be distinguished from the
pseudobulbar syndrome, because the former is provoked by stimuli that seem meaningful
and is common after unilateral strokes. Various locations have been reported, e.g.,
anterior lesions (72) or frontal and temporal lesions (73), but a specific link between 
lesion location and the emergence of emotionalism has not yet been demonstrated. The
underlying abnormalities may be serotoninergic, since some patients respond to
antidepressant medications, such as citalopram (77), fluoxetine (78, 79), or sertraline 
(80). 

Catastrophic reaction (CR), a rare affective disorder following left-hemispheric 
strokes (81, 82), manifests as a disruptive emotional outburst with anxiety, agitation, and
aggressive behavior when the patient is confronted with a task he cannot solve because of
the stroke-induced impairment. In the case of a patient with aphasia, the most frequent 
trigger is a linguistic task. The catastrophic reaction appears to be a specific consequence
of the intense frustration and perceived loss associated with aphasia (generally nonfluent
aphasia). This may explain the reported higher incidence of depression in left frontal or
temporal or subcortical strokes (82). 

C. Observational Methods  

The use of observational methods to diagnose depression can avoid bias in patients’ 
answers. They do not involve interviewing the patient, but instead depend on reporting
apparent behavior (sadness, passivity, crying, isolation, and acts of self-harm) and 
vegetative symptoms (sleep or appetite disturbances, autonomic anxiety, anergia, and
weight loss) (53, 84). 

These methods allow the diagnosis of depression in patients with aphasia or cognitive 
impairment and in patients who deny depression, but are “observed” to be depressed 
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(“nonstandard depression”). 
The Emotional Behavior Index Form (EBIF), a simple observational method that is 

independent of language abilities, has been designed and employ-ed in our center to 
define the emotional profile of patients during the acute phase of first-ever stroke (85). 
The EBIF, completed daily by the stroke unit nurses caring for the patient, consists of 38
rated items in the classes of overt sadness, passivity, aggressiveness, indifference,
disinhibition, and adaptation (Table 6). 

Our experience with this method is that despite a trend correlating overt sadness and
passivity to diagnosis of depression with standard criteria, it does not define an early-risk 
profile of developing mood disorders. Most emotional reactions during the acute phase
may be dissociated from the patient’s subjective experience and could be the
consequence of a psychological reaction to the illness. 

In other studies, the identification of vegetative and behavioral signs of depression, 
together with psychological symptoms, seems not to overdiagnose major depression
compared with the reporting of psychological symptoms alone (53, 86). However, 
vegetative symptoms of depression alone may not make it possible to differentiate
between minor depression and nondepression. Another limitation of the observational
methods is that, for a valid report, the informant must be in very frequent contact with the
patient and, even then, he cannot have a complete understanding of the patient’s internal 
state of mood. 

Finally, the anatomicoclinical origin of, and neurophysiological mechanisms involved 
in, vegetative symptoms are not completely understood. These are frequent symptoms in
patients with stroke or chronic medical illness and may be dissociated from the verbal
symptoms of depression. 

However, to understand the etiopathology of poststroke depression, patients with only
observed depression must be distinguished from those with standard depression. 

D. Biological Markers  

A reliable laboratory test for diagnosis of depression can avoid methodological bias in
enrolling populations of stroke patients. The failure to reduce cortisol blood levels in the
dexamethasone suppression test (DST) was proposed about 20 years ago as a diagnostic
or screening test for depression (87, 88). Its median specificity is 70–85% and its median 
sensitivity 50–67%, but the results can vary according to time of diagnosis of depression 
after stroke (89) and DST is therefore of very limited clinical value (90–94). Depressive 
patients with stroke may have a reduced growth hormone response to desipramine
compared to patients with stroke without depression and controls (95). 

The TRH stimulation test also fails to show any difference in T3 levels between 
depressed and nondepressed stroke patients (90, 96).  
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Table 6 Emotional Behavior Index Form 

    Not at all Sometimes Often More than often 

Sadness          

  Cries         

  Looks sad         

  Complains         

  Screams         

  Groans         

Passivity          

  Gives up         

  Isolated         

Aggressiveness          

  Tense         

  Agitated         

  Angry         

  Rebellious         

  Opposed         

  Aggressive         

  Revolted         

Indifference          

  Indifferent         

  Neglected         

  Apathetic         

Disinhibition          

  Jokes         

  Disinhibited         

  Laughs         

  Impatient         

Denial          

  Minimizes         

  Total denial         

  Partial denial         
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E. Electrophysiological Markers  

Sleep complaints and electroencephalographic (EEG) sleep abnormalities are associated
with risk of first-onset depression, illness severity, treatment outcome, and vulnerability
to recurrence of depression (97). Polysomnographic measurements in patients with major
depressive disorder indicate an association between depressive symptoms and sleep
measurements related to delta EEG, suggesting impaired sleep drive or heightened
arousal during sleep (98). Polysomnographic tests and analyses are currently too
expensive and time-consuming to be used in clinical practice, but can be used for 
research purposes. 

P300 latency increases in patients with primary major depression and could be the 
effect of an altered “cognitive neuronal pool” or of a neurotransmitter/ neuropeptide
imbalance in critical neural networks (99). These results have been reproduced in patients
with poststroke depression (100, 101); however, despite the age-related variations, stroke 
itself is known to increase P300 ERP latency for temporary periods (100). For this 
reason, the usefulness of P300 latency as a marker for poststroke depression requires
further evaluation. 

III. POSTSTROKE DEPRESSION  

A. Incidence, Prevalence, and Demographic Data  

The prevalence of depression in stroke patients is reported to be 20–40% in the first 2 

Adaptation          

  Smiles         

  Sociable         

  Quiet         

  Patient         

  Can make well-founded requests         

  Decent         

  Interested, curious         

  Looks serious         

  Interactive         

  Accommodating         

  Helpful         

  Expressive         

  Tidy         

  Docile         
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weeks (53, 102, 103), 32–53% at 3–4 months (103–106), 26% at 6 months (107, 108), 
19–55% at 1 year (4, 103–106, 108), 19% at 2 years (103), and 9–41% at 3 years (2, 103, 
109). 

A similar prevalence is seen in community-based (27–62%) (1, 4, 110–112), outpatient 
(40%) (3, 106, 113), and rehabilitation patient (27.4–55%) studies (113–119). 

Major depression accounts for a minority of cases, with a prevalence of 10–20% in 
stroke patients (102, 120, 121), but, depending on time elapsed after stroke and the place
of residence, can increase up to 40% (103, 114). The prevalence of minor depression 
varies between 5 and 40% in stroke patients (106, 121). These large variations in 
epidemiological data are due to the use of different structured interviews, to the different
size and selection criteria of study populations, and to different times of investigations.
The incidence and prevalence of endogenous depression in the general population (15–
33%) (110, 122, 123) are probably more elevated but, in the absence of more specific
clinical and neuroradiological data about the different subtypes of depression, we suggest
that a certain number of cases are due to unrecognized poststroke depression; this is
certainly the case in the geriatric population.  

The incidence of poststroke depression varies slightly with age (124) and gender (2, 
125, 126). Poststroke depression is reported to be more frequent in women than men
when the lesion is in the left hemisphere (127). In women, major depression correlates
with a high level of education, cognitive impairment, and previous psychiatric
antecedents, while in men, it is more dependent on physical impairment (127). However, 
Morris et al. (128) found that minor depression is more frequent in men and is associated
with inadequate spousal social support. 

In our opinion, there are no valid phsyiopathological theories that can explain the 
sexual difference according to cerebral localization, and psychological factors are
probably more relevant. 

Critical analysis of the epidemiological data merely indicates that the incidence and
prevalence of mood disorders after stroke are very high and that the risk factors are still
not clearly understood. Finally, the investigation of mood disorders in stroke patients is
necessary even when several years have elapsed since the acute phase. 

B. Attempts at Localization  

In “primary” or “endogenous” depression, CT and MRI imaging studies are not 
diagnostic, but show a trend toward a reduction in volume of the basal ganglia (129, 130), 
hyppocampus (131–133), amygdala (132), cortical and subcortical atrophy (129), white 
matter hyperintensities (134, 135), and ventricular enlargement (136). 

PET (137–139) and SPECT studies (140, 141) show reduced metabolism with 
normalization after therapy in the left frontosubcortical and paralimbic circuits, left
anterior cingulate, superior temporal and parietal cortex, and caudate. 

The report of dysexecutive signs in depressed patients (142) supports the association of 
depression with dysfunction of frontostriatal and frontobasal limbic pathways. 

Most clinical studies investigating mood changes after stroke have also tried to identify
the cerebral regions the dysfunction of which causes poststroke depression. The
underlying hypothesis is that the same cerebral regions are involved in poststroke and

Long-term effects of stroke     184



endogenous depression, but that, in the case of endogenous or primary depression, a
neurotransmitter or neuropeptide abnormality, and not a structural lesion, is the main
factor. These regions should be part of, or connected to, the limbic and temporal lobes
and be involved in the processing of emotions and mood states that enhance or inhibit
oriented-goal behaviors. The central role of the limbic and temporal regions is suggested
by the strict association that exists, in the case of focal cerebral lesions, between
emotional changes and memory disturbances. The amygdala and hippocampal area
should be the critical systems regulating both functions. The temporal lobes, the
connections of hippocampus and amygdala with the neocortex, the posterior and anterior
in-sula are involved in the cognitive process establishing primary (right-hemisphere 
dominance) or social (left-hemisphere dominance) emotions. Temporal lobe 
hypoperfusion was found in a group of depressed patients with subcortical lesions, but
not in a group with subcortical ischemic lesion without depression, suggesting that, in the
case of subcortical lesions, because of a dyaschisis phenomenon, the temporal lobe may
be critical for the occurrence of poststroke depression (143). The basal ganglia are also 
part of the pathways (frontosubcortical and temporolimbic) underlying behavioral
responses. Their major role in emotion and mood state is in highly dynamic modulation,
execution, spontaneity, and basic motor processing of emotional behaviors, all of which
probably have side dominance. The basal ganglia also synchronize mood and motor
behavior, and depression and anxiety show well-recognized patterns of abnormal motor
expression (144). 

Although other studies could not replicate these findings (145), several clinical and 
experimental studies have suggested the role of the limbic connected areas and basal
ganglia in the development of poststroke depression (146–149). The results of these 
studies are summarized below. 

Beblo et al. (150) reduced methodological bias by selecting 20 patients with poststroke
depression without severe physical impairment, psychiatric antecedents, concomitant
morbidity, and aphasia, and then performed complete neuropsychological measurements.
Their findings again pointed out that poststroke depression may be related to dysfunction
of (cortico-)striato-pallido-thalamiccortical projections or frontal frontal/temporal lobe-
basal ganglia-ventral brainstem circuits. Kim and Choi-Kwon (151) found a similar 
lesion distribution in patients with poststroke depression and patients with emotional
lability, suggesting that both conditions may have the same origin. In patients with acute
traumatic brain injury and major depression, the presence of left dorsolateral frontal
lesions and/or left basal ganglia lesions is associated with an increased probability of
developing major depression (152). 

Patients with Parkinson’s disease and Huntington’s chorea affected by depression 
show reduced regional blood flow in the orbital frontal cortex and basal ganglia, basal
temporal lobes, cingulate cortex, and thalamus (153). 

The role of subcortical lesions is suggested by numerous retrospective MRI studies 
(154–160) that show a relationship between major unipolar depression and silent cerebral
infarction, especially in the subcortical frontal area and basal ganglia (160). In these 
patients, the severity of depression can be greater and the response to pharmacological
treatment less prompt. These studies suggest that approximately half of patients with
presenile-onset major depression and probably the majority of patients with senile-onset 
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major depression might have the diagnosis of poststroke or “secondary” depression. 
Health strategies aimed at preventing cerebrovascular disease (e.g., diet, physical
activity/exercise, smoking cessation, and cardiovascular medication compliance) may
lessen depressive vulnerability in the elderly.  

Severe depressive mood disorders, together with euphoria, emotional lability, and loss 
of spontaneity, are also reported in patients with CADASIL (161, 162). In HIV 
encephalopathy patients who have diffuse white matter or basal ganglia lesions,
depressive symptoms are an important clinical manifestation (163, 164). In patients with 
multiple sclerosis, severity of depression correlates with the amount of demyelinating
lesions in the semiovale centers (165) and has been related to an increased lesion load of
the projection areas of the basal limbic system (166). 

A large number of clinical studies performed by Robinson and colleagues (148, 167) 
(Johns Hopkins University) support the role of frontal, subcortical, and basal ganglia
lesions in the development of poststroke mood changes. However, these authors indicated
that the location of the lesion in the left hemisphere and the proximity of its anterior
border to the frontal pole are other determinant factors for behavioral changes. According
to Robinson et al. (168, 169), the neuroanatomy of the biogenic amine-containing 
pathways in the cerebral cortex, which have a more anterior distribution, might explain
the linear correlation between anterior lesion location and severity of depression.
Furthermore, these authors support a categorical hypothesis, because they considered
that, in stroke patients, major and minor depression have different etiologies and lesion
locations (more caudal in the case of minor depression) (11). These studies were 
interpreted in the light of the “valence” hypothesis, which states that, in physiological
states, the left hemisphere is specialized in the control of positive emotions, while the
right hemisphere processes negative emotions. The valence hypothesis predicts that, in
the case of dysfunction of the left hemisphere, there is an emergence of negative and
paleological emotions normally processed by the right hemisphere (170). 

The conclusions of the studies of Robinson et al. advancing a localizationist model for 
poststroke depression with left-hemispheric dominance have been the subject of great
criticism. Diffuse lesions in the territory of the medial cerebral artery are frequently
proximal to both poles. Small samples of patients were analyzed (30–45 subjects) and the 
same patients were probably reused in successive studies, and therefore the major
hypothesis linking poststroke depression to lesion site appears statistically weak. The
exclusion of patients with severe aphasia or cognitive impairment has probably resulted
in an important selection bias. The confounding role of amnesia, anosognosia, apathia,
fatigue, loss of psychic auto-activation, and emotional lability has not been completely
evaluated, and these symptoms are neurobehavioral clinical correlates of basal ganglia
lesions (171). Another criticism of the localizationist model is that, especially during the
acute phase, the symptoms of poststroke depression can be the result of metabolic
dysfunction of distant cerebral areas connected with the lesions, a well-known 
phenomenon in the case of neglect, aphasia, or apraxia determined by subcortical lesions.
Several other clinical studies, using similar methods, failed to find any lateralization or 
any anteroposterior gradient for poststroke mood changes (15, 114, 117, 121, 172–175), 
while others found that right, rather than left, hemispheric lesions were significantly
associated with poststroke depression (72, 173, 176). It is also possible that when 
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depression and anxiety coexist, they may be associated with different patterns of
asymmetrical hemispheric function, as shown by a lateralized processing test (i.e., the
chimeric face test) in groups with only depression or anxiety and groups in which both
conditions are present (177). It has also been suggested that, while a clinical syndrome
similar to endogenous depression is seen in patients with right lesions, symptoms in
patients with left lesions more closely resemble those of neurotic depression, despite the
fact that both conditions can respond to antidepressants (178). 

The Baltimore group was unable to replicate their findings at different times 
poststroke. In their later studies, they suggested that, during the acute phase (179– 182), 
poststroke depression is associated with left anterior and basal ganglia lesions (183), is a 
function of the volume of the lesion, and is independent of language dominance (184); 
during short-term follow-up (several months), lesion volume and the proximity of the
lesion to the frontal pole of both hemispheres are the major determinants (179); and after 
1–2 years, poststroke depression is significantly associated with dysfunction of the right
hemisphere and the volume of the lesion and its proximity to the occipital pole (179). 
Furthermore, these findings are valid only in patients with typical occipital asymmetry,
while a reversal pattern is seen in cases of atypical occipital asymmetry (186). Gender 
could also play a role, since, in the case of left lesions, women might have a greater risk
of depression than men (127). Finally poststroke delay, occipital asymmetry but not 
cerebral dominance for language, and gender are, according to Robinson et al., the
principal factors explaining interstudy differences in anatomical correlates of poststroke
depression. 

In conclusion, endogenous and poststroke depression could have the same origin in the 
dysfunctioning of a mood-processing neural network, which includes the
frontosubcortical circuits, basal ganglia, and limbic lobes, and both exhibit serotonin
hyporegulation. 

Methodological limitations mean that results regarding the role of a left-right and an 
anterior-posterior gradient may be biased and that lesion location may contribute only a
small extent to the risk of developing poststroke depression (6). 

C. Cognitive Impairment  

A significant association between poststroke depression and cognitive deficits has been
reported in several studies (108, 187–192), even though stroke itself may be followed by 
a significant decline in cognitive performance when prestroke and poststroke
measurements are compared (193).  

The main question in this field is whether it is depression that negatively influences the 
outcome of cognitive impairment or whether cognitive impairment leads to depression.
Data from numerous studies (105, 145, 187, 191) fail to provide an insight into the
problem, mainly because of methodological limitations. Many studies cannot be
compared because of differences in the neuropsychological measurements adopted and
the times of investigation. Another consideration is that, in the majority of these studies,
the presence of cognitive impairment was evaluated using the MMSE, a test with obvious
limitations, including its dependence on verbal skills to communicate the test
instructions, the different degrees of sensitivity of its various items (which overestimate
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deficits in patients with left lesions), and its inability to accurately test frontal or
executive functions (190, 194). Although noncomparable, some of these studies provide
evidence that depression is the main factor leading to, or aggravating, cognitive
impairment due to stroke. This hypothesis induced the authors to use the term “dementia 
of depression” (190). 

We will briefly summarize the data in favor of this hypothesis. Frontoamnesic deficits
due to disruption of cortical projections to the caudate nucleus have been suggested to
explain the progressive deterioration of patients with poststroke depression and lesions of
the caudate nucleus (149). Working with a group of 53 patients with single stroke lesions, 
Bolla-Wilson et al. (190) found that patients with left-hemispheric lesions and major 
depression were more impaired in terms of orientation, language (naming), verbal
learning, visuoperceptual and visuoconstructional tasks, and executive functions
(attention, concentration, nonverbal problem solving, and psychomotor speed) than those
with left lesions, but no depression, data confirmed by other studies (105, 196, 197). The 
presence of dysphasia has also been suggested to increase the risk of major depression
(105). The same neuropsychological profile has been seen in elderly patients with
endogenous depression (198). Greater severity and longer duration of cognitive
impairment were seen in patients with depression and left lesions compared to
nondepressed patients with similar cerebral lesions or depressed patients with right
lesions, suggesting the possibility of “dementia of depression” in patients with left lesions 
and depression (190, 199, 200). 

The results of other studies favor the opposite hypothesis that in patients with stroke 
and cognitive impairment, depressive symptoms are part of, or determined by, a dementia
syndrome, the so-called “depression of dementia” (199). 

In other community studies, using MMSE (15, 108, 172) or other measurements (188), 
no evidence was found to support a correlation between cognitive impairment and major
depression 1 year after first-ever stroke (108). 

In conclusion, in our opinion, despite inconclusive findings indicating depression to be 
a factor leading to dementia in cerebrovascular patients, sufficient data exist to support a
correlation between cognitive impairment and depression. In this context, it is imperative
to perform a complete cognitive and mood evalua-tion in patients with poststroke 
depression and to intervene as soon as possible with behavioral or pharmacological
treatments, where indicated, to favorably enhance the functional and social rehabilitation. 

D. Neurological Deficits and Outcome  

Neurological deficits, which induce feelings of frustration related to acknowledgment of
the handicap and its implications in daily life, contribute to the development of mood
disorders that might therefore have a psychological, rather than an organic, etiology.
Depressive symptoms may be the expression of the patient’s strategy for coping with the 
handicap. Several studies have shown that the development and intensity of depressive
symptoms correlate strongly with the grade of functional impairment (105, 111, 124) 
during the acute phase and the first 6 months (201), a result not confirmed in other 
studies when depressed patients with stroke were compared with patients with stroke but
no depression (87, 107, 202). No definite conclusion can be made from the literature
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(Table 7), although the association of poststroke depression with stroke severity and 
functional outcome seems more likely. 

We will report the results of some studies in which the association between poststroke
depression and functional impairment was quantified using rigorous functional
measurements (ADL, Barthel Index, NIH, and the Functional Independence Measure). 

In the study of Neau et al. (124) of young adult patients with stroke, multivariate
analysis showed a low NIH score on admission to be a significant predictor for return to
work, absence of poststroke depression, and a good quality of life. The hypothesis that
functional impairment could be one of the major causal factors for depression, especially
in the elderly, is also based on studies that showed a similar incidence or prevalence of
depression in patients with stroke and patients with similar functional disability due to
other medical illness (i.e., hip fracture) (206–209). In the study of Singh et al. (205), 
functional measurements correlated temporally with the progress of poststroke depression
and were better longitudinal predictors of depressive symptoms than lesion location. 

The other unresolved issue is whether it is the functional impairment that leads to 
depression or whether the depression itself can compromise the motor and cognitive
outcome of deficits due to the stroke. Many studies (104, 112, 210– 212), but not all 
(213), report that depressive feelings themselves negatively influence the prognosis and

Table 7 Factors Associated with Poststroke Depression in 12 Clinical Studiesa 
 

  Significance in 12 studies 

Factors Significant Nonsignificant 

Age 6 6 

Gender (F) 5 6 

Prior stroke 3 2 

Prior disability 0 2 

Prior depression 3 1 

Stroke severity 5 0 

Stroke side 1 7 

Lesion volume 1 2 

Anterior circulation 3 2 

Cognition 5 2 

Functional outcome 9 1 

a Wade et al., 1987 (1); Ebrahim et al., 1987 (117); Andersen et al., 1995 (118); Burvill et al, 
1997 (111); Herrmann et al., 1998 (119); Kotila et al., 1998 (112); Pohjasvaara et al. 1998 (113); 
Kauhanen et al, 1999 (105); Robinson et al., 1999 (203); Sato et al., 1999 (145); Dennis et al., 
2000 (204); Singh et al., 2000 (205). 
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functional outcome of patients with stroke at short-and long-term follow-up. A 
comparison of groups of stroke patients with or without mood disorders, but with the
same functional disability, showed that physical functioning, bodily pain, somatic
symptoms, and social functioning were worse in patients with affective disorders (214). 
Depressive patients with stroke may not have the energy or motivation to participate in
rehabilitation therapy. They may also feel helpless or hopeless about the future and,
therefore, fail to put any effort into rehabilitation treatments. 

It is important to consider that, surprisingly, patients with great disability and 
depressive mood frequently express little enthusiasm about receiving psychiatric
treatment. The reason for this is probably related to the negative correlation between
physical impairment, reduced functional autonomy, and the lack of self-esteem that 
induces the patients to perceive themselves as useless and hopeless. Self-esteem has been 
shown to be significantly correlated to functional independence (215). The functional 
ability and state of self-esteem at 2 weeks, as well as the presence of heart disease, were
significant predictors (55%) of functional ability at 3 months. Level of self-esteem is also 
a consistent factor in the prediction of the functional long-term outcome. 

Other authors found that minor, rather than major, depression correlated with greater
physical disability and therefore only minor depression corresponds to an adjustment
reaction to physical impairment (12, 172). 

Depressive feelings at the time of initial inpatient evaluation result in a greater than
threefold increase in the risk of subsequent mortality (over the fol-lowing 10 years) in 
patients with poststroke depression compared to patients with stroke but no depression
(216). This risk is independent of other cardiovascular risk factors, age, sex, social class,
type of stroke, lesion location, and level of social functioning, but may also be associated
with social isolation (216). Patients who are depressed may return to detrimental habits, 
such as smoking or consuming excessive alcohol, and may not comply with treatment
recommendations, such as medications or health-promoting behavior. The effect of 
negative mood states in increasing mortality is probably also mediated by modifications
of the cardiovascular system (217, 218). Patients with endogenous depression experience 
a higher grade of arterial hypertension (219) (especially elevation of the systolic pressure) 
and myocardial infarction (220–222). Another possible explanation for the increased 
mortality is enhanced platelet aggregation caused by depression (223). The final effect is 
the progression of atheromatosis with an increased risk of severe or fatal cardiac and
cerebrovascular events. The few studies that have examined depression as a risk factor of
mortality over the period from 15 months to 2 years in patients with stroke found a
significant association of mortality with either depression prior to stroke or depression
during the first weeks after stroke (216, 218). 

E. Psychiatric Antecedents and Psychosocial Factors  

It is important to have an understanding of the patient’s baseline characteristics, 
particularly as regards a previous history of depression, to ensure that evidence of a
current disorder represents a meaningful change from a premorbid level of function. The
process of adjustment to serious physical illness can be understood in terms of personal
vulnerability, including low self-esteem, conflict within close relationships (particularly
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marital), and negative experiences in the developmental history. Acting on this
vulnerability are stressful life events (e.g., illness or stroke), which can have an even
greater impact if the subject has preexisting psychological problems. An increased
incidence of personal or familial history of psychiatric disorders in patients with
poststroke depression also suggests a personal or genetic predisposition (172). Finally, in 
this perspective, it is understandable that physical illness could dramatically precipitate a
preexisting psychiatric condition (224) or allow a genetic trait for mood disorders to
emerge. Thus, the coexistence of preexisting premorbid factors and psychological factors
caused by the patient’s reaction to neurological impairment could result in highly 
complex and dynamic situations. 

We will summarize some of the studies underlining the role of psychosocial factors as
major determinants in the development of poststroke depression. These studies show that
the quality of social functioning is strongly associated with physical and cognitive
recovery, as well as with the existence of depression (128). An impaired relationship with 
the patient’s spouse or closest other relative prior to the stroke and limited social
activities are both associated with depression immediately after stroke and depression at
long-term follow-up (203, 225, 226). 

Psychodynamic factors related to increased expectations and demands for support in 
marital relationships are critical. Other factors to consider are job loss or loss of job
satisfaction and the lack of social support and contact, especially during the first weeks of
stroke, while financial security, decreased social activity, and adequacy of living
arrangements might also be important in the long-term follow-up. Difficulties in 
maintaining an adequate social life after stroke play a great part in reduced self-esteem 
and sense of self, which contribute to reduced activity, seeking of psychiatric care, and
collaboration in outpatient physical rehabilitation. 

Following stroke, individuals may settle for a restricted future because their 
expectations of life with a disability are low. Clinicians need to be aware of the effect of
stroke on each aspect of the patient’s life in order to maximize therapy and rehabilitation. 
The Social Functioning Examination is a useful tool for determining the causes of
impairment in social functioning (225). 

F. Treatment of Poststroke Depression  

Several pharmacological treatments have been proposed for patients with poststroke
depression (Table 8). 

Tricyclic antidepressants are no longer the treatment of first choice (245), because of 
the severity and elevated frequency of adverse effects (orthostatic hypotension,
atrioventricular block, delirium or confusion, drowsiness, agitation, life-threatening 
cardiac arrhythmias, heart block, urinary outlet obstruction, and narrow-angle glaucoma). 

The first-choice drugs are currently the serotonin reuptake inhibitors (SRIs), which
have been shown to be more effective than placebo and tricyclic drugs and to have fewer
side effects. This also supports the hypothesis of a serotoninergic imbalance in poststroke
depression. The side effects of SRIs are similar in frequency and expression in patients
with poststroke and endogenous depression. Adverse reactions to SRIs are rare, and
consist of gastrointestinal effects (particularly nausea), headache, and “stimulant” adverse 
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effects, such as agitation, anxiety, and insomnia. Fluoxetine-induced mania has been 
described in patients with stroke (246). Male sexual dysfunction is very rare, but must be
taken into account when proposing a treatment. 

Only a few studies have compared the effects of two or more SRIs, and these have
generally involved only a small sample of patients (227). Fluoxetine, nortriptiline, and 
sertraline are among the more efficacious. Fluoxetine may not be the first-choice SRI if a 
rapid onset is required, as steady-state concentrations are not reached until after 4–5 
weeks, unlike sertraline and other SRIs, which  

require less than 1 week (247). One advantage of fluoxetine compared to other SRIs 
could be the long half-life, which may allow less frequent administration in noncompliant
patients and result in less severe discontinuation effects. Sertraline seems to be more
efficacious in the treatment of stroke-associated lability of mood and, compared to
fluoxetine, is better tolerated, with minor probability of agitation, weight loss,
dermatological adverse effects, and fewer interactions with drugs influencing P-450 

Table 8 Drugs Used in Poststroke Depression (with References) 

Selective serotonin reuptake inhibitors  

Sertraline (80) 

Fluoxetine (227–229) 

Citalopram (230) 

Paroxetine (231) 

Psychostimulants  

Methylphenidate (232–235) 

Dextroamphetamine (234) 

Tricyclics  

Imipramine (236) 

Amitriptyline (237) 

Desipramine (236) 

Amoxapine (238) 

Nortriptyline (227, 229, 239–241) 

MAO inhibitors  

Moclobémide (242) 

Others  

Trazodone (243) 

Maprotiline (tetracyclic) (244) 

Mianserin (120, 236) 
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enzymes. A recent study comparing combinations of drugs with either noradrenergic
effects (desipramine plus mianserin) or noradrenergic and serotonergic effects
(imipramine plus mianserin) indicated that drugs with the dual effect may be more
effective (236). 

Our opinion is that, given the similar pharmacology of the SRIs, the lack of sufficiently
large studies, and the inconsistent differences seen in these studies, no valid guidelines
can be established for the choice of any one SSRI for use in poststroke mood disorders. 

Trazodone and lisuride maleate are probably good alternative treatments to SRIs for 
poststroke depression. Depressed mood, hypobulia, sleep disturbance, anxiety, etc., were
significantly improved by these drugs compared to the baseline condition (248). 

The SRIs improve the cognitive functions related to depression, but not those directly 
consequent to cerebral damage (236, 249); however the improvement in cognitive
functions has no clear physiopathological correlates. 

Some studies have demonstrated that improvement of mood disorders by SRIs can also 
enhance recovery of neurological function (250, 251) and that this effect can be quite 
large (30% recovery) (250), but a close relationship between appropriate early treatment 
and recovery has not been noted in all studies (120, 227). Palomaki et al. (120) also 
showed that prophylactic treatment for depression in all patients with first-ever stroke 
may not affect the outcome. 

A placebo effect may also account for 35–75% of the therapeutic response in trials of
antidepressants (252) and spontaneous remissions may be frequent in the immediate
period following stroke in the case of minor depression and after a longer interval (1 or 2
years) in the case of major depression (253). 

These data indicate that the natural course of poststroke depression and the effect of 
pharmacological therapy remain essentially undetermined. Based on evaluation of
hospital populations consisting mainly of male low-social-group Afro-American patients, 
Robinson et al. (254, 255) suggested that major poststroke depression has a natural
course of less than 1 year, while minor depression is often more persistent. Similar data
emerged in other studies (172, 256). We also do not know whether the natural outcome, 
independent of therapy, could also be characterized by recurrence. 

The limitations of the various studies in understanding the outcome of depression and 
the effect of therapy make us consider that the placebo effect and spontaneous remissions
might cause a possible overestimation of the therapeutic properties of SRIs in the early
phases, but are less likely to do so in the chronic phase. 

The use of psychostimulant drugs seems an interesting alternative to SRIs, their 
beneficial effects probably being due to their overcoming the fatigue and apathy
components of depression. Unfortunately, adverse reactions necessitating the interruption
of therapy with drugs of this class are not rare, and consist of adrenergic-like symptoms 
(tachycardia and hypertension); indeed anorexia is seen infrequently at the doses
normally employed. 

In is interesting to note that patients show a rapid response to psychostimulants, 
usually within the first 1–2 days of treatment, and that the use of drugs of this class
should probably be encouraged in the acute phase, despite the possible cardiovascular
side effects (232–235, 257, 258), but probably not for chronic use. 

In terms of nonpharmacological treatments, several reports show electroconvulsive 
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therapy to be efficacious in isolated cases (259, 260), although the advantages compared 
to other treatments are not evident. Cognitive behavior therapy may be an appropriate
treatment (261), especially if cognitive and psychosocial factors contributing to
depression are clearly defined in the isolated patient. Unfortunately, few studies have
been performed on the effect of cognitive therapy on the outcome of poststroke
depression. We suggest that patients reporting only verbal distress might respond better 
to cognitive therapy alone, while patients with only vegetative symptoms might be best
treated with an antidepressant drug, and patients with combined symptoms might require
psychological, social, and pharmacological interventions. 

A report of an improved emotional outcome following acute stroke as a result of
informational methods consisting of workbook-based intervention is, in our opinion,
particularly interesting (262). The intervention groups exhibited lower levels of anxiety 
and depression 1 month after discharge, and this was not explained by differences in age,
gender distribution, or initial neurological impairment, factors that could be associated
with distress outcomes. The group of patients who received advice and information were
more knowledgeable about, and compliant with, treatment and showed the best response. 

G. Suicide  

Poststroke depression can be accompanied by suicidal ideation, but reports of suicide
among stroke patients are extremely rare. Risk factors for suicide include depression,
severe insomnia, chronic illness, and organic brain syndrome. Some studies (263, 264) 
showed an incidence of suicidal ideation of 6% in the acute phase and 6–12% in the 
following 2 years. Early clinical assessment of suicide risk factors is, therefore, essential
in the rehabilitation setting and has to be evaluated together with the diagnosis of major
depression. 

In the acute phase, the degree of physical impairment, together with alcohol abuse, 
seem to be important factors, while in the chronic phase, suicidal ideation is an
independent sign of major depression and mainly a result of poor social support,
brooding, and self-blame (264, 265). Other risk factors for suicide are a younger age, the
presence of a sensory deficit, and impaired cognitive functions. 

Patients who are suicidal in the acute phase seem to have lesions with a more anterior 
location than patients with delayed-onset suicidal ideation (265). The psychopathology of 
suicidal ideation in poststorke depression can be influenced by biological or organic
mechanisms (such as lesion location), probably more often in the acute phase, but
psychological and social factors are, in our opinion, more significant, especially in the
chronic phase. 

Clinicians should always look for indirect verbal cues and nonverbal behavior patterns
indicating potential suicide in patients with stroke and signs of depression, however long
the interval since the acute phase. 

IV. ANXIETY  

Anxiety is an emotional state involving physiological arousal (increased heart rate),
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verbal reports of feelings of distress (e.g., apprehension and worry), overt behavior (e.g.,
avoidance), and cognitive disruption (i.e., maladaptative shifts in attention due to off-
target thinking, hyperawareness about possible threatening cues in the environment, and
the perception that adverse events are occurring in an unpredictable and uncontrollable
manner). It differs from fear in inducing minor mobilization for physical action and is
associated with more cognitive symptoms and less visceral activation. 

The incidence of anxiety is probably lower than that of poststroke depression, being 
about 25% in the acute phase (3, 102, 266), decreasing slightly at 1 year (267) and at 3 
year follow-up (267). The incidence is greater in patients with previous psychiatric 
disorders (268). 

In stroke patients, anxiety is frequently associated with depression, and the association 
is more significant if depression and the initial neurological impairment are severe (266). 
Nevertheless, factors associated with poststroke depression (stroke severity, prior stroke,
poor functional status, anterior circulation lesion, and cognitive sequelae) do not predict
anxiety levels (266). 

Castillo et al. (3) found an association between anxiety and left cortical lesion in the 
case of anxiety with no concurrent depression, and between anxiety and right lesion in
the case of anxiodepressive symptoms. They also indicated that patients with worries had
more anterior lesions, while patients with generalized anxiety disorder had more posterior
right-hemisphere lesions. There is no clear etiopathogenetic theory to support these data. 
In addition, Anstrom (267) found the opposite results in a small sample population. In
another small population study, Starkstein et al. (269) showed that patients with 
poststroke anxiety have more cortical lesions, while patients with combined anxiety and
depression have more subcortical lesions. Poststroke anxiety shares many features with
the feelings of distress and worry expressed by patients with posttraumatic stress
disorders. In both conditions, the extension and volume of the lesion do not correlate with
the level of anxiety. 

In the psychodynamic theory, stroke and posttraumatic stress disorders can be 
considered as a sudden and unpredictable occurrence of a life-threatening stressor 
(internal in the case of stroke and external in the case of trauma). 

Finally, in our opinion, the physiopathology of poststroke anxiety remains essentially 
undetermined and there is little evidence that anxiety is associated with specific lesion
locations. As in the case of poststroke depression, the causes of anxiety are the sum of
complex psychodynamic factors and possible organic factors, and result in the interaction
of individual traits of cortical arousal and autonomic nervous system reactivity under the
influence of the limbic system. 

While the roles of lesion location and metabolic or neurotransmitter imbalance are still
largely undetermined, several psychological models have been elaborated in relation to
neural substrates (Eisenck’s introverted neurotics, Gray’s behavioral inhibition system, 
and Cloninger’s system of harm avoidance), behavior (Izard), or cognitive fuction 
(Mandler’s interruption theory, Spielberger’s state-trait model, Beck’s cognitive 
schemata, and Hallam’s theory of anxiety as a personal construct).  

There is little information on the long-term outcome of poststroke anxiety (267) or the 
effect of drug therapy. No systematic studies of treatment have been performed.
Benzodiazepines are the most commonly prescribed medications. Short-half-life drugs 
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(i.e., lorazepam, oxazepam, and temazepam) are preferable. Undesirable side effects of
long-acting benzodiazepines include drowsiness, cognitive impairment, confusion,
psychomotor retardation, risk of falls, depression, intoxication, paradoxical reactions,
amnestic syndromes, respiratory problems, abuse, dependence, and withdrawal reactions.
The use of benzodiazepine for poststroke anxiety should have a clear indication and time-
limited duration. SRIs and buspirone can be useful as mood stabilizers. Buspirone is
better tolerated and, compared to benzodiazepines, has no addictive profile or withdrawal
symptoms after discontinuation and few adverse interactions with other drugs.
Psychotherapy, cognitive behavioral therapy, and relaxing techniques can be useful, but
their use remains empirical in stroke patients with anxiety. 

V. POSTSTROKE MANIA AND PSYCHOSIS  

Stroke can produce a varied spectrum of neurobehavioral syndromes that may come to
the attention of the mental health professional evaluating psychiatric symptoms,
especially in elderly individuals. In an MRI study, patients with late-onset mania showed 
a higher incidence of silent cerebral infarcts than controls (270). 

Manic or psychotic symptoms may occur immediately after the stroke or months or
years later. 

The incidence and lifetime prevalence of mania in patient with brain injury are low and 
appear to be no higher than in the general population (1–2%) (271). The presence of an 
underlying or preexisting brain disease may have an important etiological role and also
an adverse effect on the resolution of the neuropsychiatric symptoms. 

According to the DSM-IV diagnostic criteria (Table 9), mania is characterized by signs 
such as inflated self-esteem or grandiosity, decreased need for sleep, distractibility, flight 
of ideas, and excessive involvement in pleasurable activities with potentially painful
consequences. 

Manic-like behavior is also described as disinhibition syndrome, acquired sociopathy,
pseudopsychopathic syndrome, and frontal lobe syndrome. Unfortunately, these various
terms create confusion when comparing different studies. 

The distinction between primary and secondary mania is more relevant on clinical 
grounds. 

The DSM-IV offers three different entries for “secondary” mania (due to a general 
medical condition): (1) manic episode; (2) personality change classified as disinihibited
or aggressive; (3) impulse control disorders not classified elsewhere and, more
specifically, intermittent explosive disorder. As with primary  

Table 9 Diagnostic Criteria for Manic Episodes (adapted from DSM-IV) 

A. Distinct period of abnormally and persistently elevated, expansive or irritable mood lasting at 
least 1 week (or any duration if hospitalization is necessary) 

B. During the period of mood disturbance, three (or more) of the following symptoms persist 
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mania, patients with poststroke mania show the symptoms of elation, pressured speech,
flight of ideas, grandiose thoughts, insomnia, hallucinations, and paranoid delusions.
Another issue requiring exploration is whether the symptoms of mania may be masked in
the acute phase by stroke symptoms, such as denial or indifference reactions. The
possible overdiagnosis of mania following stroke based on the nonspecific effects of
illness, such as decreased sleep, also needs to be verified. 

The incidence of mania in acute stroke is about 1% (271), but is higher (6–9%) in brain 
injury (272). This difference is explained by the higher prevalence of lesions involving
basotemporal and orbitofrontal cortices in traumatic brain injury patients compared to
stroke patients. 

In another series of manic syndrome following cerebral injury, lesions were mainly 
located in the right hemisphere and involved the thalamus, right temporal lobe, or,
bilaterally, the frontal cortex (273). Most cases of mania in stroke patients have been 
reported to have a right-hemispheric lesion (274–276) involving the basal medial and 
frontal area of the temporal lobe (273), caudate (277), thalamus (78, 276–280), basal 
ganglia (281), and ventral pons (282). Very few cases of mania are reported to be a 
consequence of a left-hemispheric lesion (275, 283, 284). Regard and Landis (285) 
described a nondisabling form of hyperphagia, with a specific preference for fine food
(“gourmand syndrome”) in which most patients have right anterior frontal lesions. 

Ranging from mildly inappropriate social behavior to full-blown mania or aggressivity, 
dyscontrol syndrome may result from lesions of specific brain areas, such as the
orbitofrontal and basotemporal cortices of the right hemisphere (108, 174, 286). 

Hypometabolism involving the right inferior temporal lobe was seen in a PET study of 
two patients with lesions of the right head of the caudate, leading to the hypothesis of a
direct or indirect role (diaschisis) of the right inferior temporal lobe in secondary mania.
In primary mania, reduced blood flow in the right temporal lobe has also been found
(287). 

Based on the phylogenetic origin of these cortical areas (basofrontal and temporobasal)
and their main connections with dorsal regions related to visuospatial functions,
somatosensation, and spatial memory, the orbitofrontal and baso-temporal cortices may 
selectively inhibit or release motor, instinctive, affective, and intellectual behaviors

(four if the mood is only irritable) and are present to a significant degree: 

  1. Inflated self-esteem or grandiosity 

  2. Decreased need for sleep (e.g., feels rested after only 3 hr of sleep) 

  3. More talkative than usual or under pressure to keep talking 

  4. Flight of ideas or subjective experience that thoughts are racing 

  5. Distractibility (i.e., attention too easily drawn to unimportant or irrelevant external stimuli) 

  6. Increased goal-directed activity (socially, at work or school, or sexually) 

  7. Excessive involvement in pleasurable activities that have a high potential for painful 
consequences (e.g., engaging in unrestrained buying sprees, sexual indiscretions, or foolish 
business investments) 
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processed in the dorsal cortex. This supports the hypothesis that dysfunction of these
heteromodal ventral brain areas may result in disinhibited behavior. Although there have
been no treatment-response studies of mania following stroke because of the rare 
incidence of the syndrome, the response of poststroke depression to antidepressants
justifies attempts at pharmacological treatment of symptoms (288). 

The clinical presentation of poststroke mania and the response to treatment seem 
similar to those of mania without brain injury. Clonidine (289) and lithium and 
carbamazepine are useful (290). 

Most patients with secondary mania reported in the literature were treated with drugs
frequently used for patients with primary mania, such as neuroleptics, anticonvulsants,
and lithium, as well as electroconvulsive therapy (291). However, whether the usefulness 
of these treatment modalities is similar in patients with secondary mania to that in
patients with primary mania remains to be empirically established. 

A general consensus derived from the critical analysis of anecdotal cases shows that
secondary mania may be more difficult to treat than primary mania, probably because
stroke patients are more prone to epileptic seizures and secondary effects of neuroleptic
therapy. 

Behavioral symptoms of psychosis have been described in relation to cerebral 
infarctions. The prevalence of schizophrenia-like symptoms is unknown, but it is not an
infrequent clinical phenomenon in the hospital setting, especially in the acute phase of
stroke. 

The proportion of psychiatric inpatients who have depression with melancholic and/or 
psychotic features is higher among elderly subjects, and this has been linked to white
matter lesions and other brain changes that become more common in old age. 

Elderly patients with stroke and psychotic symptoms have hallucinations and 
delusions. In presenile or senile patients presenting with behavioral or psychiatric
manifestations without any previous history of mental illness, cerebrovascular disease
should be a diagnostic consideration. 

At least four symptom clusters have been identified, namely affective, paranoid
delusional, confusional state, and changes in mood with behavioral disturbances, but the
mechanisms involved are unclear (292).  

In most cases, psychosis has been reported with right-hemispheric stroke (293–300), 
especially in the temporo-parieto-occipital junction regions or the thalamus (278) and in 
aged patients with preexisting degenerative disease or cerebral atrophy. 

Thus, a right-hemisphere lesion may act in combination with one or more additional 
factors, such as seizures, genetic vulnerability, or subcortical atrophy. Several types of
hallucination can occur in patients with brain injury; these have been termed atypical
psychosis, peduncular hallucinosis, release hallucinosis, organic psychosis, and agitated
delirium. The term “peduncular hallucinosis,” in the case of lesions in the midbrain and
pons, was first used by Lhermitte to describe visual hallucinations that the patient knows
not to be real. The term “hallucinosis” differentiates these visual hallucinations from
hallucinations in which the patient believes the sensory perception to be real. 

In the case of parieto-temporal-occipital infarcts, patients with psychosis have real 
hallucinations because they have no insight into the false nature of these perceptions.
Seizures can precede the onset of psychosis (294). The hallucinatory experience of such 
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patients probably reflects pathological activation of neural ensembles in the regions
bordering an occipital lesion. These regions are presumed to contain records of visual
feature fragments that are coactivated by feedback projections in the earliest visual
association cortices, where they produce meaningful patterns during normal recall (301). 

Generally patients respond to treatment with neuroleptic medications, although
anticonvulsant medication can be useful in some treatment-resistant cases. 

Hallucinations and delusions following brain injury are interesting clinical phenomena
that may provide insights into the mechanism of hallucination in patients without brain
injury and, despite their rarity, are certainly deserving of further investigation. 

VI. CONCLUSIONS  

Mood disorders and behavioral changes (depression, anxiety, psychosis, and mania) after
stroke constitute a challenging field of research in neurology not only because of the
possibility of correlating emotions, mood states, and behaviors with neural circuits, but
also because they are very frequent and have a great impact on the outcome,
neurorehabilitation, and social integration of patients. There is no complete consensus on
anatomicoclinical correlations of poststroke mood disorders. A vast amount of scientific
literature has failed to define precise anatomicoclinical correlations but, in our opinion,
some notions are worthy of attention. 

The key issues in this chapter will be now summarized. 
In the case of poststroke depression, the role of frontosubcortical, temporo-limbic, 

basal ganglia, and prefrontal circuits and other limbic-related areas can be retained, and 
appears to be mediated by a serotonin imbalance. 

The physiopathology of poststroke anxiety seems even more complex and difficult to 
investigate. There is little evidence that anxiety is associated with specific lesion
locations, at least when anxiety is not associated with depressive symptoms. 

Mania and psychosis, which are more frequent in “aged brains” with underlying 
atrophy, could be release symptoms resulting from lesions of heteromodal cerebral
regions. 

Lesions accompanying mania and psychosis have been more frequently reported in the 
right hemisphere and involve the basal medial temporal and frontotemporal areas,
caudate nucleus, and thalamus. Very few cases with left-hemispheric lesions have been 
described. Mania and psychosis are probably the result of critical cerebral lesions that
disorganize the physiological cognitive process of matching emotions and multimodal
sensorial stimuli. 

Planning clinical investigations to define the etiopathology, treatment, and prognosis of 
behavioral or mood syndromes related to stroke is a very difficult task. The first problem
is the definition of diagnostic criteria. Univocal diagnostic criteria are actually adopted
(DSM-IV), but the possibility of subgroups of syndromes (major and minor, 
predominantly with vegetative signs or with verbal referral, or reacting to psychological
or social factors) makes it problematic not only to carry out clinical investigations on
large population samples, but also to maximize treatment of individual patients. A major
reworking of criteria for case definition is necessary in this population, placing great
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emphasis on cognitive, behavioral, physiological (or vegetative) changes. 
The other concern in investigating mood changes is to obtain a complete evaluation of 

the impact of other cognitive (i.e., aphasia, anosognosia, and amnesia), behavioral (i.e.,
motor aprosody, fatigue, apathy, emotionalism, catastrophic reactions, indifference
reaction, and loss of psychic autoactivation), physiological (appetite, physical
immobility, dysphagia, slurred speech, and noncommunication), and psychological
changes due to the stroke itself. 

In this context, it is important to determine the functional deficit that accounts, at least 
in part, for the subsequent mood disorder. It is understandable that patients with visual
field deficits are prone to anxiety when away from home because of the tendency for
moving people and vehicles to suddenly appear in their central vision and we must
empathize with the very sad and frustrating condition of a patient with aphasia who
cannot communicate with his spouse or relatives. 

In the very innovative and challenging investigation field of mood changes after stroke, 
we suggest encouraging clinical studies involving homogeneous large sample populations
and statistical analyses with a high power of predictability. We would also like to see the
creation of neurobehavioral databases using homogeneous criteria to group numerous 
stroke centers and to avoid statistical bias due to small populations. 

To reduce the possibility of behavioral or physical conditions that can be mistaken for 
mood changes (see Table 4), studies should be based on populations of first-ever stroke 
patients who are young, have no psychiatric antecedents, and have relatively mild, or no,
cognitive or physical impairment. 

For lesion localization, MRI (together with more valid definitions of lesion location) 
and functional neuroimaging (SPECT, PET, and functional MRI) are now standard
approaches for evaluating mood disorders and behavioral changes. In our opinion, it
would be very interesting to apply the new functional neuroimaging studies using voxel-
based statistical whole brain analysis to the study of mood disorders after stroke (302). 

Using these techniques, the aim is to look for a dysfunction occurring in a cortical-
subcortical system that includes different subsystems, each with specific subfunctions. A
regional analysis is then necessary to identify the specific components contributing to
mood state regulation, since it is likely that lesions anywhere along the pathway will
produce similar symptoms. Special neurocognitive paradigm tasks need to be constructed
to define the role of single cerebral structures in complex neural networks. 

MRI studies, especially on populations with senile or presenile onset major depression
or other mood changes, may make it possible to identify silent strokes (probably in the
subcortical and basal ganglia regions) and to determine what health strategies for
preventing cerebrovascular disease may reduce depressive vulnerability in the elderly. 

The high prevalence of depression accompanying cerebrovascular diseases and the 
prolongation of disability in depressed people with stroke means that closer liaison is
needed between psychiatrists, neurologists, and physicians caring for the elderly. 

Another important consideration is that all psychosocial factors possibly interfering
with mood changes should be evaluated. The stroke patient is coping with a serious
physical illness that reduces his self-integrity in terms of personal vulnerability and low 
self-esteem and generates possible conflicts with close relationships (especially the 
spouse) or other caregivers. Strategies to increase social activity, support and contacts,
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financial security, job satisfaction, adequacy of living arrangements, and psychiatric care
are required to obtain the collaboration of patients in physical rehabilitation. 

Specific psychiatric or neurological evaluation of the depressive symptoms, including 
subjective distress and vegetative symptoms, can permit the choice of more specific
therapies, such as cognitive or pharmacological approaches or a combination of the two. 

Pharmacological therapy for poststroke mood changes, when the diagnosis is clear and 
pharmacological therapy is indicated, can provide great benefit to the stroke patient and
improve the quality of life. 
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I. DEFINITION AND DIAGNOSTIC CRITERIA  

Vascular dementia (VD) is defined as a dementia syndrome occurring after stroke (1) and 
accounts for 10–15% of all dementias, after Alzheimer’s disease (60%) and diffuse Lewy 
body disease (20%). Ideally, criteria for the definition of this entity should include (1)
dementia, (2) vascular disease, and (3) a clear causal relationship between them,
classically with sudden onset of focal neurological signs, but there is considerable
variability in the clinical presentation. Various criteria have been used: NINDS-AIREN 
(2), ICD-10 (3, 4), DSM-IV (5), or the State of California Alzheimer’s Disease 
Diagnostic and Treatment Centers (SCADDTC) (6). All require a decline in multiple 
higher cortical functions, including memory, sufficient to interfere with daily living
activities, and the evidence for at least one stroke, with a clearly documented temporal
relationship (NINDS-AIREN: 3 months) to the onset of dementia. The ICD-10 definition 
represents a classification of subtypes of vascular dementia rather than diagnostic criteria.
DSM-IV criteria are based on a general definition of dementias, but no criteria to
establish a causal relationship between dementia and vascular disease is clearly defined.
The SCADDTC was the first definition of probable, possible, or definite VD; memory
deficit is not emphasized, but it does not allow much fine tuning in all subtypes. NINDS-
AIREN criteria provide a better approach, including an arbitrary time relationship with
vascular event(s), also adding a neuropathological classification, but it is still not
satisfactory, relying heavily on memory and not allowing the exclusion of underlying
Alzheimer’s or other degenerative dementia. Neuroimaging is necessary (7), showing 
infarcts, lacunae, or white-matter lesions, but it is not certain so far that white-matter 
lesions really matter (7). Hemorrhages, anoxia, subdural hematomas, arteriovenous
malforma-tions (AVMs), or venous thormobosis may also be found. None of the above-
mentioned definitions allow separation of mixed dementia, i.e., a pauci- or 
nonsymptomatic Alzheimer’s disease (AD) that is revealed or aggravated by a stroke or 
VD associated with AD. 

II. EPIDEMIOLOGY  

The frequency of VD highly depends on diagnostic criteria and on the sample. Hospital-
based series, including memory clinics, differ from community-based or authopsy 



studies. The methodology is also very different from one study to the other, especially in
terms of definition and neuroimaging. Lack of common diagnostic criteria limits the
comparability among studies. On the whole, VD is six times less frequent than
Alhzeimer’s disease (AD) (8). An estimated incidence of 1.2–1.5/100 person-years at risk 
has been reported (8) (compared with 2.5/ 100 for AD), a proportion only reversed in
Japan. It may concern 5–10% of patients within a year of stroke according to their age (9) 
with a prevalence from 1.2 to 4.2% of people over 65 years old (10, 11), up to a third of 
the 85-year-old patients (12). VD may represent up to 10–15% of all dementias (13), 
even in the very old (14), and has a lifetime risk of 34.5% for men and 19.4% for women. 

The frequency of poststroke cognitive dysfunction is higher (62%, increasing from 
46% up to 74% from 55 to 85 years), but dementia is less frequent (26–32%) (15). The 
incidence of dementia after stroke in a 52-month follow-up was 8.4/100 person-years in 
the stroke group compared with 1.3/100 personyears in the control group. Age is a major
factor in the estimation of poststroke dementia, and a stroke in an elderly person
increases the freuqency of dementia by about fivefold (16). However, these figures may 
show a a high variation according to definition criteria: from 25% with DSM-III (the 
most sensitive), 20% with DSM-III-R, 18% with DSM-IV, 21% with NINDS-AIREN, 
6% with the most specific ICD-10 (15, 17, 18). The mean age of the sample is also a
major bias: from 19% to 25% respectively from 55 to 85 years. (15, 19). Dementia after 
first-ever stroke was reported in 10–38% (9, 18, 20, 21). It is therefore clear that stroke 
considerably increases the risk of dementia, and reversely, dementia in old age may be an
early manifestation of cerebrovascular disease that eventually becomes clinically evident
as an acute infarct. Therefore, the elevated risk of subsequent strokes in older persons
with cognitive impairment suggest that cerebrovascular disease may have a role in
causing cognitive impairment (22). 

III. MULTIPLE ENTITIES OF VD  

Six subtypes of VD have been described: (1) multi-infarct dementia, (2) strategic simple 
infarct dementia or focal form of VD (angular gyrus, thalamus, basal forebrain, thalamus, 
cingulate gyrus, anterior capsule), (3) small-vessel disease with dementia, (4) 
hypoperfusion dementia, (5) hemorrhagic dementia, and (6) other vascular dementias
(vasculitis, dural sinus thrombosis or AVM, DIC, SpatzLindenberg’s disease, lymphoid 
granulomatosis, malignant angioendotheliosis, hypoperfusion, or anoxic dementia).
Genetic vascular dementias (CADASIL, British dementia, Fabry’s disease, 
homocystinuria, sickle cell disease, RenduOsler disease, moya-moya disease, hemoglobin 
SC disease, MELAS, Sneddon’s disease, Dutch and Icelandic hereditary cerebral amyloid 
angiopathy, coagulopathies) (23, 24) should be considered separately, as well as other
rare entities (25). Binswanger’s disease (26) may be the end of the spectrum of
hypertensive VD associating severe diffuse white-matter lesions sparing subcortical U
fibers, multiple lacunar strokes, territorial strokes, and even hemorrhages as a cause of
both hypertension and high variations in blood pressure. 

Multi-infarct dementia is therefore not the only or the most important form of VD (26), 
but the the variable mixture of small- and large-vessel disease, hemodynamic, cardiac,
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hemorrhagic, veinous, specific arteriopathies, and hematological or hereditary parameters
including risk factors may be more relevant. There is a difficult border zone and a wide
spectrum between so-called poststroke cognitive dysfunction and frank ICD-10, DSM-
IV, or NINDS-AIREN defined dementia, both clinically and on neuroimaging. No
obvious correspondence seems to exist between structural pathological changes and
symptoms or signs (27). The Hatchinski Ischemic Score (cutoff 6/7) is helpful but not 
specific or accurate enough. It may not be able to distinguish between primary
degenerative, VD, or mixed dementia, with a sensitivity of only 17–50% and a specificity 
of 70–82% (28–30). The features of positive history of stroke and a fluctuating course 
were reported as the most sensitive indices for some, but not for others who observed that
the evolution of VD was faster than AD, but stepwise progression was unfrequent (31–
33). Autopsy-based studies show that pure VD without AD features is exceptional (34, 
35). However, with pathological criteria, neither clinical nor pathological evidence of
stroke means that cerebrovascular disease has anything to do with a patient’s dementia 
(36). The role of the frequently associated Alzheimer’s disease, as assessed by pathology 
in brain banks, adds further fuzziness to this concept and even its asserted existence.
Differentiation from AD or so-called mixed dementia is far from easy on both clinical 
and neuroimaging criteria in the absence of biological markers. Memory impairment is
emphasized as a primary criterion reflecting AD (37–39), but is also a major criterion in 
the present definition of VD (2–6). Ischemic scores, as already mentioned, do not help
(40), but others found radioimaging (including CT, MRI, and SPECT) studies to be as 
useful as clinical features (41–43) and even EEG (44). However, it is well known that in 
patients with an underlying degenerative dementia, any lesion in the brain may
precipitate dementia, with a temporal relationship. Moreover, the exact role of white-
matter lesions in cognitive dysfunction, one of the most frequent features in vascular
dementia, remains controversial, in both the effect of location and volume of these 
lesions (27). It is also possible that the cerebrovascular changes may contribute to AD
evolution (45, 46). Therefore, the causality between cognitive impairment and vascular
brain changes is of paramount importance, and it remains so far still not settled, even in
pathology-based studies. It remains unclear, so far, whether vascular lesions are the main 
cause, unmask or underlie preexisting degenerative changes, modify or aggravate them,
and how the location, extent, type, and tempo of vascular lesions relate to cognitive and
behavioral changes. 

There has been growing activity in redefining vascular dementia in recent years (6, 47–
54). Vascular lesions seen in AD patients may have different pathophysiological
processes in AD and VD and do not necessarily have cognitive consequences in AD
patients (55–57). The notion of infarct and noninfarct vascular dementia has recently
been proposed (58) and the difference between multiple infarcts without dementia and 
multi-infarct dementia lies in the presence of hypertension (HT), thalamic infarction, and 
perventricular hypodensities, but age, atrophy of the brain, and diabetes all seem to have
a minor contribution to the dementia (59). It has also become clear that the volume of 
infarction does not provide an explanation for dementia and sometimes patients with
small lesions can be demented whereas patients with massive lesions are not. The
strategic location of stroke (bilateral, thalamic, thalamic and cortical, bilateral anterior
cerebral arteries, bilateral cingulate or fornix, caudate, bilateral pallidal, anterior capsule,
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posterior cerebral artery, parietotemporal, dominant hemisphere, temporal) is of major
importance, but the state of the remaining brain tissue “reserve capacity” may be more 
critical than any other factor (preexisting initial stage of a degenerative dementia, cerbral
atrophy, aging, etc.) perhaps because it may explain the absence of plastic compensatory
capacity or the idiosyncratic impact on the individual characteristic of intact neuronal
networks (9). The source of patients included may well be more important than the actual 
diagnostic criteria. The presence of white-matter lesions, the total volume, pattern
(patchy, confluent), or location of these nonspecific changes, which can be seen in about
a third of the patients with AD, and their exact role in cognitive changes, is still not yet
settled, even after many years of consideration and the improvement of radoimaging
techniques. Another unresolved issue is the role of so-called “silent” or better-called 
“unrecognized” infarcts (9). 

In summary, the concept of causality of vascular lesions is at the center of the debate. 
Authopsy series show than pure vascular dementia is a rarity (60– 63), if its really exists 
per se. Some authors suggested calling it vascular cognitive impairment (VCI) (64) rather 
than dementia, with a cutoff at the fifth percentile of a normal population of each tested
item, but this concept is still not yet defined by any consensus. Furthermore,
distinguishing between focal, multifocal, or global cognitivobehavioral syndrome(s) and
dementia is just a matter of definitions, which all rely heavily on memory and social and
daily living activities’ impact and suffer from the absence of biological makers. 

IV. RISK FACTORS FOR VD  

Risk factors for VD are supposed to be the same as those for stroke. The leading risk
factor is systolic hypertension (60%) (9, 65–75), but others found a significant role for
diastolic blood pressure (76, 77). Age is a main risk factor, as well as prior stroke 
episodes, TIA, smoking and alcohol consumption (68, 69, 78), diabetes mellitus (20%) 
(65, 68, 69, 71, 73, 79–83), high hematocrit, hyperlipidemia, anticardiolipid antibodies,
hematological disorders (sickle cell disease, hyperviscosity, thrombocytosis, polyglobuly,
coagulopathies), angiitis, moya-moya disease, AVMs as well as rare genetic disease 
(CADASIL, Sneddon’s disease, familial amyloid angiopathy, Bristih dementia, MELAS),
amyloid angiopathy, history of heart condition (“cardiogenic dementia”) (69, 84, 85), 
cardiac arrythmias, especially AF (76, 86–89), myxoma (90), dilated cardiomyopathy 
(91), coronary heart disease (76, 92), large-vessel disease, carotid stenosis, or dissection 
(93, 94). Others found that hypotension (86, 95) or even orthostatic hypotension or large 
variations in blood pressure may be responsible for watershed-zone sub-cortical infarcts 
(96, 97). Conflicting results are found for apolpiprotein E4, increased in the majority of 
studies in VD, as well as other apolipoproteins (71, 98– 121). Other less-well-defined risk 
factors for dementia after stroke are still poorly understood, but include low level of
education, social background (14), history of prior cerebrovascular disease, left
hemispheric stroke, major dominant stroke syndrome, dysphasia, gait impairment and
urinary incontinence (15), occupational exposure to pesticides and herbicides, plastic or 
rubber (69), and use of aspirin (69). No relation was found with head trauma, family 
history of dementia, or cigarette smoking by others (123). A protective factor was high 
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level of education (69). 
In a recent review of risk factors, Skoog et al. (71) differentiated between risk factors 

for stroke (as mentioned above) and risk factors for dementia. Among the latter, multiple
small or large brain infarcts, extension of white-matter lesions, high alcohol consumption,
psychological stress in life, lower formal education, blue-collar occupation, and 
occupational exposure were the main nonvascular determinants for VD. Risk factors for
dementia in stroke were divided into strokerelated (cerebrovsacular risk factors) and non-
stroke-related (same as AD). 

V. PHYSIOPATHOLOGY OF VD  

Why are stroke patients more prone to develop dementia than age- and sex-matched 
controls? First, poststroke dementia can be the result of the vascular lesion, can be due to
an associated asymptomatic AD revealed by the stroke, or may result from white-matter 
changes, or all of them (124). As a whole, cerebrovascular dementia is due to osbtructive
and/or hypoperfusive etiology (125). The role of autoimmunity has been considered but
not settled (37, 126–128). Autoanti-bodies and antibodies against the vascular basement 
membrane proteoglycan antigen and circulating immune complexes have been reported
in one study (129). If white-matter disease and lacunae are the main determinant for VD
to occur in the presence of a single stroke not affecting eloquent cortical areas, the
location of lesions, volume of destroyed tissue, multiplicity, and bilateral occurrence
might be the most important parameters (130), but there is no consensus on this issue. 

Cognitive decline correlates with recurrent “silent infarcts” and with frontal white-
matter, thalamic, internal capsular perfusional changes (131). Arteriolosclerosis in the 
deep white matter and the subcortical white matter showed that adventitial proliferation is
more pronounced in the subcortical white matter in VD, whereas in aging it starts in deep
white matter (132). Atherosclerosis and amyloid angiopathy may have larger roles than 
previously suspected in AD (133). In a recent study, 50% of VD cases were attributed to
small-vessel infarcts, and 16% to both large and small-vessel infarcts (134). Similar 
figures are given in another study, with 40% of multiple lacunar strokes (78). Isolated 
hypertension itself in elderly patients is correlated with cognitive dysfunction, but is a
weak contributor compared to age (135). Half of the patients with VD developed
dementia insidiously without a single ischemic event (135). A stroke can also be the first 
symptom of a genetic disease leading to vascular dementia such as CADASIL (136). Lin 
et al. (137), in a prospective study on VD, found that the severity of overall white-matter 
lesions, left parietal infarct, and the number of thalamic lacunae were important factors in
development of dementia after stroke. Others (138) separate various pathomechanisms 
(large or small-vessel disease) and brain territories involved (strategic infarctions, 
corticosubcortical and subcortical lacunae, watershed infarcts, white-matter lesions). 

VI. CLINICAL PRESENTATION  

The natural history of VD may be quite variable. The abrupt or gradual temporal
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relationship with stroke(s) must be recognized, not exceeding 3 months, but the question
of progression, smooth, stepwise, fluctuating, static, remitting, or even reversible, is dealt
with variably in the various criteria for definition. 

The clinical picture of VD is not uniform. A patchy pattern of noncognitive, cognitive, 
and sensorimotor dysfunction, due to multiple infarcts, or the classic picture of strategic
infarcts, or even more diffuse subcortical or frontosubcortical presentation with
disproportionate dysexecutive dysfunction and multifocal signs as seen in multiple
lacunae or diffuse white-matter abnormalities is generally representative of the clinical 
spectrum of the disease (139, 140). Dementia is especially common after left posterior 
cerebral, angular gyrus, basal forebrain, bilateral subcortical, or anterior cerebral artery
infarcts. More aspecific patterns, such as those seen with subdural hematomas, deep
sinous thrombosis, or posthypoxic dementia, can be less frequently observed. Two
decades of improving imaging techniques only further complicated the interpretation of
the clinical picture, without allowing definition of clinical entities or improving the
clinical diagnosis. 

When studied as a whole, a specific pattern of neuropsychological dysfunction is hard
to find in the many studies that have been conducted, but is generally characterized by
slowing of information processing, impaired memory (forgetfulness, difficulty retrieving
learned material), poor sustained attention, impairment of motivation, affective changes
(especially depression and emotional lability), decreased motor and mental speed,
dyscalculia, executive dysfunction, abnormal visuoconstruction, and multifocal signs
including gait disorders, pseudobulbar affect, parkinsonism, and pyramidal tract deficits,
gait disturbance, and urinary incontinence (141–145). 

Comparisons with other entities such as AD or frontotemporal dementia (FTD) are
often given, but the results are confusing, if not contradictory. In most of the papers VD
has been considered as a whole rather than correlated with either of the six subtypes of
VD described earlier. Furthermore, the clinical definition based on early radioimaging
techniques may wildly differ from recent neuroimaging workup, even in the same reports.
Sudden onset of cognitive deficits is more frequent in VD than in FTD, as well as
confusion (146). VD patients are slower in information processing subtests like stimulus
categorization time, omission errors, mental speed, and stimulus response intitiation
(147), but patients with AD outperformed those with VD in motor speed and cognitive
speed (141), which are probably the expression of frontosubcortical deficits. VD patients 
show more impairment in frontal executive functioning than AD patients, especially for
planning, sequencing, verbal fluency, poor word list generation, impersistence, difficulty
in set shifting, sensibility to intrusions, attention, motor performance (38, 141, 148), and 
motor speed (writing subtest of Wester Aphasia Battery, Picture Arrangement of the
WAIS-R, and motor performance of the Mattis Dementia Rating Scale) (149). 

Noncognitive psychiatric and behavior abnormalities are frequent in VD (40%) (150). 
Depressive symptoms (60%) seem to be more severe in VD than in AD (67, 123, 139, 
140, 145, 150, 152–155), but this was not found by others (156, 157). The most frequent 
psychiatric symptoms of VD were irritability (57%), apathy (44%), insomnia (43%),
psychomotor agitation (41%), impatience (37%), irritability (37%), emotional lability
(28%), delusions (40%), hallucinations (30%), peduncular hallucinosis and psychosis
(123, 140, 145–149). Blunted affect, depressed mood, emotional withdrawal, motor
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retardation, low motivation, anxiety, unsusual thoughts, and somatic concerns occured in
more than one-third (150). Emotionalism may occur (151), but elation is rare (5%) (152). 
Obsessivecompulsive disorders may occur in bilateral basal ganglia lesions (153). 
Hamilton scores are higher than in AD (150). Lack of insight and personality changes 
were not different from AD (157). Capgras’ syndrome has been reported (158). VD 
patients generally have greater awareness of their cognitive deficits than AD patients
(159), but this is not always the case (148); however this differentiates them from 
frontotemporal dementia (FTD) (146). Emotional lability is more frequent than in AD 
(148) as well as delirium (149). Psychiatric wandering has also been reported (150). 

Executive function deficits and mood and personality changes are similar to those seen 
in frontosubcortical pathways lesions and are considered relatively specific in VD (139). 
Unilateral or bilateral primitive reflexes are often found. Patients are impaired in the
Stroop interference subtest, planning ability (Tower of London test), word fluency, and
shift of mental test (trail making) (146, 151). Aspontaneity, apathetic behavior, and abulia 
are often reported (134, 151). Specific clinical patterns of strategic infarcts may mimic
frontosubcortical deficits (thalamopolar syndromes, paramedian thalamosubthalamic
artery syndrome, right, left, and bilateral thalamic or pallidal syndromes, uni- or bilateral 
cingulate syndromes, uni- or bilateral caudate syndromes, frontopolar or temporopolar 
lesions). 

Memory loss is generally less severe at onset of VD than in AD (64), but worse than in 
FTD (146), but after years, memory impairment of VD accelerates and catches up with
AD (160). Memory loss in VD is generally characterized by poor retrieval and intact 
recognition (145). Free recall is better than in AD, recognition memory is better, and 
there are fewer recall intrusions than in AD patients (161), suggesting dysfunction of 
frontosubcortical circuits. Impairment of semantic memory does not differentiate between
VD and AD (162). Verbal long-term memory is better than in AD (38). Declarative 
memory (as tested by the California Verbal Learing Test) and procedural memory (as
tested by the Pursuit Rotor Learning Test) show that VD patients have higher scores than
AD patients for declarative memory than for procedural memory. Episodic memory (face
recognition, word recall, object recall) in VD patients does not differ on these tasks from
AD patients except for word recall, which is better preserved in VD (163, 164). Primary 
and semantic memory were not different than in AD (141), but others found category-
specific semantic disorders (dissociation between living things and food versus inanimate
objects) to be diagnostic for AD and absent in VD (165). Attention is deficient in VD 
(166). 

Language deficits are also different from those of AD. Picture-naming deficits 
(anomia) with a semantic component are found in both AD and VD (141, 167), but VD 
patients are better and commit fewer intrusion errors. Syntax and verbal comprehension
were not different than in AD (141). Globally, language is more involved in AD than VD
and starts with nominal aphasia, then transcortical sensitive and global aphasia. In VD
language is relatively preserved and is rather a pure motor aphasia (168). Verbal fluency 
is poorer than in AD, but better than in FTD (169). Letter (FAS) or category (animal 
naming) does not differentiate between AD and VD (161). Verbal comprehension shows 
no difference with AD. Semantic fluency, as assessed by a word-list generation, is more 
impaired than phonemic fluency in VD, with no difference from AD (170). More naming 
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errors are found (especially semantic errors) in AD than VD (171). More perseverations 
are also reported in VD, correlating with motor signs (172). Disturbances of prosody are 
also more frequent than in AD (173) as well as impairment of motor aspects of speech 
such as pitch, melody, articulation, and rate (174); VD patients also produce shorter and
less grammatically complex sentences. 

Visuospatial skills are deficient in VD (175), but this is not unanimously reported 
(141), possibly related to memory deficits (176). Deficit in Rey-Osterreith complex 
figure scoring shows no difference between VD and AD (169). 

VD patients are worse than FTD in digit span and constructions, but had similar
performance in calculations (169). Callosal syndromes are exceptionally found, despite 
extensive white-matter lesions. 

VD patients are more likely to have unilateral primitive reflexes (177). Gait disorders 
are frequent (30%) (141, 178), but this was not found in another study (179). Gait 
disorders may be indicators of VD (138), together with parkinsonism, pyramidal tract
signs, ataxia, pseudobulbar affect, and urinary incontinence (50%) (144, 145, 180). 
Sudden onset of focal neurological dysfunction, which may be transient or permanent,
such as visual field deficits, brainstem, sensorimotor, or ataxic hemisyndromes, and
cognitive (aphasic, agnosic, apraxic) focal deficits, are helpful indicators. 

A method for clinical evaluation, combining psychiatric and neurological status
examination with complex variables describing the patient’s regional predominant brain 
syndrome (subcortical, frontosubcortical, frontal, frontoparietal, parietal, or global), may
help in the differential diagnosis, VD patients having predominantly frontal and
subcortical symptomatology. Neuroimaging is very helpful (181, 182). Abnormal patchy 
areas on PET or SPECT scans, often asymmetrical, without any specific locations are
reported by most series, which may separate VD from AD (bitemporoparietal) or FTD
(frontotemporal) functional imaging patterns. However, multiple patterns are possible,
from normal to wildely diffuse hypoperfusion or hypometabolic images. Cerebrovascular
responsiveness to hypercapnia has been found useful in differentiatig AD from VD (183), 
as well as cerebral perfusion patterns [parietotemporal in AD, basal ganglia, thalamus,
and frontal area or patchy pattern in VD (184)]. 

VII. BIOLOGICAL MARKERS  

Biological markers for VD have been largely looked for, without much success, mainly
in blood and cerebrospinal (fluid). In blood and serum, no difference with AD has been 
found for plasma free radicals, superoxide dismutase (185), decrease in plasma chain-
breaking antioxidants (186), or increase in neurofilament proteins levels (187). CSF tau 
protein and beta A4 amyloid may be helpful in differentiting VD from AD (188, 189), as 
well as CSF and serum alpha-1 antichymotrypsin, all increased in AD but not in VD 
(190–192). Presenilin-1 polymorphism, which is significantly increased in AD (193), 
may be helpful. Ubiquitin is not increased in the CSF of VD patient (193, 194). CSF 
chromagranin A is not helpful in differentiating VD from AD (195). Coagulation deficits 
(196) or dyslipidemia has been looked for, showing increased thromboxane biosynthesis
(197), LDL cholesterol levels (198), and thrombin generation (199), but no change in 
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fatty acids of plasma lipids, red cells, and platelets (200). Serum anti-GFAP and anti-
S100 autoantibodies, antihistone, and anti-ds DNA are not markers for VD (201, 202), 
but autoantibodies against GFAP have been reported (203), as well as HTLV I-positive 
serology (204). CSF interleukin-6 was normal in VD, while decreased in AD (205). VD 
has lower brain IL-1 than in AD (206). Heat shock protein HPS 70 mRNA levels in 
mononuclear blood cells were significantly lower in AD than VD patients in one study
(207). Glial fibrillary acidic protein in the CSF is not helpful (208). Specific 
abnormalities in neurotransmitter systems have also been investigated. The serotonin
metabolism is severely reduced in VD, as well as the activity of choline acetyltransferase
and CFS actetylcholinesterase levels (209), while monoamine oxidase B is increased
(210, 211). CSF levels of monoamines are decreased in VD (212, 213). Alterations of the 
noradrenergic and dopaminergic system prevail in AD and dopaminergic and
serotonergic in VD (214). CSF acetylcholine and choline are generally higher in AD
(215), but muscarinic acetylcholine receptors m1 and m2 are normal (216) and CSF 
acetylcholinesterase levels are not useful in differentiating VD from AD (217, 218). 
Plasma serum G4 acetlycholinesterase level was increased in VD but not in AD (219). 
Hypothalamic neuropeptides are decreased (210). CSF neuropetides (220), GH, or 
response to GHRH is not helpful (221). Urinary ratio of alpha-1 microglobulin and 
ulinastatin may differentiate between VD and AD (222). CSF or serum neuron-specific 
enolase was not helpful (223) or decreased (224). CSF urate and xanthine concentrations 
(225), CSF amnio acid concentration, CSF fluid-serum albumin ratio (226) or alpha 
tocopherol (227), or CSF sulfatides are not helpful. Abnormal blood-brain barrier has 
been reported in VD (228–230). 

Among radioimaging techniques, PET scan is useful in the differential diagnosis of VD
from AD and other dementias, but this examination still does not have the value of a
biological marker (231, 232). Regional cerebral blood flow (rCBF), single-photon 
emission tomography (SPECT) with 99mTc-HMPAO, and the acetazolamide test in the
evaluation of vascular and AD dementia showed in a recent study (233) that VD patients 
with hypoperfusion in bilateral temporal and/or parietal areas had decreased vascular
reserve capacity (57% vs. 27%) as determined with acetazolamide test. SPECT scan is
generally useful in the diag-nosis of AD, VD, and FTD (235, 236). Neuroimaging criteria 
have been suggested recently (237). Other studies (238, 239) show the correlation of 
neuropsychological impairment in cerebral microangiopathy with hypoperfusion rather
than with white-matter lesions on MRI, possibly leading to exhausted metabolic reserve
in the whole brain as one of the main mechanisms in VD. In this respect, CSF nitric
oxyde metabolites (NO2− and NO3−) show a steady increase in VD, whereas this increase 
is only seen in the early stages of AD (240); excitatory amino acids are decreased in AD 
but not in VD (241). Specific brain alterations in high-energy phosphate compounds, as 
measured by nuclear magnetic resonance spectroscopy, may contribute to separation
between dementias with neurodegenerative diseases and those with ischemic or
hemodynamic disorders (242). Quantitative topographical EEG has complementary value 
with PET (243). EEG spectral analysis (244) is generally not helpful. 
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VIII. PATHOLOGY  

The pathology of VD is highly heterogeneous. Large- or small-vessel arterial territorial 
infarct(s), lacunar infarcts, watershed infarcts, granular cortical atrophy, laminar necrosis,
hemorrhages, and venous thrombosis may all be found, together with white-matter 
demyelination, axonal loss, gliosis, and “incomplete infarcts” that underlie the so-called 
leukoaraiosis caused by lipohylinosis or arteriolosclerosis (for reviews see refs. 55, 125, 
245, 246). 

IX. TREATMENT  

Is prevention of VD possible (247)? Only through the prevention of stroke by controlling
risk factors, especially hypertension, which reduces the recurrence of stroke; but on the
other hand, hypotensive episodes that may result from drastic reduction in systolic blood
pressure may aggravate white-matter watershed lesions. There is no effective prevention
of variations in blood pressure in the elderly. Moreover, the variations of blood pressure
during the night may also be important in prevention. The prevention of other risk factors
such as diabetes, cigarette smoking, hyperlipidemia, and heart diseases as well as
antiaggregant therapy is efficacious in the primary prevention of VD. After a first stroke,
the risk of a second stroke is about 8% per year over the first 5 years. Secondary
prevention with antiaggregant medication, anticoagulants, or endarterectomy is important
when needed. Several drugs have been tried in VD with nonsignificant results: vinca
alkoaloids (vincamine, vinburnine) (248), calcium antagonists (nicardipine, cinnarizine,
flunarizine) (249, 250), nicergoline (251), propentofylline (252–256), pentoxyfylline 
(257), cerebrolysin (258), hydergine (259), buflomedil (260, 261), memantine (262), 
alpha-glycerylphosphorylcholine versus cytosine diphosphocholine (263), naftydofuryl 
(264), vinpocetine (oxygen release of hemoglobin) (265), bromocriptine (266), idebenone 
(267). Memantine seems to have a mild effect.  

X. CONCLUSION  

In conclusion VD is a heterogeneous clinical entity, still relying on clinical definitions
despite good neuroimaging technique, which is infrequent and requires expertise in both
neurodegenerative and cerebrovascular fields of neurology to delineate clinical entities
properly. Autopsy series tend to contest even the reality of VD, except in very
exceptional cases, and treatment relies essentially on secondary prevention of risk factors
for stroke. 
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I. INTRODUCTION  

Stroke is a major cause of disability in the United States and around the world. In the last
decade, exciting new therapies have become available for treatment of the acute phase of
ischemic stroke, giving hope to patients for better treatment. Even then, a large majority
of patients come to medical attention too late or are not candidates for acute therapies.
There exists a huge potential to modify the recovery phase after acute stroke to improve
outcome and lessen disability. Such recovery therapies have been in intense development
in laboratories and clinics around the globe. This chapter summarizes various
pharmacological and cell-based modalities for enhancement of the process of recovery
from stroke. 

II. DRUGS ENHANCING STROKE RECOVERY  

The natural process of stroke recovery may be amenable to pharmacological
enhancement. Several pharmacological strategies and drugs, based on the physiological
mechanisms of repair in the brain after stroke, are being intensely studied at present.
Three promising groups of pharmacological agents for enhancement of recovery after
stroke are discussed below.  

III. GROWTH FACTORS  

Neuronal sprouting and new synapse formation may represent important reparative
mechanisms after stroke (1). Growth factors most likely are crucial in this reparative 
process. They are naturally occurring polypeptides that act through high-affinity 
receptors on neuronal cells to promote neuronal survival and outgrowth of neuronal
processes (2, 3). They also appear to protect against hypoxia, decreased glucose, and



exogenous toxins in vitro. Growth factor “superfamilies” important to the nervous system 
include neurotrophins, fibroblast growth factors (FGF), transforming growth factors
(TGFs), and platelet-derived growth factors (PGDFs) among others. A few hours after 
cerebral infarction several growth factors are upregulated in peri-infarct territory. The 
neuroprotective role is suggested by the timing of this expression and has been validated
with respect to some of these growth factors in animal studies (4, 5). Indeed basic 
fibroblast growth factor (bFGF) given within a few hours of acute focal ischemia
decreases infarct volume as compared to controls. Also, some growth factors are highly
expressed in the peri-infarct region throughout the course of sensorimotor recovery (6), 
most likely playing a crucial role in the physiological processes underlying repair.
Exogenous administration of three such growth factors, bFGF, osteogenic protein-1 (OP-
1), and nerve growth factor (NGF), has been shown to enhance recovery. 

A. Basic Fibroblast Growth Factor  

Basic fibroblast growth factor is a 154-amino-acid, 18-kDa polypeptide (7). It is named 
for its ability to promote fibroblast proliferation in vitro. It acts through high-affinity 
tyrosine kinase receptors on cells initiating a cascade of phosphorylation reactions. It is
distributed widely in the mammalian body with relatively high concentrations in the
brain. In the mature brain it is largely cell associated within a few select neuronal
populations as well as scattered astroglial cells. It supports neuronal survival and axonal
outgrowth along with angiogenic and gliotrophic actions. Following mechanical brain
injury or ischemia, levels of bFGF mRNA, and protein are markedly upregulated in the
tissue surrounding wounds or infarcts (6). This observation and bFGF’s neuroprotective 
role against hypoxia in vitro have formed the rationale for its use as a neuroprotective
agent after acute stroke. Given within the first few hours after acute permanent or
reversible focal ischemia, bFGF markedly reduced the infarct size as compared to
controls (4, 5). Intravenously administered bFGF appears to cross the damaged blood-
brain barrier (BBB) after stroke (5). Moreover, there appears to be an active transport
system for bFGF across the intact BBB as well (8). bFGF appears to reduce infarct size 
via upregulation of anti-apoptotic molecules in the ischemic penumbra after stroke (9).  

Basic FGF’s role in stroke recovery was examined by Kawamata et al. (10). 
Exogenous administration of this growth factor enhanced behavioral recovery in an
animal model of stroke. Basic FGF, 0.5–1 µg, was administered intracisternally 24 hr 
after permanent proximal middle cerebral artery occlusion and then biweekly for 4
weeks. Control animals were treated with vehicle. The intracisternal route ensured access
to both the injured and the intact brain. The animals were tested for recovery of the
impaired limb contralateral to the infarcts, using limb placement, beam balance, and
postural reflex tests. The bFGF-treated animals did significantly better as compared to the 
vehicle-treated animals. There was no difference in infarct volume between the two
groups. This suggests a mechanism of action for the bFGF other than neuroprotection for
the enhancement of recovery. Indeed, there is increased neuronal sprouting in the intact
contralateral brain, which correlates with improvement in recovery. This is evidenced by
increased immunoreactivity to GAP-43, a growth cone protein on the neuronal membrane
in the contralateral cortex in the bFGF-treated animals (11). Further data to support this 
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mechanism come from an experiment where antisense oligonucleotide to GAP-43 
blocked the recovery-enhancing properties of bFGF along with blocking of increased 
immunoreactivity of GAP-43 in the contralateral cortex (12). The enhancement of 
recovery correlating with increased neuronal sprouting in the contralateral cortex fits with
the observed activation of contralateral cortical areas during stroke recovery in human
PET and fMRI studies (13). 

At the dose of 1µg of bFGF, significant weight loss was the main adverse effect, which 
was eliminated in subsequent studies using a 0.5-µg dose (11). Moreover, in subsequent 
studies, as few as two doses of intracisternal bFGF (0.5 µg at 1 and 3 days after stroke) 
were sufficient to enhance behavioral recovery (12). No tumors or histopathological 
abnormalities were observed in the bFGF-treated animals in these studies. 

B. Osteogenic Protein-1  

Osteogenic protein-1 (OP-1), also known as bone morphogenic protein-7 (BMP-7), is a 
member of the BMP subfamily of the transforming growth factor-β (TGF-β) superfamily. 
It is 35-kDa homodimeric glycoprotein, which was initially identified by its ability to 
promote new bone formation in bone. It is also expressed in the developing and mature
brain (14, 15). OP-1 exerts its actions by binding to type I and II high-affinity serine and 
threonine kinase receptors. In culture, OP-1 selectively promotes the outgrowth of
dendritic processes from both peripheral and central neurons (16, 17). This is a unique 
property of OP-1 as most identified neurotrophic factors largely support axonal growth. 
Given the potential importance of dendritic sprouting in functional recovery after stroke,
OP-1 may be useful as a pharmacological agent in recovery. Indeed, exogenous
administration of OP-1 beginning at 1 day after acute ischemic stroke significantly 
enhances recovery in animal studies. Kawamata, Finklestein, et al. used human
recombinant OP-1 in doses of 1–10 µg injected into the cisterna magna of mature male
rats at 1 and 4 days after focal cerebral infarction induced by MCA occlusion (18). OP-1-
treated animals showed marked enhancement of recovery of impaired forelimb and
hindlimb function as assessed by limb placement tests at 1 month after the ischemic
stroke. This effect was dose-dependent, with a trend toward greater enhancement of 
recovery at a dose of 10 µg than 1 µg/injection. No adverse effects were noted. To define
the time window for starting the injections, a further study was done, which showed that
there is enhancement of recovery if OP-1 treatment is initiated at 1 or 3 days, but not at 7
days, after stroke (19). Also, even a single injection of OP-1 enhances recovery (20). 
There was no difference in infarct volume among the OP-1-treated and control animals, 
suggesting a mechanism affecting the repair process rather than neuroprotection leading
to recovery enhancement. This may be due to stimulation of new dendritic sprouting and
synapse formation in uninjured regions of brain. 

C. Nerve Growth Factor  

Nerve growth Factor (NGF) belongs to the neurotrophin superfamily, which includes
BDNF, NT-3, and NT4/5. It is a 26-kDa homodimer that binds to tyrosine kinase A
(trkA) receptor and has trophic action on cholinergic neurons in the intact mature brain.
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In vitro, it protects PC-12 cells against death from anoxia, hypoglycemia, and free
radical-induced death (21). In models of forebrain global ischemia in gerbils and rats,
intracerebroventricular administration of NGF (2–10 µg) beginning just before or after 
onset of ischemia has been shown to reduce death of CA-1 hippocampal neurons (22, 23). 
NGF has been shown to have a crucial role in neuronal plasticity process in unlesioned
animals housed in an enriched environment (24, 25). 

Exogenous administration of NGF seems to improve functional recovery after stroke 
(26). Kolb et al. administered NGF or vehicle intraventricularly after unilateral cortical 
devascularization causing an infarct. The NGF-treated rats showed attenuation of
behavioral symptoms assessed by forelimb reaching tasks, beam traversing tasks, and
spatial navigation tasks. Analysis of dendritic arborization showed reversal of lesion-
induced atrophy of dendritic fields in pyramidal motor neurons as well as reversal of
lesion-induced reduction in spine density in NGF-treated rat brains. The mechanism of 
this enhanced recovery seems to be due to NGF-mediated plastic changes in the 
ipsilateral cortical neurons correlating with recovery from sensorimotor deficits. 

D. Other Growth Factors in Stroke Recovery  

Other growth factors that have been shown to be upregulated during recovery from focal
ischemia include platelet-derived growth factor (PGDF), ciliary neuro-trophic factor 
(CNTF), and transforming growth factor-β-1 (TGF-β1) (27). This suggests a role for 
these factors in facilitating functional recovery and possibilities for pharmacological use.
Exogenous administration experiments in models of stroke recovery have not yet been
done for these factors. 

IV. AMPHETAMINES  

Drugs increasing monoamine release at synaptic terminals have been shown in animal
and human studies to promote functional recovery after stroke. This benefit is seen when
drugs are administered in combination with physical therapy. Amphetamine is the best
studied among these drugs. Mailing and Achaieson, in 1946, reported temporary
alleviation of symptoms of cortical injury after administration of amphetamine (28). This 
effect was further studied in rats recovering from cortical injury by Feeney et al. in 1982
(29). Amphetamine, 2 mg, was given intraperiotoneally 24 hr after sensorimotor cortex 
ablation. At 5 days, the hemiplegic animals receiving amphetamine showed superior
improvement on beam-walking test scores when compared to animals given placebo. 
Furthermore this effect was shown to be dose dependent (30). Rats receiving 
amphetamine, 4 mg intraperitoneally, recovered fully at 14 days as compared to 26 days
for rats receiving 2 mg. 

These encouraging preclinical data for amphetamine in stroke recovery have been 
borne out in preliminary human studies. Amphetamine combined with physical therapy
has been shown to significantly improve recovery as compared to physical therapy alone.
In one double-blinded study of amphetamine in stroke, patients were given amphetamine,
10 mg orally, coupled with physical therapy within 10 days of ischemic hemiplegia (31). 
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The day after treatment, the four patients receiving amphetamine with physical therapy
showed significantly higher gains on the Fugl-Myer scale of sensorimotor function as 
compared to four controls. In another study, amphetamine was given to hemiparetic
subjects in a single-blinded manner at a dose of 10 mg orally every fourth day, 16–30 
days after onset of stroke (32). The five patients receiving active drug showed improved 
motor function on the Fugl-Myer scale compared to patients receiving placebo. This 
benefit was preserved at 1 week and also at 12 months after drug discontinuation. Use of
amphetamine for recovery after aphasia has also been studied in humans with
encouraging results (33), indicating a role in improving recovery of cognitive function
after stroke. 

The mechanism by which amphetamine enhances stroke recovery is not clear. There is 
supporting experimental evidence for several possible processes. The noradrenergic
action of amphetamine may cause disinhibition of inhibiting circuits, facilitating remote
alternate pathways to mediate the sensorimotor function impaired by injury (34, 35). 
Another mechanism thought to play a role is the general increase in cortical metabolism
after administration of amphetamine (36). Stroemer et al. (37) showed evidence of 
increased neurite growth and synaptogenesis in rat brains correlating with enhanced
recovery after treatment with amphetamine. This suggests selective upregulation of
neurite growth by the drug leading to its benefits in recovery. Yet another mechanism felt
to be important is the effects of amphetamine on long-term potentiation and learning (38). 

The overall preclinical and clinical data, although limited in number, hold truly 
promising prospects for larger-scale studies and potentially wider clinical use of
monoaminergic agonists in stroke recovery. 

V. CELL-BASED THERAPY  

Another burgeoning area of stroke recovery therapeutics envisages neural cell
transplantation to augment the process of repair after stroke. The modern era of neural
transplantation began with the pioneering experiments of Stenevi et al. (39–41) and Lund 
and Hauschka in 1976 (42). The field has progressed rapidly since then and the functional
success of fetal neural grafting has been demonstrated. The limited supply of fetal tissue
and ethical concerns are major obstacles to large-scale application of this technology. 
Cell-based therapies have rapidly emerged as exciting alternatives for CNS repair. Table 
1 shows the different types of cell-based therapies being developed both in the laboratory 
and in human phase I clinical trials. 

A. Neural Stem Cells  

Neural stem cells (NSCs) are pleuripotent progenitors that can generate into mature
neuronal and glial phenotypes after manipulation in cell cultures (43). Transplantation of 
immortalized NSCs is emerging as a powerful tool for enhancement of CNS recovery
after stroke and other injuries. These cells can survive, integrate,  
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and differentiate into both neurons and glia after transplantation to the intact or damaged
brain. One technique involves “immortalization” prior to transplantation, to ensure a 
genetically homogenous and large supply of cells (44). This is achieved by incorporation 
of different isoforms of oncogenes into the NSCs. More recently, temperature-sensitive 
alleles of SV40 large tumor antigens are being used to permit “conditional” 
immortalization; the cells proliferate in vitro when cultured at a temperature permissive
for SV40 tumor antigen expression (33°C). They exit the cell cycle and differentiate 
when subsequently switched to a temperature not permissive for SV40 tumor antigen
expression (39°C), which corresponds to the mammalian core body temperature. The
CRE-Lox-P system allows removal of the immortalizing gene prior to transplantation
(45). After transplantation, immortalized NSCs can migrate over extended distances, 
differentiate in a site-specific manner into neuronal and glial species, and fully integrate
into regional microenvironment in vivo (46). Immortalized NSC transplantation into 
ischemia-lesioned hippocampus in rats improved water maze tasks. Postmortem study of
the implanted rat brains indicated that the transplanted cells migrate to the region of
damage, adopt both neuronal (pyramidal) and glial phenotypes in vivo, and reconstitute
the normal laminated appearance of the CA1 cell field (47). 

Endogenous activation of NSCs and autologous transplantation are exciting alternative 
strategies for enhancement of CNS recovery. Although NSCs were initially identified in
the fetal neural tube (48), they have been subsequently shown to be present in the 
periventricular ependymal zone, dentate gyrus, and other areas in the adult vertebrate
brain (49, 50). These cells have been also been demonstrated in the subependymal zone
of the lateral ventricles and hippocampus in adult human brains (51, 52). The NSCs from 
adult brains proliferate and differentiate into neurons and glia in vitro with the same
efficiency as fetal stem cells (53, 54). In vivo, the proliferation of fetal stem cells can be
stimulated by intraventricular administration of epidermal growth factor but only 3% of
proliferating cells labeled with bromodeoxyuridine differentiate into neurons (55). One 
possible explanation is the lack of signaling environment in the adult brain (40). An 
enriched environment has been shown to promote survival of proliferating neuronal
precursor cells in the dentate gyrus in mice (56). Furthermore, neurogenesis is increased 
in vivo in response to excitotoxic and mechanical lesions in the dentate gyrus in adult rats

Table 1 Types of Cell-Based Therapies 

A. Neural stem cells 

  Immortalized neural stem cells 

  Endogenous activation 

  Autologous neural stem cells 

  Neural stem cells as delivery systems 

B. Clonal neuronal cell lines 

C. Xenogenic cell transplants 
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(57) and after transient global ischemia in gerbils (58). These combined observations 
suggest the clinical potential for endogenous activation of NSCs with neurotrophic factor
stimulation for CNS repair, without actual transplantation and invasive surgery. There is
also the exciting potential for autologous transplantation. The latter would involve a
limited brain biopsy from the patient, amplification and genetic modification in vitro, and
reintroduction into the brain. This would potentially eliminate the need for
immunosuppression posttransplantation.  

B. Clonal Neuronal Cell Lines  

An alternative strategy to neural stem cell transplants involves the use of human clonal
postmitotic neuronal cell lines with a committed neuronal phenotype. These cells are not
fully mature in vitro but differentiate further into adult-neuron-like cells in vivo after 
transplantation. Clonal neuronal cell lines have several advantages over other cell-based 
therapies. They provide a large population of transplantable cells that have a stable
phenotype and are well characterized. Therefore, appropriate types of neuronal cell lines
may be transplanted according to the location of the central nervous system (CNS) injury.
Also, posttransplant visualization of these cells is possible by transfecting cells to express
desired characteristics, for example, enzyme transmitters, growth factors, and marker
genes. 

Retinoic acid induction of human teratocarcinoma cell (Ntera-2) is used to produce 
postmitotic-neuron-like cells. This technique yields >95% of pure cultures of neuronal
cells (59). Cryopreserved human Ntera transplanted intrastriatally into rats with focal 
cerebral infarcts from MCAO normalized asymmetrical motor behavior as compared with
ischemic animals receiving only medium. Immunosuppressive drugs were given to
prevent rejection. Histological analysis of grafted brains revealed a positive correlation
between number of surviving hNT neurons and degree of functional recovery (60). No 
neoplastic transformation was noted at 1 year in the transplanted brains. In the first case
reported from the human phase I trials, about two million neurons derived from the hNT
cell lines were injected close to the site of infarct under CT guidance in a 62-year-old 
woman with a right hemiparesis and impaired speech. Cyclosporine was used for
immunosuppression. Patients are assessed for safety and functional recovery. Sequential
MRI is done to assess brain-tissue response, and PET studies to measure regional brain
metabolism are planned (61). 

C. Cells as Delivery Systems  

Since the early 1990s genetically modified cells have been used to deliver trophic
molecules to promote regeneration in the damaged CNS (62, 63). Fibroblasts serve as 
relatively inert and easy-to-transfect vehicles. Transplantation of fibroblasts genetically 
engineered to produce BDNF into partial cervical hemisection cavity promoted the
regeneration of the interrupted rubrospinal tract (64). NGF-gene-transfected fibroblasts 
transplanted 1 week before ischemia resulted in significant attenuation of CA1-CA2 
hippocampal loss induced by 10 min of global ischemia (65). Newer strategies use neural 
stem cells for gene delivery to the CNS given their ability to migrate widely throughout
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the brain after injection, and to integrate in a functional and nondisruptive manner. In the
latter aspects they are superior to nonneural cells. In the MCAO model in rats, neural
stem cells secreting NGF transplanted into the striatum, 7 days before ischemia,
conferred significant neuroprotection against 30 min of ischemia (66).  

D. Xenogenic Cell Transplantation  

The relative immunological privilege of the brain may mean good xenograft survival.
Porcine fetal neural cell transplantation is being developed for multiple CNS diseases
including stroke. Pig neural tissue is considered optimal for xenotransplantation for
several reasons, including the physiological similarity to human neurons and similar size
and development patterns (67). Also, the ease of breeding and production of large 
number of embryos per litter lends a production advantage. Recently, the first human
xenotransplant for stroke was carried out, as part of a human phase I clinical trial, in
which a 39-year-old patient with left arm weakness from a stroke 4 years earlier had
porcine cells transplanted into her brain (68). The cells were pretreated with a novel
immunomodulator to avoid the use of immunosuppresants. Relults of efficacy and safety
are awaited. 

VI. CONCLUSION  

Increasing attention is being focused on therapies to improve pace and degree of recovery
from neurological deficits in stroke patients. A wide spectrum of modalities, from cell
transplantation to use of growth factors and already existing pharmacological agents such
as amphetamine, are being tested for this purpose. There is promising laboratory evidence
and in some cases preliminary clinical evidence for efficacy for these therapies. Given the
staggering burden of patients disabled from stroke each year, these modalities will have
an immense clinical utility if proven to be beneficial in human trials. 
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I. THE INCREASING NEED FOR ECONOMIC EVALUATION OF 
STROKE CARE  

Increasingly, modern health care provision and utilization requires consideration and
evaluation of the economic aspects. This is no more evident than in the care of stroke
patients, where costs are not only high but also rising, owing to a combination of factors.
These include the current high annual incidence of stroke and prevalence of disabled
stroke survivors, the rising absolute number of incident cases of stroke and prevalent 
disabled survivors as the population ages, and the rapid development and application of
new and expensive diagnostic technologies (e.g., magnetic resonance imaging) and
treatments (e.g., tissue plasminogen activator, clopidogrel, carotid endarterectomy, and
stenting) for stroke patients. These high and rising costs have prompted a search for
greater efficiency in the delivery of stroke care. Not only do research grant funding
bodies now encourage an economic evaluation of new health technologies and treatments
(1), but in some countries there is now a need to actually demonstrate relative cost-
effectiveness of new health technologies and treatments. In Australia, economic
evaluation is a requirement for public sector funding of new drugs (2), and in the 
American state of Oregon, economic evaluation has been used to define what services
should be included in Medicare (3). 

II. TYPES OF ECONOMIC EVALUATION  

Programs funded by the public sector have primarily been evaluated by a cost-benefit 
analysis, which has measured costs and benefits (outcomes) in monetary terms. Other
forms, such as cost-effectiveness and cost-utility analysis, have been developed to 
analyze outcomes that are measured in health-related terms, such as disability after stroke
or quality adjusted life years (QALY) (4). The results of such studies are usually
expressed as ratios of cost to outcome. Because of the increasing demand for economic
evaluation of health care, coupled with several difficulties associated with the definition,
measurement and valuation of costs, benefits, effectiveness, and utility, there have been
recent efforts to standardize the methods of economic evaluation (5, 6). 

In the field of stroke care, there remains a need for standardized methods of evaluating 
the economic burden of stroke (7, 8). Among 18 studies from eight countries published 



between 1990 and 1998 on the economic burden of stroke worldwide, the majority of
studies (83%) based the calculation of total costs of stroke on the number of prevalent
stroke cases in one year, and half of the studies reported the cost of stroke care in terms
of national direct costs (9). Discounting was applied in a minority of cases (22%) while 
sensitivity analyses were performed in only three studies (17%). Few studies provided
sufficient detail to allow critical appraisal of the cost calculations, and generally accepted
aspects of health economic methodology were neglected in many studies. Consequently,
it is difficult, if not impossible, to compare the national stroke costs because of the use of
different study methodologies, as well as variations in stroke epidemiology and treatment
patterns. For example, estimates of the cost of stroke are influenced by the functional
status and prognosis for long-term survival of patients and carers before the stroke, the 
type and severity of the stroke, and the long-term outcome and requirements of patients
and carers (which, in turn, can be influenced by specific interventions/treatments) (10). 
Nevertheless, the well-conducted burden-of-illness studies can provide reasonably robust
estimates of national stroke expenditure that may assist local decision makers in
allocating resources. The data from published studies are presented below. 

III. THE COST OF STROKE  

A. Types of Costs  

There are several types of costs of stroke, such as the total costs, direct costs, indirect
costs, and lifetime costs of first stroke, that are important to distinguish. 

The direct costs are related to the diagnosis and treatment (including rehabilitation) of 
stroke, and include not only hospital costs but also direct costs related to long-term care 
of disabled survivors.  

The indirect costs are related to the economic and social impact upon patients, their 
caregivers, and the nation, such as loss of family income and national productivity, which
dominate the lifetime costs of stroke. 

B. Total Costs of Stroke  

Current data suggest that stroke accounts for 3.4–4.6% of the total cost of health care
throughout the world (9, 11–19). 

In the United States, the total cost of stroke in 1997 was estimated to be US$40.9 
billion; and in 1998 it was estimated to be US$43.3 billion (20, 21). In Australia, the total 
cost of stroke in 1993–1994 was estimated to be Aus$1.7 billion. The cost (direct and
indirect) of each stroke was estimated to average about Aus$40,000, which is about
Aus$50,000 currently (Table 1) (22). 

Long-term effects of stroke     256



C. Direct Costs of Stroke  

Most studies that have attempted to define the costs of stroke care have focused on direct
hospital costs because it is difficult to quantify the indirect costs related to loss of
productivity and reorganization of family life (12, 23–28). In general, the direct costs 
have been reported to account for between 42% and 90% of total stroke costs (9). In the 
United States, the direct cost of stroke is about $26.2 billion per year, which is about two-
thirds of the total costs, and represents an average cost per case of about US$50,000 (20, 
21). In Australia, the direct cost of stroke is about Aus$742 million, which is about 45%
of the total costs of stroke, and represents an average cost per case of about Aus$ 18,500
(22). 

Table 1 Estimated Direct and Indirect Costs of Stroke in Australia (22) 

Direct costs No. patients Cost ($ million) 

Acute care 29,556 175 

Nursing homes (new admissions) 10,735 418 

Rehabilitation 5,911 72 

Other 3.1 million 77 

Outpatient attendances     

GP visits     

Allied health interventions     

Hospital transport     

Home modifications     

District nursing     

Home help     

Meals on wheels     

Community health care     

Respite care     

Total direct costs    742 

Indirect costs    Cost ($ million) 

Lost earnings of patient due to premature morbidity   582 

Lost earnings of spouses/partner due to morbidity of patient   345 

Total indirect costs    927 

TOTAL  41,477 $1669 million 

Cost per stroke    $40,243 
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1. Hospital Costs 

As a considerable proportion of the direct costs are related to inpatient hospital costs, the
estimates of direct costs vary from country to country depending on the proportion of
patients admitted to hospital, the nature and intensity of hospital care, and the length of
stay in hospital (including rehabilitation hospital) and nursing homes (9). For example, in 
the United Kingdom, only 55% of acute stroke patients are admitted to hospital, whereas
in Australia (Perth) and Italy (Perugia) about 80% are admitted, and in Sweden about
95% (29). The average length of stay in hospital is relatively short in the United States
(particularly since the introduction of managed care), and less so in the Netherlands (27
days), when compared with countries such as Sweden (59 days) and Scotland (65 days)
(16). 

The cost of hospitalization in the acute phase of stroke has been estimated to amount to 
about 20% of the total direct cost of stroke management in the United States (13), 
whereas in Europe and other parts of the world, with longer lengths of hospital stay, it
absorbs 25–85% of the sums spent during the first year postictus (10, 12, 23, 24, 30). 

In one analysis of individual hospital expenses (in the United Kingdom), nursing costs 
accounted for about 81% of the inpatient hospital costs of stroke, while 19% covered the
remaining costs (of which 40% was for instrumental examinations, 31% for general
treatment, 19% for physicians, and 10% for specific drugs) (31). 

Very little information is available on rehabilitation unit costs, and all is based on
isolated experiences. Similarly, the cost of nursing home care, which can be substantial
for disabled stroke patients, is not reflected in most studies. In 1990 in the United States,
there were 101,900 nursing home admissions attributable to stroke, and the mean length
of stay was 432 days resulting in a net current cost of about US$30,000 per patient
admission (32). The mean length of stay is similar in the Netherlands (470 days). 

Very few cost-of-illness studies have evaluated which patient and physician factors 
influence the cost of stroke, although these may dictate whether and which expensive 
diagnostic tools and treatments are used (25–28). In the United States, the inpatient costs 
of subarachnoid hemorrhage are estimated to be twice as great as those of parenchymal
haemorrhage and four times as great as those of ischemic stroke (25). Among ischemic 
strokes, severe cases that survive cost significantly more than milder cases (25, 30). 
Indeed, the lifetime costs of caring for disabled stroke survivors coupled with loss of
productivity far exceed the costs of care in the first year. Furthermore, because survivors
of recurrent stroke tend to be more disabled than survivors of first-ever stroke, the costs 
of recurrent-stroke survivors are greater than those of first-stroke survivors (33). With 
regard to the specialty of the attending physician, one study found that neurologists
treating stroke patients were significantly more expensive (in terms of direct costs) than
other physicians but their patients achieved significantly better outcomes (34). 

D. Indirect Costs  

Indirect costs account for a consistent part of the lifetime cost for all types of stroke and
are related not only to the patient’s condition but also to the lives of the family and
caregiver. 
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In the United States, the indirect cost of stroke in 1997 was estimated to be US$14.7 
billion, mainly due to loss of output (20). Although loss of productivity is a major
indirect cost, it is difficult to evaluate, and has therefore been reported in only about half
of all studies (9). In these studies, only a minority (about 20%) of patients of working age
return to work, and not always to the same job, often needing to readapt to their
disabilities and the new conditions (35, 36). 

Another indirect cost is reduced quality of life due to loss of social activity, lack of
social support, functional disability, and depression among patients. Other determinants
of quality of life include age, social class, and cardiovascular diseases. However, in one
study the most important factor related to quality of life in long-term stroke survivors, 
ahead of health and functional status, was the satisfaction of the next-of-kin (37). 
Frequently, the next-of-kin is the caregiver. In the Perth community stroke study, 43% of 
stroke patients had survived more than 1 year and were living at home dependent on a
caregiver. More than half (55%) of the caregivers of these patients were emotionally
distressed, particularly if the patients were affected by dementia or abnormal behavior.
The feeling expressed by caregivers included anxiety (58%), depression (50%), fear
(35%), frustration (32%), resentment (29%), impatience (25%), and guilt (36%) (38). 

E. Lifetime Costs  

In 1996, the lifetime cost of stroke per person was estimated to be US$103,576 (32). 
However, the lifetime cost per person was higher for patients with subarach-noid 
hemorrhage because of not only the higher direct cost but also the greater indirect costs
as a result of the earlier mean age of onset (32). 

A more recent estimate has been based on a stroke economic model derived from
short-term clinical trial data and several Markov submodels predicting patient transitions
among various locations over time (10). The cost of managing a stroke over the first 12 
weeks was estimated to be about US$13,650 per patient on average, of which
hospitalization accounted for about 73%, rehabilitation center another 16%, outpatient
services 7%, and nursing home the remaining 4% (10). For patients who survived to the 
end of the trials, the remaining lifetime costs of stroke were estimated to be about
US$125,000 if there remains a major impairment at 12 weeks compared with about
US$46,000 when there is only a minor impairment (10). The average lifetime costs of 
stroke for all patients treated initially, accounting for patients who died within the first 2
weeks, is estimated to be about US$66,000 (10). When short-term costs are included, the 
total lifetime cost of managing a stroke patient increases to nearly US$82,000. Thus long-
term costs account for more than 80% of the total stroke costs. Institutional care is
estimated to account for 26% of the total stroke costs (hospital 18.4%, nursing home
3.2%, and rehabilitation center 4.3%) (10). Most of the lifetime costs (88%) were 
accounted for by patients who went home or to a retirement home (10). Although this 
may seem counterintuitive, most of the patients who suffer a stroke return home, and
although nursing homes are expensive, their patients tend to die earlier and therefore stop
contributing to the costs. 
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IV. THE INCREASING NEED TO PREVENT STROKE AND OPTIMIZE 
ACUTE AND LONG-TERM CARE  

The burden of stroke, measured in terms of social and economic impact, highlights the
need to minimize it, and thus contain the costs of stroke. It is not only crucial to reduce
the incidence of stroke, particularly as the population ages (by effective primary and
secondary prevention strategies), but also to reduce the major direct costs of stroke
(hospital care, particularly for disabled stroke survivors). This involves not only a rational
allocation of available resources but also the active adoption of evidence-based, efficient, 
and cost-effective interventions, and implementation as part of an organized and uniform 
approach to stroke care (e.g., critical pathways) (39, 40). 

V. DELAYED AND INCOMPLETE APPLICATION OF EFFECTIVE 
INTERVENTIONS INTO PRACTICE  

An emerging issue is stroke prevention is that interventions shown to be effective in
clinical trials are not being used, or are being used suboptimally (41). There are many 
possible explanations for this underuse, such as the failure of new research results to
reach practicing clinicians. 

VI. THE IMPACT OF RESOURCES AND COSTS ON CLINICAL 
DECISIONS AND VICE VERSA  

Another important reason why treatment patterns are slow to change relates to resources
and cost, ranging from concerns about inappropriate use of societal resources to more
immediate concerns of organizations and individuals about their financial well-being. 
The decisions by a formulary committee to make a new treatment available, by a
clinician to recommend it to a patient, and by a patient to use it have different cost
implications for different decision makers. At one end of the spectrum, the patient is
concerned about out-of-pocket expenses. At the other end, the insurance company is
concerned about incurring definite short-term drug costs to possibly, but not definitely, 
realize a long-term savings from diminishing morbidity and mortality of disease.
Assessing the cost impact of a new treatment, and thus the financial incentives faced by
decision makers, is difficult but nevertheless pivotal to understanding and influencing
realworld treatment decisions (41). 

VII. WHEN IS AN INTERVENTION GOOD VALUE?  

Assessing whether an intervention is good value for money depends on the perspective
taken (e.g., whose values and whose money?) and how value is measured. Three key
areas are relevant: evidence of effectiveness, equity, and patient choice (42). 

Long-term effects of stroke     260



Effectiveness means the extent to which the intervention (e.g., an acute stroke 
treatment) achieves the desired effect (e.g., the proportion of patients who 
survived free of a disability). Clearly, ineffective interventions should not be 
purchased or provided. However, clinicians are usually faced with making 
decisions where evidence is insufficient, and thus they vary in their practice, 
often basing decisions on the likely effectiveness, taking into account the 
quality of the evidence. 

Equity: the basic principle of equity is that equals should be treated equally, 
with no discrimination on any grounds. 

Patient choice: evidence for the effectiveness of interventions must be in the 
form of improvements in outcome measures that are important to patients. If 
such evidence is available, then patients should not be able to choose an 
ineffective intervention (as this would deny another patient access to an 
effective treatment) but they can choose between interventions of similar 
efficiency. 

“Value” is a judgment on how valuable the desired effect is in the relevant individual(s)
relative to the value of other interventions. Three factors are particularly relevant to the
value of an intervention: the additional length of life (and particularly quality of life) that
the intervention brings, the contribution that the intervention makes to the patient’s well-
being, and the level of need of those who benefit from the intervention. 

VIII. WHAT ACUTE STROKE INTERVENTIONS ARE GOOD VALUE?  

The acute stroke interventions for which there is reasonable evidence of effectiveness
(and ineffectiveness) include stroke units, aspirin, thrombolysis, and heparin; the
evidence for all other acute medical therapies, specific rehabilitation therapies, and
surgery for primary intracerebral hemorrhage (PICH) is inadequate. 

A. Stroke Units  

Compared with conventional care in a general medical ward, organized care in a stroke
unit reduces death and dependency at 1 year after stroke from 62.0% to 56.4% (Table 2) 
(44). This is a relative risk reduction (RRR) of 9% [95% confidence interval (CI): 4–
14%] and an absolute risk reduction (ARR) of 5.6%. The ARR of 5.6% means that
treating 1000 acute stroke patients in a stroke unit would prevent about 56 patients from
dying or becoming dependent compared to treating 1000 patients in a general ward. The
number needed to treat (NNT) in a stroke unit to prevent one from dying or becoming
dependent is 18. 

The potential impact in the population depends not just on the effectiveness of stroke 
units, but also on their availability and accessibility. About 80% of acute stroke patients
are admitted to hospital in Australia (Perth) and Europe (Perugia, Italy) but, as stated
above, rates vary from as low as 55% (United Kingdom) to as high as 95% (Sweden)
(29). If stroke units are available to accommodate all—say 80%—of acute stroke patients 
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who present to hospital in the population then they would avoid about 8.3% of all people
who die or become dependent each year after stroke in the population (45). 

There are insufficient data on the cost of stroke unit care but at least it does not seem to 
increase length of stay (44). Because the main costs of inpatient stroke care are due to
“hotel” and staffing costs, length of stay is a reasonable surrogate measure of costs,
assuming staffing levels are relatively constant (31).  

Table 2 Summary of the Effectiveness and Cost of Acute Treatment for Stroke 
Patients  

If so, the cost of stroke unit care should not be any more than care in a general ward, 
and may even be less. 

B. Aspirin  

Aspirin, 160–300 mg daily, reduces death and dependency from 47.0% to 45.8% (46–
48), a RRR of 3% (95% CI: 1–5%) and an ARR of 1.2% (Table 2). Therefore, treating 
1000 ischemic stroke patients prevents about 12 dying or becoming dependent. The NNT
is 83. 

In the general population, about 85% of all stroke patients have an ischemic stroke 
each year. As aspirin may be contraindicated or not tolerated in about 5% of patients, it
could be given to about 95% of ischemic stroke patients each year, and save about 1.2%
from death or dependency, which is about 1.8% of all people who die or become
dependent each year after stroke (45). 

The cost of treating acute stroke patients with 300 mg aspirin daily for 2 weeks is 
about Aus$1 per patient (7), which totals Aus$83 to prevent one from dying or becoming 
dependent. 

C. Thrombolysis  

Intravenous thrombolysis within 6 hr of onset of ischemic stroke reduces death and
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dependency from 62.7% to 56.4% (49), a RRR of 10% (95% CI: 5–15%) and an ARR of 
6.3% (Table 2). If so, treating 1000 ischemic stroke patients prevents about 63 from
dying or becoming dependent. The NNT is 16. For patients presenting within 3 hr,
intravenous (IV) tPA reduces death and dependency from 71.6% to 57.7%, a RRR of
19.4% and ARR of 13.9% (49). Treating 1000 patients prevents 139 from death or
dependency. The NNT is 7. 

However, thrombolysis is also hazardous. The risk of early death (within 14 days of
stroke) is increased from 11.8% (control) to 20.9% (thrombolysis), a 9.1% absolute
excess [odds ratio (OR): 2.0, 95% CI: 1.6–2.5] among all patients treated within 6 hr. 
This is because of an excess of early symptomatic intracranial hemorrhage [2.5%
(control) vs. 9.4% (thrombolysis); OR: 3.5, 95% CI: 2.8–4.4], and fatal intracranial 
hemorrhage [1.1% (control) vs. 5.8% (thrombolysis); OR: 4.1, 95% CI: 2.9–5.9] (49). 

In North America tPA has been approved in a dose of 0.9 mg/kg within 3 hr of acute 
ischemic stroke. International trials are planned to identify the clinical and imaging
characteristics of the minority of patients who are harmed (about 9%) and helped (about
15%), and the majority whose outcome is not influenced by thrombolysis. 

At present, thrombolysis is likely to be accessible to, and appropriate for, only about 2–
3% of all acute stroke patients (i.e., those who present to an appropriate facility within a
few hours of onset, are competently assessed, and have no contraindication to 
thrombolysis, including a CT scan that rules out intracranial hemorrhage). Indeed, a
recent audit in Cleveland, 1 year after the FDA approved IV tissue plasminogen activator
(tPA), found that only 1.1% of stroke patients actually received it (50). Assuming very 
optimistically that 10% of stroke patients really can be treated with thrombolysis, this
will save about only 1.2% of patients who die or become dependent each year after stroke
(45). 

Treating 16 patients with r-tPA, at Aus$2250 per 50 mg vial, totals about Aus$36,000 
to prevent one from dying or becoming dependent. If streptokinase is as effective as tPA,
then the cost, at Aus$200 per 1.5 million i.u. injection (45), totals Aus$3,200 to prevent 
one from dying or becoming dependent. 

D. Heparin  

The most recent systematic review of heparin or heparinoid in acute ischemic stroke
indicates that routine treatment does not reduce the risk of death or dependency (RRR:
1%, 95% Cl: –5–6%), despite significantly reducing the odds of deep vein thrombosis
(OR: 0.21, 95% Cl: 0.15–0.39) and pulmonary embolism (OR: 0.61, 95% Cl: 0.45–0.83) 
(51, 52). 

E. Neuroprotection  

Trials of neuroprotective agents (e.g., selfotel, aptiganel, chlormethiazole, tirilazad,
lubeluzole) have failed to identify a favorable treatment effect, and some have revealed
dose-limiting intolerance and systemic adverse effects, such as excessive sedation and 
hypertension (53). Trials of other agents (e.g., magnesium) are in progress. 
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F. Other Medical Treatments  

Hemodilution, corticosteroids, and glycerol have not been proven effective. 

G. Surgery for Primary Intracerebral Hemorrhage  

Surgery for PICH is associated with a nonsignificant increase in odds of death and
dependency at 6 months (OR: 1.23, 95% Cl: 0.77–1.98) (54). Further evidence from 
ongoing trials is awaited. 

IX. WHAT SECONDARY STROKE PREVENTION INTERVENTIONS 
ARE GOOD VALUE?  

The secondary stroke prevention interventions for which there is reasonable evidence of
effectiveness have been discussed elsewhere (55, 56).  

X. CONCLUSION  

Although limited, the available evidence suggests that the cost of organized,
multidisciplinary care in a stroke unit is not any greater than conventional general
medical ward care. Stroke unit care is therefore likely to be a highly cost-effective 
initiative, given that it has a similar absolute treatment effect as thrombolysis, and is
appropriate for so many more acute stroke patients. The development of an organized
approach to stroke care must therefore be the major priority in any endeavor to deliver a
stroke service and this itself will facilitate the best use of thrombolysis and randomized
controlled trials of other promising interventions. Although aspirin has only a very
modest effect, it is extremely cost-effective (about $83 to prevent one death or dependent
stroke survivor) because it is widely applicable and accessible, inexpensive, and
relatively safe. Thrombolysis is less cost-effective, but an accurate analysis requires
considerably more data than from a total of only about 5000 patients in 17 trials (49). 

The highest priority for providers of a stroke service must be to establish a stroke unit 
and multidisciplinary team that delivers organized stroke care. Acute ischemic stroke
patients should be immediately started on aspirin, 300 mg daily, and—if possible—many 
entered into further trials of thrombolysis and other promising treatments. After the acute
phase, aspirin should be continued in a lower dose, 75 mg daily; smoking discouraged;
high blood pressure treated initially with a diuretic; and fibrillating ischemic stroke/TIA
survivors anticoagulated long term with warfarin, or given aspirin if anticoagulation is
not sensible (55). Statins are probably indicated in patients who already have 
symptomatic coronary heart disease. Adding dipyridamole to aspirin, substituting
clopidogrel for aspirin, and carotid endarterectomy are all expensive interventions to
prevent stroke, but if ways could be found to focus them on those patients at particularly
high risk of stroke, they would become more affordable. 
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I. INTRODUCTION  

Cerebrovascular disease is the third most common cause of death and one of the most
common causes of disability in the United States and Europe. Based on health interviews,
it is estimated that 3.3 million Americans, representing 1.3% of the population, have
symptomatic cerebrovascular disease, 39.4% of whom are limited in their daily activities
(36). The prevalence of stroke in persons older than 65 years of age is estimated at 
approximately 60 per 1000, and, in persons older than 75, 95 per 1000 (35). The 
prevalence is also much higher in blacks than in whites (66). The annual incidence has 
been estimated at 6–12 per 1000 in individuals of 65–74 years and at 40 per 1000 in those 
over 85 years. Thrombosis, occlusion, and hemorrhage are the most common causes
leading to variable-sized areas of ischemia and infarction in the brain, usually around the
internal capsule (63). The highest risk factor for stroke is age, with 70% of all strokes
occurring in individuals over the age of 65. Other risk factors include hypertension,
cardiac disease, atrial fibrillation, diabetes mellitus, cigarette smoking, alcohol abuse, and
hyperlipidemia (11, 24, 34). 

Urinary incontinence affects 5–15% of elderly patients living in the community and
over 50% of patients in institutions (46). After a stroke it was estimated that 38–60% of 
the patients present with urinary incontinence in the early recovery period (7, 10, 24) and 
that 28–29% of the survivors from cerebral and brainstem stroke will remain incontinent
at 12 weeks (4, 14, 48). Stroke, a major cause of handicap in the adult population, may 
occur at an age when the patient may suffer from other causes of genitourinary problems
such as benign hypertrophy of the prostate in the male patient or weakness of the pelvic
floor in the female patient. It was estimated that 17% of stroke victims had preexisting
urinary incontinence (7, 14). The prevalence of fecal incontinence is 0.5–1.5% in the 
general population and approximately 10% in the elderly institutionalized patients (33, 
55). Forty percent of stroke victims present anorectal disturbances (23) 

Management of incontinence is costly. It is estimated that $400 million is spent on
adult diapers in the United States each year, whereas a total of $1–10 billion is spent 
annually in caring for patients with urinary incontinence (33, 42, 50). Neurogenic bladder 
and bowel can lead to medical complications including urinary tract infection, skin



excoriation, development of renal and bladder calculi, and renal failure. Incontinence
often results in embarrassment and a feeling of lost autonomy with serious social and
psychological repercussion. The presence of bowel and bladder dysfunction is often a
major factor in determining whether or not the patient may be discharged. 

II. ANATOMY AND PHYSIOLOGY  

A. Central Pathways ( Fig. 1 )  

Stimulation studies in animals and the analysis of the effects of ablation and tumors in
humans have revealed a number of areas in the brain with an influence on micturition
(19). Developments in neurological investigation using electrical (53) or magnetic 
stimulation (5, 28) of the motor cortex have helped in the further understanding of the
relationship between the vesicourethral apparatus and the somatically innervated pelvic
floor. 

Since micturition is subject to social constraint, the cortical control of lower autonomic 
centers is highly developed in social animals. The areas involved in humans are the
superior frontal gyrus and the adjacent anterior cingulate gyrus, which lie in the territory
of the anterior cerebral and pericallosal arteries. Ischemic or hemorrhagic lesions in these
territories diminish the awareness of vesical events, allowing the lower centers to act
autonomously and thus promote incontinence. Local tumors may have the same effect,
and similar manifestations occur in more generalized cerebral disorders such as cerebral
atrophy and hydrocephalus. Lesions more posteriorly in the frontal region (paracentral
lobule) may result in spasticity of the striated sphincters and levator ani, producing
urinary retention (43). 

The principal subcortical areas involved in the control of micturition are the septal 
region, the anterior hypothalamus, the pontine reticular formation, and  
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Fig. 1 Cerebral centers and pathways. (Adapted from Lacert P, Perrigot M. In: 
Maury M, ed. La paraplégie chez l’adulte et chez l’enfant. Paris: 
Flammarion Médecine-Sciences, 1981, p 198.) 

the cerebellum. These areas are controlled not only by the frontal cortex but also by the
limbic system, explaining why bladder function is so influenced by emotion. Balanced
facilitation and inhibition between the various cortical and subcortical areas of the brain
are necessary for coordinated bladder function. The interaction between these areas is
summarized diagrammatically in Fig. 1. 

Efferent fibers from the reticular formation of the brainstem, concerned with bladder 
control, pass caudally in relation to the lateral corticospinal tract (43). Kuru (38) suggests 
that in animals fibers conveying vesicoconstriction and vesicorelaxation outflow run
separately in the lateral and ventral reticulospinal tracts, respectively. In humans the
position may be laterally close to the insertion of the dentate ligaments (29) or medially 
between the lateral corticospinal tract and the intermediolateral gray matter of the cord.
The fact that tract localization in the cord is difficult may suggest individual variability,
or perhaps that the tracts are not localized (43). 

B. Anatomy of the Lower Urinary Tract ( Fig. 2 )  

The bladder wall consists primarily of the detrusor muscle, which is composed of
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intertwined smooth-muscle bundles arranged in three layers: an outer and inner
longitudinal layer and a circular intermediate layer (8, 16, 21). Distally it tapers into the 
bladder neck and urethra. The latter is composed of inner and outer smooth-muscle layers 
separated in the male by the prostate gland. Two distinct sphincter mechanisms facilitate
continence. The internal urinary sphincter is formed by the outer smooth-muscle layer of 
the urethra. It allows closure of the bladder neck and the proximal urethra. The external
sphincter is composed of two layers of skeletal striated voluntary muscle fibers. The first
periurethral layer surrounds the distal urethra. The second layer is a reflection downward
from the pelvis floor musculature. Passive continence during bladder filling is secured by
the internal sphincter. Active voluntary continence and urinary stream interruption is
secured by the external sphincter and thus helps prevent leakage of urine at inappropriate
times. 

C. Neural Control of Micturition  

The lower urinary tract is controlled by three nerves (21) (Fig. 2). The hypogastric nerves 
transmit the sympathetic outflow originating from the intermediolateral cell column of
the dorsolumbar spinal cord at levels T11-L2. Activation of the beta-adrenergic receptors 
in the bladder wall results in detrusor relaxation and thus facilitates bladder filling.
Activation of the alpha-1-adrenergic receptors in the internal urinary sphincter results in 
its constriction and thus ensures continence during the filling phase. When leakage of
urine is to be prevented, somatic voluntary activity is mediated through the pudendal
nerves originating from the ventral horn of the sacral spinal segments at levels S2-S4. It 
results in the contraction of the external urinary sphincter and the pelvic floor. During
filling parasympathetic afferent nerve fibers convey information to the pelvic nuclei
located in the intermediolateral cell column of the sacral spinal cord at levels S2-S4. 
Detrusor sensory axons in the spinal cord synapse with the neurons of the
pontinemesencephalic portion of the brainstem reticular formation (9). The output of 
these nuclei is modulated by neural signals generated in the anterior vermis and fastigial
nucleus of the cerebellum. Information is transmitted from these nuclei to and from the
frontal part of cerebral cortex through pathways receiving contributions from the basal
ganglia and thalamus. When the bladder is full and the situation for voiding is acceptable,
inhibition from the cerebral cortex is released and parasympathetic activity originating in
the sacral nuclei is conveyed through the erector nerves and insures contraction of the
detrusor and bladder emptying. 

During micturition, the parasympathetic system is activated while the sympathetic and
somatic systems are inhibited. Bladder and sphincter activity is coor- 

Long-term effects of stroke     272



 

Fig. 2 Spinal micturition centers and their pathways. (Adapted from Lacert P, 
Perrigot M. In: Maury M, ed. La paraplégie chez l’adulte et chez 
1’enfant. Paris: Flammarion Médecine-Sciences, 1981, p 197.) 

dinated so that when the bladder contracts, the internal and external sphincters relax in a
coordinated fashion. 

III. MICTURITION DISTURBANCES AFTER STROKE  

Previous studies have shown an association between the development of urinary
incontinence and the presence of certain neurological deficits, including moderate or
severe motor deficits (7), aphasia (7), hemiparesis (47), and the combination of 
hemiplegia, proprioceptive deficits, and visual neglect. However, the studies have not
specifically determined whether these deficits might be directly responsible for
incontinence, independent of bladder dysfunction. Pelissier et al. (44) compared 32 stroke 
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patients with micturition disturbances to 65 stroke patients without micturition
disturbances. He concluded that the correlation between stroke and urinary incontinence
depends essentially on the importance of motor deficit rather than the localization of the
lesion or the neuropsychological dysfunction. Others found no correlation with the side
of stroke, sex, age, hemianopsis (47), and history of stroke (10, 14, 40, 56). 

Gelber et al. (24) and Brocklehurst et al. (10) hypothesized that in some stroke patients
urinary incontinence may be directly due to stroke-related cognitive or language deficits
rather than to the selective dysfunction of the neuromicturition pathways. Gelber et al.
(24) conclude that there are three major mechanisms responsible for urinary incontinence 
after stroke: 

1. Disruption of the neuromicturition pathways, resulting in bladder hyperreflexia and 
urgency incontinence. 

2. Stroke-related cognitive and language deficits resulting in incontinence with normal 
bladder function. 

3. Concurrent neuropathy or medication use, resulting in bladder hyporeflexia and 
overflow incontinence. 

A. Clinical Presentation  

Urinary frequency and urgency are frequently associated with frontoparietal and basal
ganglia—internal capsular infarctions involving motor pathways; incontinence is 
frequently associated with urinary frequency and urgency (57). Sakakibara et al. (47) 
studied histories and performed urodynamic, CT, and MRI studies in 72 acute
hemispheric stroke patients. Within 3 months from the onset, 53% of the patients had
urinary symptoms including irritation as well as obstruction, and the most common
symptom was nocturnal urinary frequency in 36%, which was followed by urge urinary 
incontinence in 29% and difficulty of voiding in 25% of the patients. Micturition
disturbance was more common in lesions of the frontal lobe than in those of the occipital
lobe. Brain CT or MRI in symptomatic patients showed lesions of anterior and medial
surface of the frontal lobe, anterior edge of the paraventricular white matter, genu of the
internal capsule, and large lesions of the putamen or thalamus. Perrigot et al. (45) 
analyzed 3014 hemiplegic cases and found that almost 50% of patients presented some
form of urinary disturbance, which was considered clinically important in 20% of the
cases. When the lesion was in the territory of the Sylvian or the vertebrobasilar trunk,
70% of the patients presented incontinence and urgency and 30% presented retention.
When the lesion was in the territory of the anterior cerebral artery, 90% of the patients
presented incontinence and urgency versus 10% with retention. 

The lesion may cause frequency and urgency when the patient is awake and 
incontinence when asleep (2). These patients may be aware that they need to urinate but 
cannot suppress bladder contraction. The result is uncontrolled bladder emptying. During
the first 7–10 days after a large infarct or hemorrhage, there may be associated mental 
confusion, depression of the level of consciousness, and awareness of the need to urinate
or defecate leading to incontinence (41). Incontinence is situational when the patients feel
the need to pass urine but are unable to do so independently. They might be unable to call
for assistance or to reach the toilet or handle and manipulate clothes, a bedpan, or urinal
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because of impaired upper-limb function. They cannot suppress urination even though
they are aware of the need to urinate and know what to do. So, during the early phases of
stroke recovery, incontinence may be a combination of neural dysfunction, decreased
awareness, immobility, and dependency. Factors associated with urinary incontinence at
4 weeks after stroke were impaired mobility, severity of motor deficit, mental
impairment, and dysphasia (14). Among factors that may contribute to urinary
incontinence are communication problems, urinary infection often without other
symptoms, fecal impaction, excess urinary flow due to high fluid intake, diuretics, and
poorly controlled diabetes, too few carers/nurses, and underestimation of the importance
of maintaining continence by the carers/nurses (61). 

Some continent stroke victims sense the urge to void and are often considered as being 
normal. Garrett et al. showed that incomplete bladder emptying occurred in more than
half of the 85 patients they studied (22). Gelber et al. (24) noted bladder hyporeflexia in 
17–25% of poststroke patients. This raises the possibility of overflow incontinence as 
another cause of urinary incontinence in stroke patients. 

Sakakibara et al. (48) showed that 3 months after brainstem stroke 21% of the patients 
presented urinary retention. These patients demonstrate a significantly higher rate of
urinary infection.  

B. Urodynamic Findings  

Urodynamic evaluation and measurement of the postvoidal residual urine are essential in
the diagnosis of neurogenic bladder, and findings often determine the therapeutic
approach. 

1. The Bladder 

Detrusor hyperreflexia with decreased bladder capacity is the most common cystometric
finding in the incontinent stroke victims who present with urinary frequency and urgency
(35, 44, 47, 57). It was noted mostly in lesions of the frontal lobe (55). Patients with basal 
ganglia damage, brain atrophy, and lesion of the putamen may have poor bladder
contractions leading to retention (35, 44, 57). Thirty-eight out of seventy-seven 
hemiplegic patients were studied by uroflowmetry. Thiry et al. (54) concluded that 
retention was exclusively caused by a mechanical outlet obstacle. Kahn et al. (34, 35) 
found uninhibited relaxation of the external urethral sphincter during involuntary bladder
contractions in patients with cerebral cortex and/or internal capsule lesions, and normal
sphincter function in patients with lesions only in the basal ganglia or the thalamus. Two
of their patients had normal CT scans, suggesting that their urinary trouble was not
related to the stroke. Sakakibara et al. (47) found uninhibited sphincter relaxation in the 
frontal lobe only. Some patients may present an early need to void with urgency without
other cystometric anomaly (44). 

Hypertonic bladder seems related to lesions more than 40 mm in diameter (17). The 
most favorable prognostic factors for urinary continence are a nonhypertonic bladder and
absence of extensive brain lesions (17). 

Urodynamic studies in patients suffering from brainstem stroke showed that detrusor
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hyperreflexia was present in 73% of patients, low compliance bladder in 9%, atonic
bladder in 27%, detrusor-sphincter dyssynergia in 45%, and uninhibited sphincter 
relaxation in 27% (56). Brain MRI images of the lesions in the symptomatic patients
were concentrated in the dorsolateral pons including pontine reticular nucleus and the
reticular formation adjacent to the medial parabrachial nucleus and the locus ceruleus. 

In the acute phase, measurement of the postvoidal residual urine volume in the 
apparently continent patient can be achieved either by catheterization or by ultrasound
investigation. Retention is considered when this volume exceeds 50 mL. It can be caused
by an hypoactive bladder or by mechanical obstruction. 

2. The External Urethral Sphincter 

The urethral pressure profile gives information on the external urethral sphincter length
and pressures. Thiry and al. (54) found that urethral pressure was equally normal,
decreased, or increased in the 77 patients he studied regardless of whether or not they 
were continent. Others (57), found that in patients presenting bladder hyperactivity with 
urgency, the sphincter activity either may be normal and well coordinated with bladder
activity or may be uncoordinated (detrusor-sphincter dyssynergia), in which case patients
presented retention. Detrusor-sphincter dyssynergia, rather common in spinal cord injury, 
seems related to bilateral infarcts and in basal ganglia lesions (34, 47). When left 
untreated, patients are at high risk to develop serious urological complications such as
vesicoureteral reflux, hydronephrosis, urolithiasis, and sepsis (6). Sometimes, uninhibited 
relaxation of the external urethral sphincter may be present in frontal lobe lesions (47). 

As mentioned earlier, measurement of the postvoidal residual urine volume and
uroflowmetry, which require patient collaboration, are valuable tools, when practicable,
to evaluate mechanical bladder outlet obstruction, which may be produced by an
uncoordinated sphincter activity or an enlarged prostate in the male patient.
Electromyography and pressure measurement of the external urinary sphincter help to
further differentiate these two entities. In the former, instead of electric silence and
decrease of sphincter pressure during contraction of the bladder and voiding, the electric
activity and sphincter pressure increase. 

C. Management  

Continence and the severity of hemiparesis exert independent effects on the likelihood of
returning home or survival, the degree of bladder control being the more powerful
predictor (3, 4, 58). Subjects whose urinary incontinence persisted throughout their
rehabilitation program made less improvement in rehabilitation and exhibited lower
functional recovery and recovery of independent mobility functional status at discharge
(26). Therapeutic decisions and treatment strategies should be based on the knowledge of 
abnormal voiding physiology, as demonstrated by urodynamic study (23, 24). 

Treatment should aim to reestablish continence and personal dignity. In the acute 
phase, whatever the urinary problem, an indwelling catheter may be considered to
facilitate management. If the initial presentation is retention, a long-term indwelling 
catheter should be reserved for the last option (27) and intermittent catheterization (32) 
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should be considered rapidly within the first week. This has the advantage of reducing the
risk of urinary infection. When incontinence is the initial presentation and assuming the
patient did not have any urinary problem before stroke, clamping of the indwelling
catheter should be attempted by the end of the second week to check whether or not the
desire to void returns and at what bladder capacity. Some patients will be able to void
voluntarily and others will not. For these, the indwelling catheter should be shut off
periodically to distend the bladder to a normal capacity to make certain that it is not
allowed to contract. Management should be discussed, whenever possible, with the
patient. Pharmacotherapy can influence the different structures of the lower urinary tract:
bladder, bladder neck, external urethral sphincter and the prostate gland (12, 65). In high-
pressure bladder hyperreflexia one might consider administrating a smooth-muscle-
relaxing drug such as probantheline, flavoxate, trospium, or eme-pronium to reduce 
uninhibited detrusor contractions and to obtain a low-pressure reservoir. Should these 
drugs fail, one may consider prescribing more powerful anticholinergic drugs such as
oxybutinin and tolderodine in combination with intermittent catheterization.
Anticholinergic medication should not be used for long periods unless absolutely
necessary, especially in elderly men with an enlarged prostate, since these drugs may
cause acute and chronic urinary retention. For those patients with low-pressure bladder 
outlet and urinary sphincter, one may consider sympathomimetic drugs such as phenyl
propanolamine and ephed-rine. In the male patient with benign hypertrophy of the
prostate, a selective alpha-1 sympathetic drug to reduce the obstruction may be
considered. One should be aware that urinary infection, spasticity, and constipation may
influence bladder function and these should be investigated and treated appropriately. 

Persisting sphincter dyssynergia may be treated by injection of botulinum toxin type A 
(15, 49). This drug offers a time-limited effect (2–3 months) and can predict the outcome
of sphincterotomy. Often, treatment of infravesical obstruction due to external sphincter
spasticity, the prostate gland, or urethral anatomical anomaly decreases detrusor pressure. 

Whenever possible, a pragmatic approach using continence charts and bladder training
or biofeedback often results in improvement of continence and should be attempted (24). 
A typical program involves offering the patient a urinal or bedpan, or placing him or her
on the commode on a regularly scheduled basis. Such a program should include the
recording of fluid intake and losses. In incontinent male patients, a condom catheter can
be an option (23) provided there is no concomitant hypertonic bladder and bladder outlet 
obstruction. 

D. Outcome Associations and Predictive Factors  

Following an acute stroke, urinary retention is common. With time, this usually resolves
and then incontinence becomes the most problematic urological manifestation. Urinary
incontinence is an important cause of distress to patients and carers, increases the risk of
pressure sores, often interferes with rehabilitation by interrupting physiotherapy sessions,
and influences the patient’s requirements for ongoing nursing care, discharge, and the
long-term outcome (60). Incontinence has been identified as being indicative of a poor
prognosis after a stroke (23). Outcome after stroke is much better in those who remain or 
become dry and it seems possible that recovery of continence may promote morale and
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self-esteem, which could actually hasten overall recovery (11, 35). 
Of 639 registered stroke patients studied by Taub et al. (52), 392 without previous 

disability survived and were assessed for disability at 3 months. The results showed that 
34 (9%) were severely disabled and another 60 (15%) were moderately disabled. In both
instances, initial incontinence was the best single predictor of disability with a sensitivity
of 60% and a specificity of 78%. At 12 months, 11% still had moderate or severe
disability with initial incontinence again being the single best predictor of disability.
Wade and Hewer (58) studied 532 patients shortly after the onset of an acute stroke. The
presence of urinary incontinence in the first 7 days after the stroke was a poor prognostic
factor for survival because more than half of the incontinent patients died within 6
months of suffering a stroke. Urinary incontinence at 3 weeks was also shown to predict a
higher chance of dying and less chance at regaining mobility (11). Therefore, urinary 
incontinence early after stroke can indentify a subset of patients who are at risk for a poor
recovery. Such patients must be given the special care needed to optimize the potential
for a successful recovery (11). 

Aggressive treatment of urinary incontinence reduces long-term costs of 
hospitalization (64). Understanding which factors may be associated with the recovery of
urinary incontinence and how urinary incontinence is associated with overall functional
outcome is of value since early recognition of these factors may assist in the rehabilitative
management of stroke patients, particularly in triage to the appropriate treatment setting
and in improving their longer-term outcome. The prospective study of Ween et al. (63) 
tried to identify these factors and concluded that urinary incontinence on admission was
associated with severe functional impairment with large infarctions and was probably
caused by general severity rather than specific impairment of neurological micturition
control. Patients with less impairment (admission Functional Independence Measure>60)
and small-vessel strokes were likely to recover continence. Furthermore, urinary
incontinence on admission had a negative impact on outcome, regardless of the severity
of the stroke. 

IV. BOWEL DISTURBANCES AFTER STROKE  

The ability to respond to the conscious sensation of rectal filling by retaining fecal matter
and defecation is initiated as a voluntary act. Its cortical representation has been mapped,
but the higher-level processes concerned with suppression and initiation of reflex and 
voluntary defecation in humans are unknown (51). The descending pathways through the 
brainstem anterior pons (62) and spinal cord are thought to be closely related to those 
subserving micturition described previously. Control of defecation, continence, is lost in
the presence of diffuse lesions of the brain, especially those associated with frontal or
bifrontal dysfunction (7). 

Cerebrovascular events are followed less frequently by disturbances in the control of
defecation. It was estimated that 40% of hemiplegic patients present some form of
anorectal disturbance (35). In unilateral or bilateral ACA occlusion fecal incontinence 
occurs less frequently and less severely than urinary incontinence (2, 66). Anterior or 
posterior pontine lesions have been shown to be associated with delayed colonic transit
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(19, 62). 

A. Fecal Incontinence  

The incidence of fecal incontinence was estimated at 23% within 1 year, with three-
quarters occurring within the first 2 weeks and most of it clearing during the first year
(10). Perhaps the fact that feces are not fluid accounts for there being less incontinence of 
feces, and the fact that the rectum fills less frequently than the bladder accounts for there
being less frequency of defecation (2). Fecal incontinence, which is not associated with
severe cognitive problems, is almost always remediable by dealing with constipation or
diarrhea (60). 

B. Constipation  

The most common bowel problem after stroke is constipation (10, 41). Its incidence was 
estimated at 15–17% (39). Central dysfunction, depressed conscious level, difficulty of 
communication, and immobility after stroke may precipitate constipation. Constipation
may be aggravated by poor fluid and food intakes, change in alimentary habits,
constipating analgesics, and lack of privacy. 

C. Management  

The frequency of bowel movements should be monitored. Simple monitoring will detect
constipation and diarrhea and may help to establish the pattern of any fecal incontinence.
Patients should not be allowed to go beyond 3 days without moving their bowels in
which case they must be checked for fecal impaction (41). When diarrhea occurs without 
obvious reason it may be occasionally useful to culture the stool to exclude infection.
More often, when the patient has fecal incontinence associated with diarrhea one should
check carefully for fecal impaction by manual per rectum examination or suitable
proctoscopic examination. Plain X-ray of the abdomen is often of much help. More 
detailed investigation is usually not required unless there are persistent unexplained
problems. 

Bowel regularity can be achieved by adequate fluid and fiber intake, taking the patient
to the toilet, or putting him on a bedpan on a regular basis and preferably after meals, and
offering privacy. Bulk laxatives, stool softeners, stimulants acting on the mucosa of the
colon, peristaltic activators, and enemas might be necessary to obtain bowel emptying
and should be used carefully. 

Achieving continence of feces is often a crucial step in discharging the patient.  

V. CONCLUSION  

Urinary and bowel disturbances are common manifestations after stroke and in
relationship with the localization of the lesion. Urinary and/or fecal incontinence is often
a burden on the patient and the nursing staff. Achieving continence is often a crucial step
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to recovery and in discharging the patient. Whenever urodynamic facility is available,
patients should be evaluated and prompt management should be undertaken. 
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