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Foreword

The provenance of this book on stroke goes back to the 1990s when Peter Rothwell joined
our stroke research group in Edinburgh. It moves to Oxford where he married and works
with Sarah Pendlebury, who is a geriatrician, and continues with Matthew Giles – the third
author – who was a research fellow on Peter's Oxford Vascular Study (OXVASC), which he
based on the earlier Oxfordshire Community Stroke Project (OCSP) which I ran in the
1980s. A 30 year cycle. During that time, the management of stroke has changed completely.
We have sharpened up, we are faster, and governments, certainly in the UK, now make
stroke one of their top priorities. We have stroke units staffed by stroke specialists. All
people with strokes coming to hospital get CT scanned, more and more have MR scanning –
not some time in the next few weeks, but within hours. Thirty years ago, we didn't know
that aspirin was an effective drug for stroke secondary prevention, statins were somewhere
over the horizon, blood pressure lowering long term after stroke was controversial, carotid
surgery was out of control, vascular dementia was a minority interest, and there were no
coils to occlude intracranial aneurysms. Everything has changed, and it is all somewhere in
this book. Indeed, the authors’ practice-based research has been responsible for a lot of
these changes. Well perhaps not quite everything has changed; some things are much the
same. Clinical skills are still needed, and clinical common sense, which is embedded in what
we would now call clinical epidemiology, a rather special interest of the authors which
should be obvious even to the casual reader. It is impossible to imagine what stroke medicine
will look like in another 30 years, but in the meantime this is what it looks like now.

Professor Charles Warlow
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Section 1
Chapter

1
Epidemiology, risk factors,
pathophysiology and causes of
transient ischemic attacks and stroke
Epidemiology

In order to understand the clinical management of transient ischemic attacks (TIAs) and
stroke, to plan clinical services or to design randomized controlled trials, and to measure the
overall impact of treatments, it is important to understand the epidemiology of stroke.

Definitions of transient ischemic attack and stroke
A stroke is defined as rapidly developing clinical symptoms and/or signs of focal, and
at times global (applied to patients in deep coma and to those with subarachnoid hemor-
rhage), loss of brain function, with symptoms lasting more than 24-hours or leading to
death, with no apparent cause other than that of vascular origin (Hatano 1976). Conven-
tionally, a TIA is distinguished from stroke on the basis of an arbitrary 24-hour cut-off for
resolution of symptoms Box 1.1. Hence a TIA is defined as an acute loss of focal brain or
monocular function with symptoms lasting less than 24-hours and which is thought to be
caused by inadequate cerebral or ocular blood supply as a result of arterial thrombosis, low
flow or embolism associated with arterial, cardiac or hematological disease (Hatano 1976).

Since the early part of the twentieth century, a variety of definitions of TIA have been
used (Table 1.1). However, the definition given in Box 1.1 has recently been challenged
since the 24-hour time limit is arbitrary, rather than being based on clinical, imaging or
pathological criteria. The 24-hour cut-off does not reflect the fact that the majority of TIAs
last for less than 60 minutes, nor does it indicate a lack of infarction on brain imaging.
Some TIAs are associated with radiological evidence of cerebral infarction, but there is poor
correlation between clinical and imaging findings (Table 1.2). An alternative, but contro-
versial (Easton et al. 2004), definition for TIA has been proposed as comprising a transient
episode of neurological dysfunction caused by focal brain or retinal ischemia without
evidence of acute infarction on brain imaging (Albers et al. 2002). The proposed new
definition for TIA has the problem that brain imaging does not correlate particularly well
with pathological infarction: brain imaging may be normal in clinically definite stroke,

Box 1.1. Definitions of transient ischemic attack and stroke as used in this book

Transient ischemic attack. An acute loss of focal brain or monocular function with symptoms
lasting less than 24-hours and which is thought to be caused by inadequate cerebral or
ocular blood supply as a result of arterial thrombosis, low flow or embolism associated with
arterial, cardiac or hematological disease (Hatano 1976).

Stroke. Rapidly developing clinical symptoms and/or signs of focal, and at times global
(applied to patients in deep coma and to those with subarachnoid hemorrhage), loss of
brain function, with symptoms lasting more than 24-hours or leading to death, with no
apparent cause other than that of vascular origin (Hatano 1976).
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silent infarction may occur and imaging sensitivity is highly dependent on both imaging
method and area of the brain being examined. Moreover, there is uncertainty regarding the
pathological correlates of imaging changes such as diffusion-weighted magnetic resonance
imaging (DWI) hyperintensity (Chs. 10 and 11) and leukoaraiosis, and, as imaging tech-
nology advances, what is defined as TIA will change. The definition of TIA used throughout
this book is, therefore, the conventional one based on symptoms or signs lasting less than
24-hours.

Anything that causes a TIA may, if more severe or prolonged, cause a stroke (Sempere
et al. 1998). There are many non-vascular conditions that may cause symptoms suggestive
of TIA or stroke, and these are referred to in this book as “TIA mimics” or “stroke mimics.”
The separation of TIA from stroke on the basis of a 24-hour time limit is useful since the
differential diagnosis of the two syndromes is different to some extent (i.e. the spectrum of
TIA mimics differs from that of stroke mimics).

Given the common mechanisms underlying TIA and stroke, the investigation of
patients with these syndromes is similar. However, in TIA and minor stroke, the emphasis
is on rapid identification and treatment of the underlying cause in order to prevent a
recurrent and possibly more severe event, whereas in severe stroke, the initial emphasis of
investigation is on targeting treatment to minimize subsequent deficit. Therefore, in this
book, we have considered TIA and minor stroke separately from severe stroke to reflect the
difference in clinical approach to minor versus more severe cerebrovascular events.

There is no accepted definition for what constitutes “minor” stroke. This distinction
between minor and major stroke is sometimes based on an a score on the National

Table 1.1. History of the definition of transient ischemic attack

Year Description

1914 Hunt (1914) Characterized “the role of the carotid arteries in
the causation of vascular lesions of the brain” and
described “attacks of threatened hemiplegia and
cerebral intermittent claudication”

1954; CM Fisher at the First and Second Conferences
on Cerebral Vascular Diseases, Princeton, USA

Described “transient ischemic attacks . . . which may
last from a few seconds up to several hours, the most
common duration being a few seconds up to 5 or
10 minutes”

1961; CM Fisher at the Third Conference on Cerebral
Vascular Diseases

TIA described as “the occurrence of single or multiple
episodes of cerebral dysfunction lasting no longer than
one hour and clearing without significant residuum”

1964 Acheson and Hutchinson (1964) Series of patients with “transient cerebral ischemia”
defined as “duration of attack less than an hour”

1964 Marshall (1964) Series of 180 patients with TIAs defined as “of less than
24-hours duration”

1975 Advisory Council for National Institute of
Neurological and Communicative Disorders and
Stroke (1975)

TIA defined as lasting “no longer than a day (24-hours)”,
although typically lasting from 2 to 15 minutes

1976 World Health Organization bulletin (Hatano
1976)

TIA defined as lasting less than 24-hours

2002 For the TIA Working Group (Albers et al. 2002) TIA definition proposed based on absence of infarction
on brain scanning and a 1 hour time window

Note:
TIA, transient ischemic attack.

Section 1: Epidemiology, risk factors and pathophysiology
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Institutes of Health Stroke Scale (NIHSS) at assessment of � 3 (Wityk et al. 1994) or a score
of � 2 on the modified Rankin Scale (mRS) at 1 month. Such distinctions are problematic
because the NIHSS score will vary with time after the stroke and the mRS at 1 month may
increase if a minor stroke is followed by a major stroke. We take the pragmatic view that
minor stroke includes those strokes mild enough for patients to be seen in an emergency
outpatient setting or to be sent home after initial assessment and treatment in hospital.

Approximately 85% of all first-ever strokes are ischemic; 10% are caused by primary
intracerebral hemorrhage and approximately 5% are from subarachnoid hemorrhage
(Rothwell et al. 2004). Within ischemic stroke, 25% are caused by large artery disease, 25%
by small vessel disease, 20% by cardiac embolism, 5% by other rarer causes, and the remaining
25% are of undetermined etiology. Ischemic stroke may also be classified by anatomical
location using simple clinical features as total anterior circulation stroke, partial anterior
circulation stroke, lacunar stroke and posterior circulation stroke. This is of some help in
identifying the likely underlying pathology and gives information as to prognosis (Ch. 9).

The burden of transient ischemic attack and stroke
Each year there are about one million strokes in the European Union (Sudlow and Warlow
1997), making it by far the most common neurological disorder (MacDonald et al. 2000)
(Table 1.3). Approximately 25% of men and 20% of women can expect to suffer a stroke if
they live to be 85 years old (Bonita 1992) and stroke is the second most common cause of
death worldwide (Murray and Lopez 1996). However, mortality data underestimate the true
burden of stroke since, in contrast to coronary heart disease and cancer, the major burden

Table 1.2. Advantages and disadvantages of conventional and imaging-based definitions of transient
ischemic attack

Definition Advantages Disadvantages

Conventional
definition

Diagnosis can be made at assessment
(provided that symptoms have resolved)
either prior to imaging or in centers where
imaging is unavailable

Diagnosis based on an arbitrary cut-point of
no physiological or prognostic significance

Comparisons with previous studies using
conventional definition possible

Diagnosis based on patient recall, which
may vary with time

Diagnosis cannot be made with certainty
within 24-hours in a patient with resolving
(but persistent) symptoms

Imaging-
based
definition

Based on pathophysiological endpoint and
emphasizes prognostic importance of
cerebral infarction

Diagnosis based on interpretation of
imaging, which is likely to vary between
individuals and centers; also, sensitivity of
imaging techniques is likely to increase with
time with developments in computed
tomography and magnetic resonance
technology

Majority of transient ischemic attacks last less
than 60 minutes

Pathophysiological significance of changes
on new imaging techniques not fully
understood

Encourages use of neurodiagnostic
investigations

Classification of events lasting >1 hour
without infarction unclear

Consistent with the distinction between
unstable angina and myocardial infarction

Diagnosis cannot be made in centers where
no imaging is available

Chapter 1: Epidemiology
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of stroke is chronic disability rather than death (Wolfe 2000). Brain diseases, of which
stroke forms a large proportion, cause 23% of healthy years lost and around 50% of years of
life lived with disability in Europe (Olesen and Leonardi 2003).

Approximately a third of stroke survivors are functionally dependent at one year and
stroke is the commonest cause of neurological disability in the developed world (Murray
and Lopez 1996; MacDonald et al. 2000). Stroke also causes secondary medical problems,
including dementia, depression, epilepsy, falls and fractures. In the UK, the costs of stroke
are estimated to be nearly twice those of coronary heart disease (British Heart Foundation
Statistics Database 1998; Rothwell 2001), accounting for about 6% of total National Health
Service (NHS) and Social Services expenditure (Rothwell 2001). As the population ages over
the coming two decades, the total stroke rate will probably increase unless there are
substantial decreases in age- and sex-specific incidence (Rothwell et al. 2004a). Stroke
deaths are projected to increase from 4.5 million worldwide in 1990 to 7.7 million in
2020, when stroke will account for 6.2% of the total burden of illness (Bonita 1992; Sudlow
and Warlow 1997; Menken et al. 2000).

Additionally, TIAs are also common, and it is estimated that 54 000 TIAs occur each
year in England (Giles and Rothwell 2007). By definition, TIA causes transient symptoms
only and, therefore, has no long-term sequelae per se. However, the importance of TIA lies
in the high early risk of stroke and the longer-term risk of other vascular disease. Indeed, it
has been estimated that approximately 20% of strokes are preceded by TIA (Rothwell and
Warlow 2005).

Table 1.3. Comparative incidence and prevalence rates of common neurological conditions measured in
a population-based study of approximately 100 000 people registered with 13 general practices in London, UK,
and conducted between 1995 and 1996

Condition Incidence rate (95% CI)a Prevalence rate (95% CI)a

First TIA or strokeb 2.05 (1.83–2.30)

Second TIA or strokeb 0.42 (0.33–0.55)

Intracranial hemorrhage 0.10 (0.05–0.17) 0.5 (0.2–0.8)

Any stroke 9 (8–11)

Epilepsyc 0.46 (0.36–0.60) 4 (4–5)

First seizure 0.11 (0.07–0.18)

Primary CNS tumor 0.10 (0.05–0.18)

Parkinson's disease 0.09 (0.12–0.27) 2 (1–3)

Shingles 1.40 (1.04–1.84)

Bacterial infection of CNS 0.07 (0.04–0.13) 1 (0.8–2.0)

Multiple sclerosis 0.07 (0.04–0.11) 2 (2–3)

Myaesthenia gravis 0.03 (0.008–0.070)

Guillame–Barré 0.03 (0.01–0.06)

Motor neurone disease 0.02 (0.003–0.050) 0.1 (0.01–0.30)

Notes:
CI, confidence interval; TIA, transient ischemic attack.
aAge- and sex-adjusted rates per 1000 population.
bIncludes ischemic and hemorrhagic stroke.
cTwo or more unprovoked seizures.
Source: From MacDonald et al. (2000).

Section 1: Epidemiology, risk factors and pathophysiology
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Understanding of the epidemiology of stroke has lagged behind that of coronary heart
disease because of a lack of research funding for stroke (Rothwell 2001; Pendlebury et al. 2004;
Pendlebury 2007) and because stroke is a much more heterogeneous disorder. Separate
assessment of the different stroke subtypes should ideally be made in epidemiological
studies of stroke. Stroke subtype identification was often not possible in early studies
because of a lack of brain and vascular imaging and it remains problematic today because
of the frequent difficulty in ascribing a cause for a given stroke even when imaging is
available. The epidemiology of TIA is more challenging even than stroke since patients with
TIAs are more heterogeneous and present to a variety of different clinical services, if they
present to medical attention at all. Furthermore, reliable diagnosis of TIA requires early and
expert clinical assessment (there is no diagnostic test for TIA), making epidemiological
studies labor intensive and costly.

Mortality
Stroke mortality rises rapidly with age (Rothwell et al. 2005). The increase in mortality in
the elderly is mainly a result of the steep rise in the incidence of stroke with age, but also, to
a lesser extent, reflects the increase in case fatality in older patients. In other words, older
people are more likely to have a stroke (incidence) and, if they do have one, it is more likely
to be fatal (case fatality).

The age-standardized death rate attributed to stroke varies six-fold between developed
countries while very little is known about the developing world (Inzitari et al. 1995; Connor
et al. 2007). Particularly high reported rates of stroke occur in eastern Europe and Japan,
and particularly low rates in certain parts of North America and some western European
countries (Feigin et al. 2003). The reasons for these differences are unclear but one possibility
is that the stroke subtypes more likely to be fatal, particularly intracranial hemorrhage
or cardioembolic stroke, are more frequent in countries with high stroke mortality.

Incidence, prevalence and time trends
The incidence of new cases of first-ever TIA or stroke can only be reliably assessed in
prospective population-based studies (Sudlow and Warlow 1996; Feigin et al. 2003;
Rothwell et al. 2004) since hospital-based studies are subject to referral bias (Table 1.4).
One of the most comprehensive population-based studies of stroke and TIA incidence is
the Oxford Vascular Study, OXVASC, which has near-complete case ascertainment of all
patients, irrespective of age, in a population of 91 000 defined by registration with nine
general practices in Oxfordshire, UK (Coull et al. 2004). This is in contrast to previous
studies, such as the MONICA project and the Framingham study, which had an age cut-off
at 65 or 75 years or relied on voluntary participation.

The OXVASC study showed that the annual incidence of stroke in the UK in the first
few years of this century, including subarachnoid hemorrhage, was 2.3/1000 and the
incidence of TIA was 0.5/1000 (Rothwell et al. 2005), with about a quarter of events
occurring in those under the age of 65 and about a half in those above the age of 75
(Fig. 1.1). The incidence of cerebrovascular events in OXVASC was similar to that of acute
coronary vascular events in the same population during the same period (Fig. 1.2), with
a similar age distribution (Rothwell et al. 2005). Incidence rates, however, measure first-
ever-in-a-lifetime definite events only and exclude possible, recurrent and suspected events,
so do not represent the true burden of a condition. This is especially true for TIA, where a
significant proportion of cases referred to a TIA service have alternative, non-vascular

Chapter 1: Epidemiology
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conditions. Thus consequently, although the annual incidence of definite, first-ever-in-a-lifetime
TIA in OXVASC was 0.5/1000, the rate of definite or possible, incident or recurrent
TIA was 1.1/1000, and the rate of all referrals to a TIA clinic including all TIAs, suspected
events with non-vascular causes and minor strokes was 3.0/1000 (Giles and Rothwell 2007)
(Table 1.5).

Stroke prevalence is the total number of people with stroke in a population at a given
time and is usually measured by cross-sectional surveys (Box 1.2). It is a function of stroke
incidence and survival and, therefore, varies over time and between populations with
differing age and sex structures. In the UK, stroke prevalence is approximately 5/1000
population and in 65 to 74 year olds is approximately 50/1000 in men and 25/1000 in

Table 1.4. Population- and hospital-based incidence studies

Study
type

Description Advantages Disadvantages

Population
based

Multiple overlapping,
prospective methods of case
ascertainment used to identify
all individuals with condition
of interest from a predefined
population; includes searches
of both primary and
secondary care and databases
of diagnostic tests and death
certification/mortality
statistics

More accurate measurement
of incidence through
minimizing referral bias;
individuals who are not
managed in hospital are
included, particularly elderly,
those with mild condition and
fatal events occurring outside
hospital

Time consuming and
resource intensive

Results of studies conducted
in different populations and
over different time periods
can be directly compared
(after statistical adjustment
for age and sex)

Patients with the condition
but who do not seek
medical attention or who
are misdiagnosed in primary
care not included

Representative of the
requirements of an entire
population

Mortality statistics are not
collected reliably

Hospital
based

Methods of case
ascertainment used to identify
all cases that are referred,
admitted, managed or
discharged from hospital
setting from a predefined
population

Less time consuming and less
resource intensive

Prone to referral bias;
outpatient attendance
variably included and events
managed only in the
community not included

Typically, hospital-based
databases only searched.

Representative of the
requirements for hospital
services

Liable to inaccuracies
of diagnostic coding

Patients transferred
between departments
or hospitals either not
identified or double
counted

Referral rates to hospital vary
geographically and over
time; comparison between
studies, therefore, less
reliable

Section 1: Epidemiology, risk factors and pathophysiology
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women (Wyller et al. 1994; Geddes et al. 1996; Bots et al. 1996). Measuring TIA prevalence
is methodologically more challenging because it is difficult to confirm, without direct
patient assessment, whether transient neurological symptoms reported in a population
survey are of vascular origin. Accurate data are, therefore, lacking, but a large telephone
survey of randomly selected households in the USA reported a prevalence of physician-
diagnosed TIA of 23/1000 while a further 32/1000 recalled symptoms consistent with TIA
that had not been reported to medical attention (Johnston et al. 2003).

A reduction in stroke and TIA incidence since the late 1980s would be expected, given
that randomized trials have shown several interventions to be effective in the primary
and secondary prevention of stroke. Indeed, it has been estimated that full implementation
of currently available preventive strategies could reduce stroke incidence by as much as
50–80% (Murray et al. 2003; Wald and Law 2003). Stroke mortality rates certainly declined
from the 1950s to the 1980s in North America and western Europe (Bonita et al. 1990;
Thom 1993), but this decline has since levelled off. Although apparent trends in stroke
mortality are very difficult to interpret because of changes over time in death certification
practices and case-fatality, stroke incidence also appeared to decline in the 1960s and 1970s
in the USA, Asia and Europe (McGowern et al. 1992; Kodama 1993; Tunstall-Pedoe et al.
1994; Numminen et al. 1996). However, the majority of subsequent studies during the
1980s and 1990s, when effective preventive treatments had become more widely available,
have shown either no change (Wolf et al. 1992; Bonita et al. 1993; Stegmayr et al. 1994)
or, more commonly, an increase in age- and sex-adjusted incidence (Johansson et al. 2000;
Medin et al. 2004).
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The most recent studies of time trends in stroke incidence do suggest that age-specific
incidence is now falling (Sarti et al. 2003; Rothwell et al. 2004; Anderson et al. 2005; Hardie
et al. 2005). Between the periods 1981–1984 and 2002–2004, a 40% reduction in the
incidence of fatal and disabling stroke was found in Oxfordshire, UK (Rothwell et al.
2004), although this reduction was less marked in the oldest old (Fig. 1.3). High-quality
population-based studies of time trends in TIA and minor stroke are lacking. However,
moderate rises in TIA incidence were reported in Oxfordshire, UK, between the periods

Table 1.5. Incidence rates of transient ischemic attack and stroke according to stringency of definition applied and
previous cerebrovascular disease measured in OXVASC (2002–2005)

Category of event Incidence rate (95% CI)a

TIA, incident only

Definite 0.47 (0.39–0.56)

Definite and probableb 0.59 (0.5–0.68)

TIA, incident and recurrent

Definite 0.82 (0.72–0.94)

Definite and probableb 0.95 (0.84–1.07)

All definite, probable and suspected TIA (including all referrals to a TIA
service with an eventual non-neurovascular diagnosis)

2.06 (1.89–2.23)

Stroke,c incident only

Definite and probable 1.39 (1.25–1.54)

Stroke,c incident and recurrent

Definite and probable 1.85 (1.70–2.02)

All definite, probable and suspected (including all referrals to hospital of
suspected stroke with an eventual non-neurovascular diagnosis)

2.29 (1.89–2.23)

Notes:
CI, confidence interval; TIA, transient ischemic attack.
aunadjusted rate per 1000 population.
bProbable TIA defined as any transient symptoms lasting less than 24-hours of likely (but not certain) vascular
etiology that was felt to justify secondary prevention treatment.
cStroke includes ischemic and primary intracerebral hemorrhage but not subarachnoid hemorrhage.
Source: From Giles and Rothwell (2007).

Box 1.2. Definitions of incidence and prevalence

Incidence rate. The number of new cases of a condition per unit time per unit of population
at risk. Usually expressed as the number of new cases per 1000 or 100 000 population at
risk per year.

Adjusted/standardized incidence rates. Overall incidence rates depend critically on the age
and sex structure of the population studied. For example, a relatively old population may
have a higher mortality rate than a younger population even if, age for age, the rates are
similar. Incidence rates from different populations are, therefore, often compared following
adjustment or standardization by applying age- and sex-specific rates to a “standard”
population.

Prevalence rate. The total number of cases of a condition per unit of population at risk at
a given time. Usually expressed as a percentage or the total number of cases per 1000 or
100 000 population at risk.
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1981–1984 and 2002–2004 (Fig. 1.3) (Rothwell et al. 2004) and in Novosibirsk, Russia,
between the periods 1987–1988 and 1996–1997 (Feigin et al. 2000) but no significant
change in TIA incidence was found in Dijon, France, between 1985 and 1994. It is difficult
to find a single explanation for the decline in incidence of major stroke in recent years and
a contemporaneous stabilization or increase in the rates of TIA. The former may be related
to a decline in the prevalence of causative risk factors or to treatment of risk factors such as
hypertension and elevated cholesterol, while the latter is likely to reflect changes in public
health awareness and behavior, with people now being more likely to seek medical attention
for transient neurological symptoms.

Racial and social factors
There are racial and social differences in susceptibility to stroke and TIA (Forouhi and
Satter 2006) and in the incidence of the various stroke subtypes (Fig. 1.4). Some of these
racial differences are partly caused by differences in risk factor prevalence: hypertension
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Fig. 1.3. The age-
specific incidence of
transient ischemic
attack (a) and major
disabling stroke
(b) in Oxfordshire in
1981–1984 (the Oxford
Community Stroke
Project [OCSP], - - -)
and 2002–2004 (the
Oxford Vascular Study
[OXVASC]—) (Rothwell
et al. 2004).
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and diabetes mellitus are more common in blacks and coronary heart disease is more
common in whites, for example (Sacco 2001). Other differences are not properly under-
stood, such as the much higher proportion of stroke caused by intracerebral hemorrhage
in Southeast Asia and the Far East than in Western countries (Sudlow and Warlow 1996;
Feigin et al. 2003).

Black populations. The burden of stroke is higher in blacks than whites for both ischemic,
particularly small vessel stroke, and hemorrhagic stroke (Woo et al. 1999; Schneider
et al. 2004; Pandey and Gorelick 2005; White et al. 2005; Wolfe et al. 2006a, b). This
pattern may be related in part to a higher prevalence of hypertension and diabetes
mellitus (Gillum 1999; Sacco 2001). Intracranial large artery occlusive vascular
disease also appears to be more common in blacks than in whites (Sacco et al. 1995;
Wityk et al. 1996; Lynch and Gorelick 2000). In the single relevant study, rates of
TIA were found to be higher in blacks than whites (Kleindorfer et al. 2005).

Maori and Pacific Islands. People in New Zealand have a higher stroke incidence
than Europeans, perhaps owing to differences in risk factors and health-related
behaviors (Bonita et al. 1997; Feigin et al. 2006).

Japanese and Chinese populations. Stroke, particularly primary intracerebral hemorrhage,
is more common in Japan and China than in Western countries (Huang et al. 1990)
and this is accompanied by less extracranial but more intracranial arterial disease
(Feldmann et al. 1990; Leung et al. 1993; Sacco et al. 1995; Wityk et al. 1996).

South Asian populations. People of South Asian origin in the UK have a high prevalence
of coronary heart disease and stroke, central obesity (as evidenced by high waist-to-hip
ratio), insulin resistance, non-insulin-dependent (type 2) diabetes and hypertension
(Cappuccio 1997; Kain et al. 2002; Bhopal et al. 2005). This increase in vascular risk
seems to be partly a result of genetic susceptibility, such as high serum lipoprotein
A levels, and partly dietary- and lifestyle-induced changes in lipid levels.

Fig. 1.4. The proportions of first-ever-in-a-lifetime strokes caused by ischemic stroke (IS), primary intracerebral
hemorrhage (PICH), subarachnoid hemorrhage (SAH) and of undetermined cause (UND) in “ideal” incidence studies.
Numbers indicate the percentage estimates (Sudlow and Warlow 1997).
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Deprivation. In the UK, both stroke incidence and poor outcome after stroke are greater
in areas of socioeconomic disadvantage (Kaplan and Keil 1993; Avendaño et al.
2004). This is partly because poverty is associated with adverse health behaviors and
risk factors such as smoking (Hart et al. 2000a). There is also evidence that poor
maternal and infant health is associated with increased mortality from stroke in later
life (Barker 1995; Martyn et al. 1996). However, the adverse effect of socioeconomic
deprivation also appears to be cumulative throughout life (Davey Smith et al. 1997;
Hart et al. 2000b).

Seasonal and diurnal variation
In most studies, both stroke mortality and hospital admission rates are higher in winter
than in summer (Douglas et al. 1991; Pan et al. 1995; Feigin and Weibers 1997). This
seasonal variation might be explained by the complications of stroke being more likely to
occur in the winter (e.g. pneumonia) and cannot simply be assumed to reflect stroke
incidence. Where incidence has been measured in the community, there is little seasonal
variation, at least in temperate climates, although primary intracerebral hemorrhage is
somewhat more likely in the winter months and on cold days (Rothwell et al. 1996;
Jakovljevic et al. 1996).

Stroke occurs most frequently in the hour or two after waking in the morning, but
whether this applies to all subtypes of stroke is difficult to say because of the relatively small
proportion of intracranial hemorrhages in most studies (Kelly-Hayes et al. 1995; Elliott
1998). Subarachnoid hemorrhage is very unlikely to occur during sleep and, in general, is
most likely to occur during strenuous activities (Wroe et al. 1992). There are no equivalent
data for TIA, although provisional results from OXVASC suggest that incidence also shows
diurnal variation, and apparent TIA incidence falls slightly at the weekend, possibly because
patients are less likely to present to medical attention (Giles et al. 2006).
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Chapter

2 Risk factors

This chapter outlines the major known risk factors for TIA and stroke. Knowledge of these
risk factors is necessary in order to understand the aetiology of TIA and stroke, to predict
risk and to develop effective preventive strategies.

There are many more data on risk factors for acute coronary events than for ischemic
stroke (Bhatia and Rothwell 2005) because of more intensive investigation in routine
clinical practice and because heart disease receives much higher levels of research funding
than stroke (Rothwell 2001; Pendlebury 2007).

The main risk factors for stroke are listed in Box 2.1. There are probably few qualitative
differences between risk factors for ischemic stroke and coronary heart disease, but there
are quantitative differences. Smoking, raised plasma cholesterol and male sex are stronger
risk factors for myocardial infarction, while hypertension is a stronger risk factor for stroke.
The tendency for epidemiologists to lump all types of stroke together might explain some of
the quantitative differences between risk factors for stroke and coronary heart disease. For
example, it is possible that strokes associated with large artery disease have a more similar
risk factor profile to coronary heart disease than cardioembolic stroke. To date, differences
in risk factor relationships with the different stroke subtypes are unclear (Schulz et al. 2004;
Jackson and Sudlow 2005). The prevalence of various demographic and risk factors for
different stroke subtypes are shown in Table 2.1.

Non-modifiable risk factors
Age
Age is the strongest risk factor for ischemic stroke of all subtypes and for primary
intracerebral hemorrhage, but it is less important for subarachnoid hemorrhage (Bamford
et al. 1990; Rothwell et al. 2005). Overall stroke incidence at age 75–84 is approximately
25 times higher than at age 45–54 (see Fig. 1.2).

Sex and sex hormones
Ischemic stroke is slightly more common in men than in women (see Fig. 1.2) although the
male excess is less marked than in coronary heart disease and peripheral arterial disease
(Rothwell et al. 2005). This excess of vascular events in men has been attributed to
differences in endogenous sex hormones, although there is little direct evidence to support
this hypothesis. Exogenous high-dose estrogen given to elderly men with prostatic cancer
increases their risk of vascular death (Byar and Corle 1988) and use of hormone replace-
ment therapy in women after the menopause is associated with an increased risk of acute
coronary sydrome, stroke and venous thromboembolism (Farquhar et al. 2005; Gabriel
et al. 2005). The equalization of vascular risk in elderly males and females is, therefore,
probably not explained by the natural menopause, although bilateral oophorectomy
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without estrogen replacement in premenopausal women doubles the risk of vascular events
(van der Schouw et al. 1996). Oral contraceptives increase the risk of ischemic stroke (the
risk is less for hemorrhagic stroke) but the increased risk is small for low-dose estrogen
preparations unless there are associated factors such as migraine or cigarette smoking
(Chang et al. 1999; Bousser and Kittner 2000; Donaghy et al. 2002).

Modifiable risk factors
Blood pressure
Increasing blood pressure is strongly associated with subsequent stroke risk (Gil-Nunez
and Vivancos-Mora 2005; Goldstein and Hankey 2006). The relationship between usual
diastolic blood pressure and stroke is “log–linear” throughout the normal range, with no
evidence of a threshold below which the risk becomes stable (Rodgers et al. 1996). Stroke
mortality rises steeply with increasing systolic blood pressure and this is more marked
in the young than in the old (Kearney et al. 2005) (Fig. 2.1). Stroke incidence doubles
with each 7.5mmHg increase in usual diastolic blood pressure in Western populations
and with each 5.0mmHg in Japanese and Chinese populations (MacMahon et al. 1990;
Eastern Stroke and Coronary Heart Disease Collaborative Research Group 1998; Lewington
et al. 2002).

The strength of the association between blood pressure and stroke is attenuated with
increasing age, although the absolute risk of stroke in the elderly is far higher than in the
young (Lewington et al. 2002). Nevertheless, hypertension is still a risk factor in the very

Box 2.1. Risk factors for ischemic stroke

Factors associated with an increased risk of vascular disease
Increasing age Raised hematocrit
Male sex Sex hormones
Hypertension Excess alcohol consumption
Cigarette smoking Obesity and dieta

Diabetes mellitus Raised white blood cell count
Blood lipids Recent infectiona

Atrial fibrillation Hyperhomocyst(e)inemia
Social deprivation Snoringa

Family history of stroke Corneal arcusa

Physical inactivity Psychological factorsa

Raised von Willebrand factora Low serum albumina

Increasing plasma fibrinogena Diagonal earlobe creasea

Raised factor VII coagulant activitya

Raised tissue plasminogen activator antigena

Low blood fibrinolytic activitya

Evidence of pre-existing vascular disease
Transient ischemic attacks Cardiac failure
Cervical arterial bruit and stenosis Left ventricular hypertrophy
Myocardial infarction/angina Peripheral vascular disease

Note:
aPossible association with stroke.
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Table 2.1. Demographics and risk factor prevalence in incident strokes in OXVASC

Prevalence (%)

ISa PICHb SAHb

Mean age 74.9 75.3 54.8

Male (%) 48.6 50.0 30.3

Previous acute coronary syndrome 11.5 15.4 3.0

Previous acute peripheral vascular event 2.9 3.8 0.0

History of hypertension 56.3 59.6 24.2

Diabetes mellitus 10.1 0.0 3.0

Hypercholesterolemia 20.1 14.3 6.1

Atrial fibrillation 18.2 15.4 0.0

Current smoker 17.2 15.4 24.2

Notes:
IS, ischemic stroke; PICH, primary intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
aThree year data from 2002–2005.
bFive year data from 2002–2007.
Sources: From Rothwell et al. (2004a) and Lovelock et al. (2007).
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elderly, although it is weaker because stroke may be associated with low blood pressure
owing to cardiac failure and other comorbid conditions (Birns et al. 2005). Moreover, in
patients with bilateral severe carotid stenosis or occlusion, stroke risk is higher at low blood
pressures, suggesting that aggressive blood pressure lowering may be harmful in this group
(Rothwell et al. 2003). The relationship with systolic blood pressure is similar and possibly
stronger than with diastolic blood pressure (Keli et al. 1992) and even ‘isolated’ systolic
hypertension is associated with increased risk (Sagie et al. 1993; Petrovitch et al. 1995;
Lewington et al. 2002). Hypertension is more common in stroke patients from black than
from white populations (Sacco 2001).

Cigarette smoking
Cigarette smoking is associated with stroke, with a relative risk of approximately 1.5: there
is a dose–response relationship; males and females are equally affected, and the association
seems to become weaker in the elderly (Hankey 1999). The evidence for a link between
cigarette smoking and primary intracerebral hemorrhage is less clear (Vessey et al. 2003).
Smoking has been related to the extent of carotid disease on arterial angiography (Homer
et al. 1991), on ultrasound (Fine-Edelstein et al. 1994; Howard et al. 1998) and in identical
twins discordant for smoking (Haapanen et al. 1989).

Diabetes mellitus
Diabetes doubles the risk of ischemic stroke (Tuomilehto and Rastenyte 1999; Wannamethee
et al. 1999; Rothwell 2005) and the risk of fatal stroke is higher in those with a higher
glycosylated hemoglobin (HbA1c) at diagnosis (Stevens et al. 2004). There is a high
prevalence of diabetes in stroke patients from black populations (Sacco 2001). It should
be noted that any studies linking diabetes with stroke mortality data will exaggerate the
association, because diabetics who have a stroke are more likely to die of it than non-
diabetics (Jorgensen et al. 1994). Randomized trials have shown that diabetic treatment
reduces the risk of microvascular complications of diabetes and decreases progression of
carotid intima media thickness but it does not necessarily reduce the incidence of stroke
and other macrovascular events (UK Prospective Diabetes Study (UKPDS) Group 1998;
Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Research Group 2003).

Blood lipids
Increasing levels of total plasma cholesterol and low density lipoprotein cholesterol, and to a
lesser extent decreasing levels of high density lipoprotein cholesterol, are strong risk factors
for coronary heart disease, whereas blood triglyceride levels are less predictive. Reduction
of plasma cholesterol by 1mmol/l reduces the relative risk of coronary events by at least a
third (Lewington and Clarke 2005), with little diminution of benefit in the elderly (Clarke
et al. 2002; Huxley et al. 2002; Baigent et al. 2005). The relationship between blood lipids
and stroke is much weaker but there is some evidence that cholesterol is negatively
associated with intracranial hemorrhage, which obscures the weak positive association with
ischemic stroke in studies where stroke subtype is not characterized (Prospective Studies
Collaboration 1995; Eastern Stroke and Coronary Heart Disease Collaborative Research
Group 1998; Koren-Morag et al. 2002; Zhang et al. 2003).

Data from the Heart Protection Study of cholesterol lowering in patients with known
vascular disease or diabetes have shown that such therapy reduces the risk of stroke on
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follow-up but it did not show a reduction in recurrent stroke (Heart Protection Study
Collaborative Group 2002; Collins et al. 2004) possibly because of lack of differentiation of
stroke subtype or the fact that patients were at low risk of stroke recurrence since the
incident strokes occurred on average 4.6 years before the study onset. However, more
recently, the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL)
trial showed that atorvastatin in patients who had had a stroke or TIA within one to six
months before study entry did reduce overall stroke risk (Amarenco et al. 2006), although
there was a significant increase in risk of intracerebral hemorrhage on statin treatment
(Ch. 24). Interestingly, the same trend had been found in the Heart Protection Study in the
3280 patients with previous stroke or TIA (Collins et al. 2004), in whom simvastatin 40mg
also increased the risk of hemorrhagic stroke. Thus, the randomized evidence does suggest
that there is a causal association between plasma low density lipoprotein cholesterol
and risk of ischemic stroke, but more work is required to determine the cause of the
increase in risk of hemorrhagic stroke.

Atrial fibrillation
Non-rheumatic atrial fibrillation is by far the most common cause of cardioembolic stroke
but cannot cause more than one-sixth of all ischemic strokes since it is present in this
proportion of patients who have an ischemic stroke (Sandercock et al. 1992; Schulz and
Rothwell 2003; Rothwell et al. 2004a); this excludes the very elderly, where its prevalence is
highest (Wolf et al. 1991a). The average absolute risk of stroke in patients without prior
stroke who have non-rheumatic atrial fibrillation and are not taking anticoagulation
drugs is approximately 4% per year, five to six times greater than in those in sinus rhythm
(Hart et al. 1999; Wolf et al. 1991b; Lip 2005); the risk is much higher again in patients with
rheumatic atrial fibrillation.

The stroke risk associated with atrial fibrillation in an individual patient is higher in the
presence of a previous embolic event, increasing age, hypertension, diabetes, left ventricular
dysfunction or an enlarged left atrium (Stroke Prevention in Atrial Fibrillation Investigators
1992, 1995; Atrial Fibrillation Investigators 1994, 1998; Di Pasquale et al. 1995; Lip and
Boos 2006). At least 10 similar stroke risk stratification schemes for atrial fibrillation have
been published (Lip and Boos 2006; Nattel and Opie 2006). The best validated of these, the
CHADS2 score, awards 1 point each for congestive heart failure, hypertension, age� 75 years
and diabetes mellitus and 2 points for prior stroke or TIA. Patients with a CHADS2 score
of 0 have a stroke risk of 0.5% per year while those with a score of 6 have a yearly stroke
risk of 15% or more (Ch. 14).

Paroxysmal atrial fibrillation carries the same stroke risk as persistent atrial fibrillation
(Lip and Hee 2001; Saxonhouse and Curtis 2003) and should be treated similarly. There
is no evidence that conversion to sinus rhythm followed by pharmacotherapy to try to
maintain such rhythm is superior to rate control in terms of mortality and stroke risk (Segal
et al. 2001; Blackshear and Safford 2003; Hart et al. 2003).

Some of the association between atrial fibrillation and stroke must be coincidental
because atrial fibrillation can be caused by coronary and hypertensive heart disease,
both of which may be associated with atheromatous disease or primary intracerebral
hemorrhage. Although anticoagulation markedly reduces the risk of first or recurrent
stroke, this is not necessarily evidence for causality because this treatment may be working
in other ways, such as by inhibiting artery-to-artery embolism, although trials of warfarin
in secondary prevention of stroke in sinus rhythm have shown no benefit over aspirin
(Ch. 24).
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Cardioembolism
Apart from atrial fibrillation, there are many other causes of cardioembolic stroke including
prosthetic heart valves and patent foramen ovale (see Ch. 6).

Obesity and the metabolic syndrome
Any relationship between obesity and stroke is likely to be confounded by the positive
association of obesity with hypertension, diabetes, hypercholesterolemia and lack of exer-
cise, and the negative association with smoking and concurrent illness. Nevertheless, stroke
is more common in the obese, and abdominal obesity appears to be an independent
predictor of stroke (Suk et al. 2003). The constellation of metabolic abnormalities including
central obesity, decreased high density lipoprotein, elevated triglycerides, elevated blood
pressure and impaired glucose tolerance is known as the metabolic syndrome and is
associated with a three-fold increase risk of type 2 diabetes and a two-fold increase in
cardiovascular risk (Eckel et al. 2005; Grundy et al. 2005).

Metabolic syndrome is thought to be the main driver for the modern-day epidemic of
diabetes and vascular disease. As well as primary prevention of acute vascular events in
patients with the metabolic syndrome (Eckel et al. 2005; Grundy et al. 2005), an additional
aim should be prevention of progression to frank diabetes. Both lifestyle modification with
diet and exercise (Tuomilehto et al. 2001; Diabetes Prevention Program Research Group
2002) and treatment with angiotensin-converting enzyme inhibitors or angiotensin antag-
onists (Yusuf et al. 2000; Dahlof et al. 2002; Julius et al. 2004) have been shown to be
effective in reducing progression to diabetes in patients with the metabolic syndrome.

Diet
Relating various dietary constituents to the risk of vascular disease is difficult since obser-
vational data are likely to be biased. As noted above, there is good evidence that dietary and
lifestyle modification can improve vascular risk in patients with the metabolic syndrome,
but randomized trials of dietary interventions, including fish oil supplementation and
vitamin supplementation, have generally been disappointing (Steinberg 1995; Orencia
et al. 1996; Stephens 1997; GISSI-Prevenzione Investigators 1999; Leppala et al. 2000; Yusuf
et al. 2000; Heart Protection Study Collaborative Group 2002; Hooper et al. 2004, 2008).

Reduction in salt intake reduces blood pressure in both normotensive and hypertensive
individuals (He and MacGregor 2004) and there is evidence that adding salt to food
increases the risk of cerebral hemorrhage (Jamrozik et al. 1994). In contrast, a high intake
of potassium may reduce stroke risk (Khaw and Barrett-Connor 1987; Whelton et al. 1997).
It remains unclear whether reducing sodium intake lowers stroke risk.

Exercise
A systematic review of 23 studies found that moderate and high levels of physical activity
are associated with reduced risk of all stroke (Lee et al. 2003). This reduced risk is thought
to be related to lower body weight, blood pressure, blood viscosity, fibrinogen concen-
tration and better lipid profiles.

Alcohol
A systematic review of 35 observational studies indicated that heavy (> 5 units/day) alcohol
consumption increases the relative risk of stroke by 1.6 (95% confidence interval [CI],
1.4–1.9) particularly hemorrhagic stroke (relative risk, 2.18; 95% CI, 1.5–3.2) (Reynolds
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et al. 2003). Moderate consumption of alcohol appears to lower stroke risk by comparison
with abstention (Reynolds et al. 2003; Elkind et al. 2006). Whether ‘binge’ drinking is
associated with stroke is uncertain (Hillbom et al. 1999) but it is possible that irregular
drinking carries a higher risk (Mazzaglia et al. 2001).

Hemostatic variables
Despite much effort, very few consistent associations have been found between coagulation
parameters, fibrinolytic activity, platelet behavior and risk of stroke (Markus and Hambley
1998; Sacco 2001). Although there is a relationship between increasing plasma fibrinogen
and stroke (Rothwell et al. 2004b; Danesh et al. 2005), it is attenuated by adjusting for
cigarette smoking and other confounding variables such as infections and social class
(Brunner et al. 1996; Lowe et al. 1997). Raised plasma factor VII coagulant activity,
raised tissue plasminogen activator antigen, low blood fibrinolytic activity, and raised von
Willebrand factor are risk factors for coronary heart disease and perhaps also for stroke
(Meade et al. 1993; Qizilbash et al. 1997; Macko et al. 1999).

Hematocrit
Although cerebral blood flow is strongly related to hematocrit, any effect of increasing
hematocrit on risk of stroke, or type of stroke, is weak and confounded by cigarette
smoking, blood pressure and plasma fibrinogen (Welin et al. 1987). However, raised
hematocrit does seem to be associated with an increased case-fatality in ischemic stroke
(Allport et al. 2005).

Infections and inflammation
Both chronic and acute infection have been implicated in the development and stability of
atheromatous plaques (Danesh et al. 1997). However, observational epidemiological studies
of infections in general (Grau et al. 1998) and of chronic dental infection (Beck et al. 1996),
together with serological evidence of specific infectious agents (e.g. Chlamydia pneumoniae,
Helicobacter pylori and cytomegalovirus), have not shown convincing evidence of a rela-
tionship with stroke or coronary heart disease (Markus and Mendall 1998; Danesh et al.
1999, 2000; Fagerberg et al. 1999; Glader et al. 1999; Strachan et al. 1999; Danesh et al. 2003;
Ngeh et al. 2003). An early randomized trial to eliminate chlamydia infection as a risk was
far too small to be reliable (Gurfinkel et al. 1997) but further antibiotic intervention trials
are ongoing (Danesh 2005; Jespersen et al. 2006).

Homocysteinemia
There is an association between the rare inborn recessive condition of homocystinemia
and arterial and venous thrombosis, and observational data link coronary heart disease,
stroke, and venous thromboembolism with increasing plasma homocysteine (Wald et al.
2002, 2004). This led to trials of folic acid and pyridoxine supplementation to lower
homocysteine levels (Hankey 2002; Hankey and Eikelboom 2005). Results from such
trials have so far been disappointing: the Vitamin Intervention for Stroke Prevention
Study (VISP) and the Norwegian Vitamin Trial (NORVIT) (Toole et al. 2004; Bonaa
et al. 2006) trials showed no treatment effect on recurrent stroke, coronary events or
deaths. Preliminary results from the Study of Vitamins to Prevent Stroke (VITATOPS)
trial have shown no evidence of reduced levels of inflammation, endothelial dysfunction,
or the hypercoagulability postulated to be increased by elevated homocysteine levels in
patients with previous TIA or stroke treated with folic acid, vitamin B12 and vitamin B6
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(Dusitanond et al. 2005). However, a recent systematic review of all randomized trials
of homocysteine lowering does suggest a modest reduction in stroke risk (Wang et al.
2007).

Non-stroke vascular disease
Coronary heart disease is associated with ischemic stroke in postmortem (Stemmermann
et al. 1984), twin (Brass et al. 1996), case–control (Feigin et al. 1998) and cohort studies
(Harmsen et al. 1990; Shaper et al. 1991; Wolf et al. 1991b; Touzé et al. 2006) as are
electrocardiographic abnormalities, cardiac failure, left ventricular hypertrophy, claudica-
tion and asymptomatic peripheral vascular disease (Leys et al. 2006).

Abdominal aortic aneurysms occur in about 10–20% of patients with cerebrovascular
disease but it is not known if people with aneurysms have more stroke or other vascular
events compared with people without aneurysms (Hollander et al. 2003; Leys et al. 2006).

Other possible associations
Innumerable other risk factors have been linked with coronary heart disease, and to a lesser
extent stroke, but data are sparse and there is probably a lot of confounding.
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Chapter

3 Genetics

Advances in techniques of genetic investigation have allowed researchers to begin to
understand the role of genetic factors in both sporadic stroke and in single gene disorders.
Although genetic investigations still have a relatively limited role in routine clinical practice,
it is important that clinicians are aware of the relevance of family history of vascular disease
to the management of patients with TIA and stroke, and of the common hereditary forms of
cerebrovascular disease.

Genetic risk factors for “sporadic” stroke
The contribution of genetic factors to stroke risk in populations has been difficult to establish,
as is the case for coronary heart disease (Alberts 1991) and it is mademore difficult by the facts
that stroke is a heterogeneous clinical syndrome with numerous underlying pathologies and
that many of the risk factors for stroke have strong genetic components. Reliable interpretation
of published family history studies is undermined by major heterogeneity, insufficient detail
and potential publication and reporting bias, with much stronger associations in smaller and
less methodologically rigorous studies (Flossmann et al. 2004). Few studies consider the
number of affected and unaffected relatives or phenotyped strokes in detail, and the majority
of studies do not adjust associations for intermediate phenotypes (Flossmann et al. 2005).
No twin study and only a minority of family history studies have differentiated between
ischemic and hemorrhagic stroke in the proband. There are very few data on the influence of
family history on stroke severity and no data on stroke recovery. Generally, genetic influences
are stronger in patients with a relatively early age of stroke onset, and a family history of stroke
confers a higher risk of stroke if onset was below 70 years of age (Schulz et al. 2004).

Based on the assumption that at least some of the risk of apparently sporadic stroke
is genetic, large numbers of studies using different methodologies have been carried out in
an attempt to identify the genes involved (Dichgans 2007) (Table 3.1). However, it seems
likely that the genetic component of stroke risk is modest and that many, indeed probably
hundreds, of genes are involved, each one contributing only a small increased risk. Studies
so far have generally not been large enough to reliably detect the sort of small effects that
might realistically be expected and have had other methodological limitations, including
poor choice of controls in case–control studies, inadequate distinction between the different
pathological types and subtypes of stroke for which genetic influences may differ, failure to
replicate positive results in an independent and adequately sized study, and testing of
multiple genetic or subgroup hypotheses with no adjustment of p values for declaring
statistical significance (Dichgans and Markus 2005; Sudlow et al. 2006).

Candidate gene studies
Most genetic studies so far have been candidate gene studies, in which the frequency of
different genotypes at a specific locus or loci within a gene or genes thought likely to be in
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some way connected with stroke risk are compared between stroke cases and stroke-free
controls. Candidate genes have generally been selected on the basis of their known or
presumed involvement in the control of factors or pathways likely to influence stroke risk:
blood pressure, lipid metabolism, inflammation, coagulation, homocysteine metabolism
and so on (Hassan and Markus 2000; Casas et al. 2004). Rigorous meta-analyses of
candidate gene studies, both in stroke and other vascular diseases such as coronary heart
disease, have highlighted various methodological problems, particularly the inadequate size
of studies (Keavney et al. 2000; Wheeler et al. 2004; Sudlow et al. 2006). Large numbers
of candidate gene studies have together identified a handful of genes that, on the basis of
results from meta-analyses, seem likely to influence risk of ischemic stroke modestly.
These genes include those encoding factor V Leiden, methylenetetrahydrofolate reductase,
prothrombin and angiotensin-converting enzyme (Casas et al. 2004, 2006).

Linkage studies
As yet, there have been far fewer stroke genetics studies that use more traditional genetic
study designs, based on collecting information and DNA from related individuals with and
without the disease of interest. This is at least partly because family members of stroke
patients are often no longer alive, and so obtaining information and samples for DNA
extraction from large enough numbers of relatives is challenging (Hassan et al. 2002).
The Icelandic deCODE group identified two candidate genes for ischemic stroke, encoding
the enzymes phosphodiesterase-4D and arachidonate 5-lipoxygenase-activating protein
(ALOX5AP; Gulcher et al. 2005). There is still some debate, however, about their influence
in non-Icelandic populations, since their effect on ischemic stroke risk has been confirmed
in only a few replication studies (Gulcher et al. 2006; Rosand et al. 2006).

Table 3.1. Summary of different methods of identifying genetic risk factors for stroke

Description Advantages Disadvantages

Candidate
gene study

A molecular variant in a gene that is
functionally relevant to the disease
of interest is first identified. The role
of the gene in conferring risk for
that disease is then studied using
a case–control or cohort method

Large number
of potential genes
available for study

Genes of interest must be
identified a priori and novel genes
are not identified. A positive
association does not prove
causation but represent close
linkage between the gene
of interest and a nearby
disease-causing locus

Linkage
study

Analysis of pedigree by the tracking
of a gene through a family by
following the inheritance of a
(closely associated) gene or trait.
If genes are linked by residing on
the same chromosome, there would
be a greater association than if the
genes were not linked

Polygenic
disorders can
be studied

Because stroke is a disease of
middle and old age, identification
of living, affected relatives is
difficult

Whole
genome
association
study

Variations in many single nucleotide
polymorphisms throughout the
genome are analyzed and
compared between individuals
with and without a disease. Genetic
variations that are more frequent
in those with the disease are
then considered pointers to the
disease-causing locus

Huge numbers
of genes can be
studied at the
same time

Multiple associations are
identified, which invariably
include many false positives
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Whole genome association studies
The combination of technological developments allowing rapid genotyping at multiple loci,
the attraction of non-hypothesis-driven genetic studies, and the recognized limitations of
traditional linkage approaches have led to an increasing interest in genome-wide association
studies, where multiple polymorphisms across the genome are genotyped and compared
in cases and controls, looking for loci where significant differences may suggest genetic
influences on disease risk. Only one small, uninformative preliminary study in stroke has
been published so far (Matarín et al. 2007).

Association with intermediate phenotypes
Genetic studies have started to emerge of so-called intermediate phenotypes, markers of
predisposition to stroke or other vascular diseases, which can be measured in large numbers
of subjects both with and without vascular risk factors or disease. These intermediate
phenotypes include carotid intima media thickness and leukoaraiosis as measured or
graded on computed tomographic (CT) scans or magnetic resonance imaging (MRI) of
the brain, and both linkage and candidate gene approaches have been used (Humphries and
Morgan 2004; Dichgans and Markus 2005).

Inherited disorders
A few strokes are clearly ‘familial’ with a simple Mendelian pattern of inheritance of the
underlying cause (Table 3.2). Some of these genetic causes of stroke are described below:

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalo-
pathy (CADASIL) is an autosomal dominant syndrome characterized by recurrent small
vessel ischemic stroke in middle age and subcortical dementia with pseudobulbar palsy,
usually in the absence of vascular risk factors (Singhal et al. 2004). Mood disturbance and
migraine with aura often precede the strokes but there is considerable phenotypic variation
(Dichgans et al. 1998). Death usually occurs in the sixth or seventh decade. Brain MRI is
always abnormal in symptomatic patients, and often in asymptomatic subjects too, and
shows widespread focal, diffuse and confluent white matter changes (Fig. 3.1), particularly
in the periventricular and subcortical regions (Chabriat et al. 1995, 1998; Hutchinson et al.
1995; Dichgans et al. 1998). Changes at the temporal poles, the external capsule and the
corpus callosum are characteristic.

The disease has been reported from many parts of the world and there are now more
than 500 families described. The prevalence of genetically proven disease in the west of
Scotland has been reported to be 1.98 per 100 000 adults and the probable mutation
prevalence was estimated to be 4.14 (95% CI, 3.04–5.53) per 100 000 adults (Razvi et al.
2005).

The underlying small vessel arteriopathy is distinct from arteriosclerotic and amyloid
angiopathy and can be found in skin and muscle biopsies as well as in the leptomeningeal
and perforating arteries of the brain (Jung et al. 1995). There is concentric thickening of the
arterial walls with extensive deposition of eosinphilic granular material in the media and
internal elastic membrane (Fig. 3.1).

The genetic locus is on chromosome 19q12 (Tournier-Lasserve et al. 1993). The
deleterious mutations in the human equivalent of the mouse Notch3 gene were found

Section 1: Epidemiology, risk factors and pathophysiology

32



to be the causative for CADASIL (Dichgans et al. 1996; Joutel et al. 1996). The Notch3 gene
is involved in mediating signal transduction between neighboring cells. In contrast to other
Notch genes, which are ubiquitously expressed, Notch3 is mainly expressed in vascular
smooth muscle cells. Arteries from transgenic mice show a diminished flow-induced
dilatation, and the pressure-induced myogenic tone is significantly increased in their
arteries compared with those in wild-type mice (Dubroca et al. 2005). Approximately
70% of the characterized mutations so far cluster in exons 3 and 4 (Joutel et al. 1997).
At present, there appears to be no genotype–phenotype correlation. The vast majority of
known patients are members of affected families, but de novo mutations have been reported
and so CADASIL can affect patients without a family history (Joutel et al. 2000).

The diagnosis should be considered in patients under 70 years of age who present with
symptoms of subcortical cerebrovascular disease especially if they occur without classical
risk factors but with an appropriate family history. The characteristic changes on MRI,
which is the most useful and sensitive screening tool, are apparent in all symptomatic and a
large number of as yet asymptomatic patients. The diagnosis is confirmed in the majority of

Table 3.2. Causes of stroke (including intracranial venous thrombosis and intracranial hemorrhage)
that may be familial

Type Conditions

Vascular anomalies Intracranial vascular malformation

Hereditary hemorrhagic telangiectasia

Saccular aneurysm

Hematological disorders Hemophilia and other coagulation factor deficiencies

Antithrombin III deficiency

Protein C deficiency

Activated protein C resistance

Protein S deficiency

Plasminogen abnormality/deficiency

Dysfibrinogenemia

Sickle cell disease/trait

Connective tissue disease Marfan's syndrome

Pseudoxanthoma elasticum

Ehlers–Danlos syndrome

Fibromuscular dysplasia

Other Migraine

Fabry's disease

Polycystic kidney disease

Cardiac myxoma

Cardiomyopathy

Von Hippel–Lindau disease

Mitochondrial cytopathy

Cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL)
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patients by screening for mutations, particularly in exons 3 and 4. The search for rarer
mutations, however, is very costly and not usually carried out except for research. A useful
alternative is to search for granular osmiophilic material in skin biopsies, although this can
also be normal (Ebke et al. 1997).

Hereditary dyslipidemias
Hereditary dyslipidemias such as familial hypercholesterolemia, type II and type IV hyper-
lipidemia and Tangiers’ disease predispose to premature large vessel atherosclerosis and
hence stroke (Meschia 2003; Hutter et al. 2004).

Connective tissue disease
Several inherited connective tissue disorders predispose to arterial dissection and other
vascular abnormalities, including aneurysms and vasoocclusive disease.

Fabry's disease
Fabry's disease is an X-linked disorder causing deficiency of a-galactosidase, which leads
to an accumulation of glycosphingolipids in vascular endothelial and other cells. The
associated cerebrovascular disorders are mainly ischemic stroke, but intracerebral hemor-
rhage and subarachnoid hemorrhage can also occur. Approximately two-thirds of the
infarcts involve the vertebrobasilar territory. Strokes usually occur from the third decade
onward. Systemic non-vascular features of the phenotype include angiokeratomata, painful
acroparesthesiae and renal failure. The frequency of previously unknown Fabry's disease
in patients with cryptogenic stroke under the age of 55 has been reported to be up to 5%
(Rolfs et al. 2005).

Fig. 3.1. Investigations from a patient with CADASIL (see text). Electron micrographs (a, b) of muscle shows
thickening of the basal lamina of the small blood vessels and the presence of dense eosinophilic material; magnetic
resonance brain imaging shows widespread leukoaraiosis (c).
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Cardiac disorders
Hypertrophic cardiomyopathy is frequently autosomal dominant with incomplete pene-
trance. Mutations in several genes encoding structural muscle proteins have been found
(Franz et al. 2001). Approximately 20% of those with dilated cardiomyopathy have familial
disease, with autosomal dominant, recessive, X-linked and mitochondrial inheritance seen
(Franz et al. 2001). Most cardiomyopathies predispose to arrhythmia but there are also a
number of primary cardiac arrhythmias including the long QT syndromes of Jervell, Lange
and Nielsen, which are autosomal recessive, and the Romano Ward, which is autosomal
dominant. A variety of mutations in sodium and potassium channels have been implicated
(Viskin and Long 1999). There are also reports of familial atrial fibrillation (Brugada et al.
1997). Atrial myxoma (Ch. 6) is associated with a high risk of embolization and stroke and
can be familial, particularly in younger patents and in men (Carney 1985).

Mitochondrial disorders
Various mitochondrial disorders may be associated with stroke-like episodes and cardio-
myopathy (Ch. 6).

Hematological disorders
Various genetic blood disorders including sickle cell anemia and familial thrombophilias
(Ch. 2) are associated with stroke.
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Chapter

4 Anatomy and physiology

Knowledge of the anatomy of the blood supply of the brain is often helpful in understanding
the etiology and mechanisms of TIA and stroke, which enable accurate targeting of acute
treatment and secondary prevention. An awareness of the mechanisms underpinning the
regulation of cerebral blood flow allows the clinician to identify patients at risk of stroke
and assess the possible effects of treatments.

The anatomy of the cerebral circulation
The brain makes up only 2% of the total body weight, but when the body is at rest, it
receives 20% of the cardiac output and consumes about 20% of the total inspired oxygen.
The anterior two-thirds of the brain is supplied by the two internal carotid arteries, and the
posterior third of the brain by the two vertebral arteries (Fig. 4.1). These four arteries
anastomose at the base of the brain to form the circle of Willis (Fig. 4.2).

The detailed anatomy of the cerebral circulation is well described by Sheldon (1981).
There is individual variation in arterial anatomy and thus in the territories of supply of the
various major arteries, which can be asymmetrical and may change over time, depending
on obstruction to vessel flow and the availability of functional collaterals (van der Zwan
et al. 1992) (Fig. 4.3). Developmental anomalies of the major cerebral vessels include:
� inequality in size of the two vertebral arteries
� a combined origin of the left common carotid and innominate arteries
� the right common carotid artery arising from the aortic arch
� the left vertebral artery arising directly from the aorta
� hypoplasia or absence of the proximal part of one anterior cerebral artery so that blood

flow to both anterior cerebral arteries comes from one internal carotid artery
� hypoplasia or absence of one or both posterior communicating artery(ies)
� hypoplasia or absence of the anterior communicating artery
� a persistent trigeminal artery joining the internal carotid artery to the basilar artery
� a paired or fenestrated basilar artery.
The internal carotid artery starts as the carotid sinus at the bifurcation of the common
carotid artery at the level of the thyroid cartilage. It runs up the neck, without any branches,
to the base of the skull where it passes through the foramen lacerum to enter the
carotid canal of the petrous bone. It then runs through the cavernous sinus in an S-shaped
curve (the carotid siphon) pierces the dura and exits just medial to the anterior clinoid
process. It then bifurcates into the anterior cerebral artery and the larger middle cerebral
artery.

The external carotid artery also starts at the bifurcation. Branches supply the jaw, face,
scalp, neck and meninges via the superficial temporal, facial and occipital arteries.
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The ophthalmic artery is the first major branch of the internal carotid artery and arises
in the cavernous sinus. It passes through the optic foramen to supply the eye and other
structures in the orbit.

The posterior communicating artery is the next artery to arise from the internal carotid
artery and passes back to join the first part of the posterior cerebral artery, so contributing
to the circle of Willis. Tiny branches supply the adjacent optic chiasm, optic tract, hypo-
thalamus, thalamus and midbrain.

The anterior choroidal artery arises from the last section of the internal carotid artery,
just beyond the posterior communicating artery origin, and supplies the optic tract, internal
capsule, medial parts of the basal ganglia, the medial part of the temporal lobe, thalamus,
lateral geniculate body, proximal optic radiation and midbrain. Occasionally it arises from
the proximal middle cerebral artery or posterior communicating artery. Minor twiglets
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Fig. 4.1. The anatomy of
the arterial circulation to the
brain and eye. Gray
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is particularly common.
ACA, anterior cerebral
artery; ECA, external carotid
artery; ICA, internal carotid
artery; MCA, middle cerebral
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Chapter 4: Anatomy and physiology

39



from the distal internal carotid artery contribute blood to the pituitary gland, optic chiasm
and nearby structures, including the meninges.

The anterior cerebral artery passes horizontally and medially to enter the interhemi-
spheric fissure; it then anastomoses with its counterpart of the opposite side via the anterior
communicating artery, curves up around the genu of the corpus callosum and supplies the
anterior and medial parts of the cerebral hemisphere. Small branches also supply parts of
the optic nerve and chiasm, hypothalamus, anterior basal ganglia and internal capsule.

The middle cerebral artery enters the Sylvian fissure and divides into two to four
branches, which supply the lateral parts of the cerebral hemisphere. From its main trunk,
a medial and lateral group of tiny lenticulostriate arteries and arterioles pass upwards
to penetrate the base of the brain and supply the basal ganglia and internal capsule
(Marinkovic et al. 1985). Some of these small penetrating vessels extend up into the white
matter of the corona radiata in the centrum semiovale towards the small medullary
perforating branches of the cortical arteries coming down from above.

The vertebral artery arises from the proximal subclavian artery and ascends to pass
through the transverse foramina of the sixth to second cervical vertebrae, giving off small
muscular branches on the way. It then passes posteriorly around the articular process of the
atlas to enter the skull through the foramen magnum. It unites with the opposite vertebral
artery on the ventral surface of the brainstem at the pontomedullary junction to form the
basilar artery. Branches to the meninges arise at the foramen magnum. The vertebral artery
gives rise to the anterior and posterior spinal arteries; the posterior inferior cerebellar
artery, which supplies the inferior vermis and inferior and posterior surfaces of the
cerebellar hemispheres and brainstem; and the small penetrating arteries to the medulla.

The basilar artery ascends ventral to the pons to the ponto–midbrain junction in the
interpeduncular cistern, where it divides into the two posterior cerebral arteries. Numerous
small branches penetrate the brainstem and cerebellum. The basilar artery also gives rise to
the anterior inferior cerebellar artery, which supplies the rostral cerebellum, brainstem,
inner ear, and the superior cerebellar artery, which supplies the brainstem, superior half of
the cerebellar hemisphere, vermis and dentate nucleus.

Middle cerebr al artery:
   superficial (cor tical)
      br anches

Anterior cerebr al artery

Anterior communicating
artery

P osterior communicating
artery

P osterior cerebr al
artery
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V ertebr al artery

Anterior spinal ar tery

Internal carotid
artery

Middle cerebr al
artery

Deep (lenticulostr iate)
   br anches

Anterior choroidal
   artery

Basilar ar tery

Anterior inf erior
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Fig. 4.2. The circle of Willis at the base of the brain as seen from below. There is considerable anatomical
variation and this figure represents one of the more common arrangements.
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The posterior cerebral artery encircles the midbrain close to the oculomotor nerve at
the level of the tentorium and supplies the inferior part of the temporal lobe, and the
occipital lobe (Marinkovic et al. 1987). Many small perforating arteries arise from the
proximal portion of the posterior cerebral artery to supply the midbrain, thalamus, hypo-
thalamus and geniculate bodies. Sometimes a single perforating artery supplies the medial
part of each thalamus, or both sides of the midbrain. In approximately 15% of individuals,
the posterior cerebral artery is a direct continuation of the posterior communicating
artery, its main blood supply then coming from the internal carotid artery rather than
the basilar artery.

The meninges are supplied by branches of the external carotid artery, internal carotid
artery and vertebral arteries. The most prominent branches from the external carotid artery
are the middle meningeal artery and tributaries of the ascending pharyngeal and occipital
arteries. Most of the branches from the internal carotid artery arise near the cavernous
sinus and from the ophthalmic artery in the orbit. Branches from the vertebral artery arise
at the foramen magnum. There are numerous meningeal anastomoses between these
small arteries.

The scalp is supplied by branches of the external carotid artery, particularly the
superficial temporal, occipital and posterior auricular arteries. Above the orbit, there is a
contribution from terminal branches of the ophthalmic artery. There is a rich anastomotic
network between the various arteries of the scalp.

Collateral blood supply to the brain
The collateral blood supply to the brain is described by Liebeskind (2003). Common sites of
collateral blood supply to and within the brain are:
� circle of Willis between anterior and posterior cerebral arteries
� leptomeningeal anastomoses between surface of brain and anterior, middle and

posterior cerebral arteries
� muscular branches of the vertebral artery in the neck
� orbital anastomoses between branches of the external carotid and ophthalmic arteries
� dural anastomoses between meningeal and internal, external and vertebral arteries
� choroidal anastomoses between internal carotid and posterior cerebral arteries.
Normally, the internal carotid artery provides blood to the anterior two-thirds of the
ipsilateral cerebral hemisphere and the posterior circulation is supplied by the vertebral,
basilar and posterior cerebral arteries. Collateral channels may develop in response to
occlusion of one or more of the intracerebral vessels, particularly if flow limitation is
gradual rather than sudden. Unlike the normal cerebral blood supply, the functional
capacity of the collateral blood supply to respond to changes in perfusion pressure
is limited. Collateral blood flow may develop through various mechanisms in different
areas.

The circle of Willis. This is formed by the proximal part of the two anterior cerebral
arteries connected by the anterior communicating artery, and the proximal part of
the two posterior cerebral arteries, which are connected to the distal internal carotid
arteries by the posterior communicating arteries. However, approximately 50% of
circles have one or more hypoplastic or absent segments, usually one of the
communicating arteries, and atheroma may limit the potential for collateral
flow (Fig. 4.2).
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Leptomeningeal anastomoses. These may develop on the surface of the brain between
cortical branches of the anterior, middle and posterior cerebral arteries and, to a
lesser extent, between pial branches of the cerebellar arteries.

Muscular branches of the vertebral artery in the neck. At positions distal to a vertebral
obstruction, these muscular branches may receive blood retrogradely from occipital
and ascending pharyngeal branches of the external carotid artery, or from the deep
and ascending cervical arteries. In addition, anastomoses can develop between
branches of the subclavian artery and external carotid artery when the common
carotid artery is obstructed.

Around the orbit. Branches of the external carotid artery can anastomose with branches
of the ophthalmic artery if the internal carotid artery is severely stenosed or
obstructed. Collateral flow from the external carotid artery into the orbit then passes
retrogradely through the ophthalmic artery to fill the carotid siphon, middle cerebral
artery and anterior cerebral artery. Sometimes flow may even reach the posterior
cerebral artery and vertebrobasilar system.

Dural anastomoses. These can develop between meningeal branches of the internal
carotid artery, external carotid artery and vertebral arteries. Occasionally, small
dural anastomoses develop between cortical, leptomeningeal and dural arteries.

Parenchymal anastomoses. These occasionally develop in the precapillary bed of the
perforating arteries at the base of the brain supplying the basal ganglia.

The anterior choroidal artery. This branch of the internal carotid artery can anastomose
with the posterior choroidal artery, a branch of the posterior cerebral artery.

Venous drainage
The venous anatomy is very variable. Venous blood flows centrally via the deep cerebral
veins and peripherally via the superficial cerebral veins into the dural venous sinuses, which
lie between the outer and meningeal inner layer of the dura and drain into the internal
jugular veins (Stam 2005) (Fig. 4.4). The cerebral veins do not have valves and are thin
walled, and the blood flow is often in the same direction as in neighboring arteries. There are
numerous venous connections between the cerebral veins and the dural sinuses, the venous
system of the meninges, skull, scalp, and nasal sinuses, allowing infection or thrombus to
propagate between these vessels.

The regulation of cerebral blood flow
Knowledge of cerebral blood flow regulation, and the relationship between cerebral
blood flow and cerebral metabolism, has had a major influence on the understanding of
the pathophysiology of impaired perfusion reserve and acute ischemic stroke (Frackowiak
1986; Marchal et al. 1996; Baron 2001; Rutgers et al. 2004).

Cerebral blood flow in normal humans is approximately 50ml/min per 100 g brain.
Using positron emission tomography (PET) (Frackowiak et al. 1980), it has been shown
that cerebral blood flow, cerebral blood volume and cerebral energy metabolism, measured
as cerebral metabolic rate of oxygen (CMRO2) or glucose (CMRglu) are all coupled, and
higher in gray than in white matter. This means that the oxygen extraction fraction is
similar (approximately one-third) throughout the brain (Leenders et al. 1990). Therefore, in
normal resting human brain, cerebral blood volume is a reliable reflection of function or
CMRO2. There is a gradual fall of cerebral blood flow, cerebral blood volume, CMRglu and
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CMRO2 with age, but they remain coupled so that the oxygen extraction fraction remains
more or less constant (Blesa et al. 1997).

Cerebral blood flow and blood gas tensions
Cerebral blood flow is very susceptible to small changes in arterial partial pressure of carbon
dioxide (PaCO2): an acute rise of 1mmHg causes an immediate increase in cerebral blood
flow of approximately 5% through dilatation of cerebral resistance vessels. In chronic
respiratory failure, however, adaptation occurs so that cerebral blood flow is normal despite
hypercapnia. Modest changes in arterial oxygen tension do not affect cerebral blood flow,
but when the PaO2 falls below about 50mmHg, and oxygen saturation starts falling, there is
a fall in cerebral vascular resistance and cerebral blood flow rises (Brown et al. 1985).
Increasing PaO2 above the normal level has little effect on cerebral blood flow.

Cerebral blood flow and brain function
Increasing regional functional activity of the brain, for instance in the motor cortex
contralateral to voluntary hand movements, increases regional metabolic activity in the
same area (Lassen et al. 1977; Geisler et al. 2006). The increasing CMRO2 and CMRglu are
achieved not by increasing oxygen extraction fraction or the glucose extraction fraction but
by rapid (over seconds) local vasodilatation of the cerebral resistance vessels, increase in
cerebral blood volume and, therefore, in cerebral blood flow. Conversely, low functional
and metabolic demand, as occurs in a cerebral infarction, are associated with a low cerebral
blood flow.
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Fig. 4.4. Schematic diagram
of the anatomy of the venous
drainage of the brain. The
frequencies of thrombosis in
the various sinuses are given
as percentages (see Ch. 29).
In most patients, thrombosis
occurs in more than one sinus.
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Cerebral blood flow, perfusion pressure and autoregulation
Cerebral blood flow depends on cerebral perfusion pressure and cerebrovascular resistance.
The perfusion pressure is the difference between systemic arterial pressure at the base of the
brain when in the recumbent position and the venous pressure at exit from the subarach-
noid space, the latter being approximated by the intracranial pressure. Cerebral perfusion
pressure divided by cerebral blood flow gives the cerebrovascular resistance. In normal
humans, cerebral blood flow remains almost constant when the mean systemic blood
pressure is between approximately 50 and 170mmHg, which, under normal circumstances
when the intracranial venous pressure is negligible, is the same as the cerebral perfusion
pressure. This homeostatic mechanism to maintain a constant cerebral blood flow in the
face of changes in cerebral perfusion pressure is known as autoregulation (Reed and
Devous 1985; Powers 1993). Autoregulation is less effective in the elderly, and so postural
hypotension is more likely to be symptomatic (Wollner et al. 1979; Parry et al. 2006).

Within the autoregulatory range, as cerebral perfusion pressure falls there is, within
seconds, vasodilatation of the small cerebral resistance vessels, a fall in cerebrovascular
resistance and a rise in cerebral blood volume; as a result, cerebral blood flow remains
constant (Aaslid et al. 1989). If vasodilatation is maximal and cerebral perfusion pressure
continues to fall owing to a drop in systemic blood pressure or an increase in intracranial
pressure, cerebral blood flow starts to decline as the cerebral perfusion reserve is exhausted.
However, metabolic activity is maintained by increasing oxygen extraction fraction: this is
“misery” perfusion or oligemia. Eventually, the oxygen extraction fraction is maximal, and
with further cerebral perfusion pressure reduction, metabolic activity is reduced, CMRO2

starts to fall and metabolism becomes limited by perfusion. This is what is normally meant
by ischemia; the perfusion reserve is exhausted and flow is inadequate to meet the metabolic
demands of the tissues. At this point, the patient becomes symptomatic with non-focal
neurological features such as faintness if the whole brain is involved or focal neurological
features such as hemiparesis if only part of the brain is involved.

If the perfusion pressure rises above the autoregulatory range, where compensatory
vasoconstriction and cerebral perfusion pressure are maximal, then hyperemia occurs
followed by vasogenic edema, raised intracranial pressure and the clinical syndrome of
hypertensive encephalopathy.

Cerebral perfusion reserve
It follows from the above that the ratio of cerebral blood flow to cerebral blood volume is
a measure of cerebral perfusion reserve (Schumann et al. 1998). Below a ratio of approxi-
mately 6.0, even if cerebral blood flow is still normal, vasodilatation and cerebral blood
volume are maximal and the reserve is exhausted, as shown by a rising oxygen extraction
fraction on PET.

Chronically impaired perfusion reserve tends to occur when one or both internal carotid
arteries are stenosed by at least 50% of the luminal diameter (Brice et al. 1964; DeWeese
et al. 1970; Schroeder 1988), or are occluded, and the collateral circulation is inadequate
(Powers et al. 1987; Kluytmans et al. 1999). In this situation, the brain is vulnerable to any
further fall in cerebral perfusion pressure and cerebral metabolism is beginning to become
impaired, with the appearance of structural abnormalities on MRI (van der Grond et al.
1996; Isaka et al. 1997; Derdeyn et al. 1999).

Indirect assessment of perfusion reserve can be achieved by using transcranial Doppler
ultrasound, single-photon emission CT, PET, dynamic CT or functional MRI to measure
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cerebral blood flow response to hypercapnia during carbon dioxide inhalation, breath
holding or after intravenous acetazolamide, a carbonic anhydrase inhibitor (Arigoni et al.
2000; Kikuchi et al. 2001; Shiogai et al. 2002, 2003; Shiino et al. 2003). However, there is
uncertainty about how these various tests should be standardized and how to define
“normality,” given that a continuous variable is being measured. It should be noted that
indirect methods of measuring perfusion reserve are inaccurate when the normal relation-
ships between cerebral blood flow, cerebral blood volume, oxygen extraction fraction and
vascular reactivity break down, as they may well do in newly ischemic or infarcted brain.

Impaired perfusion reserve is associated with an increased likelihood of recurrent stroke
(Yamauchi et al. 1996), prior ischemic events in patients with carotid occlusion (Derdeyn
et al. 1999, 2005), presence of silent brain infarction and increased likelihood of need for
carotid shunting in carotid endarterectomy (Kim et al. 2000). Extracranial to intracranial
bypass surgery has been shown to improve cerebral perfusion reserve in patients with
large vessel occlusive disease and is currently being assessed (Adams et al. 2001; Grubb
et al. 2003) as a treatment for secondary prevention of stroke in patients with carotid
occlusion and reduced cerebral perfusion reserve in whom the risk of ipsilateral stroke on
medical treatment is high (Grubb and Powers 2001). Medical treatment with angiotensin-
converting enzyme inhibitors has also been shown to increase cerebral perfusion reserve in
patients with previous minor stroke (Hatazawa et al. 2004).

Cerebral blood flow, hypertension and stroke
In chronically hypertensive patients, the autoregulatory range is shifted upwards so that
cerebral blood flow starts falling and ischemic symptoms occur at a higher systemic
blood pressure than normal (Strandgaard and Paulson 1992), but autoregulation appears
otherwise to be maintained (Traon et al. 2002) except in malignant hypertension (Immink
et al. 2004). The upward shift of autoregulation appears to return towards normal when
hypertension is treated. Conversely, hypertensive encephalopathy is more likely to occur in
acute hypertension when the upper limit of autoregulation is still normal, such as occurs in
eclampsia.

Autoregulation is impaired, or abolished, in damaged areas of brain and then cerebral
blood flow becomes “pressure passive” and follows perfusion pressure. Both static and
dynamic cerebral autoregulation are impaired in patients with stroke (Strandgaard et al.
1992; Eames et al. 2002; Georgiadis et al. 2002; Novak et al. 2003) but treatment of
hypertension with angiotensin-converting enzyme inhibitors and angiotensin II receptor
antagonists subacutely after stroke appears to lower systemic pressure without compromis-
ing cerebral blood flow (Paulson and Waldemar 1990; Moriwaki et al. 2004; Nazir et al.
2004).
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Chapter

5 Pathophysiology of acute cerebral
ischemia

The brain normally derives its energy from the oxidative metabolism of glucose. Because
there are negligible stores of glucose in the brain, when cerebral blood flow falls and the
brain becomes ischemic, a series of neurophysiological and functional changes occur at
various thresholds of flow before cell death (infarction). The degree of cell damage depends
not only on the depth of ischemia but also its duration and the availability of collateral
circulation (Liebeskind 2003; Zemke et al. 2004; Harukuni and Bhardwaj 2006). Different
mechanisms are responsible for reversible loss of cellular function and for irreversible cell
death, and there are also differences between the mechanisms that cause death of neurons,
glia and endothelial cells, and perhaps between cells in white versus gray matter.

Mechanisms of cerebral ischemia
When cerebral blood flow falls below approximately 20ml/min per 100 g brain, the oxygen
extraction fraction becomes maximal and the cerebral metabolic rate of oxygen begins
to fall, resulting in ischemia (Wise et al. 1983). The electroencephalograph readings flatten,
evoked responses disappear and neurological signs appear. In fact, a high oxygen extraction
fraction is only seen early after acute ischemic stroke, in the first day or so, and functional
recovery is still possible if flow is restored. Although the exact cellular pathways of ischemia
and infarction are not fully described in humans, four overlapping mechanisms are at work:
excitotoxicity, depolarization, inflammation and apoptosis (Table 5.1). Excitotoxicity and
depolarization are processes that occur within minutes and hours of an ischemic insult,
while inflammation and apoptosis occur within hours and days. The clinical significance
of these different mechanisms lies in the potential to design therapies that intervene at
different levels in cellular pathways, thereby preventing or delaying damage to neuronal
cells and increasing the potential for recovery (neuroprotection), although developments so
far have been disappointing (Shuaib and Hussain 2008).

Excitotoxicity
Focal impairment of cerebral blood flow restricts the delivery of oxygen and glucose,
with resultant disruption of cellular oxidative phosphorylation and energy production.
Membranes become rapidly depolarized and extracellular glutamate accumulates by move-
ment across electrical gradients, compounded by disturbance of synaptic reuptake pro-
cesses. Extracellular glutamate binds to and activates various membrane receptors, most
importantly NMDA (N-methyl-D-aspartate) and AMPA (a-amino-3-hydroxy-5-methyl-4-
isooxazolepropionate), which open transmembrane channels permeable to cations includ-
ing sodium, potassium, calcium and hydrogen. Water follows passively as the influx of
sodium and chloride ions exceeds the efflux of potassium ions, and the resulting edema has
deleterious effects locally and distantly through mass effect.
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An intracellular increase in the secondary messenger calcium initiates a series of
damaging cytoplasmic and nuclear events (Bano and Nicotera 2007). Proteolytic enzymes
are activated, which degrade cytoskeleton proteins such as actin and spectrin. Free radical
species are generated by activated cyclooxygenase and phospholipase enzymes and these
overwhelm endogenous scavenging mechanisms and cause lipid peroxidation and mem-
brane damage as well as triggering inflammation and apoptosis. These cellular pathways
and resultant damage are particularly important in the mitochondria (Back et al. 2004;
Warner et al. 2004; Zemke et al. 2004).

Depolarization
In the core of the ischemic region, cells undergo anoxic depolarization with the release of
potassium ions and glutamate and never repolarize. However, depolarization can be
induced in nearby neurons by the resultant increase in extracellular potassium and glutam-
ate, and sometimes repolarization can occur at the expense of further energy consumption.
Repetitive de- and repolarization around ischemic areas is thought to further decompensate
metabolism in the penumbra and propagate local ischemia (Hossmann 2006).

Inflammation
Intracellular calcium ions and free radicals trigger the expression of a range of pro-inflammatory
genes, leading to the production of inflammatory mediators such as interleukin-1b, tumor
necrosis factor and platelet-activating factor, by injured brain cells. Adhesion molecules on
endothelial cell surfaces are also induced, leading to the accumulation and movement of
neutrophils into the brain parenchyma (Zheng and Yenari 2004). This process can cause
further damage through processes in the vasculature (local vasoconstriction and platelet
activation), at the cellular level (protease and collagenase production) and by initiation of
cell signaling (macrophage recruitment and microglial activation).

Apoptosis
Apoptosis is programed cell death and differs from necrosis in that it results in minimal
inflammation and release of genetic material. Although necrosis is the predominant process
that follows acute ischemia, apoptosis is important after more minor injury, particularly
within the ischemic penumbra. Apoptosis is executed by the production, activation and
action of caspases, which are protein-cleaving enzymes that dismantle cytoskeleton proteins
and enzymes responsible for cellular repair (Zhang et al. 2004). Neurons are particularly
susceptible to caspase-mediated cell death after cerebral ischemia, as demonstrated by the
reduction in infarct size by caspase inhibitors in experimental models.

Table 5.1. Summary of the principle mechanisms of cerebral ischemic damage

Mechanisms Events

Excitotoxicity Membrane depolarization in response to disrupted cellular oxidative and energy production
processes leading to damaging activity of secondary messengers

Depolarization Local depolarization caused by focal hypoxia decompensates already threatened metabolism
in penumbra and propagates ischemic damage

Inflammation Injury mediated by enzymic (proteases and collagenases), cellular (neutrophils and
macrophages) and vascular processes

Apoptosis Programed or ordered cell death mediated by caspase enzymes

Section 1: Epidemiology, risk factors and pathophysiology
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The ischemic penumbra and the therapeutic
time window
Around acutely infarcted brain, there is an ischemic penumbra (Astrup et al. 1981). Here
the blood flow is low, function depressed and the oxygen extraction fraction high. In other
words, there is viable tissue with misery perfusion where the needs of the tissue are not
being met. The tissue may die or recover, depending on the speed and extent of restoration
of blood flow. This concept opens up the possibility of a therapeutic time window during
which restoration of flow or neuronal protection from ischemic damage might prevent both
immediate cell death and the recruitment of neurons for apoptosis (see Ch. 21).

Recently PET studies in humans have demonstrated that about one-third of the ulti-
mately infarcted tissue identified by late CT is in areas where, within hours of stroke onset,
there had been potentially viable “penumbral” tissue (Marchal et al. 1996a). However, it is
still not clear for how long this penumbral region persists in a potentially viable state,
although time periods as long as 18 hours have been suggested and it appears that some
recovery is possible if flow is restored (Lassen et al. 1991; Furlan et al. 1996). Accurate
information about the ischemic penumbra, and any areas of luxury perfusion, requires
PET, which is not practical in the routine management of acute ischemic stroke. More
recently diffusion-weighted and perfusion MRI (Baird et al. 1997; Barber et al. 1998a), and
dynamic CT have been proposed to delineate the penumbra, but there is uncertainty over
the exact interpretation of these techniques (Guadagno et al. 2004) (Ch. 11).

Recanalization and reperfusion
Spontaneous recanalization, at least of middle cerebral artery occlusion, occurs in up to
two-thirds of patients within a week of stroke onset, many in the first 48 hours (Fieschi et al.
1989; Kaps et al. 1992; Zanette et al. 1995; Arnold et al. 2005). In general, the CT identified
and functional outcomes are both better with recanalization and reperfusion, and even with
early hyperperfusion, than if the middle cerebral artery remains occluded (Wardlaw et al.
1993; Marchal et al. 1996b; Barber et al. 1998b).

During or following a cerebrovascular event, some brain areas may show relative or
absolute hyperemia owing to good collateral flow, reperfusion after an occluded artery has
been reopened and/or inflammation and vasodilatation in response to hypercapnia. In
hyperemic areas, oxygen extraction fraction is low and there is luxury perfusion, indicating
that flow is in excess of metabolic requirements, perhaps because the tissue has been
irreversibly damaged.

Ischemic cerebral edema
Cerebral ischemia causes not only reversible and then irreversible loss of brain function,
but also cerebral edema (Symon et al. 1979; Hossman 1983). Ischemic edema is partly
“cytotoxic” and partly “vasogenic.” Cytotoxic edema starts early, within minutes of stroke
onset, and affects the gray more than the white matter, where damaged cell membranes
allow intracellular water to accumulate. Vasogenic edema, which starts rather later, within
hours of stroke onset, affects the white matter more, where the damaged blood–brain
barrier allows plasma constituents to enter the extracellular space. Ischemic cerebral edema
reaches its maximum in two to four days and then subsides over a week or two.

Cerebral edema not only increases local hydrostatic pressure and compromises blood flow
further but also causes mass effect, brain shift and eventually brain herniation (Fig. 5.1).
Death in the first week after cerebral infarction is often a result of these mass effects.

Chapter 5: Pathophysiology of acute cerebral ischemia
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Diaschisis
Acute or chronic cerebral injury may cause effects in remote areas of brain (Meyer et al.
1993), so-called diaschisis, by reducing neuronal inputs and metabolic activity: in the
contralateral cerebellum and ipsilateral internal capsule, thalamus and basal ganglia after
cortical lesions; in the ipsilateral cortex following internal capsule and thalamic lesions; and
in the contralateral hemisphere. The functional consequences of diaschisis are not clear
(Bowler et al. 1995).

Fig. 5.1. Brain CT images showing a large hypodense (arrows) edematous cerebral infarct in the distribution of the
middle cerebral artery, with midline shift. Such large infarcts cause herniation of the cingulate gyrus under the falx
cerebri; of the ispsilateral uncus under the tentorium to compress the oculomotor nerve, posterior cerebral artery
and brainstem; and of the contralateral cerebral peduncle to cause ipsilateral hemiparesis.

Section 1: Epidemiology, risk factors and pathophysiology
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Pathophysiology of acute intracerebral hemorrhage
The events following intracerebral hemorrhage have been most intensively studied for the
most common type: rupture of one or more deep perforating arteries. The extravasated
blood causes disruption of white matter tracts and irreversible damage to neurones in the
deep nuclei or the cortex. The resultant increase in intracranial pressure may threaten other
parts of the brain, particularly when the intracranial pressure reaches levels of the same
order of magnitude as the arterial pressure, bringing the cerebral perfusion pressure close to
zero (Rosand et al. 2002). Direct mechanical compression of the brain tissue surrounding
the hematoma and, to some extent, vasoconstrictor and pro-inflammatory substances in
extravasated blood also lead to impaired blood supply (Castillo et al. 2002; Butcher et al.
2004). Cellular ischemia leads to further swelling from edema (Gebel et al. 2002; Siddique
et al. 2002), which is initially cytotoxic and later vasogenic.

Hydrocephalus may be an additional space-occupying factor. This complication is
especially likely to occur with cerebellar hematomas, but a large hematoma in the region
of the basal ganglia may also cause enlargement of the ventricular system by rupture into
the third ventricle or through dilatation of the opposite lateral ventricle, with midline shift
and obstruction of the third ventricle, while the ipsilateral ventricle is compressed. The zone
of ischemia around the hematoma may swell through systemic factors such as hypotension
or hypoxia. Often there is also loss of cerebral autoregulation in the vasculature supplying
the region of the hematoma. Some perifocal ischemic damage occurs at the time of bleeding
and cannot be prevented, but it is uncertain whether the vicious cycle of ongoing ischemia
causing steadily increasing pressure can be interrupted in its early stages.
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Chapter

6 Causes of transient ischemic attack
and ischemic stroke

It is important that clinicians should have a thorough understanding of the causes of TIA
and ischemic stroke (Table 6.1). Since there is no qualitative difference between TIA and
stroke, anything that causes an ischemic stroke may also cause a TIA. The separation of TIA
and stroke on the basis of an arbitrary time limit of 24-hours for resolution of symptoms in
TIA is useful, not because there is any difference in the underlying causes of TIA and stroke,
but because the differential diagnosis is not the same for short-lived as for longer focal
neurological deficits (Chs. 8 and 9 for the differential diagnosis of TIA and stroke,
respectively). Rare causes of TIA and stroke are proportionately more common in young
compared with elderly patients, since degenerative arterial disease is unusual in the young.
Venous infarction is discussed in Ch. 29.

Approximately 25% of ischemic strokes are caused by identifiable atherothromboem-
bolism from large artery disease, 25% by small vessel disease, 20% by cardioembolism,
approximately 5% by rarities, and the remainder are of undetermined etiology (Schulz and
Rothwell 2003) (Table 6.2).

Large vessel disease and atherothromboembolism
Atheroma seems to be an almost inevitable accompaniment of ageing, at least in developed
countries. Atherosclerosis is a multifocal disease affecting large and medium-sized arteries
particularly where there is branching, tortuosity or confluence of vessels (see Fig. 4.1).
Turbulence caused by changes in blood flow direction is thought to contribute to endothe-
lial damage and ultimately to plaque formation. Atheroma begins in childhood as fatty
streaks, possibly in response to endothelial injury, and over many years arterial smooth
muscle cells proliferate, the intima is invaded by macrophages, fibrosis occurs and choles-
terol is deposited to form fibrolipid plaques (Ross 1999; Goldshmidt-Clermont et al. 2005;
Gotto 2005). Individuals with atheroma in one artery usually have widespread vascular
disease, making them at high risk of ischemic heart disease, stroke and claudication
(Mitchell and Schwartz 1962; Rothwell 2001), particularly among white males, who often
have accompanying hypercholesterolemia. There appear to be important racial differences
in the distribution of atheroma, and race is an independent predictor of lesion location.
White males tend to develop atheroma in the extracranial cerebral vessels, aorta and
coronary arteries, whereas intracranial large vessel disease appears to be relatively more
common in black, Hispanic and Asian populations (Feldmann et al. 1990; Leung et al. 1993;
Sacco et al. 1995; Wityk et al. 1996; White et al. 2005) and tends to affect younger patients
and those with type 1 diabetes mellitus (Sacco et al. 1995). Some but not all, sources report
that women have more intracranial disease than men.

Pathological, angiographic and ultrasonic studies show that the most common extra-
cranial sites for atheroma are the aortic arch, the proximal subclavian arteries, the carotid
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bifurcation (Fig. 6.1) and the vertebral artery origins (Fig. 6.2). Plaques in the subclavian
arteries frequently extend into the origin of the vertebral arteries, and similar plaques may
occasionally occur at the origin of the innominate arteries. Frequently, the second portion
of the vertebral artery as it passes through the transverse foramen is also affected, but the
atheroma, which tends to form a ladder-like arrangement opposite cervical discs and
osteophytes, does not normally restrict the lumen size significantly.

Table 6.1. Causes of cerebral ischemia

Types Examples

Arterial wall disorders Atherothromboembolism

Intracranial small vessel disease

Leukoaraiosis

Dissection (Table 6.4)

Fibromuscular dysplasia

Congenital arterial anomalies

Moyamoya syndrome

Embolism from arterial aneurysms

Inflammatory vascular diseases

Irradiation

Cardioembolism (Table 6.3)

Hematological disorders (Box 6.1)

Miscellaneous conditions Pregnancy/puerperium

Migraine

Oral contraceptives and other female sex hormones

Perioperative

Recreational drugs

Cancer

Chronic meningitis

Inflammatory bowel disease

Mitochondrial disease

Fabry's disease

Homocystinemia

Hypoglycemia/hypercalcemia

Fat embolism

Fibrocartilaginous embolism

Snake bite

Epidermal naevus syndrome

Susac's syndrome

Cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL)

Section 1: Epidemiology, risk factors and pathophysiology
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Intracranial arteries are morphologically different from extracranial arteries in having
no external elastic membrane, fewer elastic fibers in the media and adventitia and a thinner
intimal layer. The major sites for atheroma formation in the anterior circulation are the
carotid siphon, the proximal middle cerebral artery and the anterior cerebral artery around
the anterior communicating artery origin. In the posterior circulation, the intracranial
vertebral arteries are often affected just after they penetrate the dura (Fig. 6.3) and distally
near the basilar artery origin. Plaques are also found in the proximal basilar artery and also
prior to the origin of the posterior cerebral arteries. The mid-basilar segment may be
affected around the origins of the cerebellar arteries (Fig. 6.4). Occlusion of a branch artery
at its origin by disease in the parent vessel seems to occur more commonly in the posterior
circulation, “basilar branch occlusion,” than in the anterior circulation, where occlusion of
the small perforating arteries is usually caused by intrinsic small vessel disease.

Atheromatous medium-sized arteries at the base of the brain, particularly the vertebral
and basilar arteries, may become affected by dolichoectasia. The arteries are widened,
tortuous and elongated and may be visualized on MRI or, if the walls are calcified, on
CT. Dolichoectasia is usually found in elderly patients with hypertension and diabetes and it
may cause stroke through embolization of thrombus or by occlusion of small branch
arteries. In younger patients, it should raise the possibility of Fabry's disease.

Stroke mechanisms related to large artery atherosclerosis
There are four principal mechanisms by which atherosclerotic lesions may cause ischemic
stroke.

Table 6.2. Distribution of stroke etiology in four population-based studies

OXVASC
(n¼ 102)

OCSP
(n¼ 545)

Rochester
(n¼ 454)

Erlangen
(n¼ 531)

Large vessel

No. 17 77 74 71

% (95% CI) 16.7 (9.4–23.9) 14.1 (11.2–17.1) 16.3 (12.9–19.7) 13.4 (10.5–16.3)

Small vessel

No. 20 119 72 120

% (95% CI) 19.6 (11.9–27.3) 21.8 (18.4–25.3) 15.9 (12.5–19.2) 22.6 (19.0–26.2)

Cardioembolic

No. 19 127 132 143

% (95 % CI) 18.6 (11.1–26.2) 23.3 (19.8–26.9) 29.1 (24.9–33.3) 26.9 (23.2–30.7)

Other

No. 3 33 12 9

% (95 % CI) 2.9 (0.06–8.4) 6.1 (4.2–8.4) 2.6 (1.4–4.6) 1.7 (0.8–3.2)

Not defined

No. 43 189 164 188

% (95 % CI) 42.2 (32.6–51.7) 34.7 (30.7–38.7) 36.1 (31.7–40.5) 35.4 (31.3–39.5)

Notes:
OXVASC, Oxford Vascular Study; OCSP, Oxford Community Stroke Project; CI, confidence interval.
Source: From Schulz and Rothwell (2003).
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� Thrombi may form on lesions and cause
local occlusion.

� Embolization of plaque debris or
thrombus may block a more distal
vessel. Emboli are usually the cause
of obstruction of the anterior
circulation intracranial vessels
(Lhermitte et al. 1970; Ogata et al. 1994),
at least in white males in whom
intracranial disease is relatively rare.
Since emboli follow the prevailing
direction of flow in a vessel, most emboli

from the internal carotid arteries will travel to the retina or the anterior two-thirds
of the ipsilateral cerebral hemisphere. However, in patients with vascular disease, flow
patterns may be abnormal owing to vessel occlusion and collateral flow. Infarction may
occur ipsilateral to a chronically occluded internal carotid artery as emboli from the
contralateral internal carotid pass via the anterior communicating artery.

� Small vessel origins may be occluded by growth of plaque in the parent vessel, such as in
the basilar artery or proximal middle cerebral artery.

� Severe reduction in the diameter of the vessel lumen caused by plaque growth may lead
to hypoperfusion and infarction of distal “borderzone” brain regions where blood
supply is poorest.

Approximately 90% of atherothromboembolic strokes in whites are caused by atheroma
in the extracranial vessels, whereas intracranial disease appears to be equally important in
blacks and Hispanics (Sacco et al. 1995; Wityk et al. 1996). Atheromatous disease in the
ascending aorta and the aortic arch is increasingly recognized as a source of cerebral emboli
and an independent risk factor for ischemic stroke in vivo (Amarenco et al. 1994; Jones
et al. 1995; Heinzlef et al. 1997; MacLeod et al. 2004).

Plaque activation and stroke risk
Atheromatous plaques are typically slow growing or quiescent for long periods but may
suddenly develop fissures or ulcers (Fig. 6.5). Activated plaques trigger platelet aggregation,

Fig. 6.1. Digitally subtracted arterial angiogram
showing a severe stenosis of the internal carotid artery.

Fig. 6.2. Digitally subtracted arterial angiogram of the
origins of both common carotid and vertebral arteries
showing bilateral vertebral artery stenosis.
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thrombus formation (Viles-Gonzalez et al. 2004; Redgrave et al. 2006) and embolism.
In keeping with the concept of acute intermittent activation of plaques, the likelihood of
stroke in patients with cerebral atheromatous disease varies with time, being highest in the
few days after a TIA or stroke (Coull et al. 2004; Rothwell andWarlow 2005) (Ch. 15). Strokes
in large arteries are particularly likely to recur early (Lovett et al. 2004). Furthermore,
emboli are more often detected with transcranial Doppler sonography if carotid stenosis is

Fig. 6.3. Digitally subtracted arterial angiogram
showing occlusion of the distal right vertebral artery
(top arrow) and a tight stenosis of the left vertebral
artery (lower arrow).

Fig. 6.4. Digitally subtracted arterial angiogram
showing stenosis (arrow) of an ecstatic basilar
artery.

Fig. 6.5. Histological sections showing a quiescent plaque with a thick fibrous cap (a) and a ruptured plaque
(b) with adherent thrombus (arrow).
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recently symptomatic (Dittrich et al. 2006;
Markus 2006), and the rate of Doppler-
detected emboli in the middle cerebral
artery tends to decline with time after
stroke (Kaposzta et al. 1999).

Plaque irregularity or ulceration, which
is best visualized on catheter angiography
(Fig. 6.6) but can sometimes be seen on
contrast-enhanced MR angiography (Fig.
6.7), is independently associated with
increased stroke risk. Irregularity of plaque
as seen on radiological examination probably
represents plaque ulceration and instability,
with thrombosis, and so the likelihood of
complicating embolism (Molloy and Markus
1999; Rothwell et al. 2000a, Lovett et al.
2004). There is also evidence to suggest that
ulcerated carotid plaques are more likely
than smooth plaques to be associated with
vascular events in other territories, such
as the coronary arteries (Rothwell et al.
2000b), suggesting that plaque activation
is a systemic phenomenon. The trigger
for activation is not known, but infective,
inflammatory or genetic mechanisms have
been proposed.

Cholesterol embolization syndrome
Cholesterol embolization syndrome is a rare disorder that is thought to be caused by
rupture of atheromatous plaques particularly in the abdominal aorta, either spontaneously
or as a complication of instrumentation of large atheromatous arteries, anticoagulation
or thrombolysis. Cholesterol debris is released and showers of emboli impact in the
microcirculation of organs, including the stomach, skin, brain and spinal cord. Hours or
days after instrumentation or surgery, a syndrome very similar to systemic vasculitis or
infective endocarditis develops, with malaise, fever, abdominal pain, proteinuria and renal
failure, stroke-like episodes, drowsiness, confusion, skin petechiae, splinter hemorrhages,
livedo reticularis, cyanosis of fingers and toes, raised erythrocyte sedimentation rate,
neutrophil leukocytosis and eosinophilia. The diagnosis is made by finding cholesterol
debris in the microcirculation of biopsy material, usually from the kidney but sometimes
from skin or muscle (Cross 1991; Rhodes 1996). The prognosis is poor, with a high
mortality rate, and treatment is supportive.

Small vessel disease and leukoaraiosis
Small vessel disease
The small penetrating arteries of the brain, less than 0.5mm in diameter, include the
lenticulostriate branches of the middle cerebral artery, the thalamoperforating branches

Fig. 6.6. Digitally subtracted arterial angiogram
showing an ulcerated plaque at the carotid bifurcation,
with contrast seen within the plaque (arrow).
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of the proximal posterior cerebral artery and the perforating arteries to the brainstem.
Occlusion of one of these small vessels usually causes infarction, albeit in a small area of
brain, since there is no significant collateral circulation. Such “lacunar” infarcts make up
approximately one-quarter of first ischemic strokes (Bamford et al. 1987; Sempere et al.
1998; Schulz and Rothwell 2003) but case-fatality is low at around 1%. The few pathological

Fig. 6.7. Contrast-enhanced MR carotid
angiogram showing a severe stenosis caused by
an ulcerated plaque, with contrast seen within the
plaque (arrow).
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data available suggest that these small arteries are much less likely to be occluded by emboli
from the heart or from extracranial sites of atherothrombosis compared with the trunk
or cortical branches of the middle cerebral artery (Tegeler et al. 1991; Boiten et al. 1996;
Gan et al. 1997). In keeping with the pathological observations, ischemic lacunar strokes are
less often associated with middle cerebral artery emboli detected with transcranial Doppler
than are large artery strokes (Koennecke et al. 1998).

It is thought that the small perforating arteries of the brain are occluded by thrombus
complicating a distinct small vessel arteriopathy – “hyaline arteriosclerosis” or “simple
small vessel disease” (Lammie et al. 1997) – that differs from atheroma. Hyaline arterio-
sclerosis is an almost universal change in the small arteries and arterioles of the aged brain,
particularly in the presence of hypertension or diabetes. The muscle and elastin in the
arterial wall are replaced by collagen; there is subintimal hyalinization, the wall thickens,
the lumen narrows and the vessel becomes tortuous. In complex small vessel disease, there
is more aggressive disorganization of the small vessel walls, accompanied by foam cell
infiltration. Whether simple and complex small vessel diseases are related is unclear.

The current view is that both complex small vessel disease and atheroma at or near the
origin of the small perforating vessels arising from the major cerebral arteries cause most
of the small deep infarcts responsible for lacunar ischemic strokes, which make up about
one-quarter of symptomatic cerebral ischemic events (Bamford et al. 1987; Schulz and
Rothwell 2003). However, this hypothesis is not universally accepted (Millikan and Futrell
1990) since there is little direct postmortem evidence of occlusion of these vessels leading to
lacunar infarcts. Certainly, at least some small infarcts in the brainstem and internal capsule
are caused by atheroma at the mouth of the small penetrating vessels spreading from
atheroma of the larger parent artery (Fisher and Caplan 1971; Fisher 1979). It is also
conceivable that this small vessel arteriopathy can lead to small, deep hemorrhages as well
as lacunar infarcts (Labovitz et al. 2007); indeed, both types of stroke often coincide
(Samuelsson et al. 1996; Kwa et al. 1998).

Leukoaraiosis
There are a number of alternative terms for leukoaraiosis, including Binswanger's disease,
chronic progressive subcortical encephalopathy, subcortical arteriosclerotic encephalopathy
and periventricular leukoencephalopathy. This reflects the confusion between the clinical,
radiological and pathological literature (Munoz 2006). On CT, there is roughly symmetrical
but irregular periventricular hypodensity, with or without ventricular dilatation and focal
white matter hypodensities. This is better seen as high signal on T2-weighted MR images
(Fig. 6.8). This periventricular radiological appearance is caused by a variety of pathological
changes, including demyelination, axonal loss and gliosis, which all are thought to occur as
a consequence of diffuse rather than focal ischemia although the exact mechanism remains
unclear. Vascular occlusion has not been seen (Caplan 1995; Pantoni and Garcia 1997).

Leuokoaraiosis is frequent in the normal elderly but is more marked in those with
hypertension, dementia (Ch. 31) or stroke, but not increasing carotid stenosis (Bots et al.
1993; Adachi et al. 1997; Munoz 2006). It is also common in patients with cerebral amyloid
angiopathy (Ch. 7). It is a risk factor for ischemic, particularly lacunar, and hemorrhagic
stroke (Inzitari 2003) and is associated with increased bleeding risk with anticoagulants
(Gorter 1999). It seems likely that the association between leukoariosis and stroke occurs
because hypertension causes both pathological syndromes in the same individual rather
than leukoaraiosis itself being the cause of the stroke.
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Cardioembolism
Approximately 20% of ischemic stroke is cardioembolic. There are a large number of
potential cardiac sources of embolism (Table 6.3) but it may be difficult to be certain
whether an identified putative embolic source is the cause of a stroke, particularly if there
are alternative causes such as coexistent large artery disease, or if the stroke is lacunar and
unlikely to be caused by cardiac embolism.

Atrial fibrillation is discussed in Ch. 2.

Coronary artery disease
Overall, there is approximately a five-fold relative excess risk of stroke in the first few days
and weeks after myocardial infarction, but the absolute risk of clinically evident systemic
embolism is well under 5% (Dutta et al. 2006a). The risk of embolism is higher in anterior
infarcts, large infarcts and the presence of a dyskinetic wall segment. Some postmyocardial
infarction strokes may be caused by hypotension and boundary zone infarction, atrial
fibrillation with left atrial thrombus, paradoxical embolism or coronary and aortic instru-
mentation (see below), while others are primarily hemorrhagic as a consequence of
antithrombotic and thrombolytic drugs. Rarely, the same non-atheromatous disorder can
cause both ischemic stroke and acute myocardial infarction: giant cell arteritis, aortic arch
dissection or infective endocarditis. The long-term risk of stroke after acute myocardial
infarction is approximately 1.5% per annum and 8% in five years (Martin et al. 1993;
Loh et al. 1997).

Infective endocarditis
About one-fifth of patients with infective endocarditis have an ischemic stroke or TIA as a
result of embolism of valvular vegetations. Cerebrovascular symptoms usually occur before
the infection has been controlled and may be the presenting feature (Hart et al. 1990;

Fig. 6.8. Brain MRI scans showing the typical appearances of advanced periventricular leukoaraiosis.
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Salgado 1991). Hemorrhagic transformation of an infarct occurs in 20–40%. Primarily
hemorrhagic strokes, intracerebral or, rarely, subarachnoid, are more commonly caused by
pyogenic vasculitis and vessel wall necrosis than by mycotic aneurysms; these aneurysms
can be single or multiple and most often affect the distal branches of the middle cerebral
artery (Masuda et al. 1992; Krapf et al. 1999). They tend to resolve with time and cerebral
angiography to detect unruptured aneurysms with a view to surgery is unnecessary (van der
Meulen et al. 1992).

Early institution of the correct antibiotic therapy is the most effective way to prevent
thromboembolism in infective endocarditis, the risks of which are highest in the first

Table 6.3. Causes of cardioembolism

Area affected Causes

Left atrium Atrial fibrillation

Sinoatrial disease

Myxoma

Interatrial septal aneurysm

Mitral valve Infective endocarditis

Non-bacterial thrombotic (marantic) endocarditis

Rheumatic disease

Prosthetic valve

Mitral annulus calcification

Libman–Sacks endocarditis

Papillary fibroelastoma

Aortic valve Infective endocarditis

Non-bacterial thrombotic or marantic endocarditis

Rheumatic disease

Prosthetic valve

Calcification and/or sclerosis

Syphilis

Left ventricular mural thrombus Myocardial infarction

Left ventricular aneurysm

Cardiomyopathy

Myxoma

Blunt chest injury

Mechanical artificial heart

Paradoxical embolism from the venous system Atrial septal defect

Ventricular septal defect

Patent foramen ovale

Pulmonary arteriovenous fistula

Congenital cardiac disorders Particularly with right to left shunt

Cardiac surgery Catheterization, angioplasty

Others Primary oxalosis, hydatid cyst
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24–48 hours after diagnosis. Anticoagulation should not be given to patients with native
valve or bioprosthetic valve endocarditis because of the risk of intracerebral hemorrhage
from mycotic aneurysms and arteritis and the reduction in embolism risk with antibiotic
therapy. For patients with mechanical valves who are taking long-term anticoagulation at
the time of developing infective endocarditis, the correct management is unclear. Other
neurological complications of infective endocarditis include meningitis, diffuse encephal-
opathy, acute mononeuropathy, cerebral abscess, discitis and headache (Jones and Siekert
1989; Kanter and Hart 1991).

Fever, cardiac murmur and vegetations are not invariably present in patients with
infective endocarditis, and blood cultures are indicated in unexplained stroke particularly
if there is raised erythrocyte sedimentation rate, mild anemia, neutrophil leukocytosis
or a history of intravenous drug abuse. The cerebrospinal fluid (CSF) can be normal, but
> 100� 106 cells/l polymorphs is said to suggest endocarditis, although similar counts have
been described in intracerebral hemorrhage and in hemorrhagic transformation of an
infarct, but not in ischemic stroke (Powers 1986).

Non-bacterial thrombotic or marantic endocarditis
Small, friable and sterile vegetations made of fibrin and platelets can be found on the heart
valves of patients with cancer, in the antiphospholipid antibody syndrome systemic lupus
erythematosus and possibly in protein C deficiency. Thrombotic emboli from such vegeta-
tions can be demonstrated using trans-esophageal echocardiography and are frequently
seen in patients with cancer and cerebral ischemia (Dutta et al. 2006b).

Prosthetic heart valves
Prosthetic valves, particularly mechanical ones, are associated with thrombosis and embolism,
and infective endocarditis. The overall risk of clinically evident embolism is 1–2% per annum
in those taking anticoagulants (Vongpatanasin et al. 1996), with mitral valve prostheses being
the most prone to thrombosis.

Mitral leaflet prolapse
Mitral leaflet prolapse is a common incidental finding. It can be complicated by gross mitral
regurgitation, infective endocarditis, atrial fibrillation and left atrial thrombus and thus
embolism to the brain. However, there is no excess risk of first or recurrent stroke in
patients with uncomplicated mitral leaflet prolapse (Orencia et al. 1995a, b).

Calcification of the aortic and mitral valves
Calcification, and possibly sclerosis, of the aortic and mitral valves may be a cause of
embolism of calcific or complicating thrombotic material. However, these degenerative
disorders of heart valves are so common, particularly in the elderly, that it has been very
difficult to associate them causally with stroke (Boon et al. 1996).

Paradoxical embolism and patent foramen ovale
Autopsy examples have established that paradoxical embolism can occur from venous
thrombi through the right to the left side of the heart. Emboli may pass through a patent
foramen ovale, which is found in approximately one-quarter of healthy people, an atrial
septal defect or a ventriculoseptal defect (Gautier et al. 1991; Jeanrenaud and Kappenberger
1991; Cabanes et al. 1993). There is an increased incidence of patent foramen ovale in
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patients with cryptogenic stroke (Mas et al. 2001; Lamy et al. 2002) but the risk of recurrent
stroke in patients with a patent foramen ovale is low and so routine endovascular closure
cannot be recommended (Amarenco 2005; Homma and Sacco 2005; Kizer and Devereux
2005; Messe et al. 2005; Mas 2003) particularly since there is evidence of a continuing risk of
stroke after closure of patent foramen ovale (Wahl et al. 2001).

Atrial septal aneurysm
Atrial septal aneurysm is an echocardiographic finding in some normal people. The
combination of atrial septal aneurysm and patent foramen ovale was thought to carry
a higher stroke risk than patent foramen ovale alone (Mas et al. 2001; Lamy et al. 2002),
with a reported risk of recurrent stroke in such patients as high as 15% (Mas et al. 2001),
but more recent data from a larger study have cast doubt on this observation (CODICE
Study Group 2006). Interestingly, there appears to be an association between patent
foramen ovale and migraine, particularly migraine with aura, and this is particularly strong
where there is coexistent atrial septal aneurysm. There are anecdotal reports of improve-
ment in migraine symptoms following patent foramen ovale closure (Holmes 2004; Diener
et al. 2005).

Cardiac myxomas
Cardiac myxomas are rare, occasionally familial, and arise in any heart chamber, but 75%
are found in the left atrium. Tumor material, or complicating thrombus, may embolize and
often there are features of intracardiac obstruction (dyspnea, cardiac failure, syncope) and
constitutional upset (malaise, weight loss, fever, rash, arthralgia, myalgia, anemia, raised
erythrocyte sedimentation rate, hypergammaglobulinemia) (Ekinci and Donnan 2004).
Myxomatous emboli impacted in cerebral arteries may cause aneurysmal dilatation, with
subsequent intracerebral or subarachnoid hemorrhage (Sabolek et al. 2005).

Dilating cardiomyopathies
Cardiomyopathies may be complicated by intracardiac thrombus but associated embolic
stroke is rare.

Cardiac surgery
Cardiac surgery is complicated by stroke or retinal/optic nerve infarction in about 2% of
cases, the risk being greater for valve than for coronary artery surgery (Newman et al. 2006).
Postoperative confusion is much more common, and cognitive deficits may persist for
some weeks (Newman et al. 2006). Possible mechanisms for postoperative confusion
include embolization during or after surgery, hypotension, cholesterol embolization, simul-
taneous carotid endarterectomy, thrombosis associated with heparin-induced thrombo-
cytopenia, and intracranial hemorrhage caused by anticoagulation or thrombocytopenia.

Sinoatrial disease
Sinoatrial disease or the sick sinus syndrome is associated with systemic embolism, particu-
larly if there is bradycardia alternating with tachycardia, or atrial fibrillation (Bathen et al.
1978).
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Instrumentation of the coronary arteries and aorta
Instrumental procedures in coronary arteries or the aorta may dislodge valvular or athero-
matous debris causing neurological complications (Ayas and Wijdicks 1995) and cholesterol
embolization.

Arterial dissection and trauma
Arterial dissection
Arterial dissection is a common cause of ischemic stroke and TIA in young adults and may
also occur in older people. Sometimes there is a predisposing cause (Schievink 2001;
Rubinstein et al. 2005) (Table 6.4) but often there is no explanation. The artery may become
occluded by the wall hematoma itself; thrombosis and embolism may complicate occlusive
or non-occlusive dissections, and aneurysmal bulging of the weakened wall may occur
(O'Connell et al. 1985). Arterial rupture is unusual.

There are a number of characteristic features in the history and examination that point
to cervical dissection:
� potential neck injury
� pain in the neck, side of the head, face or eye may accompany ipsilateral internal carotid

artery dissection; pain at the back of the head and neck, usually unilaterally, may
accompany vertebral dissection

� Horner's syndrome may arise as a result of damage to sympathetic nerves around the
internal carotid artery; this occurs in up to 50%

� a self-audible bruit, which may be described as pulsatile tinnitus, caused by dissection
adjacent to the base of the skull occurs in about 30%

� ipsilateral palsy of a cranial nerve occurs in about 10%, often affecting cranial nerve XII
or another lower cranial nerve and rarely cranial nerve III

� cervical root lesions have been reported in association with vertebral artery dissections
from pressure or ischemia.

The presence of cranial neuropathy may result in a misdiagnosis of brainstem stroke.
Cranial nerve palsies may result from local pressure from the false internal carotid artery
lumen, thromboembolism or hemodynamic compromise to the blood supply of the nerve.
Cranial nerve III receives its blood supply from the ophthalmic artery, branches of the
internal carotid or the posterior cerebral artery and, consequently, may rarely become
ischemic after carotid dissection.

The features listed above may precede the onset of cerebral ischemia by hours or days,
and relevant points in the history may, therefore, not be volunteered spontaneously by
the patient. Alternatively, diagnostic pointers to dissection may be absent altogether and
then the diagnosis becomes one of exclusion/confirmation on imaging. Cervical arterial
dissection generally has a benign prognosis, with a 95% survival at 10 years, although the
risk of stroke is high during the first few days and weeks. Secondary aneurysm formation
can cause symptoms through local pressure but it does not appear to increase the risk of
thromboembolism.

The incidence of diagnosed internal carotid artery dissection is approximately 1–4 per
100 000 per year. Vertebral dissection is a little less common. The actual incidence of
dissections is likely to be considerably higher, but the diagnosis is often missed, particularly
in older patients. Usually only one artery is involved but in about 10%, multiple arteries
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may be affected simultaneously or in close succession. Recurrence rates are low at approxi-
mately 1% per annum except in familial cases of arterial dissection or hereditary connective
tissue disorder, where rates are higher (Leys et al. 1995).

On angiography, there is usually a long, tapered, narrow or occluded segment, perhaps
with an intimal flap, double lumen or intraluminal thrombus, and sometimes an associated
aneurysm. Intracranial arterial occlusion, presumably embolic, may be seen. Carotid dissec-
tion can often be strongly suspected onDuplex (Sturzenegger et al. 1993, 1995; Flis et al. 2007),
but the most sensitive and specific imaging evidence of both carotid and vertebral dissection
comes from a combination of axial MRI through the lesion, to show the acute hematoma
in the arterial wall, with MR angiography (Auer et al. 1998, Flis et al. 2007) (Fig. 6.9).

Table 6.4. Causes of dissection of the extra- and intracranial arteries

Type Causes

Traumatic

Penetrating injury Catheter angiography

Jugular vein cannulation

Missile wounds

Neck/oral injury or surgery

Non-penetrating injury Blow to the neck

Neck injury: fracture, subluxation or dislocation

Neck movements: whiplash injury, “head-banging,” hairdresser visit, head injury, falls

Yoga

Chiropractic manipulation

Labor

Seizures

Vomiting

Bronchoscopy

Atlanto-axial dislocation

Occipito-atlantal instability

Skull base fracture

Cervical rib

Fractured clavicle

Carotid compression tests

Attempted strangulation

Spontaneous Marfan's syndrome

Ehlers–Danlos syndrome

Pseudoxanthoma elasticum

Inflammatory arterial disease

Infective arterial disease, e.g. syphilis

Fibromuscular dysplasia

Cystic medial necrosis
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Intracranial arterial dissection
Intracranial dissection is much rarer. It may present with subarachnoid hemorrhage owing
to rupture of a pseudo-aneurysm, as well as with ischemic stroke, and is less often diagnosed
during life (Farrell et al. 1985; de Bray et al. 1997; Chaves et al. 2002).

Aortic arch dissection
Aortic arch dissection can cause profound hypotension, with global, and sometimes
boundary zone, cerebral ischemia or focal cerebral ischemia if the dissection spreads up
one of the neck arteries. Clues to this diagnosis are anterior chest or interscapular pain,
along with diminished, unequal or absent arterial pulses in the arms or neck and a normal
electrocardiogram, unlike acute myocardial infarction, acute aortic regurgitation and
pericardial effusion.

Fig. 6.9. (a) A T2-weighted MRI scan showing high signal in the wall of the right internal carotid artery (arrow)
indicating a recent dissection. (b) A T2-weighted MRI scan showing several areas of cerebellar infarction. (c) An MR
angiography showing absence of the right vertebral artery.
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Trauma
Penetrating and non-penetrating neck injuries are more likely to damage the carotid than
the better protected vertebral artery. The vertebral artery appears to be more vulnerable to
rotational and hyperextension injuries of the neck, particularly at the level of the atlas and
axis. Laceration, dissection and intimal tears may be complicated by thrombosis and then
embolism and, therefore, ischemic stroke at the time of the injury or some days or even
weeks after the injury. Later stroke may be a consequence of the formation of a traumatic
aneurysm, arteriovenous fistula or a fistula between the carotid and vertebral arteries (Davis
and Zimmerman 1983).

The subclavian artery can be damaged by a fractured clavicle or a cervical rib, with later
embolization up the vertebral arteries or even up the right common carotid artery (Prior
et al. 1979).

Rare arterial disorders
There are a large number of rare arterial disorders or anomalies that can cause ischemic
stroke (Tables 3.2 and 6.1). The frequency of many of these disorders has probably been
underestimated because of under-investigation and lack of radiological imaging of the
cerebral vasculature beyond the carotid bifurcation.

Fibromuscular dysplasia
Fibromuscular dysplasia is a rare segmental disorder with a female preponderance affecting
small and medium-sized arteries (Slovut and Olin 2004). There is fibrosis and thickening
of the arterial wall alternating with atrophy, giving the typical angiographic appearance of
a “string of beads.” It is most common in the renal arteries, resulting in hypertension.
The mid-cervical portion of the internal carotid artery is the most frequently affected artery
to the brain but the vertebral arteries at the level of the first two cervical vertebrae may also
be involved. Intracranial pathology is exceptional (Arunodaya et al. 1997). Fibromuscular
dysplasia is associated with intracranial saccular aneurysms and arteriovenous malforma-
tions and dissection. Since fibromuscular dysplasia of some arteries to the brain is found
in up to 1% of routine autopsies, associations with cerebral ischemia or infarction may be
coincidental. Occasionally, however, it may be complicated by thrombosis and embolism.
The natural history is unknown.

Congenital arterial anomalies
Occasionally, the carotid arteries are hypoplastic or absent, and kinking, acute angulation,
tortuosity and looping of the internal carotid artery may be seen on angiograms (Metz et al.
1961). Such appearances can be caused by atheroma, fibromuscular dysplasia or congenital
abnormality. There is a tendency to regard anomalies in children and young adults as
“congenital” and those in the middle aged and elderly as “atherosclerotic.”

Congenital carotid loops
Carotid loops may be associated with aneurysm formation and rarely with embolism,
endothelial damage and thrombosis; exceptionally there may be focal ischemia on head
movement (Sarkari et al. 1970; Desai and Toole 1975). Rarely, these loops may cause
hypoglossal nerve lesions or pulsatile tinnitus.

Some inherited disorders of connective tissue (Table 3.2) can present with, or be compli-
cated by, arterial dissection or even rupture, intra- and extracranial aneurysm formation,
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caroticocavernous fistula and mitral leaflet prolapse for example Ehlers–Danlos syndrome
(North et al. 1995), pseudoxanthoma elasticum (Mayer et al. 1994) and Marfan's syndrome
(Bowen et al. 1987; Schievink et al. 1994).

Moyamoya syndrome
In Japanese, moyamoya means “puff of smoke” and describes the characteristic radiological
appearance of the fine anastomotic collaterals that develop from the perforating and pial
arteries at the base of the brain, the orbital and ethmoidal branches of the external carotid
artery and the leptomeningeal and transdural vessels in response to severe stenosis or
occlusion of one, or both, distal internal carotid arteries (Yonekawa and Khan 2003).
The circle of Willis and the proximal cerebral and basilar arteries may also be involved.

Moyamoya seems to be mainly confined to the Japanese and other Asians, and in most
cases the cause is unknown (Bruno et al. 1988; Chiu et al. 1998). Some cases are familial
(Kitahara et al. 1979); others appear to be caused by a generalized fibrous disorder of
arteries (Aoyagi et al. 1996), and a few may result from a congenital hypoplastic anomaly
affecting arteries at the base of the brain, or associated with Down's syndrome (Cramer
et al. 1996). The syndrome may present in infancy with recurrent episodes of cerebral
ischemia and infarction, mental retardation, headache, epileptic seizures and, occasionally,
involuntary movements. In adults, subarachnoid or primary intracerebral hemorrhage are
also common owing to rupture of collateral vessels. There have also been a few reports of
associated intracranial aneurysms (Iwama et al. 1997) and also of cerebral arteriovenous
malformations.

Embolism from intra- and extracranial arterial aneurysms
Embolism from thrombus within the cavity of an aneurysm is rare and is difficult to prove
in cases where there may be other potential sources of embolization. Intracranial aneurysms
more commonly present with rupture and subarachnoid hemorrhage, whereas internal
carotid artery aneurysms tend to cause pressure symptoms including a pulsatile and
sometimes painful mass in the neck or pharynx, ipsilateral Horner's syndrome or compres-
sion of the lower cranial nerves. Extracranial vertebral artery aneurysms may cause pain in the
neck and arm, a mass, spinal cord compression and upper limb ischemia (Catala et al. 1993).

Irradiation
Excessive irradiation of the head and neck can damage intra- and extracranial arteries, both
large and small. Within the radiation field, a localized, stenotic, and sometimes apparently
atheromatous, lesion may become symptomatic months or years later. There can be
considerable fibrosis of the arterial wall and even aneurysm formation (Zuber et al. 1993;
Bitzer and Topka 1995; Griewing et al. 1995; O'Connor and Mayberg 2000). The most
common causes of this large artery variant are radiotherapy to the neck following laryngeal
carcinoma, which leads to disease around the carotid bifurcation, and radiotherapy to
pituitary tumors, which leads most commonly to disease in the basilar artery. Management
is uncertain and the prognosis variable. Patients who have had radiotherapy for cerebral
tumors more commonly develop a progressive small vessel vasculopathy.

Inflammatory vascular disease
There are a number of acute, subacute and chronic inflammatory “vasculitic” disorders of
the arterial or venous wall (Box 6.1). These disorders may be associated with ischemic
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stroke, intracranial hemorrhage, intracranial venous thrombosis (Ch. 29) or a generalized
encephalopathy. Angiographic appearances can be diagnostic, particularly in larger artery
vasculitis, but angiography is not particularly sensitive and the abnormalities seen may be
non-specific and so diagnosis is often made on the basis of the clinical syndrome. Contrast-
enhanced high-resolution MRI can be useful in showing contrast uptake in the walls of
thickened and inflamed large cerebral arteries.

Giant cell arteritis
Giant cell arteritis is the most common vasculitic cause of stroke and is associated
particularly with posterior circulation ischemia (Nesher 2000; Ronthal et al. 2003; Eberhardt
and Dhadly 2007). Medium and large arteries are affected, especially branches of the
external carotid artery, the ophthalmic artery and the vertebral artery. The patients are
elderly, with the diagnosis being rare under age 60 years. Malaise, polymyalgia and other
systemic symptoms are frequently present. The erythrocyte sedimentation rate is usually
raised, often to over 100mm/h in the first hour.

Systemic lupus erythematosus
Systemic lupus erythematosus is more likely to cause a subacute or chronic generalized
encephalopathy than symptomatic focal ischemia (Mills 1994; Moore 1997; Jennekens and
Kater 2002a,b; D'Cruz et al. 2007). The underlying vascular pathology, where present,
appears to be intimal proliferation rather than a vasculitis. The extracranial arteries are
largely unaffected, but embolism from heart valve vegetations is quite common, particularly
when there are circulating antiphospholipid antibodies (Mitsias and Levine 1994; Roldan
et al. 1996). Intracranial venous thrombosis is rare (Vidailhet et al. 1990). In some patients
with little clinical evidence of systemic lupus erythematosus, there is prominent livedo
reticularis, which, when associated with stroke, is referred to as Sneddon's syndrome, in
which antiphospholipid antibodies are particularly common (Stockhammer et al. 1993;
Kalashnikova et al. 1994; Boesch et al. 2003; Hilton and Footitt 2003).

Antiphospholipid syndrome
Antiphospholipid syndrome is a constellation of various recurrent clinical events as well
as specific immunological features: arterial and venous thrombosis, including recurrent
ischemic stroke or TIA and intracranial venous thrombosis, migraine-like episodes, recurrent
miscarriage, livedo reticularis, cardiac valvular vegetations, thrombocytopenia, false-positive

Box 6.1. Inflammatory vascular diseases causing stroke

Giant cell arteritis Relapsing polychondritis
Systematic lupus erythematosus Progressive systemic sclerosis
Antiphospholipid antibody
syndrome

Sarcoid angiitis

Primary systematic vasculitis
Primary vasculitis of the central nervous system

Rheumatoid disease
Takayasu's disease

Sjögren's syndrome
Buerger's disease

Behçet's disease
Malignant atrophic papulosis
Acute posterior multifocal placoid pigment epitheliopathy
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syphilis serology and persistently raised circulating IgG anticardiolipin antibodies and/or
the circulating lupus anticoagulant, usually detected by prolongation of the activated partial
thromboplastin time (Katzav et al. 2003; Brey 2005; Sanna et al. 2005; Lim et al. 2006;
Merrill 2007). Antiphospholipid antibodies are found in some normal people, and
in systemic lupus erythematosus, hence an isolated finding of a raised antibody level in a
patient with stroke is of uncertain significance. Antibodies are not uncommonly present
after acute stroke, but only where they remain on retesting after six weeks should the
diagnosis of antiphospholipid syndrome be made, particularly if other clinical features
are lacking.

Primary systemic vasculitis
Primary systemic vasculitis is a group of related disorders including polyarteritis nodosa,
Wegener's granulomatosis, the Churg–Strauss syndrome and various hypersensitivity
vasculitides. Rarely, there is associated cerebrovascular disease, similar to that occurring
in systemic lupus erythematosus (Futrell 1995; Savage et al. 1997; Ferro 1998). Stroke is
usually lacunar (Reichhart et al. 2000) and there is often associated hematuria, eosinophilia,
and circulating antineutrophil cytoplasmic antibodies.

Rheumatoid disease
Rheumatoid disease is rarely complicated by a systemic vasculitis, which can involve the
brain (Genta et al. 2006). Occasionally atlanto-axial dislocation causes symptomatic verte-
bral artery compression (Howell and Molyneux 1988).

Sjögren's syndrome
Sjögren's syndrome is occasionally complicated by systemic vasculitis, causing focal cerebral
ischemia, global encephalopathy and aseptic meningitis (Hietaharju et al. 1993; Bragoni
et al. 1994; Delalande et al. 2004).

Behçet's disease
Neurological involvement in Behçet's disease may be subclassified into two major forms:
a vascular–inflammatory process with focal or multifocal parenchymal involvement and
a cerebral venous sinus thrombosis with intracranial hypertension. The vasculitis and
meningitis may affect cerebral arteries, particularly in the posterior circulation, to cause
ischemic stroke and possibly intracranial hemorrhage (Farah et al. 1998; Krespi et al. 2001;
Siva et al. 2004; Borhani Haghighi et al. 2005).

Relapsing polychondritis
Relapsing polychondritis may be complicated by a generalized encephalopathy, stroke-like
episodes and ischemic optic neuropathy as a result of systemic vasculitis (Stewart et al. 1988;
Hsu et al. 2006).

Progressive systemic sclerosis
Progressive systemic sclerosis is hardly ever complicated directly by stroke, although a carotid
and cerebral vasculopathy has been described (Heron et al. 1998; Lucivero et al. 2004).
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Sarcoid angiitis
Sarcoid affects the cerebral vessels only rarely, usually causing a generalized encephalopathy
rather than focal features owing to ischemia or hemorrhage (Zajicek 2000; Gullapalli and
Phillips 2004; Spencer et al. 2005).

Primary vasculitis of the central nervous system
Primary vasculitis or isolated angiitis of the central nervous system (CNS) is a very
rare disorder that affects leptomeningeal, cortical and sometimes spinal cord blood vessels.
It is “isolated” in the sense that it is confined to the CNS. Histologically, it is similar to
sarcoid angiitis and may occur in association with infections with herpes zoster, human
immunodeficiency virus (HIV) and other pathogens. The course is subacute, often leading
to death in weeks or months, with mental confusion and impairment, headache, vomiting,
stroke-like episodes, and myelopathy. Systemic symptoms are very uncommon. Diagnosis
is only really possible from meningeal/cortical biopsy (Hankey 1991; Vollmer et al. 1993;
MacLaren et al. 2005).

Takayasu's disease
Takayasu's disease is a chronic vasculitis, histologically identical to giant cell arteritis but
affecting only the aorta and large arteries arising from it; it occurs mainly in young Oriental
women (Seko 2007). Systemic features are common, including malaise, weight loss, arthral-
gia and fever. Treatment is with immunosuppression, which may result in remission;
occasionally surgery may be attempted (Liang and Hoffmann 2005). The neurological
complications reflect progressive narrowing and eventual occlusion of the large arteries in
the neck: claudication of the jaw muscles, ischemic oculopathy, syncope, seizures, confu-
sion, boundary zone infarction and, rarely, focal ischemic stroke or TIAs (Hoffmann et al.
2000). In addition, there may be ischemia of the arms, and of the kidneys to cause
hypertension, as well as ischemic necrosis of the lips, nasal septum and palate. Other causes
of a similar aortic arch syndrome include advanced atheroma, giant cell arteritis, syphilis,
subintimal fibrosis, arterial dissection, trauma and coarctation.

Buerger's disease
Buerger's disease or “thromboangiitis obliterans,” is a rare inflammatory disorder of small
and medium-sized arteries and veins, chiefly of the limbs and almost never of the cerebral
circulation. It has a strong male preponderance and mainly affects smokers (Calguneri et al.
2004; Olin and Shih 2006).

Malignant atrophic papulosis
Malignant atrophic papulosis, or Dego's disease, is a very rare syndrome consisting of crops
of painless pinkish papules on the trunk and limbs that heal as distinctive circular porcelain-
white scars. It may be complicated by ischemic lesions in the gut, brain, spinal cord and
nerve roots owing to endothelial proliferation in small arteries (Sotrel et al. 1983; Subbiah
et al. 1996).

Acute posterior multifocal placoid pigment epitheliopathy
Acute posterior multifocal placoid pigment epitheliopathy is a rare and usually benign and
self-limiting chorioretinal disorder, with rapidly deteriorating central vision. However, it
can be complicated by systemic vasculitis, aseptic meningitis and stroke (Comu et al. 1996;
de Vries et al. 2006).
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Hematological disorders
A number of hematological disorders may occasionally cause ischemic stroke and TIA
(Tatlisumak and Fisher 1996; Arboix and Besses 1997; Markus and Hambley 1998; Matijevic
and Wu 2006) (Box 6.2).

Thrombophilias
Thrombophilias and other causes of hypercoagulability are rare causes of stroke (Matijevic
and Wu 2006). Antithrombin III deficiency, protein C deficiency, activated protein C
resistance owing to factor V Leiden mutation, protein S deficiency and plasminogen
abnormality or deficiency can all cause peripheral and intracranial venous thrombosis.
Thrombosis is usually recurrent and there is often a family history. Thrombophilia may
cause arterial thrombosis, although the alternative diagnosis of paradoxical embolism
should always be considered in patients with these disorders. It should be noted that
deficiencies in any one of the factors associated with thrombophilia may be an incidental
finding and cannot necessarily be assumed to be the cause of stroke.

Leukemia and lymphoma
Leukemia and lymphoma may cause intracranial hemorrhage, particularly in acute myeloid
leukemia, most commonly through acute disseminated intravascular coagulation although
other hemostatic defects or CNS infiltration may be responsible (Rogers 2003; Glass 2006).
The hemorrhage is often fulminant, with bleeding usually occurring in the brain or
subdural compartment and occasionally in the subarachnoid space. Occasionally, cerebral
venous thrombosis or arterial occlusion may occur. Malignant angioendotheliosis, an
intravascular lymphoma, is a very rare cause of stroke-like episodes and progressive global
encephalopathy (Chapin et al. 1995; Zuckerman et al. 2006).

Polycythemia
Polycythemia is usually defined as a hematocrit above 0.50 in males and 0.47 in females.
Polycythemia rubra vera or primary polycythemia, a myeloproliferative disorder, may be
complicated by TIAs, ischemic stroke or intracranial venous thrombosis (Silverstein et al.
1962; Pearson and Wetherley-Mein 1978; Markus and Hambley 1998). Ischemic compli-
cations may occur because the platelet count is raised and platelet activity enhanced, or

Box 6.2. Hematological disorders causing ischemic stroke

Thrombophilia e.g. antithrombin III deficiency, protein C deficiency, factor V Leiden mutation,
protein S deficiency, plasminogen abnormality or deficiency

Leukemia/lymphoma
Polycythemia
Essential thrombocythemia
Sickle cell disease/trait and other hemoglobinopathies
Iron-deficiency anemia
Paraproteinemias
Paroxysmal nocturnal hemoglobinuria
Thrombotic thrombocytopenic purpura
Disseminated intravascular coagulation
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because of increased whole-blood viscosity. Paradoxically, there may also be a hemostatic
defect as a result of defective platelet function, resulting in intracranial hemorrhage. Increased
stroke risk may also occur with secondary polycythemia caused by chronic hypoxia,
smoking, congenital cyanotic heart disease, renal tumor or cerebellar hemangioblastoma.

Essential thrombocythemia
Essential thrombocythemia, or idiopathic primary thrombocytosis, is another myeloproli-
ferative disorder in which the platelet count is raised, usually to over 1000� 109 cells/l.
Secondary thrombocytosis occurs in malignancy, splenectomy, hyposplenism, surgery,
trauma, hemorrhage, iron deficiency, infections, polycythemia rubra vera, myelofibrosis
and the leukemias. There is a tendency for arterial and venous thrombosis and, paradoxic-
ally, intracranial hemorrhage because the platelets are hemostatically defective (Arboix et al.
1995; Harrison et al. 1998; Mosso et al. 2004; Ogata et al. 2005).

Sickle cell disease and other hemoglobinopathies
Sickle cell disease and rarely other hemoglobinopathies may be complicated by ischemic
stroke or intracranial hemorrhage (Razvi and Bone 2006; Switzer et al. 2006). Patients are
usually children homozygous for the sickle gene, although sometimes a sickle cell crisis,
provoked by hypoxia, may occur in an adult heterozygote. Small and large arteries, as well
as veins, develop a fibrous vasculopathy and are occluded by thrombi as a result of the
abnormally rigid red blood cells and raised whole blood viscosity, thrombocytosis and
impaired fibrinolytic activity.

Iron-deficiency anemia
Severe iron-deficiency anemia causes non-specific neurological symptoms, which are pre-
sumably hypoxic in origin, including poor concentration, malaise, giddiness, fatigue and
weakness. Occasionally, TIAs and ischemic strokes seem to be provoked by profound
anemia in association with severe extracranial occlusive arterial disease or thrombocytosis
(Akins et al. 1996; Keung and Owen 2004).

Paraproteinemias
Multiple myeloma and macroglobulinemia cause anemia through defective erythropoesis
and thus produce non-specific neurological symptoms as described above. A hemostatic
defect caused by reduced platelet number, and sometimes associated uremia, may cause
intracranial hemorrhage. However, most of the “cerebral” features of these patients can be
explained by the “hyperviscosity syndrome,” which is characterized by headache, ataxia,
diplopia, dysarthria, lethargy, drowsiness, poor concentration, visual blurring and deafness.
The same syndrome can be seen in primary polycythemia or leukemia. Arterial or venous
cerebral infarction may occur and at autopsy the microcirculation is occluded with acido-
philic material thought to be precipitates of the abnormal proteins (Davies-Jones 1995).
It is exceptional for patients with neurological involvement not to have a raised erythrocyte
sedimentation rate.

Paroxysmal nocturnal hemoglobinuria
Paroxysmal nocturnal hemoglobinuria is a very rare acquired disorder in which hemopoietic
stem cells become peculiarly sensitive to complement-mediated lysis. Venous and possibly
arterial thrombosis occurs in the brain and elsewhere. Patients are nearly always anemic at
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neurological presentation and there may be a history of dark urine, evidence of hemolysis,
and a low platelet and granulocyte count (Al-Hakim et al. 1993; Audebert et al. 2005).

Thrombotic thrombocytopenic purpura
Thrombotic thrombocytopenic purpura is a rare acute or subacute disease in adults, rather
similar to the hemolytic uremic syndrome in children, in which there is systemic malaise,
fever, skin purpura, renal failure, hematuria and proteinuria. Hemorrhagic infarcts caused
by platelet microthrombi occur in many organs; in the brain they may cause stroke-like
episodes (Matijevic and Wu 2006) although more commonly there is global encephal-
opathy. The blood film shows thrombocytopenia, hemolytic anemia and fragmented red
cells. The differential diagnosis includes infective endocarditis, idiopathic thrombocyto-
penia, heparin-induced thrombocytopenia with thrombosis, systemic lupus erythematosus,
non-bacterial thrombotic endocarditis and disseminated intravascular coagulation.

Disseminated intravascular coagulation
Widespread hemorrhagic brain infarcts and intracranial hemorrhages tend to cause an
acute or subacute global encephalopathy rather than stroke-like episodes. The diagnosis is
confirmed by a low platelet count, low plasma fibrinogen, and raised fibrin degradation
products and D-dimer.

Miscellaneous rare causes
Other rare causes of cerebral ischemia or infarction include those listed in Table 6.1, some
of which are discussed below.

Pregnancy and the puerperium
Pregnancy is complicated by stroke in approximately 10 per 100 000 deliveries in developed
countries, about twice the background rate (Turan and Stern 2004; Helms and Kittner 2005;
Hender et al. 2006). The risks of stroke are not increased during gestation except for an
increased risk in the two days prior to birth. During the first six weeks and especially the
first few days postpartum, there is an increased risk of ischemic stroke and intracerebral
hemorrhage. The diagnostic and therapeutic approaches to stroke are similar during
pregnancy and postpartum to those in non-pregnant patients except for consideration of
the well-being of the fetus. There is a theoretical risk of MRI exposure during the first and
second trimester, and the risk–benefit ratio should be considered in each case.

Causes of stroke particularly relevant to pregnancy include intracranial venous throm-
bosis, arterial dissection during labor, acute middle cerebral or other large artery occlusion,
low-flow infarction and disseminated intravascular coagulation complicating eclampsia,
vasoconstriction secondary to drugs, infective endocarditis, peripartum cardiomyopathy,
sickle cell crisis and intracranial hemorrhage(s) caused by eclampsia, anticoagulants, rup-
ture of a pre-existing aneurysm or vascular malformation. Paradoxical embolism via patent
foramen ovale may possibly occur as the pregnant woman performs a Valsalva maneuver
during labor. Metastases of choriocarcinoma can present with stroke-like episodes and on
CT look remarkably like primary intracerebral hemorrhages. Many cases of pregnancy-
associated stroke remain cryptogenic, and the risk of recurrent stroke in a future pregnancy
is not known.
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Migraine
Migraine increases the risk of stroke by approximately three-fold, and stroke may occur
during a migraine attack or remote from it (Chang et al. 1999; Donaghy et al. 2002; Bousser
and Welch 2005; Tietjen 2005). Cerebral ischemia can induce migrainous symptoms and,
further, migraine aura may resemble TIA, causing diagnostic difficulty (Ch. 8). The term
“migrainous stroke” should be reserved for a persisting focal neurological deficit that starts
during a typical migrainous aura, with or without headache, and that mimics the symptom-
atology of previously experienced auras (Bousser et al. 1985). Such migrainous strokes usually
cause a homonymous hemianopia or focal sensory deficit without persisting disability, and
do not appear to recur very often (Hoekstra-van Dalen et al. 1996).

Sometimes arterial occlusion is demonstrated by angiography in migrainous stroke and
the cause is hypothesized to be in-situ thrombosis complicating vasospasm. No provoking
factors are known. Other possible causes of stroke in the context of headache must be
considered: carotid dissection, mitochondrial cytopathy, ruptured vascular malformation,
antiphospholipid antibody syndrome and CADASIL (cerebral autosomal dominant arterio-
pathy with subcortical infarcts and leukoencephalopathy). Migraine auras without headache
may be confused with TIA (Ch. 8).

Epidemiological studies suggest the existence of close but complex relationships between
estrogens, migraine and stroke in women before the menopause (Chang et al. 1999;
Donaghy et al. 2002; Bousser 2004). Migraine, particularly without aura, is strongly influ-
enced by estrogens, as illustrated by the frequency of onset at puberty, menstrual migraine
and improvement during pregnancy. The risk of stroke with migraine is further increased
by tobacco smoking and oral contraceptive use (Chang et al. 1999; Donaghy et al. 2002).
The pathophysiological mechanism underlying these close relationships remains unknown.
In practice, given the very low absolute risk of stroke in young women, there is no absolute
contraindication to oral contraceptive use in young female migraineurs, but they should be
advised strongly not to smoke and to use a form with a low estrogen content or progestogens,
particularly if they experience migraine with aura. Elevated blood pressure, an important
stroke risk factor, is less common in migraineurs.

Both ischemic stroke and migraine can be consequences of underlying vascular dis-
orders. Hereditary conditions, including CADASIL, MELAS (mitochondrial myopathy,
encephalopathy, lactic acidosis and stroke) and hereditary hemorrhagic telangiectasia, appear
to predispose to both migraine and stroke. Acquired antiphospholipid antibodies, while not
a cause of migraine per se, may increase the risk of infarction in migraineurs.

Possible mechanisms for migraine-associated stroke include:
� involvement of the vasculature, including vasospasm, arterial dissection and small vessel

arteriopathy
� hypercoagulability, involving elevated von Willebrand factor, or platelet activation
� elevated riskof cardioembolism throughpatent foramenovale, or fromatrial septal aneurysm.
Triptans and ergotamines, used to treat acute migraine attacks, appear to be safe in low-risk
populations but should be avoided in hemiplegic migraine, basilar migraine and in patients
with prior cerebral or cardiac ischemia.

Cancer
Cancer may cause stroke (Rogers 2003) through:
� hemorrhage into primary tumors: malignant astrocytoma, oligodendroglioma,

medulloblastoma, hemangioblastoma
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� embolism of non-infected heart valve vegetations: non-bacterial thrombotic,
or marantic, endocarditis

� infection: fungi, herpes zoster, bacterial endocarditis
� tumor emboli
� metastases: melanoma, germ cell tumors, choriocarcinoma, lung tumors,

hypernephroma
� hemostatic failure: leukemias, with hyperviscosity syndrome or “hypercoagulability”
� disseminated intravascular coagulation
� intracranial venous thrombosis
� irradiation damage or neoplastic compression or invasion of neck arteries: may rarely

cause ischemic stroke.

Perioperative stroke
Perioperative stroke complicates under 2% of non-cardiac surgical procedures. It can be
caused by hypotension and boundary zone infarction, trauma to and dissection of neck
arteries, paradoxical embolism, fat embolism, infective endocarditis, myocardial infarction,
atrial fibrillation or a hemostatic defect caused by antithrombotic drugs or disseminated
intravascular coagulation. It is more common in patients with previous strokes, other
manifestations of vascular disease and chronic obstructive lung disease (Limburg et al.
1998). Simultaneous carotid endarterectomy and coronary bypass grafting (Ch. 27) is
associated with 10–15% risk of death, stroke or myocardial infarction, and the risk is higher
in those with bilateral as opposed to unilateral carotid disease (Naylor et al. 2003a, b).

Recreational drugs
The use of recreational drugs, including cocaine, amphetamines and opiates, shows a
marked temporal association (often within minutes to an hour) with the onset of both
hemorrhagic and ischemic stroke (Neimann et al. 2000; O'Connor et al. 2005). Possible
mechanisms for drug-associated stroke include acute severe elevation of blood pressure,
cardiac arrhythmia, cerebral vasospasm and embolization from foreign material injected
with the diluents. Infective endocarditis, particularly associated with Staphylococcus aureus,
is an important cause of stroke in intravenous drug users. Dilated cardiomyopathy may
also occur. Rupture of aneurysms and arteriovenous malformations have been detected in
up to half of the patients with hemorrhagic stroke caused by cocaine abuse. Amphetamines
can cause a small vessel vasculopathy, leading to intracerebral hemorrhage or infarction
(Heye and Hankey 1996). Other sympathomimetic drugs such as ephedrine, phenylpropa-
nolamine, fenfluramine and phentermine may cause stroke by similar mechanisms, as can
ecstasy (3,4-methylenedioxy-N-methylamphetamine) (Wen et al. 1997).

Chronic meningitis
Meningitis caused by tuberculous, syphilitic and fungal infections may involve the arteries
at the base of the brain, or the perforating arteries, and so be complicated by ischemic stroke
and intracranial hemorrhage. Very occasionally, acute local infections such as tonsillitis,
pharyngitis or lymphadenitis can cause inflammation and secondary thrombosis in the
carotid artery in the neck (Lemierre's syndrome). Otitis media or mastoiditis may cause
dural sinus thrombosis. Cerebral arterial and venous thrombosis may result from bacterial
meningitis, ophthalmic herpes zoster, chicken pox, leptospirosis, HIV infection, cat scratch
disease, neurotrichinosis and possibly borreliosis.
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Inflammatory bowel disease
Both ulcerative and Crohn's colitis may
occasionally be complicated by intracranial
venous thrombosis, arterial occlusion and
intracerebral hemorrhage (Lossos et al. 1995).
Mechanisms include thrombocytosis, hyper-
coagulability, immobility and paradoxical
embolism, vasculitis and dehydration. The
bowel disease is not necessarily severe at the
time of the stroke. Coeliac disease can also
be complicated by a cerebral vasculitis but
this often presents with an encephalopathy
rather than a stroke (Mumford et al. 1996).

Mitochondrial cytopathy
Mitochondrial cytopathy may present with
stroke-like episodes often complicated by
epilepsy and encephalopathy, a particular
example of which is MELAS. Scanning with
CT may show hypodensities, particularly in
the occipital regions, and calcification of the
basal ganglia (Fig. 6.10). In MRI, there are T2-weighted hyperintensities in the temporo-
occipitoparietal regions that do not correspond to classical vascular territories (Fig. 6.11)
and that may disappear on subsequent scans. Other clinical features often associated with
mitochondrial disease include migraine, short stature, sensorineural deafness, diabetes and
learning disability. The blood and CSF lactate are usually raised; most patients have an
abnormal muscle biopsy, and diagnosis can often be made by detection of the relevant
genetic mutations.

Fabry's disease
Fabry's disease is occasionally complicated by ischemic stroke, particularly in the vertebro-
basilar territory, but usually not until after other more common features are well established
(Meschia et al. 2005; Razvi and Bone 2006; Rolfs et al. 2005).

Homocystinuria
Homocystinuria is an autosomal recessive inborn error of metabolism that is complicated
by cerebral arterial or venous thrombosis (Schimke et al. 1965; Visy et al. 1991; Rubba et al.
1994). Heterozygotes may have an increased risk of vascular disease.

Hypoglycemia
Hypoglycemic drugs, and rarely an insulinoma, are a well-recognized but uncommon cause
of transient focal neurological episodes and may be misdiagnosed as TIA (Ch. 8). These
episodes tend to occur on waking in the morning or after exercise, and by the time the patient
is seen, the blood glucose may well have returned to normal. Persisting focal deficits are
unusual (Malouf and Brust 1985; Wallis et al. 1985; Service 1995; Shanmugam et al. 1997).

Hypercalcemia (Longo and Witherspoon 1980) and hyponatremia (Ruby and Burton
1977; Berkovic et al. 1984) have been reported to cause TIA-like episodes.

Fig. 6.10. A CT brain scan of a 40-year-old man with
mitochondrial cytopathy, showing calcification of the
basal ganglia and hypodensity in the left temporal
lobe.
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Fat embolism
Fat embolism, which usually occurs following long bone fracture or surgery, most commonly
causes a global encephalopathy, but on occasion there may be focal features, presumably
reflecting local ischemia (Jacobson et al. 1986; van Oostenbrugge et al. 1996).

Fibrocartilaginous embolism
Fibrocartilaginous embolism is a rare and curious disorder where fibrocartilaginous emboli,
presumably from degenerative intervertebral disc material, are found in various organs, the
spinal cord more often than the brain (Freyaldenhoven et al. 2001).

Snake bite
Injection of venom may cause intracranial hemorrhage as a consequence of defibrination
and other hemostatic defects, and rarely ischemic stroke (Bashir and Jinkins 1985).

Epidermal naevus syndrome, a sporadic neurocutaneous disorder, can be complicated
by stroke (Dobyns and Garg 1991).

Susac's syndrome
Susac's syndrome is a rare triad of branch retinal artery occlusions, hearing loss and
microangiopathy of the brain causing a subacute encephalopathy, almost always in women
(Gross and Eliashar 2005).
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Chapter

7 Causes of spontaneous intracranial
hemorrhage

The causes of spontaneous intracerebral hemorrhage are sometimes, but not always,
different from those of TIA and ischemic stroke. Spontaneous intracranial hemorrhage
may be classified as:
� primary intracerebral hemorrhage: bleeding within the brain substance
� cerebral microbleeds
� intraventricular hemorrhage
� subdural hemorrhage
� subarachnoid hemorrhage (Ch. 30)
It is often difficult to establish the underlying cause of a spontaneous intracranial hemor-
rhage. The exact site of origin of bleeding may be unclear: a saccular aneurysm may rupture
into the brain as well as into the subarachnoid space, or disruption of a small perforating
artery may cause intraventricular hemorrhage as well as a basal ganglia hematoma. Even at
autopsy there may be uncertainty because the source of the hemorrhage may have been
destroyed. The site of bleeding may give some information as to the likely underlying cause
(see below) since the relative frequency of the various pathologies causing intracranial
hemorrhage varies by site. However, most parts of the brain may be affected by any of
the causes listed in Box 7.1.

Primary intracerebral hemorrhage
Primary intracerebral hemorrhage is more common than subarachnoid hemorrhage,
and its incidence increases with age (see Fig. 1.1). It is more frequent in Southeast Asian,
Japanese and Chinese populations than in whites. The most common causes are intracranial
small vessel disease, which is associated with hypertension, cerebral amyloid angiopathy
and intracranial vascular malformations (Sutherland and Auer 2006). Rarer causes include
saccular aneurysms, hemostatic defects, particularly those induced by anticoagulation or
therapeutic thrombolysis, antiplatelet drugs, infective endocarditis, cerebral vasculitis and
recreational drug use (Neiman et al. 2000; O'Connor et al. 2005).

The site of primary intracerebral hemorrhage provides information as to the cause:
“hypertensive” hemorrhages (Fig. 7.1a) tend to occur in the basal ganglia, thalamus, and
pons, while lobar hemorrhages are more often caused by cerebral amyloid angiopathy,
vascular malformations and hemostatic failure (Dickinson 2001; Smith and Eichler 2006;
Sutherland and Auer 2006) (Table 7.1) (Fig. 7.1b). Multiple hemorrhages suggest certain
specific causes:
� cerebral amyloid angiopathy
� metastasic tumor
� hemostatic defect
� thrombolytic drugs
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� multiple hemorrhagic infarcts (usually embolic from the heart)
� intracranial venous thrombosis
� inflammatory vascular disease
� intracranial vascular malformations
� malignant hypertension
� eclampsia
� recreational drug use.
Rarely, primary intracerebral hemorrhage is familial.

The hematoma continues to expand after stroke onset, frequently causing further
deterioration (Brott et al. 1997; Leira et al. 2004). Some brainstem hemorrhages evolve
subacutely, particularly those caused by a vascular malformation (O'Laoire et al. 1982;
Howard 1986). Any large hematoma may cause brain shift, transtentorial herniation,
brainstem compression and raised intracranial pressure. Hematomas in the posterior fossa
are particularly likely to cause obstructive hydrocephalus. Rupture into the ventricles or on
to the surface of the brain is common, causing blood to appear in the subarachnoid space.

Cerebral microbleeds
The increasing use in research and clinical practice of gradient echo MRI (GRE-MRI), which
is highly sensitive to hemoglobin degradation products, has led to the frequent detection of
small, homogeneous, round foci of low signal intensity (Kidwell and Wintermark 2008)
(Fig. 7.2; see also Fig. 7.4, below). The few existing studies of the pathological correlates of
these areas of low signal intensity suggest that they correspond to hemosiderin-laden

Box 7.1. Causes of spontaneous intracranial hemorrhage

Hypertension
Cerebral amyloid angiopathy
Intracranial vascular malformations: arteriovenous, venous, cavernous, telangiectasis
Tumors: melanoma, choriocarcinoma, malignant astrocytoma, oligodendroglioma,
medulloblastoma, hemangioblastoma, choroid plexus papilloma, hypernephroma,
endometrial carcinoma, bronchogenic carcinoma

Hemostatic failure: hemophilia and other coagulation disorders, anticoagulation therapy,
thrombolysis, antiplatelet drugs, disseminated intravascular coagulation, thrombocytopenia,
thrombotic thrombocytopenic purpura, polycythemia rubra vera, essential thrombocythemia,
paraproteinemias, renal failure, liver failure, snake bite

Aneurysms: saccular, atheromatous, mycotic, myxomatous, dissecting
Inflammatory vascular disease

Hemorrhagic transformation of cerebral infarction, venous more often than arterial
Intracranial venous thrombosis (Ch. 29)
Recreational drugs (Ch. 6)
Infections: infective endocarditis, herpes simplex, leptospirosis, anthrax
Sickle cell disease

Moyamoya syndrome (Ch. 6)
Carotid endarterectomy (Ch. 25)
Intracranial surgery
Alcohol
Wernicke's encephalopathy
Chronic meningitis
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Fig. 7.1. Intracerebral hemorrhage. (a) A CT brain scan showing a typical deep “hypertensive” primary intracerebral
hemorrhage. (b) These CT brain scans showing a right frontal arteriovenous malformation causing hemorrhage.

Table 7.1. Structural causes of primary intracerebral hemorrhage according to location and patient age, listed
according to relative frequency (hematological causes excluded)

Patient age Anterior hemorrhage Posterior hemorrhage

Deep Lobar

Younger (< 50 years) AVM AVM AVM

Cavernous malformations Cavernous malformations Hypertension

Hypertension Tumor Tumor

Tumor

Older (� 50 years) Hypertension CAA Hypertension

CAA Hypertension CAA

Tumor Tumor

Notes:
CAA, cerebral amyloid angiopathy; AVM, arteriovenous malformation.
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macrophages adjacent to small vessels and are indicative of previous extravasation of blood
(Fazekas et al. 1999), so-called “cerebral microbleeds.”

Cerebral microbleeds are seen frequently in patients with primary intracerebral hemor-
rhage, less commonly in patients with ischemic stroke and rarely in “healthy controls”
(Cordonnier et al. 2007). Risk factors for cerebral microbleeds include hypertension,
increasing age, diabetes, cerebral amyloid angiopathy and, less commonly, cerebral autosomal
dominant arteriopathy with silent infarcts and leukoaraiosis (CADASIL) (Cordonnier et al.
2007). It is unclear whether previous use of antiplatelet agents or anticoagulants is a risk factor
for cerebral microbleeds.

The clinical significance of cerebral microbleeds is uncertain. The few data available
suggest that their presence and number predict recurrent intracerebral hemorrhage following
lobar intracerebral hemorrhage (Greenberg et al. 2004) and, possibly, the future occurrence of
hemorrhagic stroke (Fan et al. 2003) and cerebral infarction (Imaizumi et al. 2004) in those
with ischemic stroke. Conflicting data exist on the risk of subsequent cerebral hemorrhage in
patients with microbleeds treated with antiplatelet agents, anticoagulation and thrombolysis
(Kidwell et al. 2002; Nighoghossian et al. 2002, Derex et al. 2004; Kakuda et al. 2005).

Primary intraventricular hemorrhage
Primary intraventricular hemorrhage is very unusual, except in premature babies. In adults, a
cause is not always found. Some may be secondary to a vascular malformation in the
ventricular wall (Gates et al. 1986; Darby et al. 1988). The clinical features may be indistin-
guishable from subarachnoid hemorrhage and it may only be differentiated at autopsy.

Subdural hemorrhage
Subdural hemorrhage is usually traumatic rather than spontaneous, although the trauma
can be very mild or forgotten in elderly patients and alcoholics. Spontaneous causes of
subdural hemorrhage include:

Fig. 7.2. A patient presenting with atrial fibrillation and a transient ischemic attack was found to have a cerebellar
microbleed on gradient echo MRI (a) and was started on stroke prevention with aspirin rather than warfarin. Six
months later, this patient had a symptomatic hemorrhage at the same site (b).
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� rupture of a vascular malformation in the dura
� rupture of a peripheral aneurysm, mycotic more likely than saccular
� a hemostatic defect, particularly therapeutic anticoagulation
� a superficial cerebral tumor
� rarely lumbar puncture or spontaneous intracranial hypotension.
Often no cause is found. Acute subdural hemorrhage appears hyperintense on CT brain
scan whereas chronic subdural hematomas appear hypodense (Fig. 7.3). Hematomas of
intermediate age, approximately four to six weeks, are often isodense to gray matter on CT
and may be overlooked.

Hypertension
Hypertension causes thickening and disruption of the walls of the small arteries that
perforate the base of the brain, particularly the lenticulostriate arteries in the region of
the basal ganglia (Ch. 6). Rupture of these abnormal vessels is thought to cause hypertensive
primary intracerebral hemorrhage, although it is almost impossible to prove a cause and
effect relationship in individuals because the hemorrhage destroys the exact site of the
bleeding (Takebayashi and Kaneko 1983). In practice, the clinical diagnosis of “hyperten-
sive” primary intracerebral hemorrhage is based on the lack of any alternative explanation
in a patient known to have had hypertension, or who clearly has evidence of hypertensive
organ damage. However, it seems very likely that other factors, such as cerebral amyloid
angiopathy, may interact with hypertension to cause primary intracerebral hemorrhage in
a particular individual.

Cerebral amyloid angiopathy
Cerebral amyloid angiopathy is an organ-specific form of amyloid deposition in small and
medium-sized arteries, and less commonly veins, of the cerebral cortex and meninges,

Fig. 7.3. Brain CT scans showing an acute hyperintense left subdural hematoma with mass effect (a) and chronic
bilateral hypodense subdural hematoma (b).
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particularly in the elderly. Frequently, there is associated subcortical small vessel disease
and demyelination, and leukoaraiosis and microbleeds on brain imaging (Zhang-Nunes
et al. 2006; Maia et al. 2007) (Figs. 7.2 and 7.4). It is thought to be the cause of lobar
hemorrhages in the elderly, which are often multiple and recurrent, and possibly of
subarachnoid hemorrhage (Smith and Eichler 2006; Thanvi and Robinson 2006). Patients,
with or without lobar hemorrhage, may have progressive dementia and a history of minor
stroke-like episodes and TIAs, and even focal epileptic seizures. Cerebral amyloid angio-
pathy may be associated with Alzheimer's disease, Down's syndrome, cerebral vasculitis,
cerebral irradiation and dementia pugilistica. Dominantly inherited forms of cerebral
amyloid angiopathy cause primary intracerebral hemorrhage in young adults in Iceland
(Jensson et al. 1987) and in middle-aged adults in Holland (Bornebroek et al. 1997), and a
syndrome of progressive dementia, ataxia, and spasticity associated sometimes with stroke
in the UK (Plant et al. 1990).

Intracranial vascular malformations
Intracranial vascular malformations are uncommon, probably congenital, and sometimes
familial (Byrne 2005). Those in the dura, draining into the sinuses rather than cerebral
veins, can also be caused by skull fracture, craniotomy or dural sinus thrombosis. The
overall intracranial vascular malformations detection rate is approximately 3 per 100 000
population per annum and the prevalence is about 20 per 100 000 (Brown et al. 1996).

Fig. 7.4. Brain CT scans (top) from a patient with cerebral amyloid angiopathy showing only leukoaraiosis, whereas
gradient echo MRI performed on the same day (bottom) shows evidence of several previous intracerebral
hemorrhages and multiple microbleeds (arrows).
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Arteriovenous malformations
Arteriovenous malformations present most commonly with signs consistent with a space-
occupying lesion or seizures and consist of an abnormal fistulous connection(s) between
one or more hypertrophied feeding arteries and dilated draining veins (Clatterbuck et al.
2005) (Fig. 7.5). The blood supply is derived from one cerebral artery or, more often,
several, sometimes with a contribution from branches of the external carotid artery.
Arteriovenous malformations vary from a few millimeters to several centimeters in diam-
eter. Approximately 15% are associated with aneurysms on their feeding arteries. Some
grow during life but a few shrink or even disappear, and some are multiple. These fistulae
occur in or on the brain, or in the dura of the intracranial sinuses.

Arteriovenous malformations can present at any age with:
� partial or secondarily generalized epileptic seizures
� hemorrhage, which is more often intracerebral than subarachnoid or subdural
� as a mass lesion
� with TIA-like episodes (Ch. 8)
� with a caroticocavernous fistula owing to a dural arteriovenous malformation
� with a self-audible bruit
� with the syndrome of benign intracranial hypertension resulting from increased

pressure in cerebral draining veins or sinuses, particularly if a dural arteriovenous
malformation is near the transverse/sigmoid sinus and petrous bone

� with high output cardiac failure in neonates and infants.
Headache, although common, is not by itself diagnostically helpful and may well be a
coincidence. Rarely, a bruit can be heard over the skull or orbits. A brainstem arteriovenous
malformation can present similarly to multiple sclerosis, with fluctuating symptoms and
signs of brainstem dysfunction, perhaps caused by recurrent hemorrhage.

A CT scan may show calcification and non-specific hypo- or hyperdensity, while an
enhanced scan is likely to show the dilated vessels of large malformations. Magnetic
resonance imaging is more sensitive, showing evidence of old hemorrhage and vascular

Fig. 7.5. Arteriovenous malformation. A T2-weighted MRI (a) and cerebral angiogram (b) showing a dural
arteriovenous malformation (arrows) at the right cerebellopontine angle, causing tinnitus.
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flow voids. Angiography is the definitive investigation but even this may not detect small
malformations.

Venous malformations
Venous malformations consist of collections of venous channels and a large draining vein.
Most are asymptomatic but they may present with hemorrhage into the ventricles, or
seizures. On contrast CT, the draining vein may appear as a linear enhancing streak, but
a flow void on MRI is more sensitive. The definitive diagnosis is made on the venous phase
of a cerebral angiogram.

Cavernous malformations
Cavernous malformations, or cavernomas, are sharply circumscribed collections of thin-
walled sinusoidal vessels lined with a single layer of endothelium without intervening brain
parenchyma or identifiable mature vessel wall elements. They are sometimes multiple and
occasionally familial (Labauge et al. 2007). Most are asymptomatic and picked up inciden-
tally on MRI. They can present with seizures, recurrent subacute brainstem syndromes, a
mass lesion and, less commonly, hemorrhage. The angiogram is usually normal but CT
can show a hypo- or hyperdense area that may enhance, perhaps with calcification, usually
without surrounding edema or mass effect. A brain MRI reveals sharply circumscribed
lesions, typically with evidence of hemosiderin as a result of old but asymptomatic hemor-
rhage. However, they cannot always be distinguished from small arteriovenous malforma-
tions (Kattapong et al. 1995).

Telangiectasias
Telangiectasias are collections of dilated capillaries that are usually of no clinical signifi-
cance (Milandre et al. 1987). They may be associated with hereditary hemorrhagic telan-
giectasia (the Osler–Weber–Rendu syndrome), but this is more likely to be associated
with neurological complications from a pulmonary arteriovenous malformation with
right-to-left shunting, such as cerebral hypoxia, brain abscess, paradoxical and septic
embolism, or from an associated intracranial arteriovenous malformation or aneurysm
(McDonald et al. 1998).

Caroticocavernous fistula
A caroticocavernous fistula is an abnormal connection between the carotid arterial system
and the cavernous sinus. It may occur spontaneously, especially in the elderly, or as a result
of a ruptured dural arteriovenous malformation, intracavernous internal carotid artery
aneurysm, Ehlers–Danlos syndrome, pseudoxanthoma elasticum or head injury. With a
high-flow direct fistulae from the internal carotid artery itself, the onset is dramatic, with
unilateral pulsating exophthalmos and an orbital bruit, often audible to the patient. In
addition, there may be orbital pain, papilloedema, dilated conjunctival veins and chemosis,
glaucoma, monocular visual loss, and involvement of cranial nerves III, IV, VI and I, and
sometimes the second sensory division of the trigeminal nerve. The ophthalmoplegia may
also be caused by hypoxia and swelling within the extraocular muscles. Dural fistulae
present more insidiously because the blood flow is lower from small meningeal branches
of the internal or external carotid arteries in the cavernous sinus. If there is no spontaneous
resolution, it may be possible to obliterate the fistula with balloon catheterization.

Section 1: Epidemiology, risk factors and pathophysiology

98



References
Bornebroek M, Westemdorp RGJ, Haan J et al.

(1997). Mortality from hereditary cerebral
haemorrhage with amyloidosis: Dutch type.
The impact of sex parental transmission and
year of birth. Brain 120:2243–2249

Brott T, Broderick J, Kothari R et al. (1997).
Early haemorrhage growth in patients with
intracerebral haemorrhage. Stroke 28:1–5

Brown RD, Wiebers DO, Torner JC et al. (1996).
Incidence and prevalence of intracranial
vascular malformations in Olmsted, County
Minnesota 1965 to 1992. Neurology
46:949–952

Byrne JV (2005). Cerebrovascular malformations.
European Radiology 15:448–452

Clatterbuck RE, Hsu FP, Spetzler RF (2005).
Supratentorial arteriovenous malformations.
Neurosurgery 57:164–167

Cordonnier C, Al-Shahi Salman R, Wardlaw J
(2007). Spontaneous brain microbleeds:
systematic review, subgroup analyses and
standards for study design and reporting.
Brain 130:1988–2003

Darby DG, Donnan GA, Saling MA et al. (1988).
Primary intraventricular haemorrhage:
clinical and neuropsychological findings in a
prospective stroke series. Neurology 38:68–75.

Derex L, Nighoghossian N, Hermier M et al.
(2004). Thrombolysis for ischemic stroke
in patients with old microbleeds on
pretreatment MRI. Cerebrovascular Diseases
17:238–241

Dickinson CJ (2001). Why are strokes related to
hypertension? Classic studies and hypotheses
revisited. Journal of Hypertension
19:1515–1521

Fan YH, Zhang L, Lam WWM et al. (2003).
Cerebral microbleeds as a risk factor for
subsequent intracerebral haemorrhages
among patients with acute ischemic stroke.
Stroke 34:2459–2462.

Fazekas F, Kleinert R, Roob G et al. (1999).
Histo-pathologic analysis of foci of signal loss
on gradient-echo T2*-weighted MR images in
patients with spontaneous intracerebral
haemorrhage: evidence of microangiopathy-
related microbleeds. American Journal of
Neuroradiology 1999; 20:637–642.

Gates GC, Barnett HJM, Vinters HV et al.
(1986). Primary intraventricular
haemorrhage in adults. Stroke 17:872–877

Greenberg SM, Eng JA, Ning M et al. (2004).
Hemorrhage burden predicts recurrent
intracerebral hemorrhage after lobar
hemorrhage. Stroke 35:1415–1420.

Howard RS (1986). Brainstem hematoma due to
presumed cryptic telangiectasia. Journal of
Neurology, Neurosurgery and Psychiatry
49:1241–1245.

Imaizumi T, Horita Y, Hashimoto et al. (2004).
Dotlike haemosiderin spots on T2*-weighted
magnetic resonance imaging as a predictor of
stroke recurrence: a prospective study.
Journal of Neurosurgery 101:915–920.

Jensson O, Gudmundsson G, Arnason A et al.
(1987). Hereditary cystatin C (y-trace)
amyloid angiopathy of the CNS causing
cerebral haemorrhage. Acta Neurologica
Scandinavica 76:102–114.

Kakuda W, Thijs VN, Lansberg MG et al.
(2005). Clinical importance of microbleeds in
patients receiving IV thrombolysis. Neurology
65:1175–1178

Kattapong VJ, Hart BL, Davis LE (1995).
Familial cerebral cavernous angiomas:
clinical and radiologic studies. Neurology
45:492–497

Kidwell CS, Wintermark M (2008). Imaging of
intracranial haemorrhage. Lancet Neurology
7:256–267

Kidwell CS, Saver JL, Villablanca JP et al. (2002).
Magnetic resonance imaging detection of
microbleeds before thrombolysis: an
emerging application. Stroke 33:95–98

Labauge P, Denier C, Bergametti F et al. (2007).
Genetics of cavernous angiomas. Lancet
Neurology 6:237–244

Leira R, Davalos A, Silva Y et al. (2004). Early
neurologic deterioration in intracerebral
hemorrhage: predictors and associated
factors. Neurology 63:461–467

Maia LF, MacKenzie IR, Feldman HH (2007).
Clinical phenotypes of cerebral amyloid
angiopathy. Journal of the Neurological
Sciences 257:23–30

McDonald MJ, Brophy BP, Kneebone C (1998).
Rendu–Osler–Weber syndrome: a current
perspective on cerebral manifestations.
Journal of Clinical Neuroscience 5:345–350

Milandre L, Pellissier JF, Boudouresques G et al.
(1987). Non-hereditary multiple
telangiectasias of the central nervous system.
Journal of the Neurological Sciences
82:291–304

Chapter 7: Causes of spontaneous intracranial hemorrhage

99



Neimann J, Haapaniemi HM, Hillbom M
(2000). Neurological complications of
drug abuse: pathophysiological
mechanisms. European Journal of
Neurology 7:595–606

Nighoghossian N, Hermier M, Adeleine P et al.
(2002). Old microbleeds are a potential risk
factor for cerebral bleeding after ischemic
stroke: a gradient-echo T2-weighted brain
MRI study. Stroke 33:735–742.

O'Connor AD, Rusyniak DE, Bruno A (2005).
Cerebrovascular and cardiovascular
complications of alcohol and
sympathomimetic drug abuse.Medical Clinics
of North America 89:1343–1358

O'Laoire SA, Crockard A, Thomas DGT et al.
(1982). Brain-stem hematoma. A report of six
surgically treated cases. Journal of
Neurosurgery 56:222–227

Plant GT, Revesz T, Barnard RO et al. (1990).
Familial cerebral amyloid angiopathy with

non neuritic amyloid plaque formation.
Brain 113:721–747

Smith EE, Eichler F (2006). Cerebral amyloid
angiopathy and lobar intracerebral
hemorrhage. Archives of Neurology
63:148–151

Sutherland GR, Auer RN (2006). Primary
intracerebral hemorrhage. Journal of Clinical
Neuroscience 13:511–517

Takebayashi S, Kaneko M (1983). Electron
microscopic studies of ruptured arteries in
hypertensive intracerebral haemorrhage.
Stroke 14:28–36

Thanvi B, Robinson T (2006). Sporadic cerebral
amyloid angiopathy: an important cause of
cerebral haemorrhage in older people. Age
Ageing 35:565–571

Zhang-Nunes SX, Maat-Schieman ML,
van Duinen SG et al. (2006). The cerebral
beta-amyloid angiopathies: hereditary and
sporadic. Brain Pathology 16:30–39

Section 1: Epidemiology, risk factors and pathophysiology

100



Section 2
Chapter

8
Clinical features, diagnosis
and investigation
Clinical features and differential
diagnosis of a transient ischemic
attack

The causes of TIAs are the same as the causes of stroke, with the caveat that the vast
majority of TIAs appear to be caused by ischemia rather than hemorrhage (Ch. 9). The
differential diagnosis of TIA differs from that of stroke owing to the transient nature of the
symptoms (Box 8.1). A careful history and examination is important since this may provide
clues to the underlying cause of the TIA (Ch. 9) or may indicate a non-vascular cause for
the focal symptoms. Identification of the underlying affected vascular territory from the
clinical features of the TIA is important for targeting further investigation and secondary
preventive treatments. Localization of the site of ischemia may be aided by brain imaging,
which is also used to exclude structural lesions causing “transient focal neurological
attacks,” and to differentiate between hemorrhage and ischemia (Ch. 10).

Symptoms and ischemic territory
Symptoms are of sudden onset and are “focal,” indicating a disturbance in a particular area
of brain or in one eye (Flemming et al. 2004; Sherman 2004). Motor symptoms are the
most common: weakness, clumsiness or heaviness usually on just one side of the body
(Table 8.1). Unilateral sensory symptoms are described as numbness, tingling or deadness.
Speech may be dysphasic, dysarthric or both. Transient monocular blindness (amaurosis
fugax) affects the upper or lower half of vision, or all the vision of one eye, and is often
described like a “blind or shutter” coming down from above, or up from below. However,
transient monocular ischemia can also cause partial visual loss, such as blurring or dim-
ming. Transient monocular blindness must be distinguished from transient homonymous
hemianopia, although this can be difficult even when the patient is a very good historian.

Box 8.1. Causes of transient focal neurological attacks

Transient ischemic attack
Migraine with aura
Partial epileptic seizures
Structural intracranial lesions: tumor, chronic subdural hematoma, vascular malformation,
giant aneurysm

Multiple sclerosis
Labyrinthine disorders: Meniere’s disease or benign positional vertigo
Peripheral nerve or root lesion
Metabolic: hypo- or hyperglycemia, hypercalcemia, hyponatremia
Psychological
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Simultaneous bilateral transient motor or sensory loss is almost always caused by
brainstem ischemia. Sudden simultaneous bilateral blindness in elderly patients usually
indicates bilateral occipital ischemia. Vertigo, diplopia, dysphagia, unsteadiness, tinnitus,
amnesia, drop attacks and dysarthria may be caused by posterior circulation or more global
cerebral ischemia, or by non-vascular causes such as motor neuron disease or myesthenia in
the case of dysarthria. If these symptoms occur in isolation, the diagnosis of TIA should
only be considered after exclusion of other possibilities (Gomez et al. 1996; Bos et al. 2007).
Global symptoms such as a reduced level of consciousness are almost never caused by a
TIA. They can only be accepted as resulting from a TIA if there are additional focal
symptoms that are unlikely to be epileptic or syncopal.

If more than one body part is involved, the symptoms usually start simultaneously in all
parts, persist for a while and then gradually wear off over a few minutes, particularly in the
case of transient monocular blindness, or an hour or so. If a patient still has symptoms
more than an hour after the onset, the chances are that complete recovery will take more
than 24-hours. A mild headache accompanying the neurological symptoms is quite
common, usually ipsilateral to the affected carotid territory, but most common in posterior
circulation TIAs. If cerebral symptoms last less than a minute, particularly if they are
“sensory,” the diagnosis of TIA is difficult to sustain. In contrast, symptoms of retinal
ischemia may be very short lived.

The symptoms of a TIA enable categorization of attacks by arterial territory affected:
carotid in approximately 80% or vertebrobasilar in 20%. This has important implications
for further investigation and secondary prevention. Such categorization may be straight-
forward where there are definite cortical symptoms such as dysphasia or brainstem
symptoms such as diplopia. However, because the motor and sensory pathways are
supplied by both vascular systems at different points in their course, it is not always
possible to distinguish which territory is involved (Table 8.1). One study found that the

Table 8.1. Clinical features and vascular distribution of transient ischemic attacks

Symptoms Vascular distribution Frequency (%)

Carotid Vertebrobasilar

Unilateral weakness, heaviness, or clumsiness þ þ 50

Unilateral sensory symptoms þ þ 35

Dysarthriaa þ þ 23

Transient monocular blindness þ � 18

Dysphasia þ (þ) 18

Unsteadiness/ataxiaa (þ) þ 12

Bilateral simultaneous blindness � þ 7

Vertigoa � þ 5

Homonymous hemianopia (þ) þ 5

Diplopia � þ 5

Bilateral motor loss � þ 4

Dysphagiaa (þ) þ 1

Crossed sensory and motor loss � þ 1

Note:
aIn general, if these symptoms are isolated it is best not to diagnose definite transient ischemic attack.
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agreement between the clinical diagnosis of vascular territory in patients with TIA or
minor stroke made by three neurologists compared with the near “gold standard” of
lesion location on diffusion-weighted MRI was only moderate, with the kappa statistics
varying from 0.48 to 0.54 for each neurologist (Flossmann et al. 2006). Interobserver
agreement on territory ranged from 0.46 to 0.60, and only the presence of visual
symptoms improved the accuracy of vascular territory diagnosis (Flossmann et al.
2006). Ischemia in the territory of supply of the deep perforating arteries may be
suspected if the patient has a transient lacunar syndrome and no positive evidence of
cortical involvement such as dysphasia.

Mechanisms of ischemia
Most TIAs are probably caused by arterial occlusion (Bogousslavsky et al. 1986) (Ch. 6).
Less commonly, they may be secondary to low flow distal to a severely stenosed or occluded
artery in the neck following a fall in blood pressure, as after antihypertensive medication or
vasodilators, after standing or sitting up quickly, after a heavy meal or a hot bath, on
exercise or during cardiac arrhythmia (Caplan and Sergay 1976; Ruff et al. 1981; Ross
Russell and Page 1983; Kamata et al. 1994). Such low-flow TIAs may be atypical: symptoms
may take some minutes to develop; there may be irregular shaking or dystonic posturing of
the arm or leg contralateral to the cerebral ischemia; or there is monocular or binocular
visual blurring, dimming, fragmentation, or bleaching, often just in bright light (Hess et al.
1991; Schulz and Rothwell 2002). Symptoms of focal brainstem ischemia caused by inter-
mittent obstruction of a vertebral artery by cervical osteophytes are rare, presumably
because collateral blood flow to the brainstem is usually sufficient.

“Subclavian steal” is caused by retrograde flow in the vertebral artery. It is a common
angiographic or ultrasound finding when there is stenosis or occlusion of the subclavian
artery proximal to the vertebral artery origin, particularly on the left, or of the innominate
artery. When the ipsilateral arm is exercised, the increased blood flow to meet the metabolic
demand may be enough to “steal” more blood down the vertebral artery, away from the
brainstem into the axillary artery. If there is poor collateral blood flow to the brainstem,
then symptoms may occur, but this is very rare. The subclavian disease is almost always
severe enough to be detectable by unequal radial pulses and blood pressures, and often there
is a supraclavicular bruit (Cho et al. 2007).

Signs
Owing to their brief duration, patients are rarely examined during a TIA at a time when
focal neurological signs might indicate the site of the lesion, although this now occurs
more frequently with the advent of acute stroke services and thrombolysis. However,
non-neurological signs, including carotid bruits, retinal emboli, cardiac dysrhythmia and
signs of peripheral vascular disease, may help to elucidate the cause of the attacks (Ch. 9).

Differential diagnosis and mimics of transient
ischemic attacks
Transient ischemic attacks are but one cause of “transient focal neurological attacks”
(Box 8.1) and “transient monocular blindness” (Box 8.2). There is no test to confirm a
TIA, and the gold standard method of diagnosis remains a thorough clinical assessment as
soon as possible after the event by an experienced stroke physician, although the advent of
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new imaging techniques, particularly diffusion-weighted MRI (Ch. 10), has allowed the
diagnosis to be made or excluded with more certainty in some patients. A diagnosis of TIA
is supported by a sudden onset and definite focal symptoms in the history and evidence of
vascular disease on examination (Hand et al. 2006).

Some conditions and syndromes are particularly frequently misdiagnosed as TIA
(Table 8.2), but features in the history are often helpful in distinguishing TIA and minor
stroke from mimics (Table 8.3).

Box 8.2. Causes of transient monocular blindness (amaurosis fugax)

Transient ischemic attack Intraorbital tumor
Glaucoma Caroticocavernous fistula
Uhthoff’s phenomenon in retrobulbar neuritis Retinal migraine
Raised intracranial pressure with papilloedema Intracranial dural malformation
Retinal hemorrhage Paraneoplastic retinopathy
Retinal venous thrombosis Reversible diabetic cataract
Retinal detachment Uveitis–glaucoma–hyphema syndrome
Macular degeneration

Table 8.2. Numbers of patients referred to dedicated “TIA clinics” in whom a non-neurovascular diagnosis
was eventually made in Oxford Vascular Study (OXVASC; 2002–2004) and the Oxford Community Stroke Project
(OCSP; 1981–1986)

Diagnosis OXVASC (n¼112) Diagnosis OCSP (n¼317)

Migraine 25 Migraine 52

Anxiety 14 Syncope 48

Seizure 9 “Possible TIA” 46

Peripheral neuropathy 8 “Funny turn” 45

Arrhythmia 6 Isolated vertigo 33

Labyrinthine 6 Epilepsy 29

Postural hypotension 6 Transient global amnesia 17

Transient global amnesia 6 Lone bilateral blindness 14

Syncope 5 Isolated diplopia 4

Tumor or metastases 4 Drop attack 3

Cervical spine disease 3 Meningioma 2

Dementia 2 Miscellaneous 24

Myasthenia gravis 1

Multiple sclerosis 1

Parkinson’s disease 1

Miscellaneous 15

Note:
TIA, transient ischemic attack.
Source: From Martin et al. (1989).
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Migraine with aura
Migraine is not a major diagnostic problem if the aura is associated with a headache with or
without nausea and vomiting or if a known migraineur develops a typical aura without
headache. However, occasionally migraine auras start in middle or old age and if there is
no headache, they can be confused with TIAs. The time course of the symptoms is the key
to distinguishing between TIA and migraine aura: migrainous auras start slowly, spread and
intensify over several minutes and usually fade in 20–30 minutes (Dennis and Warlow
1992). The symptoms tend to begin in one domain, particularly vision, fade and move on to
another, such as language, and tend to be positive involving flashing lights or tingling rather
than the negative symptoms typical of a TIA such as weakness, visual loss, or numbness.
However, it is important to note that a progressive or stuttering pattern of symptom onset,
positive visual phenomena and headache are also compatible with vertebrobasilar TIA.

Epilepsy
Epilepsy is not a diagnostic problem unless the seizures are partial. Partial sensory seizures
tend to cause positive symptoms such as tingling, and symptoms “march” across a hand or
foot, and up the limb in around a minute and may eventually be accompanied by focal
motor seizures or secondary generalization. Sudden speech arrest seems to be more often
epileptic, and not necessarily arising in the dominant hemisphere, than caused by ischemia,
which is more likely to cause dysphasic speech (Cascino et al. 1991). Transient inhibitory

Table 8.3. Features of a patient’s history that are less typical of a transient ischemic attack and alternative
(non-neurovascular) diagnosis suggested

Symptom Description Non-neurovascular diagnosis
suggested

Notes

Timing Recurrent/stereotypical
episodes

Anxiety related Especially
hemisensory loss

Onset Stuttering Tumor Over hours/days

Progressive Migraine Over minutes

Ill defined Delirium

Symptoms Prodrome Aura Migraine, seizure

Non-focal Syncope Loss of consciousness

Delirium Reduced attention

Labyrinthine dysfunction Balance disturbance

Positive Seizure Motor symptom

Migraine Visual spectra

Additional symptoms Migraine Headache

Labyrinthine dysfunction Hearing loss/tinnitus

Course Fluctuating Tumor

Delirium

Recall Absent Transient global amnesia

Seizure Generalized seizure

Patchy Delirium
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seizures may mimic the focal motor weakness of TIA but are most unusual (Kaplan 1993).
Todd’s paresis is a focal neurological deficit that can follow up to 10% of seizures, most
commonly grand mal seizures, and typically causes a unilateral motor weakness but can also
cause diplopia or speech disturbance. The cause of Todd’s paresis is unknown, but “exhaus-
tion” of the primary motor cortex or inactivation of motor fibers by NMDA receptors have
been postulated. Like a TIA, Todd’s paresis can last for several hours and differentiation can
be difficult, but depends mainly on establishing the presence of seizure activity at onset
(Gallmetzer et al. 2004).

Intracranial structural lesions
Occasionally, but importantly, intracranial structural lesions such as subdural hematoma
(Fig. 8.1), or tumor (Fig. 8.2) may cause TIA-like symptoms, although such lesions may
sometimes be incidental. Compression of an intracranial artery is perhaps an explanation
for those patients with a space-occupying lesion, while focal seizures misdiagnosed as TIAs
are another possibility. Intracerebral tumors can suddenly expand in size as a result of
in-situ hemorrhage (Fig. 8.2b), edema or both, and these are further causes of symptoms
coming on suddenly in an otherwise “chronic” condition. Intracranial vascular malforma-
tions might cause local steal of blood, thereby causing a TIA, or perhaps cause focal epileptic
attacks that mimic TIAs. Although intracranial structural lesions can cause focal neurological
deficits, these are almost never the sole clinical feature. Cerebral imaging with MRI
is, therefore, important to exclude space-occupying lesions in patients with stuttering,
deficits of gradual onset, more prolonged histories or additional features such as headache
or nausea. Imaging with non-contrast CT lacks sensitivity for space-occupying lesions and
is not recommended (Ch. 10).

Fig. 8.1. Brain CT scans showing acute (a) and chronic (b) subdural hemorrhage and illustrating that the changes
seen in chronic subdural hemorrhage may be subtle.

Section 2: Clinical features, diagnosis and investigation

106



Transient global amnesia
Transient global amnesia is a characteristic but uncommon clinical syndrome, usually
occurring in the middle aged or elderly (Hodges and Warlow 1990a, b; Quinette et al.
2006). The onset is sudden, with severe anterograde amnesia usually accompanied by
retrograde amnesia. The attack lasts several hours, after which the patient recovers the
ability to lay down new memories and recall old ones, but never has recall of the period of
the attack itself. During the attack, the patient is fully conscious, has no loss of personal
identity, looks normal if a little subdued and bewildered, and has no other symptoms apart
perhaps from some headache and nausea. The patient can perform normal everyday
activities, even driving, but typically asks the same question repetitively because of the
anterograde amnesia. A witness account is required to differentiate such attacks from
hysterical fugues, alcoholic amnesic states or complex partial seizures. Emotional upset,
Valsalva maneuvers, defecation, sexual intercourse and other physical exertions, often

Fig. 8.2. Examples of tumors that may cause symptoms mimicking TIA: (a) meningioma; (b) hemorrhagic
melanoma metastasis; and (c) multiple cerebral metastases in a patient with lung adenocarcinoma.
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outdoor activities on a cold day, may be
precipitants (Quinette et al. 2006). In
most cases, the prognosis is excellent and
attacks do not usually recur.

The etiology of transient global
amnesia is unclear. Various mechanisms
have been proposed, including temporary
metabolic abnormality in the medial
temporal lobes, venous hypertension and
ischemia (Bettermann 2006; Menendez
Gonzalez and Rivera 2006; Roach 2006).
Sometimes a diagnosis of epilepsy, usually
of complex partial type, becomes apparent
subsequently. This is particularly likely if
the transient global amnesia had been
short lived, for less than an hour, had
occurred on wakening, and had recurred
early (Zeman et al. 1998). Recent develop-
ments in neuroimaging have confirmed
that medial temporal lobe changes accom-
pany transient global amnesia (Sander

and Sander 2005). The presence of abnormality on diffusion-weighted MRI (Sander and
Sander 2005; Sedlaczek et al. 2004) has led to the proposal that transient global amnesia may
be an ischemic phenomenon. However such changes are not diagnostic of ischemia and can
occur following seizures.

Vestibular dysfunction
The acute onset of vertigo is a common complaint and presents a diagnostic challenge, especially
in elderly patients with pre-existing risk factors for vascular disease. An essential part of the
evaluation should be the distinction between “true vertigo,” put simply the false illusion
of movement, and other less-specific symptoms of “unsteadiness” or “light-headedness.”
The differential diagnosis of “true vertigo” is traditionally divided into peripheral causes,
including benign positional vertigo, vestibular neuritis and Meniere’s disease, and central
causes, one of which is TIA or stroke affecting the brainstem. Generally, peripheral causes
of vertigo are more common than central causes and one study found stroke or TIA to be the
cause of only 3.2% of presentations with “dizziness symptoms” to an emergency department
(Kerber et al. 2006).

Important features in the history which help in the differential diagnosis and indicate an
alternative cause to TIA or stroke include the recurrent stereotypical episodes, presence of
provoking factors (head movement), presence of features of middle ear disease (tinnitus,
hearing loss) and absence of other focal neurological symptoms of sudden onset that might
be attributable to the brainstem (visual or speech disturbance, weakness or numbness).
Features on examination that are thought to identify a central cause of vertigo include
nystagmus that is not suppressed by visual fixation, a normal head thrust test and other
features of posterior circulation ischemia, including dysphagia, dysarthria, limb or facial
weakness, gaze palsies or upgoing plantar responses. Despite these clinical indicators, the
differential diagnosis is challenging and is sometimes only made when imaging is suggestive
of focal ischemia (Schwartz et al. 2007).

Fig. 8.2. (cont.)
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Delirium or toxic confusional state
Delirium, toxic confusional state, metabolic encephalopathy or acute confusional state are
terms that are used interchangeably and often loosely to describe a syndrome of acutely
disordered cognition, sometimes associated with reduced level of consciousness and abnor-
mal attention (see Table 32.1). The syndrome is very common, especially in the elderly and
in patients with dementia, and presentations vary widely both in the speed of onset and
severity (Siddiqi et al. 2006). The differential diagnosis is broad and includes almost any
medical condition, but the commonest causes are sepsis, adverse drug reaction and meta-
bolic derangement (Francis et al. 1990).

Delirium can be mistaken for a TIA if mild, when the predominant feature is interpreted
as language disorder as opposed to confusion and when important clinical details are
unclear such as when a witness account is unavailable, the patient has cognitive impairment
or there is a long delay between the event and assessment. Reliable differentiation between
TIA and delirium is important because each carries a potentially poor prognosis, though for
very different reasons and the treatments are dissimilar (Siddiqi et al. 2006). Features
suggestive of delirium as opposed to TIA include the presence of a causative factor such
as urinary tract sepsis, an inability of the patient to remember the event clearly, fluctuating
disturbance in attention and consciousness and the absence of a clearly sudden onset.

Syncope and presyncope
Syncope is the abrupt loss of consciousness associated with the loss of postural tone, usually
followed by a rapid and complete recovery; presyncope is a premonitory sensation of
syncope. The differential diagnosis of syncope is very broad and is divided into cardiovas-
cular causes (most commonly tachy- or bradyarrhythmias) and non-cardiovascular causes
(most commonly vasovagal syncope, orthostatic hypotension and carotid sinus hypersensi-
tivity). Although the time course of syncope is consistent with TIA, the lack of focal
neurological disturbance is definitely not, and the diagnosis should, therefore, only be
made with considerable caution. Diagnostic confusion can sometimes be caused by TIA
of the brainstem, causing transient quadriparesis presenting with a sudden loss of postural
tone, but loss of consciousness is not a feature. Less infrequently, embolus to the tip of the
basilar artery can present with sudden-onset coma, but this is virtually never a transient,
self-limiting condition and other signs of brainstem dysfunction are always present and
obvious, so this should not cause difficulties in diagnosis (Voetsch et al. 2004).

Other neurological disorders
Occasionally, non-structural neurological disorders such as motor neuron disease, multiple
sclerosis (Rolak and Fleming 2007) or myasthenia gravis may present with transient
symptoms of sudden onset. Although these conditions usually follow progressive courses,
at times rapid initial progression can resemble TIA or minor stroke. Both motor neuron
disease and myasthenia gravis occur more commonly in the elderly and can present
with isolated dysarthria or dysphagia and, unless the diagnosis is made initially,
subsequent deterioration can often be put down to ‘recurrent stroke’ (Libman et al. 2002,
Kleiner-Fisman and Kott 1998).

Cryptogenic drop attacks
Drop attacks affect middle-aged and elderly women, almost only when walking rather than
just standing or sitting (Stevens and Matthews 1973). Without warning, the patient falls to

Chapter 8: Clinical features and differential diagnosis of TIA

109



the ground. There is no loss of consciousness or leg weakness. The attacks may recur but
then disappear as mysteriously as they came. There is usually no known cause, although
carotid sinus syncope and orthostatic hypotension are possibilities (Dey et al. 1996). There
appear to be no serious prognostic implications. Sudden weakness of both legs can occur in
brainstem ischemia and, rarely, if both anterior cerebral arteries are supplied from the same
stenosed internal carotid artery. Bilateral motor, sensory or visual impairments can also be
caused by bihemispheric boundary zone ischemia distal to severe carotid disease (Sloan and
Haley 1990). Finally, spinal cord “TIAs” do occur but are even rarer than spinal cord
infarction (Cheshire et al. 1996). Cataplexy is almost invariably precipitated by excitement
or emotion, seldom causes the patient to fall over and usually presents fairly early in life.

Psychogenic attacks
Psychogenic attacks are usually situational, for instance occurring in open spaces. Suggest-
ive features include age less than 50 years, lack of vascular risk factors, symptoms affecting
the non-dominant side (Rothwell 1994), hyperventilation, other medically unexplained
symptoms or non-organic motor or sensory signs.

Isolated transient focal neurological disturbance
of uncertain significance
In a significant proportion of patients referred to a neurovascular service with suspected
TIA or minor stroke, no clear diagnosis of either a cerebrovascular event or a mimic can be
reached, even after thorough clinical assessment and investigation. In our experience, these
are often presentations with isolated focal neurological disturbance with sudden onset and
gradual recovery, over seconds to minutes. Several distinct syndromes can be recognized,
for instance isolated and transient vertigo with no other features to suggest a central or
peripheral cause, isolated slurred speech, or isolated hemisensory loss.

Currently, little is known about the cause or significance of these syndromes, and
rigorous prospective data are required about the risk factors for these presentations,
imaging findings and the prognosis. However, our experience is that the outcome is good
and, unlike TIA or minor stroke, these are not associated with a high early risk of recurrent
stroke.
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Chapter

9 The clinical features
and differential diagnosis
of acute stroke

The diagnosis of stroke is often fairly straightforward. However, clinicians should be aware
of the conditions that can mimic stroke since diagnostic errors will have important
consequences. In common with TIA, determining the site of the cerebrovascular lesion is
important since this narrows down the likely underlying etiology and enables appropriate
targeting of investigations (Chs. 10–13). There may be important clues from the history
and examination suggesting the underlying cause of the stroke, or that there may be a
non-vascular cause for the patients’s symptoms and signs. Establishing the underlying cause
of the stroke enables specific treatment and secondary prevention (see below).

Diagnosis of stroke
The diagnosis of stroke is relatively straightforward if there is focal brain dysfunction of
sudden onset or which was first present on waking. There may be some progression over the
first few minutes or hours, particularly in posterior circulation stroke (Brandt et al. 2000).
Usually the deficit stabilizes by 12–24-hours and, if the patient survives, recovery starts
within a few days in most cases. Various scoring systems or similar strategies have been
developed as aids in diagnosing stroke (Nor et al. 2005; Hand et al. 2006), but these are not
infallible and clinicians should always consider the potential differential diagnoses (Box 9.1).

If the history is consistent with stroke, there is only a 5% chance of a CT or MR brain
scan showing an intracranial mass lesion rather than the expected changes consistent with
stroke (Sandercock et al. 1985). If the history is consistent with TIA, the likelihood of
findings on neuroimaging suggestive of an alternative diagnosis is even lower (Ch. 10). This
risk is higher when the speed of onset is uncertain. Features indicative of an intracranial
tumor (see Fig. 8.2) include recent headaches, seizures, papilloedema, a worsening deficit
over days or weeks, and the presence of a primary tumor elsewhere. Chronic subdural
hematoma (see Figs. 7.3 and 8.1) is suggested by prior head injury, more drowsiness,
confusion and headache out of proportion to the severity of the neurological deficit, a
fluctuating course, use of anticoagulants or chronic alcohol abuse. Other diagnoses are
usually obvious:multiple sclerosis occurs at a younger age, peripheral nerve or root lesion
are accompanied by clinical signs and or pain, postseizure hemiparesis is suggested by
the history, metabolic encephalopathy by global rather than focal neurological features,
somatization and hysteria by young age and inconsistent signs, encephalitis by fever,
clinical symptoms and signs and a diffusely abnormal EEG, and intracranial abscess by
fever and a predisposing cause such as sinusitis or a congenital heart lesion (Norris and
Hachinski 1982). Very occasionally, more unusual conditions such as Wilson’s disease
(Pendlebury et al. 2004) and Creutzfelt–Jacob disease may present with stroke-like symptoms
(Fig. 9.1).

Occasionally, head injury causing intracerebral hemorrhage can be missed, while hem-
orrhagic stroke may cause a fall and subsequent head injury; consequently the sequence of
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events may be unclear (Berlit et al. 1991).
Ischemic stroke following head injury
may be caused by neck artery dissection
(Ch. 6). Residual signs from an old stroke
may become more pronounced with
intercurrent illness or after a seizure.

Determining the site
of the lesion
Determining the location of the stroke pro-
vides useful prognostic information and
helps to establish the underlying cause for
the stroke, since the various clinical syn-
dromes (described below) have differing
probabilities of being caused by large or
small vessel disease or cardioembolism.

Strokes can be divided into four main
clinical syndromes on the basis of symp-
toms and clinical signs (Bamford et al.
1991; Mead et al. 1999):
� total anterior circulation syndrome
� partial anterior circulation syndrome
� lacunar syndrome
� posterior circulation syndrome.

These categories provide information on early prognosis, residual disability and risk of
recurrence.

Stroke localization using clinical data is not infallible: in about one-quarter of cases
where a recent lesion is visible on brain imaging, it is not in the expected place (Mead et al.
1999). For example, although most pure motor strokes are caused by a lacunar infarct as a
result of small vessel disease, in a few cases the CT or MR scan shows striatocapsular
infarction caused by middle cerebral artery occlusion with good cortical collaterals

Box 9.1. Differential diagnosis of acute stroke

Intracranial tumor, e.g. glioma, meningioma
Subdural hematoma
Epileptic seizure
Metabolic/toxic encephalopathy: hypoglycemia, hepatic failure, alcohol intoxication
Cerebral abscess
Viral encephalitis
Hypertensive encephalopathy
Multiple sclerosis
Head injury
Peripheral nerve lesion
Psychogenic (somatization, hysteria)
Creutzfeldt–Jakob disease

Fig. 9.1. Axial MRI (FLAIR) showing bilateral pulvinar
hyperintensity in a patient with new variant
Creutzfelt–Jacob disease.
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(Fig. 9.2). Therefore, patients may need to
be reclassified on the basis of the brain
imaging results.

Total anterior circulation syndrome
A large hematoma in one cerebral hemi-
sphere, or an infarct affecting a large
proportion of the middle cerebral artery
territory, causes a characteristic clinical
syndrome:
� contralateral hemiparesis, with or

without a sensory deficit and involving
the whole of at least two of the three
body areas: the face, upper limb or
lower limb

� a homonymous visual field defect
� a cortical deficit consisting of dysphasia,

neglect or visuospatial problems.
Cognitive or visual field defects may have
to be assumed in drowsy patients. Devia-
tion of the eyes towards the affected hemi-

sphere is common but recovers in a few days. A large hematoma may cause midline shift,
transtentorial herniation and coma within 24-hours (Fig. 9.3). By contrast, these changes
take two or three days to evolve with large infarcts as cerebral edema develops.

Total anterior circulation infarcts are usually the result of acute occlusion of the internal
carotid artery or embolic occlusion of the proximal middle cerebral artery from a cardiac or
proximal arterial source (Caplan 1993; Lindgren et al. 1994; Wardlaw et al. 1996, Georgiadis
et al. 2004) (see Fig. 5.1). Sometimes the cortex is relatively spared owing to good pial
collaterals or rapid recanalization of the occluded artery, and infarction is largely subcort-
ical in the distribution of several lenticulostriate arteries. This may be seen as a characteris-
tic area of “striatocapsular infarction” on brain imaging (Fig. 9.2). This clinical syndrome is
not as severe as a total anterior circulation syndrome, having less cognitive deficit and often
being without homonymous hemianopia (Nicolai et al. 1996).

Partial anterior circulation syndrome
A lobar hemorrhage, or a cortical infarct, causes a more restricted clinical syndrome
(Bassetti et al. 1993; Aerden et al. 2004):
� any two of the following three components of a total anterior circulation syndrome:

hemiparesis or hemiplegia contralateral to hemispheric lesion, homonymous visual field
defect, and cortical deficit (dysphasia, neglect or visuospatial problems)
or

� motor/sensory deficit restricted to one body area or part of one body area
� isolated cortical deficit such as dysphasia.

It may be difficult to distinguish between some partial anterior circulation syndromes
and a ‘lacunar’ stroke.

Partial anterior circulation infarcts (Fig. 9.4) are caused by occlusion of a branch of the
middle cerebral artery, or rarely the trunk of the anterior cerebral artery. They are usually

Fig. 9.2. Diffusion-weighted MRI showing a
striatocapsular infarct.
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a consequence of embolism from the heart or proximal atherothrombosis as in total
anterior circulation infarcts. Investigation should be prompt because of the high risk of
recurrence. Anterior cerebral artery infarcts cause contralateral weakness predominantly of
the lower limb, sometimes with cortical sensory loss, and aphasia if in the dominant
hemisphere. Left, and rarely right, anterior cerebral infarcts can cause a curious dyspraxia
of the left upper limb owing to infarction of the corpus callosum disconnecting the right
motor centers from the left language centers (Kazui et al. 1992). Bilateral leg and even
additional bilateral arm weakness has been described when both anterior cerebral arteries
are supplied from one stenosed internal carotid artery, or if both anterior cerebral arteries
are occluded by embolism, so mimicking a brainstem or spinal cord syndrome (Borggreve
et al. 1994).

Some anterior circulation syndromes, usually classified as partial anterior circulation
syndromes, are caused by boundary zone infarcts. The rare anterior choroidal artery
distribution infarcts, which can be defined only by the CT or MRI pattern, are probably
caused by microvascular disease as well as embolism, and they can lead to a partial anterior
circulation syndrome or lacunar syndrome (Hupperts et al. 1994).

Lacunar syndrome
Lacunar syndromes are defined clinically. They are highly predictive of small, deep lesions
affecting the motor and/or sensory pathways in the corona radiata, internal capsule,
thalamus, cerebral peduncle or pons. Although a few patients have a partial anterior
circulation infarct (Bamford et al. 1987; Anzalone and Landi 1989; Arboix et al. 2007),
the great majority have small infarcts, which are sometimes visible on CT, more often on
MRI. These are caused by presumed occlusion of a small perforating artery affected by
intracranial small vessel disease (see Fig. 10.2). There is no visual field defect, no new cortical

Fig. 9.3. Large intracerebral hematoma with mass effect.
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defect, no impairment of consciousness and nothing to suggest a brainstem syndrome, for
instance diplopia or crossed motor and sensory deficits.

The four main lacunar syndromes are:
� pure motor deficit
� pure sensory deficit: involving two or three of the areas face, arm and leg
� sensorimotor deficit
� ataxic hemiparesis.
Pure motor stroke constitutes about 50% of lacunar cases. It consists of a unilateral motor
deficit involving two or three areas, the face, upper arm and/or leg, including the whole of
each area that is affected. There are often sensory symptoms but no sensory signs. The lesion
occurs at locations where the motor pathways are closely packed together and separate from
other pathways: usually in the internal capsule or pons, sometimes the corona radiata or
cerebral peduncle, and rarely in themedullary pyramid. There may be a flurry of immediately
preceding TIAs, the so-called capsular warning syndrome (Donnan et al. 1996).

Fig. 9.4. Axial T2-weighted MRI scans (a–c) and a magnetic resonance angiogram (d) showing a right partial
anterior circulation infarct secondary to right carotid occlusion.
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Pure sensory stroke constitutes about 5% of cases. It has the same distribution as pure
motor stroke but the symptoms are of sensory loss, with or without sensory signs affecting
all modalities equally, or sparing proprioception. The lesion is usually in the thalamus
(see Fig. 10.3) but can be in the brainstem.

Sensorimotor stroke constitutes about 35% of cases. It is the combination of a pure
motor stroke with sensory signs in the affected body parts. The lesion is usually in the
thalamus or internal capsule, but it can be in the corona radiata or pons. A similar
clinical picture can be caused by cortical infarcts, leading to misclassification (Blecic
et al. 1993).

Ataxic hemiparesis constitutes about 10% of cases. It is the combination of cortico-
spinal and ipsilateral cerebellar-like dysfunction affecting the arm and/or leg. It includes a
syndrome in which there is little more than dysarthria and one clumsy hand. The lesion is
usually in the pons, internal capsule or cerebral peduncle. Dysarthria, with or without upper
motor neuron facial weakness, may also be a lacunar syndrome with similar lesion
localization as ataxic hemiparesis, but there are other localizing possibilities as well.

Small deep infarcts in the subcortical white matter of the corona radiata may result from
small vessel disease affecting the long medullary perforating arteries extending down from
cortical branches of the middle cerebral artery or from embolism. Such centrum semiovale
infarcts present as either a lacunar syndrome or, occasionally, as a partial anterior cirulation
syndrome with “cortical” features (Read et al. 1998; Lammie and Wardlaw 1999). They are
not, however, easy to classify or to distinguish from border zone infarcts deeper in the white
matter lying between the arterial territories of the deep perforators from the first part of
the middle cerebral artery and the superficial medullary perforators.

Various other lacunar syndromes have been described with rather poor clinical–
pathological–anatomical correlation; for example, chorea or hemiballismus usually appears
to be caused by a lesion in the contralateral subthalamic nucleus or elsewhere in the
basal ganglia and tends to get better (Ghika and Bogousslavsky 2001).

Posterior circulation syndrome
Brainstem, cerebellar, thalamic or occipital lobe signs normally indicate infarction in the
distribution of the vertebrobasilar circulation or a localized hemorrhage.

The posterior circulation syndrome consists of any one of the following:
� motor and/or sensory deficit and cranial nerve palsy
� bilateral motor and/or sensory deficit
� deficit of conjugate eye movement
� cerebellar deficit
� isolated hemianopia or cortical blindness.

A combination of brainstem and occipital lobe signs is highly suggestive of infarction
caused by thromboembolism within the basilar and posterior cerebral artery territories.
Occasionally, proximal posterior cerebral artery occlusion causes extensive temporal,
thalamic and perhaps midbrain infarction. This results in contralateral hemiparesis and
sensory loss, and a marked cognitive deficit such as aphasia, as well as the expected
homonymous hemianopia. This syndrome may be confused with occlusion of the middle
cerebral artery or one of its branches (Argentino et al. 1996). This is the so-called “walking
total anterior circulation syndrome” because although it fulfils the definition of a total
anterior circulation syndrome, the motor loss is mild. Cerebellar hematomas have fairly
characteristic clinical features except in the case of massive hemorrhage, which is clinically
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indistinguishable from brainstem stroke, and very small hemorrhages, which may simulate
a peripheral disorder of the vestibular system (Jensen and St. Louis 2005).

The causes of infarction in the vertebrobasilar territory are heterogeneous. Often they
are difficult to establish since vertebral angiography is seldom carried out, although non-
invasive arterial imaging is increasingly helpful. Some lacunar syndromes result from small
brainstem or thalamic infarcts following small vessel occlusion: intracranial small vessel
disease or atheroma at the mouth of small perforating arteries. However, both small and
large infarcts can be caused by embolism from the heart by atherothrombosis, affecting the
vertebral and basilar arteries; thrombotic occlusion complicating atheroma of the basilar
artery or its major branches; or by low flow distal to vertebral and other arterial occlusions.

Although a large number of posterior circulation syndromes have been described, there
is no clear association with a unique pattern of arterial occlusion or with prognosis.
Syndromes include the “top of the basilar” syndrome (Caplan 1980), various other mid-
brain syndromes (Bogousslavsky et al. 1994), the locked-in syndrome (Patterson and
Grabois 1986), pontine syndromes (Bassetti et al. 1996), lateral medullary syndromes
(Kim et al. 1998) and medial medullary syndromes (Bassetti et al. 1997). Recognition of
these is more an exercise in clinical–anatomical correlation rather than being very useful
for clinical management. Because thalamic and cerebellar strokes can cause diagnostic
confusion, and the latter may require surgical treatment, they are given separate consider-
ation below.

Thalamic stroke
Small thalamic lesions may cause a pure sensory stroke or sensorimotor stroke, sometimes
with ataxia in the same limbs (Schmahmann 2003). However, other deficits may occur in
isolation, or in combination depending on which thalamic nuclei are involved. These
include paralysis of upward gaze, small pupils, apathy, depressed consciousness, hypersom-
nolence, disorientation, visual hallucinations, aphasia and impairment of verbal memory
attributable to the left thalamus, and visuospatial dysfunction attributable to the right
thalamus. Occlusion of a single small branch of the proximal posterior cerebral artery
can cause bilateral paramedian thalamic infarction with severe retrograde and anterograde
amnesia.

Thalamic stroke should be considered when there is a sudden onset of behavioral
disturbance. The diagnosis is often missed since patients are thought to have primary
psychiatric disorders, especially when neurological dysfunction is lacking. Distinct behav-
ioral patterns can be delineated on the basis of the four main arterial thalamic territories
(Schmahmann 2003; Carrera and Bogousslavsky 2006):
� the anterior pattern consists mainly of perseverations, apathy and amnesia; paramedian

infarction causes disinhibition and personality change, amnesia and, in the case of
extensive lesions, thalamic “dementia”

� after inferolateral lesion, executive dysfunction may develop but is often overlooked,
although it may occasionally lead to severe long-term disability

� posterior lesions are known to cause cognitive dysfunction, including neglect and
aphasia, but no specific behavioral syndrome has been reported.

Cerebellar strokes
Cerebellar strokes can be mild, with sudden vertigo, nausea, imbalance, and horizontal
nystagmus, which soon recovers. They are frequently misdiagnosed as labyrinthitis. More

Chapter 9: Clinical features and differential diagnosis of acute stroke

119



extensive infarction, or hemorrhage, causes additional ipsilateral limb and truncal ataxia, as
well as dysarthria. Very severe strokes cause occipital headache, vomiting and depressed
consciousness, so making it impossible to detect limb or truncal ataxia. There are often
additional brainstem signs such as ipsilateral facial weakness and sensory loss, a gaze palsy
to the side of the lesion, ipsilateral deafness and tinnitus, and bilateral extensor plantar
responses. These occur because of pressure from a large edematous infarct or hematoma,
or because an occluded artery supplying the cerebellum may also supply parts of the
brainstem. Mass effect can obstruct flow of cerebrospinal fluid from the fourth ventricle,
causing acute or subacute hydrocephalus. The consequent coma and meningism may be
mistaken for subarachnoid hemorrhage. A CT scan will reveal a hematoma, but the signs of
an infarct are more subtle, with disappearance or shift of the fourth ventricle owing to mass
effect before the low density of the lesion itself appears. Magnetic resonance is more
sensitive in infarction and provides detail of any additional brainstem involvement. It
should be noted that initial mild symptoms may be misleading and patients may deteriorate
rapidly. Accordingly, urgent brain imaging is mandatory in suspected cerebellar stroke,
irrespective of apparent clinical severity.

Patients who become acutely or subacutely comatose have a very poor prognosis.
However, if there is little evidence of primary brainstem infarction, drainage of any
hydrocephalus and/or decompression of the posterior fossa may sometimes be followed
by relatively good-quality survival.

Boundary zone infarcts
Boundary zone infarcts occur in the border zones between arterial territories:
� anterior boundary zone: between the superficial territories of the middle cerebral artery

and anterior cerebral artery in the frontoparasagittal region
� posterior boundary zone: between the superficial territories of the middle cerebral artery

and posterior cerebral artery in the parieto-occipital region
� subcortical boundary zone: between the superficial medullary penetrators and deep

lenticulostriate territories of the middle cerebral artery in the paraventricular white
matter of the corona radiation.

There is evidence that both low-flow and microembolism may be important in causing
boundary zone infarction (Momjian-Mayor and Baron 2005). The evidence strongly favors
a hemodynamic mechanism for internal boundary zone infarction, especially in the cen-
trum semiovale. However, the relationship between cortical boundary zone infarction and
hemodynamic compromise appears more complicated, and artery-to-artery embolism may
play an important role. Based on the high prevalence of microembolic signals documented
by ultrasound in symptomatic carotid disease, embolism and hypoperfusion may play a
synergistic role, with small emboli lodging in distal field arterioles being more likely to
result in cortical microinfarcts when chronic hypoperfusion prevails. Future studies com-
bining imaging of brain perfusion, diffusion-weighted imaging and ultrasound detection of
microembolic signals should help to resolve these issues.

Low flow may occur secondary to systemic hypotension, as during cardiac arrest. This
results in bilateral infarcts, usually in the posterior boundary zones, and causes cortical
blindness, visual disorientation and agnosia, and amnesia. Alternatively, a relatively small
fall in systemic blood pressure in the presence of internal carotid occlusion or stenosis may
cause unilateral boundary zone infarction, usually in the anterior and subcortical regions.
This causes contralateral weakness of the leg more than the arm, with sparing of the face,
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some impaired sensation in the same areas, and aphasia if the dominant hemisphere is
affected. Unilateral posterior boundary zone infarcts are less common and cause contra-
lateral hemianopia and cortical sensory loss, along with aphasia if the dominant hemisphere
is affected.

Miscellaneous clinical features
Cranial nerves
Unilateral supratentorial stroke lesions can cause contralateral weakness of the bulbar
muscles, with unilateral weakness of the palate, tongue and forehead musculature, resem-
bling a lower motor-neuron rather than upper motor-neuron facial palsy. Because all these
muscles have a strong bilateral upper motor-neuron innervation, this weakness tends to
disappear quite quickly in most cases. The bulbar muscle weakness may be enough to cause
significant dysphagia; therefore, dysphagia is not a symptom exclusively confined to
brainstem strokes. Dysarthria is common in supratentorial strokes, usually in proportion
to any facial weakness, and is a defining feature of the clumsy hand–dysarthria syndrome,
but it can be isolated with no localizing value (Ichikawa and Kageyama 1991). Any
weakness of the sternomastoid muscle is ipsilateral to a supratentorial lesion so there is
difficulty turning the head away from the side of the lesion. Lower cranial nerve lesions
ipsilateral to a supratentorial infarct suggest dissection of the internal carotid artery. Lesions
of cranial nerves III, IV and VI have rarely been described ipsilateral to internal carotid
artery occlusion or dissection, presumably caused by ischemia of the nerve trunks.

Headache
Headache is not uncommon around the time of stroke onset. It is more often severe in
primary intracerebral hemorrhage than ischemic stroke, and more often severe with
posterior than anterior circulation strokes. If the headache is localized at all, it tends to
be over the site of the lesion. Headache is more common in cortical and posterior circula-
tion than lacunar infarcts (Kumral et al. 1995). Severe unilateral neck, orbital or scalp pain
suggests internal carotid artery dissection, particularly if there is an ipsilateral Horner’s
syndrome. Severe occipital headache can occur with vertebral artery dissection. Headache is
also a particular feature of venous infarcts. Unusual headache in the days before stroke
would suggest giant cell arteritis or perhaps a mass lesion rather than a stroke.

Movement disorders
Acute hemiparkinsonism contralateral to a basal ganglia stroke is rare. Contralateral chorea,
hemiballismus and sometimes tremor or dystonia are more common (D’Olhaberriague et al.
1995; Scott and Jankovic 1996; Giroud et al. 1997). Dystonia often develops gradually in a
hemiplegic limb some weeks after the stroke, particularly in children and young adults.
Rather nondescript “limb-shaking” has been described in patients with “low flow” TIA and
can occur in stroke, particularly in brainstem infarction.

Determining the cause of the stroke:
pathophysiological mechanism
The four main classifications described above (Bamford et al. 1991; Mead et al. 1999) are
clinical and can be determined at the bedside and following the results of brain imaging.
Further classification is possible in ischemic stroke by etiology, and this is most commonly
done according to the TOAST criteria.
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TOAST classification
The TOAST system attempts to classify ischemic strokes according to the major causative
pathophysiological mechanisms. It assigns ischemic strokes to five subtypes based upon
clinical features and the results of investigation including brain and vascular imaging,
cardiac tests and laboratory tests for a prothrombotic state (Adams et al. 1993). It was
originally developed in a clinical trial of heparin (Trial of ORG 10172) but has been used
extensively in both research and clinical practice and has been modified only slightly since
its first description in 1993 (Adams et al. 1993; Ay et al. 2005).

The five TOAST subtypes of ischemic stroke are:
� large artery atherosclerosis
� cardioembolism
� small vessel occlusion
� stroke of other determined etiology
� stroke of undetermined etiology.
Large artery atherosclerosis is confirmed by the presence of brain or vascular imaging
findings of either significant stenosis (>50%) or occlusion of a major brain artery or branch
cortical artery, presumably through atherosclerosis. Cortical, cerebellar, brainstem or large
subcortical lesions on CT or MRI are supportive of the diagnosis, as are symptoms or signs
of large artery disease elsewhere. The most frequent sources of cardioembolism (Ch. 6) are:
� atrial fibrillation
� a mechanical prosthetic valve
� mitral stenosis
� left atrial or left ventricular thrombus
� recent myocardial infarction
� dilated cardiomyopathy
� infective endocarditis.
The small vessel occlusion category corresponds to the lacunar syndrome described by
Bamford et al. (1991) and is supported by normal brain imaging or a relevant subcortical
or brainstem infarct measuring <1.5cm. “Other determined etiologies” include non-
atherosclerotic vasculopathies, hypercoagulable states and hematological disorders. Stroke
of undetermined etiology includes those in which evaluation has been inadequate, adequate
evaluation has not revealed a cause (“cryptogenic stroke”) and those in which two or
more potential causes have been identified (for instance a patient who has atrial fibrillation
and an ipsilateral carotid stenosis of 60%, or a patient with a traditional lacunar syndrome and
an ipsilateral carotid stenosis of 60%).

Some overlap exists between the clinical classification (Bamford et al. 1991) and the
etiological TOAST classification. In a large hospital-based series of patients with ischemic
stroke, total and partial anterior circulation infarcts were most likely to be caused by large
artery atherosclerosis, cardioembolism or both (Wardlaw et al. 1999).

Determining the cause of the stroke: clues from the history
In the vast majority of strokes, there is the sudden onset of focal symptoms without any
other features. However, it is important to take a detailed history since occasionally there
may be a more gradual onset of symptoms, thus widening the differential diagnosis, or
there may be points in the history suggesting an underlying cause for the stroke or an
indication that the presentation is of a condition mimicking stroke (Table 9.1).
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Gradual onset
Gradual onset of stroke over hours or days, rather than seconds or minutes, is unusual and
is much more likely to occur in ischemic than in hemorrhagic stroke. If the onset is gradual,
and not likely to be caused by low flow or migraine (Ch. 8), then a structural intracranial
lesion must be excluded. In younger patients, multiple sclerosis should also be considered.
However, focal neurological deficits that develop over hours, or up to two days, in elderly
patients are still most likely to have a vascular cause since vascular disease is so common in
older patients.

Precipitating factors
The activity being undertaken at stroke onset and the time of onset may both be important.
Anything to suggest a fall in cerebral perfusion or blood pressure may be relevant, as is
pregnancy and any operative procedure. Activity affecting head position, or head and neck
trauma (see Ch. 6), may indicate dissection. Recurrent attacks first thing in the morning or
during exercise suggest hypoglycemia (may be the presenting feature of insulinoma or
related to drugs such as pentamidine as well as diabetes). Onset during a Valsalva maneuver
such as lifting, suggests a low-flow ischemic stroke or paradoxical embolism (Ch. 6).

Headache
Headache at around the onset of ischemic stroke or TIA occurs in about 25% of patients, is
usually mild and, if localized at all, tends to be related to the position of the brain/eye lesion.
It is more common with ischemia in the vertebrobasilar than carotid distribution and is less
common with lacunar ischemia. Severe pain unilaterally in the head, face, neck or eye at
around or before the time of stroke onset is highly suggestive of carotid dissection, while
vertebral dissection tends to cause unilateral or sometimes bilateral occipital pain (Ch. 6).
Migrainous stroke may be accompanied by headache (Chs. 6 and 8) and patients with
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalo-
pathy (CADASIL) usually have a history of migraine. In the context of the differential
diagnosis of TIAs, migraine should be fairly obvious, unless there is no headache (Ch. 8). It
is important to note that vertebrobasilar ischemia may cause similar symptoms to migraine
with headache, gradual onset of focal neurological symptoms and visual disturbance.

Although intracranial venous thrombosis usually causes either a benign intracranial
hypertension syndrome or a subacute encephalopathy, sometimes the onset is focal. The
diagnosis may be suggested by headache, which occurs in the majority of patients (around
75%) (Ch. 30). Stroke (or TIA) in the context of a headache occurring for days or weeks
previously must raise the possibility of giant cell arteritis and other inflammatory vascular
disorders (Ch. 6). Pain in the jaw muscles with chewing, which resolves with rest, strongly
suggests claudication, caused more frequently by giant cell arteritis than atherothrombosis
of the external carotid artery.

Epileptic seizures
Epileptic seizures, partial or generalized, within hours of stroke onset are unusual in adults
(5%) and should lead to a reconsideration of non-stroke brain pathologies, particularly
since contrast enhancement of a tumor on CT can be misinterpreted as an infarct. The risk
of seizure is higher with hemorrhagic than ischemic strokes and if the lesion is large and
involves the cerebral cortex (Arboix et al. 2003). Seizures are common in venous infarction
(up to 40%) and mitochondrial cytopathy. Partial motor seizures can be confused with
limb-shaking TIAs (Ch. 8), but the former are more clonic and the jerking spreads in

Chapter 9: Clinical features and differential diagnosis of acute stroke

123



Table 9.1. Important clues from the history that may suggest the cause of an ischemic stroke, or that the
diagnosis of cerebrovascular disease should be reconsidered

Type Features

Gradual onset Low cerebral blood flow without acute occlusion (Ch. 6)

Migraine (Ch. 8)

Structural intracranial lesion (Chs. 8 and 9)

Multiple sclerosis

Precipitating factors Suspected systemic hypotension or low cerebral perfusion pressure
(standing up or sitting up quickly, heavy meal, hot weather, hot bath,
warming the face, exercise, coughing, hyperventilation, chest pain or
palpitations, starting or changing blood pressure-lowering drugs)

Pregnancy/puerperium

Surgery

Head turning

Hypoglycemia

Valsalva maneuver (paradoxical embolism, or low flow)

Recent headache Carotid/vertebral dissection (Ch. 6)

Migrainous stroke/transient ischemic attack (Ch. 8)

Intracranial venous thrombosis (Ch. 29)

Giant cell arteritis (or other inflammatory vascular disorders) (Ch. 6)

Structural intracranial lesion (Chs. 8 and 9)

Epileptic seizures Intracranial venous thrombosis (Ch. 29)

Mitochondrial diseases (Ch. 6)

Non-vascular intracranial lesion (Chs. 8 and 9)

Malaise Inflammatory arterial disorders (Ch. 6)

Infective endocarditis (Ch. 6)

Cardiac myxoma (Ch. 6)

Cancer (Ch. 6)

Thrombotic thrombocytopenic purpura (Ch. 6)

Sarcoidosis (Ch. 6)

Chest pain Myocardial infarction

Aortic dissection

Paradoxical embolism (Ch. 6)

Non-stroke vascular disease or
vascular risk factors

Ischemic heart disease (Ch. 2)

Claudication (Ch. 2)

Hypertension (Ch. 2)

Smoking (Ch. 2)

Drugs Oral contraceptives (Ch. 2)

Estrogens in men (Ch. 2)

Blood pressure-lowering/vasodilators (Ch. 6)

Hypoglycemic drugs (Ch. 6)
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a typical jacksonian way from one body part to another and the latter are supposed never to
involve the face. Rarely, transient focal ischemia seems to cause partial epileptic seizures,
but proving a causal relationship is seldom possible (Kaplan 1993). Interestingly, onset of
idiopathic seizures late in life is a powerful independent predictor of subsequent stroke
(Cleary et al. 2004) and of dementia after stroke (Cordonnier et al. 2007). Seizures preceded
by malaise, headache and fever suggest encephalitis.

Malaise
Stroke in the context of preceeding malaise for up to some months suggests an inflammatory
arterial disorder, particularly giant cell arteritis, infective endocarditis, cardiac myxoma,
cancer, thrombotic thrombocytopenic purpura or even sarcoidosis (Ch. 6).

Chest pain
Chest pain may be indicative of a recent myocardial infarction with complicating stroke,
aortic dissection (particularly if the pain is also interscapular) or pulmonary embolism and
raises the possibility of paradoxical embolism.

Table 9.1. (cont.)

Type Features

Cocaine, ecstasy (Ch. 6)

Amphetamines (Ch. 6)

Ephedrine (Ch. 6)

Phenylpropanolamine (Ch. 6)

Atypical antipsychotic drugs

Injury Chronic subdural hematoma (Ch. 7)

Vertebral/carotid artery dissection (Ch. 6)

Fat embolism (Ch. 6)

Self-audible bruits Internal carotid artery stenosis (distal)

Dural arteriovenous fistula (Ch. 7)

Glomus tumor

Caroticocavernous fistula (Ch. 7)

Raised intracranial pressure

Intracranial venous thrombosis (Ch. 29)

Past medical history Inflammatory bowel disease (Ch. 6)

Coeliac disease (Ch. 6)

Homocystinuria (Ch. 6)

Cancer (Ch. 6)

Irradiation of the head or neck (Ch. 6)

Recurrent deep venous thrombosis

Recurrent miscarriages

Recent surgery/long-distance travel

Family history (Table 3.2)
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Vascular risk factors
Vascular risk factors (Ch. 2) and diseases should be sought. It is unusual for an ischemic
stroke or TIA to occur in someone with no vascular risk factors, unless they are very old, or
are young with some unusual cause of stroke (Ch. 6). A history of heart disease may be
relevant and cardiac symptoms should be specifically inquired about.

Drugs
Drugs may be relevant: oral contraceptives in women, estrogens in men, hypotensive agents,
hypoglycemic agents and recreational drugs.

Injury
Any injury in the days and weeks before ischemic stroke or TIA onset is important and may
not be spontaneously volunteered by the patient particularly where this occurred some time
previously. A head or neck injury might have caused a chronic subdural hematoma (highly
unlikely if more than three months previously) or carotid or vertebral dissection (Ch. 6).

Self-audible bruits
Pulsatile self-audible bruits are rare. They can be differentiated from tinnitus because they
are in time with the pulse. They may be audible to the examiner on auscultation of the neck,
eye or cranium and may indicate:
� distal internal carotid artery stenosis (dissection or, rarely, atherothrombosis)
� dural arteriovenous fistula near the petrous temporal bone
� glomus tumor
� caroticocavernous fistula
� intracranial venous thrombosis
� symptomatic and idiopathic intracranial hypertension
� loop in the internal carotid artery.

Past medical history
Recurrent deep venous thrombosis suggests thrombophilia, particularly if there is a family
history, or the antiphospholipid syndrome, the latter being suggested by the accompanying
feature of recurrent miscarriage. Any reason for a recent deep vein thrombosis (e.g. a long-
haul flight or surgery) should raise the question of paradoxical embolism. Past medical
history of a condition predisposing to stroke (Chs. 2, 3 and 6) may be present.

Previous strokes and/or transient ischemic attacks
Previous strokes and/or TIAs in different vascular territories are more likely with a
proximal embolic source in the heart, or arch of the aorta, than with a single arterial lesion.
Attacks going back months or more make certain causes such as infective endocarditis and
arterial dissection unlikely.

Family history
There are several rare familial conditions that may be complicated by ischemic stroke and
TIAs (Table 3.2). However, family history of stroke is only a modest risk factor for sporadic
ischemic stroke (Flossmann and Rothwell, 2004) and a family history of stroke is associated
with little or no increase the risk of future stroke (Flossmann and Rothwell 2005, 2006)
(Ch. 3).
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Determining the cause of stroke: clues from the examination
Similarly to a detailed history, careful clinical examination of the patient with suspected
stroke may provide clues to the underlying cause of the stroke (Table 9.1).

Neurological examination
Neurological examination is primarily to localize the brain lesion but there may also be
clues as to the cause of the stroke: a Horner’s syndrome ipsilateral to a carotid distribution
infarct suggests dissection of the internal carotid artery or sometimes acute atherothrom-
botic carotid occlusion. Lower cranial nerve lesions ipsilateral to a hemispheric cerebral
infarct can also occur in carotid dissection.

Total anterior circulation syndromes or brainstem strokes often cause some drowsiness,
but in smaller lesions, consciousness is normal. Therefore if consciousness is impaired and
yet the focal deficit is mild, it is important to:
� reconsider the differential diagnosis (particularly chronic subdural hematoma)
� consider the diffuse encephalopathic disorders that have focal features and that may

masquerade as stroke, for example cerebral vasculitis, non-bacterial thrombotic
endocarditis, intracranial venous thrombosis, mitochondrial cytopathy, thrombotic
thrombocytopenic purpura, familial hemiplegic migraine and Hashimoto’s encephalitis

� be aware that comorbidity, such as pneumonia, sedative drugs, infection and
hypoglycemia, may excacerbate the neurological deficit

Eyes
The eyes may provide general clues to the cause of a stroke (e.g. diabetic or hypertensive
retinopathy) or may reveal papilloedema, which would make the diagnosis of ischemic
stroke, or even intracerebral hemorrhage, most unlikely. There may be evidence of retinal
emboli, which are often asymptomatic. Roth spots in the retina are very suggestive of
infective endocarditis. Dislocated lenses should suggest Marfan’s syndrome or homocysti-
nuria. Angioid streaks in the retina suggest pseudoxanthoma elasticum, and in hyperviscosity
syndromes there is a characteristic retinopathy.

Dilated episcleral vessels are a clue to abnormal anastamoses between branches of the
external carotid artery and orbital branches of the internal carotid artery, distal to severe
internal carotid artery disease. With extreme ischemia, ischemic oculopathy may develop,
with impaired visual acuity, eye pain, rubeosis of the iris (dilated blood vessels), fixed
dilated pupil, ‘low-pressure’ glaucoma, cataract and corneal edema.

Arterial pulses
Both radial pulses should be examined simultaneously since inequality in timing or volume
suggests subclavian or innominate stenosis or occlusion and, importantly, aortic dissection.

Tenderness of the branches of the external carotid artery (occipital, facial, superficial
temporal) points towards giant cell arteritis. Tenderness of the common carotid artery in the
neck can occur in acute carotid occlusion but is more likely to be a sign of dissection, or
arteritis. Absence of several neck and arm pulses in a young person occurs in Takayasu’s
arteritis (Ch. 6). Delayed or absent leg pulses suggest coarctation of the aorta or, much more
commonly, peripheral vascular disease. Other causes of widespread disease of the aortic arch
are atheroma, giant cell arteritis, syphilis, subintimal fibrosis, arterial dissection and trauma.
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The prevalence of aortic aneurysm in patients with stroke and TIA is unknown but is
likely to be high, particularly if the patient has carotid stenosis (Ch. 6).

Cervical bruits
A localized bruit over the carotid bifurcation (under the jaw) is predictive of some degree of
carotid stenosis, but very tight stenosis or occlusion may not cause a bruit at all. Bruits may

Table 9.2. Clues to the cause of ischemic stroke/transient ischemic attack from examination of the skin and nails

Feature Possible cause

Finger clubbing Right-to-left intracardiac shunt

Cancer (Ch. 6)

Pulmonary arteriovenous malformation (Ch. 6)

Infective endocarditis (Ch. 6)

Inflammatory bowel disease (Ch. 6)

Splinter hemorrhages Infective endocarditis (Ch. 6)

Cholesterol embolization syndrome (Ch. 6)

Vasculitis (Ch. 6)

Scleroderma Systemic sclerosis (Ch. 6)

Livedo reticularis Sneddon’s syndrome (Ch. 6)

Systemic lupus erythematosus (Ch. 6)

Polyarteritis nodosa (Ch. 6)

Cholesterol embolization syndrome (Ch. 6)

Lax skin Ehlers–Danlos syndrome (Ch. 3)

Pseudoxanthoma elasticum (Ch. 3)

Skin color Anemia (Ch. 6)

Polycythemia (Ch. 6)

Cyanosis (right-to-left intracardiac shunt, pulmonary arteriovenous
malformation) (Ch. 6)

Porcelain-white papules/scars Kohlmeier–Degos disease (Ch. 6)

Skin scars Ehlers–Danlos syndrome (Ch. 3)

Petechiae/purpura/bruising Thrombotic thrombocytopenic purpura (Ch. 6)

Fat embolism (Ch. 6)

Cholesterol embolization syndrome (Ch. 6)

Ehlers–Danlos syndrome (Ch. 3)

Orogenital ulceration Behçet’s disease (Ch. 6)

Rash Fabry’s disease (Ch. 6)

Systemic lupus erythematosus (Ch. 6)

Tuberous sclerosis (Ch. 6)

Epidermal naevi Epidermal naevus syndrome

Café-au-lait patches Neurofibromatosis

Thrombosed superficial veins,
needle marks

Intravenous drug use (Ch. 6)
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be asymptomatic, particularly in women, probably owing to sex differences in carotid
bifurcation anatomy (Schulz and Rothwell 2001) and less likely to be associated with carotid
stenosis.

Cardiac examination
Thorough cardiac examination should look for possible cardiac source of embolism,
including atrial fibrillation, mitral stenosis and prosthetic heart valves. Left ventricular
hypertrophy suggests hypertension or aortic stenosis, and a displaced apex from a dilated
left ventricle indicates underlying cardiac or valvular pathology.

Fever
Fever is unusual in the first few hours after stroke onset, and endocarditis or other
infections, inflammatory vascular disorders or cardiac myxoma should be considered. Later
fever is quite common and usually reflects a complication of the stroke (Ch. 16).

Other indications
Clues as to the cause of a stroke may be obtained from examination of the skin and nails
(Table 9.2).
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Chapter

10 Brain imaging in transient
ischemic attack and minor stroke

The main modalities for imaging the brain parenchyma are CT and MRI, and these are
increasingly used to assess the cerebral vasculature in TIA and stroke. They differ in a
number of technical aspects (Table 10.1). At present there is little consensus on optimal
imaging strategies after TIA or minor stroke, or indeed if imaging is required at all in some
cases. The role of imaging differs from that in major stroke for a number of reasons. First,
in patients with TIA or minor stroke, the likelihood of alternative, non-neurovascular
diagnoses is higher than in patients with major stroke and so imaging is important in
identifying mimics. Second, minor stroke is less likely to be caused by hemorrhage than
major stroke and the risk is lower still in TIA, although it is not negligible (Gunatilake 1998;
Werring et al. 2005). Third, although there is little or no neurological deficit, the risk of
recurrent and possibly severe ischemic events is high and imaging has a role in identifying
high-risk patients. In TIA and minor stroke, brain imaging is required to:
� exclude stroke mimics
� differentiate between ischemic and hemorrhagic events
� determine etiology, for example, carotid stenosis or cardioembolic source with

lesions in multiple vascular territories
� identify patients at high risk of early recurrent stroke, in order to target suitable

treatment.
The sensitivity and specificity of different imaging modalities varies with the pre-test
probability, the nature of the lesion in question and the delay from event to imaging, while
the availability of and expertise in imaging techniques will vary from center to center. When
making decisions about imaging after TIA and minor stroke, the choice of imaging will
depend on all these factors, as well as patient safety, tolerability and contraindications
(Table 10.2).

The identification of non-neurovascular diagnoses
The most important mimics to identify with brain imaging after suspected TIA or minor
stroke are subdural hematomas and brain tumors (see Figs. 8.1 and 8.2). The likelihood of
these diagnoses will depend on the clinical setting. For example, high rates of non-vascular
pathology have been reported in early studies conducted in specialist units before CT was
widely available, where patients referred for imaging were highly selected (Weisberg and
Nice 1977; Weisberg 1986). In cohorts of patients with suspected TIA who were referred
directly for scanning by primary care physicians, prior to expert review by a stroke
physician, rates of alternative diagnoses were also high, probably reflecting a high rate of
pre-imaging misdiagnosis (Lemesle et al. 1998). Low rates have been reported in retrospect-
ive case series but these studies are likely not to have included patients in whom the
initial diagnosis was changed in light of brain imaging results (Rolak et al. 1990;
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Douglas et al. 2003). Secondary prevention trials of aspirin in TIA and minor stroke have
also reported very low numbers of patients subsequently shown to have non-vascular
pathologies after randomization into the trials but these studies did not report the number
of patients with suspected TIAs who were scanned and excluded before randomization
because a non-vascular cause was identified (Dutch TIA Study Group 1993; UK TIA Study
Group 1993). Finally, many studies have described relatively young cohorts, but the
prevalence of non-vascular pathologies is likely to increase with age. Therefore, it is difficult
to be either reassured by low rates of non-vascular pathology in cohorts diagnosed with TIA
or convinced of the need for routine neuroimaging by high rates.

Table 10.1. Technical aspects of imaging using computed tomography (CT) and magnetic resonance imaging (MRI)

Modality Usage

CT An X-ray tube rotates helically around the subject while an array of detectors opposite the
tube measures the residual radiation that has passed through the body according to the
density of local tissues to X-rays. Cross-sectional images are constructed using mathematical
algorithms

MRI The subject is exposed to a strong external magnetic field, causing nuclei containing an odd
number of neutrons or protons to align themselves within the field. When a pulse of
radiofrequency energy of a particular frequency is applied, the protons are perturbed initially
and then realign, producing a radiofrequency signal that is proportional to the surrounding
“magnetic micro-environment.” Radiofrequency signals are detected and processed to form
an image; it provides better contrast between soft tissues than CT

T1-weighted Show brain structure

T2-weighted Show brain water content (cerebrospinal fluid) and proton density

Gradient echo Most sensitive to hemoglobin degradation products and detects hemorrhage

Diffusion
weighted

Detects abnormalities caused by ischemia in the hyper-acute phase

Perfusion Quantifies the amount of contrast agent reaching the brain tissue after a fast intravenous
bolus

Table 10.2. Advantages and disadvantages of computed tomography (CT) and magnetic resonance imaging (MRI)
in minor stroke and transient ischemic attack

Modality Advantages Disadvantages

CT Low cost and wide availability Low sensitivity for small acute ischemic
lesions

Superior detection of hemorrhage in the early
phasea

Low sensitivity for mimics, especially early
tumor

Radiation exposure

Intravenous contrast nephrotoxic and
potentially allergenic

MRI Superior sensitivity for stroke mimics Patient tolerability and contraindications

Provides prognostic information

Superior detection of hemorrhage in the subacute
and chronic phasea

Note:
aAlthough pre-test probability of hemorrhage is low in patients with a high clinical suspicion of transient ischemic
attack or minor stroke.
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Brain imaging after transient ischemic attack and minor stroke:
The Oxford Vascular Study (OXVASC)
The Oxford Vascular Study (OXVASC) is a population-based study in which all patients
with suspected TIA or stroke are ascertained prospectively and reviewed by an experienced
stroke physician who determines the probability of a vascular diagnosis before brain
imaging. Events are described as definite, when the diagnosis is clearly neurovascular in
origin, or possible, when an alternative explanation for the event could be found but a
minor stroke or TIA could not be completely excluded on clinical grounds. This study has
the advantages that all patients are studied irrespective of whether they are referred to the
clinic or hospital, pre-imaging diagnoses are reliably recorded and imaging is near
complete.

Over a five year period, 1438 patients were referred either to the hospital or to the study
clinic with a suspected TIA or minor stroke (defined on assessment as a score of � 3 on the
National Institutes of Health Stroke Scale [NIHSS]) (Wityk et al. 1994) (Fig. 10.1). Of these,
a pre-scan diagnosis of definite or possible TIA was made in 405 patients (46% male, mean
age 74 years), and definite or possible minor stroke in 414 patients (54% male, mean age
76 years). Overall, 97% underwent brain imaging for definite or possible events (699 CT,
93 MRI).

Of 326 patients with a clinical diagnosis of definite TIA, only one patient (0.3%;
confidence interval [CI], 95% 0.1–1.7) was subsequently found to have symptomatic non-
vascular pathology, a small subdural hematoma. Of 79 patients with a clinical diagnosis of
possible TIA, two patients (2.5%; 95% CI, 0.7–8.8) were subsequently diagnosed with
symptomatic non-vascular pathology, a meningioma in both cases.

1438 patients referred to secondary care with suspected TIA or minor stroke  

405 with definite or
possible TIA  

414 with definite or
possible minor
stroke  

326 with definite TIA 

79 with pos sible TIA 

378 with definite
minor stroke  

36 with pos sible
minor stroke  

1 SDH 

2 meningiomas 

6 tumors, 1 MS, 1 SDH,
1 arachnoid cyst  

5 tumors 

619 with alternative (non-neurovascular diagnoses) 

Diagnosis (if changed)
after imaging 

Clinical diagnosis (before imaging) 

Fig. 10.1. Numbers of patients referred to the Oxford Vascular Study (OXVASC) between 2002 and 2007 with
suspected transient ischemic attack (TIA) or minor stroke showing clinical diagnosis (before imaging) and revised
diagnosis following brain imaging. SDH, subdural hematoma; MS, multiple sclerosis.
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Of 378 patients with a clinical diagnosis of definite minor stroke, there were nine (2.4%;
95% CI, 1.3–4.5) with non-vascular pathology (six intracranial tumors, one demyelination,
one arachnoid cyst, one subdural hematoma). Possible minor stroke was diagnosed in 36,
and non-vascular pathology was identified in five (13.9%; 95% CI, 6.1–28.7), all of whom
had intracranial tumors.

Importantly, of the 11 patients in total with intracranial tumors, five were not identified
on initial non-contrast CT and the correct diagnosis was only made after the patient
deteriorated and repeat neuroimaging was performed. The yield of CT imaging for non-
vascular pathology in patients with definite TIA or minor stroke is, therefore, low and it is
only slightly higher in possible events where additional clinical features such as seizure at
the time of ictus or prominent confusion cast doubt on the pre-imaging diagnosis. Imaging
with CT, therefore, does not add significantly to bedside assessment by an expert clinician,
and MRI is recommended as first-line brain imaging in recent guidelines (European Stroke
Organization Executive Committee and Writing Committee 2008; National Institute for
Health and Clinical Excellence 2008).

The identification of infarction and hemorrhage
The rapid and accurate identification of intracerebral hemorrhage with brain imaging in
patients with TIA or minor stroke is essential to direct timely, safe and effective secondary
prevention. For example, the misdiagnosis of a cerebral hemorrhage as an infarct may lead
to a patient erroneously receiving antithrombotic or anticoagulant medication, with conse-
quent increased risk of further hemorrhage, while a delay to rapid initiation of secondary
preventive medication while imaging is awaited may expose a patient with an infarct to an
unacceptably high risk of further ischemia. These scenarios are particularly relevant as the
initiation of aspirin before brain imaging is recommended in some guidelines (National
Institute for Health and Clinical Excellence 2008).

As mentioned above, the sensitivity and specificity of different imaging modalities for
infarction versus hemorrhage varies with pre-test probability and delay from event to
imaging. Acute primary intracerebral hemorrhage is seen on CT scanning as an area of
well-defined hyperintensity. Soon, a surrounding area of low density appears that is
attributable to edema, clot retraction and infarction of the surrounding brain. The hemo-
globin in the hematoma itself is broken down to oxyhemoglobin through deoxyhemoglobin
and methemoglobin prior to red cell lysis and breakdown into ferritin and haemosiderin,
causing the initial area of hyperintensity to become isodense and then hypointense, at which
stage it becomes indistinguishable from an infarct (see Fig. 11.1). When the volume of
hemorrhage is small, as in minor stroke, the rate of change of imaging abnormalities
is faster and so the sensitivity of CT for hemorrhage diminishes more quickly with time
(Fig. 10.2) (Dennis et al. 1987). In cases when there is a delay from event to imaging, MRI
becomes more sensitive for the detection of hemorrhage than CT, although the exact timing
of this process is not clear and will vary with size of hemorrhage. Decisions about choice
of imaging modality should be made according to these factors and local availability and
expertise.

Rates of hemorrhage in transient ischemic attack and minor stroke
The risk associated with a policy of “blind” treatment prior to imaging depends on the
frequency of intracranial hemorrhage among patients with TIA or minor stroke. However,
few published studies have reported this frequency.
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One prospective study of consecutive patients (both inpatients and outpatients) pre-
senting to a single center with mild stroke after a delay of over four days reported imaging
findings after both CT and MRI scanning were performed (Wardlaw et al. 2003). Among
228 patients scanned after a median delay of 20 days, primary intracerebral hemorrhage was
identified by CT in two patients (0.9%; 95% CI, 0.1–3.1) and MRI in eight (3.5%; 95% CI,
1.5–6.8). Both hemorrhages identified by CT were identified on MRI. The study concluded
with the recommendation that MRI was the modality of choice in patients with minor
stroke where there is a delay to imaging, owing to the unacceptable rate of misdiagnosis
with CT.

In the OXVASC cohort of patients with probable or definite TIA or minor stroke, 699
were imaged with CT. Rates of infarction and hemorrhage detected with CT are listed in
Table 10.3.

Among 334 patients with definite or possible minor stroke in OXVASC in whom
hemorrhage could be detected reliably by either CT performed within 10 days or MRI
(regardless of delay), primary hemorrhage was detected in 17 (5.1%; 95% CI, 3.2–8.0), and
hemorrhagic transformation of an infarct in four (1.2%; 95% CI, 0.5–3.0).

Table 10.3. Rates of infarction, primary hemorrhage or hemorrhagic infarction on CT scan among subjects with
probable or definite transient ischemic attack or minor stroke in the Oxford Vascular Study (OXVASC)

Event Appropriate infarction
(%; 95% CI)

Primary hemorrhage
or hemorrhagic
infarction (%; 95% CI)

Transient ischemic attack

Definite 10.1 (7.0–14.3) 0

Possible 3.0 (0.8–10.40) 0

Minor stroke

Definite 40.4 (35.3–45.7) 5.9 (3.9–8.9)

Possible 19.2 (8.5–379) 3.9 (0.7–18.9)

Note:
CI, confidence interval.

Day 1 D ay 3 Fig. 10.2. These CT
brain scans show a
small hemorrhage in
the left basal ganglia/
internal capsule
(arrow) visible as a
hyperintense area
on day 1 that has
become hypodense
by day 3.
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Similar rates of primary intracerebral hemorrhage were reported in an unpublished
study of consecutive patients with minor stroke attending a neurovascular clinic in
Buckinghamshire, UK, who were all imaged with MRI on the day of attendance. Of
280 patients (59% male, mean age 72 years), primary intracerebral hemorrhage was detected
in 15 (5.4%; 95% CI, 3.3–8.7) and hemorrhagic transformation in six (2.1%; 95%
CI, 1.0–4.6). The median delay to assessment and scanning was 15 days (interquartile
range, 10–23).

In the OXVASC and Buckinghamshire neurovascular clinic cohorts of minor stroke
patients, the clinical factors identified as being predictive of hemorrhage were blood
pressure on initial assessment � 180/110mmHg, vomiting and confusion at onset, and
premorbid anticoagulation. Headache was only very weakly predictive and age was not
predictive at all. In settings where access to MRI is limited and delays from event to
presentation and imaging do occur, these factors might be used to identify patients with
a high pre-test probability of hemorrhage and in whom MRI imaging will have a higher
positive yield.

Microbleeds and transient ischemic attack and minor stroke
Echoplanar gradient-echo T2-weighted imaging (GRE) MRI, which exploits the paramag-
netic effects of deoxyhemoglobin, has a high sensitivity for detecting primary intracerebral
hemorrhage. Studies comparing CT and GRE MRI for detection of hemorrhage in acute
stroke show that GRE MRI is as good or better than CT, particularly for small or chronic
bleeds (Schellinger et al. 1999, 2007; Fiebach et al. 2004; Kidwell et al. 2004; Chalela et al.
2007). Use of GRE MRI has led to the increasing detection of apparently spontaneous
cerebral microbleeds, which are small, round, homogeneous foci of low signal intensity (see
Figs. 7.2 and 7.4). They were first described in the mid 1990s (Chan et al. 1996; Greenberg
et al. 1996; Offenbacher et al. 1996) and have led to considerable research interest, although
their pathological and clinical significance is still unclear (Ch. 7).

The few pathological data available indicate that cerebral microbleeds are small areas of
old hemorrhage, often associated with lipohyalinosis in the deep perforating arteries feeding
the affected area of the brain (Fazekas et al. 1999). It is unclear whether the presence of
microbleeds increases the risk of intracerebral hemorrhage in patients treated with anti-
platelet or anticoagulant therapy (Cordonnier et al. 2007) although they seem not to be
associated with increased risk in thrombolysis (Ch. 11).

In a rigorous systematic review, microbleeds were found to be infrequent in “healthy
adults,” with a prevalence of 5.0% (95% CI, 3.9–6.2) pooled across four studies of 1411 indi-
viduals, and more common in patients with ischemic stroke, with a prevalence of 33.5%;
(95% CI, 30.7–36.4) pooled across 16 studies of 1075 individuals. It should be noted that
individual studies of ischemic stroke reported prevalences ranging from 12% to 71%
(Cordonnier et al. 2007). To date, only one study has described the presence of cerebral
microbleeds specifically in patients with TIAs. In a cohort of 129 consecutive patients
attending a neurovascular clinic, microbleeds were detected in 1/43 (2%) with TIA and
20/86 (23%) with stroke, although patients with TIA but who had suffered a previous stroke
were excluded (Werring et al. 2005). Given that the cohort was recruited from an outpatient
setting, it is likely that the stroke patients included had suffered non-disabling strokes,
although specific data on severity were not described.

At present, further research is required with better designed studies to assess the clinical
determinants of microbleeds and their influence on prognosis.
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Imaging: diagnosis and prognostication
Recent studies have demonstrated the usefulness of MRI in patients with suspected TIA,
particularly diffusion-weighted imaging (DWI) (Figs. 10.3–10.9) (Schulz et al. 2003; Schulz
et al. 2004). This modality relies on changes in the Brownian motion of water molecules
to generate contrast. During early ischemia, there is decreased water proton movement
caused by cytotoxic edema as water moves from the less-restricted extracellular environ-
ment into the more-restricted intracellular environment. Reduced proton diffusion leads to

Fig. 10.3. Images
with T2-weighted
(a) and diffusion-
weighted (b) MRI in a
70-year-old man who
presented with a
history of sudden-
onset numbness and
tingling in the left
face arm and leg. On
examination there
was sensory loss over
the left hand but
nothing else. The
diffusion-weighted
images confirm a
thalamic infarct
consistent with the
clinical diagnosis of
pure sensory stroke.

Fig. 10.4. These T2-weighted (top) and diffusion-weighted (bottom) scans were taken of an 81-year-old man
with a fall 10 days previously that was followed by difficulty using his left leg, confusion and slurred speech.
The diffusion-weighted image confirms multiple acute lesions in the right hemisphere and carotid imaging
confirmed severe right carotid stenosis.
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Fig. 10.5. These T2-weighted (top) and diffusion-weighted (bottom) MRI scans were taken of an 80-year-old
woman who had developed dysarthria and left-sided weakness two weeks previously. The T2-weighted images
show extensive leukoaraiosis, making it impossible to be certain which is the acute lesion this, however, is clearly
shown in the diffusion-weighted images.

Fig. 10.6. A T2-weighted (a) and diffusion-weighted (b) MRI in a 60-year-old woman who had awoken three weeks
before with slurred speech. On examination, there was very mild dysarthria. Several white matter hyperintensities are
seen on the T2-weighted image but the acute causative lesion in seen clearly in the diffusion-weighted image.

Chapter 10: Brain imaging in TIA and minor stroke

139



a bright, high-signal DWI lesion. The degree of water proton restriction can be quantita-
tively measured using maps of the apparent diffusion coefficient (ADC). In contrast to
DWI, ADC maps depict reduced diffusion as a dark, low signal. The value of the ADC
changes with time after stroke onset, being reduced for the first few days after which it
rises (pseudonormalization) to become hyperintense in the chronic phase when there is
vasogenic edema and cellular necrosis. This allows DWI to distinguish between acute and
chronic infarction, unlike conventional MRI (Schaefer et al. 2005), although it should be
noted that the DWI-detectable lesion persists for at least a week since it detects prolonged
T2 signal “T2 shine-through” so correct interpretation of DWI including identifying acute
recurrence of ischemia requires consideration of the ADC map.

Approximately 50% of patients with TIA have a focal abnormality on DWI if scanned
within 24-hours; of these 25% do not have a lesion correlate on T2-weighted MRI (Kidwell
et al. 1999; Ay et al. 2002). Presence of DWI abnormalities is associated with some clinical
characteristics of the presenting event. For example, in a systematic review of all studies

Fig. 10.7. Use of T2-weighted and diffusion-weighted (DWI) MRI. (a) A patient without vascular risk factors
presented with a history of transient left arm and facial weakness 10 days earlier. The T2-weighted image (left) is
normal but DWI (right) shows an acute right parietal infarction (arrow). (b) A patient presented with a history of
transient right arm and facial weakness and sensory loss nine days before presentation. The T2-weighted image (left)
is normal but the DWI (right) shows an acute left thalamic infarction (arrow).
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reporting DWI findings and clinical characteristics of presenting TIA, symptom duration
over one hour, dysarthria, dysphasia and weakness were all significantly associated with
abnormalities on DWI, as were atrial fibrillation and carotid stenosis > 50%, while hyper-
tension, diabetes and patient age were not (Redgrave et al. 2007). Use of DWI alters the
attending physician’s opinion regarding vascular localization, anatomical localization and
probable TIA/minor stroke mechanism in a significant number of patients (Figs. 10.3–9)
(Albers et al. 2000; Schulz et al. 2004; Gass et al. 2004).

Approximately 25% of patients with TIA have cerebral infarction with transient signs in
which DWI positivity corresponds to cytotoxic edema; this progresses to permanent
parenchymal injury and increased tissue water content visible as a lesion on T2-weighted
MRI. Approximately 20% of patients have early DWI abnormality but no evidence of
later T2-weighted abnormality. This suggests reversibility of the initial DWI abnormality
if blood flow is restored early enough to prevent permanent parenchymal injury, as seen
in patients with stroke in whom the DWI-detected lesion may regress with reperfusion.

Fig. 10.8. Distinguishing the region of
circulation affected (a) Anterior circulation
or posterior circulation event? A patient
presented with right-arm weakness that
developed eight days previous and a
history of a previous stroke with a right
hemiparesis. The T2-weighted MRI (upper
images) shows two possibly relevant
lesions (left corona radiata and left pons,
arrows). The diffusion-weighted images
(lower images) show that the pontine
lesion is recent (arrow). (b) Lacunar or
cortical event? A patient presented with
a 12 day history of left hemiparesis
involving face, arm and leg. The
T2-weighted MRI (left) shows widespread
“small vessel disease” throughout both
hemispheres, but diffusion-weighted MRI
(right) shows acute right hemispheric
cortical infarcts (arrows).
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In patients with negative DWI, a very brief period of ischemia may have been sufficient to
disrupt neuronal activity but insufficient to cause cytotoxic edema.

Many patients with TIA or minor stroke delay seeking medical attention. Often there is
a further delay before they are seen by specialist stroke services. In these patients, a clear
history may be more difficult to obtain; clinical signs may have resolved, and it may be
difficult to make a definite diagnosis of a cerebral ischemic event or to be certain of the
vascular territory or territories involved. Recent studies suggest that DWI is also of use in
diagnosis and management of patients presenting later with TIA or minor stroke symptoms
(Schulz et al. 2003, 2004) (Fig. 10.3). Clinically appropriate ischemic lesions are detected
by DWI in a high proportion of patients with minor stroke when they are scanned two
weeks or more after their event (Schulz et al. 2004). Interobserver agreement for identifying
recent ischemic lesions in this patient group is much higher for DWI than for T2-weighted

Fig. 10.9. (a)
Diffusion-weighted
MRI showing two
areas of acute
infarction in the left
parietal and occipital
regions. (b) Magnetic
resonance
angiography shows
aberrant arterial
anatomy with the
posterior cerebral
artery arising directly
from the internal
carotid artery (arrow)
(c) This was
confirmed on
catheter
angiography.
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scans, and DWI provides useful information over and above T2-weighted imaging in
approximately a third of patients, most commonly by increasing diagnostic certainty and by
indicating the vascular territory involved (Figs. 10.3–9). The presence of lesions seen with DWI
decreases with time since symptom onset and increases with NIHSS and age and is positively
associated with stroke rather than TIA, motor deficit and dysarthria (Schulz et al. 2004).

Preliminary studies using DWI suggest that the presence, absence and pattern of
DWI-detectable lesions in patients with TIA and minor stroke provide prognostic infor-
mation (Ch. 14) (Wen et al. 2004; Purroy et al. 2004; Bang et al. 2005; Coutts et al. 2005;
Sylaja et al. 2007).

References
Albers GW, Lansberg MG, Norbash AM et al.

(2000). Yield of diffusion-weighted MRI for
detection of potentially relevant findings in
stroke patients. Neurology 54:1562–1567

Ay H, Oliveira-Filho J, Buonanno FS et al.
(2002). “Footprints” of transient ischemic
attacks: a diffusion-weighted MRI study.
Cerebrovascular Digest 14:177–186

Bang OY, Lee PH, Heo KG et al. (2005). Specific
DWI lesion patterns predict prognosis after
acute ischaemic stroke within the MCA
territory. Journal of Neurology, Neurosurgery
and Psychiatry 76:1222–1228

Chalela JA, Kidwell CS, Nentwich L et al. (2007).
Magnetic resonance imaging and computed
tomography in emergency assessment
of patients with suspected acute stroke:
a prospective study. Lancet 369:293–298

Chan S, Kartha K, Yoon SS et al. (1996).
Multifocal hypointense cerebral lesions on
gradient-echo MR are associated with chronic
hypertension. American Journal of
Neuroradiology 17:1821–1827

Cordonnier C, Al-Shahi Salman R, Wardlaw J
(2007). Spontaneous brain microbleeds:
systematic review, subgroup analyses and
standards for study design and reporting.
Brain 130:1988–2003

Coutts SB, Simon JE, Eliasziw M et al. (2005).
Triaging transient ischemic attack and minor
stroke patients using acute magnetic
resonance imaging. Annals of Neurology
57:848–854

Dennis MS, Bamford JM, Molyneux AJ et al.
(1987). Rapid resolution of signs of primary
intracerebral hemorrhage in computed
tomograms of the brain. British Medical
Journal 295:379–381

Douglas VC, Johnston CM, Elkins J et al. (2003).
Head computed tomography findings predict

short-term stroke risk after transient ischemic
attack. Stroke 34:2894–2898

Dutch TIA Trial Study Group (1993). Predictors
of major vascular events in patients with a
transient ischemic attack or nondisabling
stroke. Stroke 24:527–531

European Stroke Organization Executive
Committee and Writing Committee (2008).
Guidelines forManagement of Ischaemic Stroke
2008. Cerebrovascular Diseases 25:457–507

Fazekas F, Kleinert R, Roob G et al. (1999).
Histopathologic analysis of foci of signal loss
on gradient-echo T2-weighted MR images in
patients with spontaneous intracerebral
hemorrhage: evidence of microangiopathy-
related microbleeds. American Journal of
Neuroradiology 20:637–642

Fiebach JB, Schellinger PD, Gass A et al.
(2004). Stroke magnetic resonance imaging
is accurate in hyperacute intracerebral
hemorrhage: a multicenter study on
the validity of stroke imaging. Stroke
35:502–506

Gass A, Ay H, Szabo K et al. (2004). Diffusion-
weighted MRI for the “small stuff”: the details
of acute cerebral ischaemia. Lancet Neurology
3:39–45

Greenberg SM, Finklestein SP, Schaefer PW
(1996). Petechial hemorrhages accompanying
lobar hemorrhage: detection by gradient-echo
MRI. Neurology 46:1751–1754

Gunatilake SB (1998). Rapid resolution of
symptoms and signs of intracerebral
hemorrhage: case reports. British Medical
Journal 316:1495–1496

Kidwell CS, Alger JR, Di Salle F et al. (1999).
Diffusion MRI in patients with transient
ischemic attacks. Stroke 30:1174–1180

Kidwell CS, Chalela JA, Saver JL et al. (2004).
Comparison of MRI and CT for detection of
acute intracerebral hemorrhage. JAMA
292:1823–1830

Chapter 10: Brain imaging in TIA and minor stroke

143



Lemesle M, Madinier G, Menassa M et al. (1998).
Incidence of transient ischemic attacks in
Dijon, France. A 5-year community-based
study. Neuroepidemiology 17:74–79

National Institute for Health and Clinical
Excellence (2008). Stroke: Diagnosis and
Initial Management of Acute Stroke and
Transient Ischaemic Attack (TIA): Draft
Guidance for Consultation. London: NICE

Offenbacher H, Fazekas F, Schmidt R et al.
(1996). MR of cerebral abnormalities
concomitant with primary intracerebral
hematomas. American Journal of
Neuroradiology 17:573–578

Purroy F, Montaner J, Rovira A et al. (2004).
Higher risk of further vascular events among
transient ischaemic attack patients with
diffusion-weighted imaging acute lesions.
Stroke 35:2313–2319

Redgrave JN, Coutts SB, Schulz UG et al. (2007).
Systematic review of associations between the
presence of acute ischemic lesions on
diffusion-weighted imaging and clinical
predictors of early stroke risk after transient
ischemic attack. Stroke 38:1482–1488

Rolak LA, Gilmer W, Strittmatter WJ (1990).
Low yield in the diagnostic evaluation of
transient ischemic attacks. Neurology
40:747–748

Schaefer PW, Copen WA, Lev MH et al. (2005).
Diffusion-weighted imaging in acute stroke.
Neuroimaging Clinics of North American
15:503–530

Schellinger PD, Jansen O, Fiebach JB et al.
(1999). A standardized MRI stroke protocol:
comparison with CT in hyperacute
intracerebral hemorrhage. Stroke 30:765–768

Schellinger PD, Thomalla G, Fiehler J et al.
(2007). MRI-based and CT-based
thrombolytic therapy in acute stroke
within and beyond established time
windows: an analysis of 1210 patients.
Stroke 38:2640–2645

Schulz UGR, Briley D, Meagher T et al. (2003).
Abnormalities on diffusion weighted

magnetic resonance imaging performed
several weeks after a minor stroke or transient
ischaemic attack. Journal of Neurology,
Neurosurgery and Psychiatry 74:734–738

Schulz UG, Flossman E, Rothwell PM (2004).
Heritability of ischemic stroke in relation to
age, vascular risk factors and subtypes of
incident stroke in population-based studies.
Stroke 35:819–824

Sylaja PN, Coutts SB, Subramaniam S et al.
(2007). Acute ischemic lesions of varying ages
predict risk of ischemic events in stroke/TIA
patients. Neurology 68:415–419

UK TIA Study Group (1993). Intracranial
tumours that mimic transient cerebral
ischaemia: lessons from a large multicentre
trial. Journal of Neurology, Neurosurgery and
Psychiatry 56:563–566

Wardlaw JM, Keir SL, Dennis MS (2003). The
impact of delays in computed tomography of
the brain on the accuracy of diagnosis and
subsequent management in patients with
minor stroke. Journal of Neurology,
Neurosurgery and Psychiatry 74:77–81

Weisberg LA (1986). Computerized
tomographic abnormalities in patients with
hemispheric transient ischemic attacks. South
Medical Journal 79:804–807

Weisberg LA, Nice CN (1977). Intracranial
tumors simulating the presentation of
cerebrovascular syndromes. Early detection
with cerebral computed tomography
(CCT). American Journal of Medicine
63:517–524

Wen HM, Lam WW, Rainer T et al. (2004).
Multiple acute cerebral infarcts on diffusion-
weighted imaging and risk of recurrent
stroke. Neurology 63:1317–1319

Werring DJ, Coward LJ, Losseff NA et al.
(2005). Cerebral microbleeds are common in
ischemic stroke but rare in TIA. Neurology
65:1914–1918

Wityk RJ, Pessin MS, Kaplan RF et al. (1994).
Serial assessment of acute stroke using the
NIH Stroke Scale. Stroke 25:362–365

Section 2: Clinical features, diagnosis and investigation

144



Chapter

11 Brain imaging in major
acute stroke

In patients with major stroke, investigations are required to:
� differentiate between infarction and hemorrhage
� exclude stroke mimics
� inform treatment decisions: identify vascular occlusion or stenosis; identify areas

of completed and threatened infarction
� provide prognostic information.
Brain imaging is required to distinguish between primary intracerebral hemorrhage and
cerebral infarction since this distinction cannot be made reliably on clinical criteria alone
(Hawkins et al. 1995). Recent developments in brain imaging, in particular new MRI
sequences, and to a lesser extent CT techniques, have enabled visualization of the patho-
physiological processes involved in brain infarction. These new techniques are being
developed to select patients suitable for thrombolytic treatment beyond the three-hour
time window (Ch. 21) and may in the future enable targeting of treatments such as
neuroprotection.

At present in most centers in most countries, CT remains the imaging modality used
routinely to distinguish between hemorrhage and infarction in acute stroke: it is better
tolerated, easier to perform in sick patients and is more widely available than MRI. Further,
the various randomized trials of thrombolysis in ischemic stroke used CT criteria to guide
treatment decisions and showed thrombolysis to be effective if given within three hours
of stroke (Ch. 21). Consequently, CT is felt to be sufficient to select patients for thrombo-
lysis within three hours of stroke onset by most centers. Although conventional T1- and
T2-weighted MR sequences have a low sensitivity acutely for intracranial hemorrhage, newer
MR sequences have greater sensitivity for hemorrhage than CT. Consequently, some centers
advocate the use of multi-modal MRI as the imaging modality of choice in acute stroke
(Chalela et al. 2007) particularly beyond the three-hour time window, although the use of
perfusion CT to image cerebral blood flow is also becoming more common (Table 11.1).

Computed tomography and conventional magnetic
resonance imaging
Hemorrhage
Hemorrhage is seen as a hyperdense region by CT, often in the form of a space-occupying
mass (Fig. 9.3). The sensitivity of CT for parenchymal hemorrhage is almost 100% but small
parenchymal hemorrhage or subarachnoid hemorrhage may be missed (Schriger et al.
1998). With increasing passage of time after the onset of the hemorrhage, CT becomes
progressively less good at distinguishing between hemorrhage and infarction as the initial
hyperdensity becomes iso- and then hypodense (Fig. 11.1). Consequently, MRI is better
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than CT for diagnosing hemorrhage more than a week after onset, particularly in defining
possible underlying pathology.

There is usually not a large amount of edema early after intracerebral hemorrhage, and
the finding of edema should prompt a search for an underlying tumor or venous obstruc-
tion. Hemorrhages related to coagulopathies, anticoagulants or to cerebral amyloid angio-
pathy are often inhomogeneous with fluid levels. The location and number of hemorrhages
may provide clues as to the underlying cause and hence guide further investigation and
treatment (see Ch. 7).

As stated above, conventional MRI is not the modality of choice for distinguishing
between hemorrhage and infarction in acute stroke. The appearance of primary intracerebral
hemorrhage on conventional MRI sequences at different time periods following stroke onset
is complex since the T1 and T2 relaxation rates vary with the concentration of breakdown
products of hemoglobin. As the hematoma ages, it is converted from oxyhemoglobin
to deoxyhemoglobin and then to methemoglobin prior to red cell lysis and breakdown
into ferritin and hemosiderin. Acute hematoma is characterized by central hypointensity
on T2-weighted and isointensity on T1-weighted MRI. Methemoglobin formation leads to

Fig. 11.1. These CT
brain scans show an
acute right cortical
hemorrhage on the
day of the stroke
(a; open arrow),
which has become
hypodense on repeat
scanning seven days
later (b; black arrow).

Table 11.1. Advantages and disadvantages of computed tomography (CT) and magnetic resonance
imaging (MRI) in major stroke

Modality Advantages Disadvantages

CT Low cost and wide availability Radiation exposure

Safe for medically unstable patients Poor image resolution for posterior structures

Rapid acquisition of images

High sensitivity for hemorrhage in the
acute phase

MRI High sensitivity for stroke mimics Patient tolerability and contraindications

High sensitivity for ischemia (with DWI)
and cerebral perfusion

Low sensitivity for cerebral hemorrhage, but now
much improved with GRE

High resolution for imaging of vasculature Slower image acquisition

Notes:
DWI, diffusion-weighted imaging; GRE, gradient-echo.
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shortening of T1 relaxation and to central hyperintensity on T1-weighted images, with
hyperintensity on T2-weighted images. Days and weeks after onset of bleeding, a hypo-
intense border zone caused by the paramagnetic rim of methemoglobin demarcates the
border zone of the hematoma. The complexity and subtlety of these changes has resulted in
a strong preference by clinicians and radiologists for CT over conventional MRI in the acute
evaluation of intracerebral hemorrhage.

Ischemic changes
Knowledge of the nature and time course of ischemic changes on CT and conventional MRI
is necessary as an aid to diagnosis, infarct localization and selection of patients for acute
stroke therapy. While hemorrhage is visible almost immediately on CT, ischemia takes
longer to manifest, although changes have been reported as early as 22 minutes in one study
(von Kummer et al. 2001). Consistent with its end-artery vascular system, the striatocap-
sular area exhibits irreversible damage very early in patients with middle cerebral artery
stem occlusion whereas the cortical areas usually fall within the penumbra. The earliest
signs of ischemia are of brain tissue swelling, as shown by effacement of cortical sulci,
asymmetry of the sylvian fissures and ventricular distortion (Fig. 11.2) (Kucinski et al. 2002).
Occasionally the segment of the artery occluded by the thrombus, particularly in the case
of the main trunk of the middle cerebral artery, may appear hyperdense, although inter-
observer agreement on such signs is only moderate (von Kummer et al. 1996; Grotta et al.
1999). Early brain swelling is followed by the development of parenchymal hypodensity,
corresponding to cytotoxic edema, and is seen on CT as loss of the normal gray/white
matter differentiation in the cortex, insular ribbon or basal ganglia.

The early ischemic changes on CT are subtle and the CT may appear normal if
performed in the first few hours. The sensitivity of CT within five hours of ischemic stroke
was reported as 58% in one early study (Horowitz et al. 1991) although a higher rate of 68%
has been reported within two hours (von Kummer et al. 1994) and even higher of 75%
within three hours with middle cerebral artery infarction (Barber et al. 2000). The inter-
observer reliability and reproducibility of CT in the estimation of the degree of ischemic

Fig. 11.2. Early
ischemic change
on CT (a) showing
very subtle loss of
white/gray matter
differentiation in the
internal capsule/
basal ganglia (arrow)
in a patient with
a massive infarction
in the right territory
middle cerebral
artery. This is seen
clearly on CT scan
three days after
stroke onset (b).
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change is modest (von Kummer et al. 1996; von Kummer et al. 1997; Grotta et al. 1999;
Schriger et al. 1998) although use of a systematic CT review system, the Alberta Stroke
Program Early CT Score (ASPECTS) by trained observers has better inter-rater reliability
(Coutts et al. 2004). Sensitivity is less for small infarcts and infarcts in the posterior fossa,
and a significant minority of clinically definite strokes are not associated with an appropriate
lesion on CT even after two or three days.

One to two days after stroke onset, the infarcted area appears as an ill-defined hypodense
area as vasogenic edema becomes predominant. Within two or three days, the attenuation
values become lower, the ischemic area is better demarcated and there may be evidence of
mass effect (Figs. 5.1 and 11.3). Later, there may be ipsilateral ventricular dilatation owing to
loss of brain substance. Hemorrhagic transformation usually occurs a few days after stroke
onset in large infarcts, but it may develop within hours and result in appearances very similar
to primary intracerebral hemorrhage (Fig. 16.1) (Bogousslavsky 1991).

The site of any hypodensity relates to the underlying arterial distribution, allowing for
differences between individuals in arterial anatomy. A small proportion of patients with
first-ever strokes have focal hypodensities on CT in areas inconsistent with the presenting
symptoms. Others have widespread diffuse periventricular hypodensity, making any new
infarcts difficult to delineate (Chodosh et al. 1988). Further, despite the temporal sequence of
ischemic changes on CT, it is often difficult to determine the age of an infarct from the CT
appearance. Diffusion-weighted MR imaging overcomes these limitations (Figs. 10.3–10.9).

In summary, the main role of CT in acute stroke is to exclude hemorrhage. Owing to the
limitations in visualization of ischemia, especially in the early stages, CT cannot be used to
stratify participants reliably according to infarct location or size in trials of acute stroke
therapy, although it is currently used to exclude major completed infarction prior to early
thrombolysis.

The earliest ischemic change on conventional MRI, immediately detectable, is loss of the
normal flow void in the affected artery, the MRI equivalent of the hyperdense artery sign on

Fig. 11.3. Later ischemic change with
hypodensity indicating a cerebellar
stroke.
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CT, and arterial enhancement if contrast has been used (Mohr et al. 1995). Subsequent
changes are swelling on T1-weighted images caused by cytotoxic edema, which is present in
up to half of patients within six hours, hyperintensity on T2-weighted images from
vasogenic edema, present within eight hours, and T1-weighted signal change, within
16 hours (Yuh et al. 1991). Consequently, the sensitivity of conventional MRI is low in
the first few hours following the onset of stroke symptoms, with values similar to CT (Mohr
et al. 1995; Mullins et al. 2002). In subacute ischemic stroke, conventional MRI has higher
sensitivity than CT owing to its better spatial resolution and lack of posterior fossa artefact
(Simmons et al. 1986; Bryan et al. 1991) but conventional MRI may still be normal in
clinically definite stroke.

Conventional MRI is poor at distinguishing acute from chronic infarction. This is a
particular problem in patients with multiple infarcts and in the elderly, in whom multiple
T2-weighted abnormalities in the corona radiata, basal ganglia and brainstem are common
and in whom neurological symptoms may develop with intercurrent illness on a back-
ground of previous stroke. This, together with the poor sensitivity in the acute stroke
period, means that, as for CT, conventional MRI is often unable to stratify patients
according to infarct presence, ischemic stroke subtype, size or location prior to therapy
or randomization in acute stroke trials. Both MRI and MR venography will help where
there is a possibility of venous rather than arterial infarction.

Gradient-echo and primary intracerebral
imaging hemorrhage
There are limitations to the information on cerebrovascular pathophysiology in vivo that
can be provided by CT and conventional MRI. Specifically, these include lack of sensitivity
for acute ischemic stroke, difficulty in determining infarct age, lack of demonstration of the
ischemic penumbra and low sensitivity and specificity for primary intracerebral hemor-
rhage in the case of MRI. New imaging techniques address some of these deficiencies and
thereby impact on the management of patients with acute stroke.

Recent advances in new MRI sequences that allow further characterization of ischemia
have led to increased interest in using gradient-echo (GRE) MRI to detect hemorrhage
(Ch. 10). This would avoid having to perform two imaging modalities in acute stroke,
CT followed by MRI, in patients in whom further characterization of pathophysiology is
necessary, for instance to determine selection for thrombolysis.

Diffusion-weighted imaging
Diffusion-weighted imaging (DWI) has a high sensitivity for acute ischemic stroke, at
approximately 90% (Baird and Warach 1998), although other conditions such as seizure,
encephalitis and multiple sclerosis can all cause lesions detected by DWI lesions. Diffusion-
weighted imaging is abnormal within minutes of stroke onset (Hjort et al. 2005a). Inter-
observer agreement is better for DWI than with conventional MRI, with sensitivity and
specificity of 95% and nearly 100%, respectively (Lutsep et al. 1997; Lansberg et al. 2000).
However, there appears to be a lower sensitivity for DWI in posterior circulation acute
stroke, with a 19–31% false-negative rate, particularly where lesions are small and within the
first 24-hours after stroke onset (Oppenheim et al. 2000).

The fact that DWI distinguishes between acute and chronic infarction and has high
sensitivity in acute stroke makes it a valuable tool in the diagnosis and management of
patients with acute stroke. It has been reported to show localization in a different vascular
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territory from that initially suspected on the basis of clinical features and conventional MRI
in 18% of patients (Albers et al. 2000; Schulz et al. 2004). It can confirm that a new ischemic
cerebrovascular event has occurred in a confused elderly patient with previous strokes
or in patients with non-specific symptoms such as confusion or dizziness. The presence of
bilateral multiple acute infarcts as shown on DWI may suggest cardioembolism, prompting
further cardiac investigation, whereas one acute infarct with several old infarcts might be
more suggestive of a thromboembolic event. Multiple recent infarcts in the anterior
circulation of the same hemisphere (Fig. 10.4) suggest critical carotid stenosis (Gass et al.
2004), dissection (Fig. 11.4) or proximal middle cerebral artery stenosis (Lee et al. 2005) and
warrant urgent imaging of the anterior circulation vessels with referral for surgery where
appropriate. Demonstration of posterior circulation infarction may prompt further assess-
ment of the vertebrobasilar vessels (Fig. 11.5). Symptomatic vertebrobasilar stenosis may
warrant specific secondary preventive therapy (Ch. 24).

Diffusion and perfusion imaging and the
ischemic penumbra
There is a need to identify those patients with a small infarct but a large ischemic penumbra,
in whom the risk – benefit ratio of thrombolysis is likely to be favorable, and to exclude

Fig. 11.4. Diffusion-weighted MRI showing multiple areas of acute infarction in a patient with a right carotid
dissection.

Fig. 11.5. A patient
with lateral medullary
infarction (arrows) as
seen in T2-weighted
(a) and diffusion-
weighted (b) MRI.
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from treatment patients at high risk of hemorrhagic transformation or with small lacunar
infarcts. Qualitative information on the ischemic penumbra can be obtained using DWI in
combination with perfusion-weighted imaging (Kidwell and Hsia 2006; Muir et al. 2006).

Perfusion-weighted imaging measures the relative blood flow rate through the brain
and can be achieved using an injected contrast agent such as gadolinium or endogenous
techniques. The latter have the advantage that they can be used for multiple repeat investi-
gations, but at present the level of contrast produced is less than that obtained with
exogenous agents. Nearly all published studies of perfusion-weighted imaging in acute
stroke have used exogenous contrast agents. In contrast to lesion volumes seen with
DWI, those with perfusion-weighted imaging are typically largest acutely and resolve over
time. Consistent with earlier positron emission tomography studies, perfusion changes
precede the development of DWI-detected lesions. In the absence of reperfusion, lesions
detected by DWI progressively extend over 24-hours into the area of reduced perfusion-
weighted imaging (see below).

Two patterns of DWI and perfusion-weighted imaging abnormalities have been
observed in acute ischemic stroke:
� perfusion-weighted imaging shows less damage than DWI: the volume of abnormal

perfusion is less than that of the hyperintense DWI signal
� perfusion-weighted imaging shows more damage than DWI: the volume of abnormal

perfusion is greater than the volume of hyperintense DWI change.
When perfusion-weighted imaging shows a larger abnormality than DWI, at least half of
patients show an increase in DWI-detectable lesion volume over the 3–11 days after stroke
onset (Sorensen et al. 1996; Baird et al. 1997; Barber et al. 1998; van Everdingen et al. 1998;
Beaulieu et al. 1999; Karonen et al. 1999). Lesion growth is amplified by hyperglycemia,
high hematocrit, old age and hypoxia (Baird et al. 2003; Allport et al. 2005; Ay et al. 2005;
Singhal et al. 2005). When perfusion-weighted imaging shows less abnormality than does
DWI initially, no significant lesion growth occurs (Barber et al. 1998). Consequently, it has
been proposed that when there is “perfusion–diffusion mismatch,” that is, where there is
reduced perfusion but not yet DWI signal change, this tissue area represents the ischemic
penumbra and thus tissue that may be salvaged if perfusion can be restored quickly enough
(Fig. 11.6).

However, it has recently become apparent that simple perfusion–diffusion mismatch
does not delineate the ischemic penumbra accurately. The DWI signal change does not
correspond exactly to irreversibly infarcted tissue, tending to overestimate it; consequently,

Fig. 11.6. A patient with acute
ischemic stroke where MRI shows a
perfusion–diffusion mismatch with a
relatively small area of high signal on
diffusion-weighted imaging (a) but a
large area of reduced perfusion on
perfusion weighted imaging (b).
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part of the lesion detected by DWI appears to lie within the ischemic penumbra (Kidwell
et al. 2003). Hence, patients with matched diffusion and perfusion deficits may actually have
a significant penumbra. Deficits detectable by DWI have been shown to be reversible both
spontaneously (Lecouvet et al. 1999; Krueger et al. 2000) and following reperfusion with
thrombolysis (Kidwell et al. 2000; Parsons et al. 2001). In some cases, this initial resolution
was temporary, with development of recurrent lesions within a week (Kidwell et al. 2002).

Regarding perfusion-weighted imaging, the size of the hypoperfused area will vary
according to the method of measurement used: prolonged mean transit time, reduced
cerebral blood volume or reduced cerebral blood flow, of which only the last reflects true
hypoperfusion. This hampers comparisons between studies. Hypoperfused areas will
include oligemic areas as well as areas at risk of infarction and thus perfusion-weighted
imaging will tend to overestimate the boundary of the penumbra. Given the fact that DWI
change does not correspond exactly to irreversibly damaged tissue, severity of perfusion
deficit has been proposed as a surrogate for subsequent infarction (Thijs et al. 2001; Fiehler
et al. 2002; Shih et al. 2003) and as a potential tool for use in clinical selection of patients for
thrombolysis.

Perfusion computed tomography
Recently, there has been increasing interest in the use of new CT methods (Wintermark and
Bogousslavsky 2003) to examine cerebral blood flow. Cerebral blood flow measurement
using CT can be achieved using existing CT-based technology; it is easier to perform in sick
patients than MRI and is not contraindicated in those with pacemakers, ferromagnetic
implants, mechanical heart valves and those with claustrophobia. The CT perfusion tech-
nique uses exogenous contrast and enables calculation of cerebral blood flow, cerebral
blood volume and mean transit time. However, quantification of cerebral blood flow is
problematic, as it is in perfusion-weighted imaging, and most studies use ratios comparing
values with homologous areas of the contralateral hemisphere, which itself may show a
reduced cerebral blood flow in the acute stroke period owing to diaschisis. In addition,
current technology allows only limited brain coverage of two to four slices, which means
that large areas of ischemia are imaged inadequately and small ones may be missed altogether.

Despite the limitations described above, there is evidence that perfusion CT values
correlate with angiographic findings and DWI/perfusion-weighted imaging changes, can
predict infarction and clinical outcome (Nabavi et al. 2002; Meuli 2004; Parsons et al. 2005;
Wintermark et al. 2007) and may be able to identify patients likely to benefit from
thrombolysis.

Radiological selection of patients for thrombolysis
Radiological investigation to exclude hemorrhage is essential in selecting patients for
thrombolysis. It may also help to identify patients with large completed infarcts, a small
ischemic penumbra or TIA, in whom thrombolysis would not be beneficial. The majority of
centers currently rely on CT rather than MRI as the first-line investigation in stroke.

Retrospective analysis of CT scans has suggested that early signs of extensive infarction on
CT, corresponding to a very poor ASPECTS score of � 2 (Weir et al. 2006) are associated
with 85% mortality without thrombolysis and poor outcome, including hemorrhagic trans-
formation, after thrombolysis (von Kummer et al. 1994, 1997; Hacke et al. 1998; Dzialowski
et al. 2006). These observations have led to the introduction of the “one-third rule,” that is,
patients with signs of infarction of greater than one-third of the middle cerebral artery
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territory on CT should not receive thrombolytic therapy. However, overestimation of the
degree of ischemic change on CT may lead to thrombolytic treatment being inappropriately
withheld (Barber et al. 1999). Initial small studies investigating cerebral microbleeds and the
risk of hemorrhagic transformation after thrombolysis showed an uncertain relationship
(Derex et al. 2005; Koennecke 2006; Cordonnier et al. 2007), but more recent data do not show
an increased thrombolysis risk (Fiehler et al. 2007). In contrast, the presence of a large lesion on
DWI (Singer et al. 2007) or high permeability (Bang et al. 2007) is associated with hemorrhage.

The theory that the ischemic penumbra represents salvageable tissue has led to the
proposal that thrombolysis is likely to be most effective in those patients with diffusion–
perfusion mismatch. Despite the fact that the area of diffusion–perfusion mismatch does
not precisely delineate the penumbra, it appears reasonably robust in representing tissue at
risk of infarction. Use of recombinant tissue plasminogen activator is associated with early
resolution of perfusion-weighted imaging lesions in less than 36 hours, reduced DWI lesion
growth, smaller final stroke volumes and better clinical outcome on follow-up (Hjort et al.
2005b). It has been suggested that diffusion–perfusion mismatch might be mirrored by a
clinical–diffusion mismatch, but current data suggest that this is not the case (Lansberg
et al. 2007; Messe et al. 2007).

In patients with matched images by DWI and perfusion-weighted imaging, it is unclear
whether reperfusion will be of benefit since it is uncertain whether the area detected by
DWI still contains a significant penumbra. In these cases, MR angiographic findings and
the clinical picture should be taken into account. A severe neurological deficit and middle
cerebral artery occlusion predicts a malignant middle cerebral artery infarction. A DWI
lesion with normal or increased perfusion indicates spontaneous recanalization and is
inappropriate for thrombolysis.

Both MR and CT angiography have been used to assess patients in the acute phase after
stroke and have been proposed as possible means of selecting patients for thrombolysis.
It has been observed that patients with a patent middle cerebral artery typically have smaller
perfusion-weighted imaging volumes than patients with evidence of large vessel occlusion:
absent middle cerebral artery flow on MR angiogram is significantly associated with a
greater perfusion–diffusion mismatch, larger acute DWI lesions, secondary lesion growth,
larger final infarct size and worse final outcome (Barber et al. 1999). However, a significant
minority of the 30–35% of patients with middle cerebral artery occlusion do not show
progressive lesion enlargement and patients without middle cerebral artery occlusion may
show significant mismatch.

At present, there is no consensus on the exact criteria to use in patient selection for
thrombolysis using multimodal MRI (Hand et al. 2006). Many centers offer thrombolytic
therapy to selected patients within three hours of stroke onset according to local criteria,
including brain imaging findings, often CT based. Beyond the three to six hour time
window, there are few data to guide treatment decisions, although thrombolysis has been
shown to be potentially effective when given three to nine hours after stroke onset (Furlan
et al. 2006). In the phase II Desmoteplase In Acute Ischemic Stroke trial (DIAS), patients
with MRI evidence of perfusion–diffusion mismatch were randomized to escalating doses
of desmoteplase administered three to nine hours after acute ischemic stroke (Hacke et al.
2005). High doses of desmoteplase were associated with unacceptably high intracerebral
hemorrhage rates, but lower doses produced a higher rate of reperfusion and suggested
better clinical outcome compared with placebo.

In the observational DEFUSE (Diffusion and Perfusion Imaging Evaluation for Under-
standing Stroke Evolution) study, an MRI scan was obtained immediately before and three
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to six hours after treatment with intravenous tissue plasminogen activator, which was given
three to six hours after symptom onset (Albers et al. 2006). Baseline MRI profiles were used
to categorize patients into subgroups, and clinical responses were compared based on
whether early reperfusion was achieved. Early reperfusion was associated with significantly
increased odds of achieving a favorable clinical response in patients with a perfusion–
diffusion mismatch (odds ratio, 5.4; p¼ 0.039) and an even more favorable response in
patients with the “target mismatch” profile (odds ratio, 8.7; p¼ 0.011). Patients with the “no
mismatch” profile did not appear to benefit from early reperfusion. Early reperfusion was
associated with fatal intracranial hemorrhage in patients with the “malignant” profile.

The recent Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET; Davis et al.
2008) randomly assigned 101 patients to receive alteplase or placebo three to six hours after
onset of ischemic stroke. Perfusion and diffusion imaging were done before and three to
five days after therapy, with T2-weighted MRI. The primary endpoint was infarct growth
between baseline diffusion imaging and the day 90 T2-weighted lesion in mismatch patients.
Major secondary endpoints were reperfusion, good neurological outcome and good func-
tional outcome. Alteplase was non-significantly associated with lower infarct growth and
significantly associated with increased reperfusion in patients who had mismatch.

The DIAS, DEFUSE and EPITHET studies were small and used different thrombolytic
agents (and different doses in DIAS), and further studies are needed before it is certain
that diffusion–perfusion mismatch on MRI is a reliable surrogate for the presence of a
penumbra that might benefit from thrombolysis beyond the three-hour time window.

Transcranial Doppler ultrasonography aimed at the occluded part of a vessel may help
to expose thrombi to the effect of thrombolytic agents and thus augment the effect of
thrombolysis. The CLOTBUST II (ultrasound-enhanced systemic thrombolysis for acute
ischemic stroke) trial tested this hypothesis (Alexandrov et al. 2004). Patients with acute
ischemic stroke and middle cerebral artery occlusion presenting within three hours after
stroke onset received intravenous tissue plasminogen activator and were randomized to
receive additional transcranial Doppler ultrasonography or placebo. The treatment group
showed a significantly higher rate of recanalization and a non-significant trend towards
more favorable outcome, suggesting that transcranial Doppler ultrasonography may indeed
enhance the effectiveness of intravenous thrombolysis. There are two ongoing trials assess-
ing this technique further: MUST (Microbubbles and Ultrasound in Stroke Trial), and
PULSE (Pilot UltraSound Lysis Early Treatment Study).
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Chapter

12 Vascular imaging in transient
ischemic attack and stroke

The main clinical indications for imaging the cerebral circulation are TIA (e.g. to identify
arterial stenosis), acute ischemic stroke (e.g. to identify vessel occlusion), intracerebral
hemorrhage (e.g. to identify an underlying vascular malformation) and possible arterial
dissection, fibromuscular dysplasia or other arteriopathies, cerebral aneurysm, intracranial
venous thrombosis or cerebral vasculitis.

In contrast to pharmaceutical products, diagnostic and imaging technologies are not
subject to stringent regulatory control, and no standards are set for validation; as a result,
the evidence base on important issues such as diagnostic sensitivity and specificity is often
poor. For example, although several hundred studies of carotid imaging have been pub-
lished over the last few decades, most are undermined by poor design, inadequate sample
size and inappropriate analysis and presentation of data (Rothwell et al. 2000a).

Catheter angiography
Cerebral angiography, introduced by Moniz in Portugal in the 1930s, was the first method
to display the cerebral circulation during life (Ch. 25). Originally it required the intra-
carotid injection of material that was opaque to X-rays. Over the years, the technology has
improved, with less-toxic contrast material, femoral artery catheterization, digital imaging
and catheters that can be controlled and introduced into vessels as small as the cortical
branches of the middle cerebral artery.

Before the introduction of axial imaging of the brain in the early 1970s, first by CT and
then by MRI, catheter angiography was used to identify intracranial mass lesions, hydro-
cephalus and other structural abnormalities. Nowadays, with the increased use of CT
angiography, MR angiography and ultrasound imaging, catheter angiography is more or
less confined to displaying arterial stenosis and occlusions caused by vascular disease
(atheroma, vasculitis, dissection, etc.), intracranial venous thrombosis, small intracranial
aneurysms and intracranial vascular malformations. The reasons for this diminishing role
are that although catheter angiography remains the “gold standard” technique in many
situations, it is inconvenient, invasive, uncomfortable and costly and it requires hospital
admission and carries a risk (Table 12.1). For example, a systematic review of prospective
studies of the risks of catheter angiography in patients with cerebrovascular disease reported
a 0.1% risk of death and a 1.0% risk of permanent neurological sequelae (Hankey andWarlow
1990), although more recent studies have reported lower risks (Johnston et al. 2001).

Compared with cut-film selective intra-arterial catheter angiography recorded directly
on to X-ray film, intra-arterial digital subtraction angiography (DSA) (Fig. 12.1) is quicker;
the images are easier to manipulate and store and contrast resolution is better although
spatial resolution is less. However, there is no evidence that less contrast is used or that it is
much safer (Warnock et al. 1993). Even for imaging only as far as the carotid bifurcation,
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neither intravenous DSA nor arch aortography is a satisfactory alternative to selective
intra-arterial angiography (Pelz et al. 1985; Rothwell et al. 1998; Cuffe and Rothwell 2006).

Even with selective catheter angiography, there can be difficulty in distinguishing
occlusion from extreme internal carotid artery stenosis, and then late views are needed to
see contrast eventually passing up into the head. Moreover, because of the localized and
non-concentric nature of atherosclerotic plaques, biplanar, and preferably triplanar (Jeans
et al. 1986; Cuffe and Rothwell 2006), views of the carotid bifurcation are required to measure
the degree of carotid stenosis accurately: that is, to visualize the residual lumen without
overlap of other vessels, to measure at the narrowest point and to compare with a suitable
denominator to derive the percentage diameter stenosis.

Fig. 12.1. Digitally
subtracted arterial
angiograms showing
a large distal internal
carotid artery
aneurysm (a) and
a severe stenosis of
the proximal internal
carotid artery (b).

Table 12.1. Complications of catheter angiography

Complication

Related to the catheter
placement

TIA, stroke or death as a result of dislodgement of atheromatous plaque by
the catheter tip; dissection of the arterial wall; thrombus formation on the
catheter tip; air embolism

Related to arterial puncture and
cannulation

Hematoma

Aneurysm

Nerve injury

Exacerbation of peripheral vascular disease distal to puncture site

Related to intravenous contrast Allergic reaction

Cardiac failure owing to the volume of injected contrast

Renal toxicity

Note:
TIA, transient ischemic attack.
Source: From Gerraty et al. (1996).
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Catheter angiography can also provide information about ulceration of carotid plaque
and complicating luminal thrombosis, albeit with only moderate interobserver agreement
(Streifler et al. 1994; Rothwell et al. 1998). However, angiographic irregularity and ulcer-
ation predict a higher risk of stroke than if the plaque is smooth, given the same degree of
stenosis (Eliasziw et al. 1994; Rothwell et al. 2000b), and there is good correlation between
catheter angiographic plaque morphology and histology when the latter is rigorously
evaluated (Lovett et al. 2004). Luminal thrombus is relatively unusual but is thought to
be associated with a high risk of stroke (Martin et al. 1992).

Catheter angiography is still widely used to reveal a vascular malformation or aneurysm
in young patients with intracerebral hemorrhage. In older patients, bleeds from either
hypertension or amyloid angiopathy are predominant. Vascular malformations and aneur-
ysms are most likely if the cerebral hemorrhage is lobar or intraventricular and there is
no hypertension (Zhu et al. 1997). However, MRI can be more sensitive than catheter
angiography in detecting vascular malformations (particularly cavernomas), and MR and
CT angiography are increasingly able to detect aneurysms of a size likely to rebleed.

Until recently, catheter angiography was the standard imaging modality to confirm or
exclude carotid or vertebral artery dissection (Fig. 12.2) because ultrasound was neither
specific nor sensitive enough. However, there is now a widespread consensus that cross-
sectional MRI, to show thrombus within the widened arterial wall, combined with MR
angiography is the safest and best option.

Catheter angiography versus non-invasive imaging
Although non-invasive methods of imaging continue to improve, catheter angiography
remains the gold standard against which other vessel imaging methods must be compared,
and it is also the underpinning method for the interventional neuroradiological treatment
of arterial stenoses, aneurysms and vascular malformations. However, the clinician is often
faced with the question as to whether to base decision making on non-invasive imaging
alone or whether to proceed to catheter angiography. For example, multislice CT angio-
graphy is widely used in the screening for cerebral aneurysms because of its speed, tolerability,
safety and potential for three-dimensional reconstructions. The sensitivity of CT angiography
for aneurysms >3mm diameter is approximately 96% but it is much less for smaller
aneurysms. The sensitivity for detecting ruptured aneurysms with CT angiography, with
conventional angiography as the gold standard, is approximately 95% (Villablanca et al. 2002;
Chappell et al. 2003; Wintermark et al. 2003). Magnetic resonance angiography has similar
resolution to CT angiography but is less easy to use in sick patients. Four-vessel catheter
angiography may still, therefore, be required when non-invasive imaging is negative.

A similar trade-off between diagnostic accuracy and risk is necessary when imaging the
carotid bifurcation in patients with TIA or ischemic stroke. Performing intra-arterial
catheter angiography in everyone is clearly unacceptable because of the risks and cost.
Fewer than 20% of patients will have an operable carotid stenosis; even if only those with
“cortical” rather than “lacunar” events are selected (Hankey and Warlow 1991; Hankey et al.
1991; Mead et al. 1999). Confining angiography to patients with a carotid bifurcation bruit
will miss some patients with severe stenosis and still subject too many with mild or
moderate stenosis to the risks. Nor will a combination of a cervical bruit with various
clinical features do much better (Mead et al. 1999).

Therefore, non-invasive imaging is required at least as an initial screening tool. In many
centers, decisions about endarterectomy are now based solely on non-invasive imaging.
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However, because benefit from endarterectomy is highly dependent on the degree of
symptomatic carotid stenosis as measured on catheter angiography, misclassification of
stenosis with non-invasive methods will lead to some patients being operated on unneces-
sarily, and others being denied appropriate surgery. A meta-analysis of studies of non-
invasive carotid imaging published prior to 1995 concluded that non-invasive methods
could not substitute for catheter angiography as the sole pre-endarterectomy imaging
because of the frequency with which the degree of stenosis was misclassified (Blakeley
et al. 1995). More recent studies have confirmed this (Johnston and Goldstein 2001; Norris
et al. 2003; Norris and Halliday 2004; Chappell et al. 2006). For example, in a comparison of
catheter angiography with Doppler ultrasound in 569 consecutive patients in “accredited”

Fig. 12.2. Digitally subtracted arterial
angiogram showing a distal internal
carotid artery dissection (tapering
lumen; lower arrow) and a complicating
aneurysm (upper arrow).
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laboratories with experienced radiologists, 28% of decisions about endarterectomy based on
Doppler ultrasound alone were inappropriate (Johnston and Goldstein 2001). However, the
combination of Doppler ultrasound with another non-invasive method of imaging, such as
MR angiography, reduced inappropriate decisions in comparison with catheter angio-
graphy to less than 10% in patients for whom the results of Doppler ultrasound and MR
angiography were concordant (Johnston and Goldstein, 2001). Similar approaches based on
two different methods of non-invasive imaging have been shown by other groups to be
effective in routine clinical practice (Johnston et al. 2002; Barth et al. 2006). Catheter
angiography is still required in the patients in whom Doppler ultrasound and MR angio-
graphy do not produce concordant results.

Duplex sonography
Duplex sonography combines real-time ultrasound imaging to display the arterial anatomy
with pulsed Doppler flow analysis at any point of interest in the vessel lumen. Its accuracy is
enhanced and it is technically easier to carry out if the Doppler signals are color coded to
show the direction of blood flow and its velocity (Fig. 12.3). Power Doppler and intravenous
echocontrast may also help (Droste et al. 1999; Gaitini and Soudack 2005; Wardlaw and
Lewis 2005). The degree of carotid luminal stenosis is calculated not only from the real-
time ultrasound image, which can be inaccurate when the lesion is echolucent or calcifica-
tion scatters the ultrasound beam, but also from the blood flow velocities derived from the
Doppler signal. If color Doppler is not available, only gray-scale duplex, it is usually helpful
to insonate the supraorbital artery first with a simple continuous-wave Doppler probe,
because inward flow of blood strongly suggests severe internal carotid artery stenosis or
occlusion, although not necessarily at the origin.

Although duplex sonography is non-invasive and widely available, there are some
difficulties that any ultrasound service must deal with (Box 12.1). Nonetheless, with
stringent quality control and ideally with confirmation of stenosis by an independent
observer, duplex sonography is now the most common way that carotid stenosis severe
enough to warrant surgery is diagnosed (Chappell et al. 2006).

There are no standard and commonly used definitions for the ultrasound appearance
of plaques (soft, hard, calcified, etc.) and there is also considerable variation in reporting

Fig. 12.3. A color-flow Doppler
ultrasound of the carotid bifurcation
showing a plaque (arrow) at the origin
of the internal carotid artery (ICA) and
the resulting stenosis. ECA, external
carotid artery; CCA, common carotid
artery. (See the color plate section.)
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between and even within the same observers at different times (Arnold et al. 1999).
Therefore, although unstable and ulcerated plaques are more likely to be symptomatic than
stable plaques with fibrous caps, the ultrasound inaccuracy compromises any study of the
relationship between plaque characteristics on duplex sonography and the risk of later
stroke, and so the selection for carotid surgery (Gronholdt 1999). In asymptomatic stenosis,
there is some evidence that a hypoechoic plaque predicts an increased risk of stroke
(Polak et al. 1998), but this was not confirmed in the Asymptomatic Carotid Surgery Trial
(Halliday et al. 2004). Until it becomes possible to translate carotid plaque irregularity as
seen on catheter angiography, which does add to the risk of stroke over and above the
degree of stenosis, into what is seen on duplex sonography, it will remain difficult to use
anything other than stenosis to predict stroke risk if only duplex is being used.

Despite these limitations, duplex sonography is a remarkably quick and simple investi-
gation in experienced hands, and it is neither unpleasant nor risky. Very rarely, the pressure
of the Doppler probe on the carotid bifurcation can dislodge thrombus, or cause enough
carotid sinus stimulation to lead to bradycardia or hypotension (Rosario et al. 1987; Friedman
1990). The same conceivably applies to the various arterial compression maneuvres that
may be carried out during transcranial Doppler, and any such compression should be
avoided in patients who may have carotid bifurcation disease.

Computed tomography angiography and perfusion imaging
Computed tomography is now a widely used method for imaging the carotid arteries and
cerebral circulation (Brink et al. 1997, Bartlett et al. 2006). It is easier to perform in sick
patients than MRI and is not contraindicated in those with pacemakers, ferromagnetic
implants, mechanical heart valves and those with claustrophobia. However, it does require
a large dose of intravenous contrast to outline the arterial lumen; there is X-ray exposure;
the images obtained depend on the proficiency of the operator in their selection, and it
tends to underestimate vessel stenosis. Nevertheless, it does provide multiple viewing angles,
three-dimensional reconstruction (Fig. 12.4), and imaging of calcium deposits separately
from the vessel lumen outlined by the contrast (Heiken et al. 1993; Leclerc et al. 1995;
Nandalur et al. 2006).

Computed tomography perfusion studies can also be used to examine cerebral blood
flow (Wintermark and Bogousslavsky 2003) using existing CT technology. This technique
uses exogenous contrast and allows calculation of cerebral blood flow, cerebral blood
volume and mean transit time. However, quantification of cerebral blood flow is problematic,
and most studies use ratios comparing values with homologous areas of the contralateral

Box 12.1. Difficulties encountered with carotid duplex sonography

Operator dependent so requires training, skill and experience to ensure accuracy of and
consistency in measurement of stenosis

Plaque or peri-arterial calcification causes difficulty in interpretation
Lack of reliability in distinguishing very severe stenosis (>90%) from occlusion, and resultant
uncertainty in decision making about surgery

Only moderate-to-good sensitivity and specificity for severe internal carotid artery stenosis
(70–99%)

Variability between machines in accuracy of measurement of carotid stenosis
Little information provided about proximal or distal arterial anatomy (although this is
sometimes not relevant to the surgeon nor affected by disease)
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hemisphere, which itself may show a reduced cerebral blood flow in acute stroke, for
example in diaschisis. In addition, current technology allows only limited brain coverage
of two to four slices, which means that large areas of ischemia are imaged inadequately and
small ones may be missed altogether. Nevertheless, there is evidence in acute stroke that
perfusion CT values correlate with angiographic findings and can predict infarction and
clinical outcome (Nabavi et al. 2002; Meuli 2004; Parsons et al. 2005; Wintermark et al.
2007). It is likely, therefore, that CT measurements of cerebral blood flow will become
increasingly important in selecting patients for acute stroke therapy owing to the speed and
relative ease of performing CT compared with MRI.

Magnetic resonance angiography and perfusion imaging
Magnetic resonance angiography is non-invasive and safe if done without contrast (“time of
flight” imaging) (Fig. 12.5). Contrast-enhanced imaging provides improved resolution and
reduces problems with flow voids at points of stenosis, and it is necessary for detecting
cerebral aneurysms or determining the severity of carotid stenosis. However, even with
contrast, MR angiography is unlikely to be accurate enough in estimating carotid stenosis,
at least at the present stage of development (Graves 1997; Chappell et al. 2006; DeMarco
et al. 2006). The pictures are not always adequate to allow measurement of the carotid
stenosis (movement and swallowing artefacts are particular problems); the severity of the
stenosis tends to be overestimated; there may be a flow gap distal to a stenosis of as little as
60%, making precise stenosis measurement impossible even in the posterior part of the
carotid bulb, in both cases probably because of loss of laminar flow and increased residence
times of the blood; irregularity/ulceration are not well seen; and severe stenosis can be
confused with occlusion (Siewert et al. 1995; Levi et al. 1996; Fox et al. 2005). However,
image quality and reproducibility of measurement of stenosis are significantly improved
with contrast-enhanced MR angiography (DeMarco et al. 2006; Mitra et al. 2006). So far,
there have not been enough methodologically sound comparisons of MR angiography with

Fig. 12.4. A CT angiogram three-
dimensional reconstruction showing a
stenosis (arrow) of the distal vertebral
artery. (See the color plate section.)
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catheter angiography (U-King-Im et al. 2005; Chappell et al. 2006). The comparative studies
that have been carried out have frequently been overtaken by changes in MR technology.

Perfusion imaging can also be achieved with MRI using an injected contrast agent such
as gadolinium or endogenous techniques. The latter have the advantage that they can be
used for multiple repeat investigations, but at present the level of contrast produced is less
that that obtained with exogenous agents. The MRI techniques can measure mean transit
time, cerebral blood volume and cerebral blood flow. It has been proposed as a potential
tool for use in clinical selection of patients for thrombolysis in acute stroke (Thijs et al.
2001; Fiehler et al. 2002; Shih et al. 2003), particularly in combination with diffusion
weighted imaging (Kidwell and Hsia 2006; Muir et al. 2006), but there is still no consensus
on the criteria for patient selection (Hand et al. 2006).

Imaging the posterior circulation
Vertebrobasilar TIAs were thought for many years to be associated with a lower risk of
stroke than carotid territory TIAs, but recent work has shown that the risk of stroke is at
least as high (Flossmann and Rothwell 2003; Flossmann et al. 2006). There is, therefore, an
increasing interest in angioplasty and stenting of atherothrombotic stenoses of the vertebral
or proximal basilar arteries. Angiography with MR or CT is the most useful non-invasive
method of imaging the posterior circulation, although catheter angiography is often still
necessary to confirm or exclude significant stenosis.

Although asymptomatic subclavian steal is quite common (reversed vertebral artery
flow detected by ultrasound or vertebral angiography), symptomatic subclavian steal is rare,

Fig. 12.5. A “time of flight” MR
angiogram of the circle of Willis
in a patient with no posterior
communicating arteries.
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presumably because collateral blood flow to the brainstem is enough to compensate for
the reversed vertebral artery blood flow distal to ipsilateral subclavian stenosis or occlusion.
The clinical syndrome is quite easily recognized by unequal blood pressures between the
two arms, a supraclavicular bruit and vertebrobasilar TIAs, which may or may not be
brought on by exercise of the arm ipsilateral to the subclavian stenosis or occlusion,
so increasing blood flow down the vertebral artery from the brainstem to the arm muscles
(Bornstein and Norris 1986; Hennerici et al. 1988). It is only this type of symptomatic
patient who may require surgery and, therefore, who has to accept the risk of any preceding
angiography. Innominate artery steal is even rarer, with retrograde vertebral artery flow
distal to innominate rather than subclavian artery occlusion (Kempczinski and Hermann
1979; Grosveld et al. 1988).

Transcranial Doppler sonography
Transcranial Doppler sonography provides information on the velocity of blood flow,
and its direction in relation to the ultrasound probe, in the major intracranial arteries at
the base of the brain, and so whether they are occluded or stenosed. It is non-invasive, safe,
repeatable, not too difficult to perform accurately, can be performed at the bedside and is
not expensive. However, the patient has to keep reasonably still; the examination can take as
long as an hour; the skull is impervious to ultrasound in 5–10% of individuals, more with
increasing age and in females, but less if intravenous echocontrast is used; exact vessel
identification may be difficult, but color-flow real-time imaging makes this easier; spatial
resolution is poor; diagnostic criteria vary; and the technique is not always accurate
in comparison with cerebral catheter angiography (Baumgartner et al. 1997; Baumgartner
1999; Gerriets et al. 1999; Markus 1999).

Despite the fact that transcranial Doppler sonography, like positron emission tomo-
graphy, has increased our knowledge of the cerebral circulation in health and disease, and
even though it is inexpensive and quite widely available and repeatable on demand (unlike
positron emission tomography), it still has rather a minor role in routine clinical management.

Possible indications for transcranial Doppler ultrasound in routine clinical practice
(Babikian et al. 1997;Molloy andMarkus 1999; Alexandrov et al. 2004; Kim et al. 2005; Dittrich
et al. 2006; Markus 2006) include:
� operative monitoring during carotid endarterectomy
� diagnosis of patent foramen ovale and other right-to-left shunts
� identification of patients with carotid stenosis at high risk of stroke
� display of intracranial arterial occlusion and stenosis
� assessment of cerebrovascular reactivity
� acceleration of clot lysis during or after thrombolysis for acute ischemic stroke.

Detection of emboli as high-intensity transient signals on the sonogram, so-called
microembolic signals, might be of clinical relevance in certain situations. The vast majority
of such signals appear to be from asymptomatic emboli but their detection may help in
distinguishing cardiac and aortic arch emboli from carotid emboli, because with the first
two, emboli should be detected in several arterial distributions, whereas with the last in only
the one arterial distribution distal to the supposed embolic source (Markus et al. 1994;
Sliwka et al. 1997; Markus 2006). However, the frequency of microembolic signals can be
so frustratingly low and variable and so their detection requires prolonged monitoring
and automation (Markus 1999, 2006; Dittrich et al. 2006). Consequently, their detection is
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currently used mainly as a research tool, most usefully perhaps as a surrogate outcome in
trials of secondary prevention of stroke (Dittrich et al. 2006; Markus 2006).

Transcranial Doppler sonography can also be used to assess cerebrovascular reactivity as
indicated by the capacity for intracranial vasodilatation in response to acetazolamide,
carbon dioxide inhalation or breath holding, although these three methods do not always
produce concordant results (Bishop et al. 1986; Markus and Harrison 1992; Dahl et al. 1995;
Derdeyn et al. 2005). However, there is still debate about exactly how to standardize this test
and it is not widely used in routine clinical practice. Impaired reactivity may have some
prognostic significance for identifying individual patients at particularly high risk of stroke
from amongst those with carotid stenosis and internal carotid artery occlusion, although
the numbers studied have been small and the situation is not yet clear-cut (Derdeyn et al.
1999, 2005; Vernieri et al. 2001). With time, and presumably increasing collateralization,
any impairment of reactivity can return to normal (Kleiser and Widder 1992; Widder et al.
1994; Gur et al. 1996; Vernieri et al. 1999).
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Chapter

13 Non-radiological investigations
for transient ischemic attack
and stroke

The clinical syndrome – total anterior circulation stroke, partial anterior circulation stroke,
lacunar infarction or posterior circulation stroke – gives an indication as to the site and size
of the lesion, which, together with brain imaging findings, often gives clues as to the likely
underlying cause, for example large vessel disease versus small vessel disease (Chs. 6 and 9).
Although brain imaging is of paramount importance in TIA and stroke (Chs. 10–12), non-
radiological investigations may help to identify the cause of the cerebrovascular event,
eliminate stroke and TIA mimics and enable appropriate secondary preventive therapy.
Investigations are likely to be more extensive in patients without evidence of vascular
disease or embolism from the heart, in whom there may be a rare underlying cause for
the stroke.

First-line investigations
In general, all patients with a TIA or stroke should have basic blood and urine tests at
presentation (Table 13.1). Patients with hemorrhagic stroke should have a clotting screen,
particularly if they are already taking anticoagulation medication. The likelihood of finding
a relevant abnormality may be low for some tests, such as full blood count and erythrocyte
sedimentation rate, but such straightforward tests may reveal a serious treatable disorder,
such as giant cell arteritis. Many patients are hypercholesterolemic, although immediately
after stroke, but probably not TIA, there is a transient fall in plasma cholesterol, which will
lead to underestimation of the usual level (Mendez et al. 1987; Woo et al. 1990).

Second-line investigations
Second-line investigations (Table 13.2) must be targeted appropriately since the likelihood
of a relevant result depends on the selection of patients and further investigation will incur
more cost. There are numerous rare causes of stroke (Ch. 6) for which highly specialized
tests may be required.

Routine lumbar puncture is not indicated after stroke and may be dangerous in the
presence of a large intracerebral hematoma, or edematous infarct causing brain shift.
Examination of the cerebrospinal fluid may be necessary in diagnostic uncertainty where
there is a possibility of encephalitis or multiple sclerosis or if the stroke is thought to have
been caused by infective endocarditis or by chronic meningitis in syphilis or tuberculosis. The
cerebrospinal fluid after stroke is usually acellular, but there may be up to 100�106cells/l.
Levels above this suggest septic emboli to the brain (Powers 1986). Lumbar puncture is
mandatory in sudden-onset headache with negative CT brain scan, to exclude subarachnoid
hemorrhage (Ch. 30).

Routine electroencephalography is not indicated in stroke but may be helpful where
there is a possibility of encephalitis or generalized encephalopathy, or focal seizure activity.
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It should be noted that there may be transient focal weakness after a seizure “Todd's paresis”
(Ch. 8).

Temporal artery biopsy may be required in suspected temporal arteritis (Ch. 6).

Cardiac investigations
Given the high prevalence of cardiovascular disease in patients with cerebrovascular disease
(about one-third have angina or have had a myocardial infarction) (Ch. 6), there is a strong
likelihood of electrocardiography (ECG) abnormalities in patients presenting with TIA and
stroke. The ECG may show evidence of coronary vascular disease, previous or current
myocardial infarction, or disorders of rhythm, including atrial fibrillation. It should be
noted that stroke can itself cause ECG changes, in approximately 15–20% of patients,
ranging from left-axis deviation to a variety of repolarization abnormalities including QT
prolongation, septal U waves and ST segment changes. The ECG changes are thought to be
neurally mediated and not a result of coexisting coronary artery disease. The insular cortex
may be a possible cortical site of generation of some of these changes. Patients with left
insular stroke may be prone to ECG changes and an increase in cardiac sympathetic
nervous activity (assessed by spectral analysis) (Oppenheimer et al. 1996). Such changes
may contribute to the excess cardiac mortality in stroke patients.

Many patients will require cardiac investigation beyond ECG (Table 13.3) although the
likelihood of finding a cardiac abnormality on routine transthoracic echocardiography in
patients without prior known cardiac abnormality is low (Table 13.4) (Beattie et al. 1998).
Patients with a suspected cardiac source of embolism should certainly have transthoracic

Table 13.1. Baseline non-imaging tests for transient ischemic attack and stroke

Investigation Disorders detected

Full blood count Anemia

Polycythemia

Leukemia

Thrombocythemia/thrombocytopenia

Erythrocyte sedimentation rate/C-reactive protein Vasculitis

Infective endocarditis

Hyperviscosity

Myxoma

Electrolytes Hyponatremia

Hypokalemia

Urea Renal impairment

Plasma glucose Diabetes

Hypoglycemia

Plasma lipids Hyperlipidemia

Urine analysis Diabetes

Renal disease

Vasculitis
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Table 13.2. Second-line investigations for selected with transient ischemic attack (TIA) or stroke patients

Investigation Comments

Blood

Liver function Fever, malaise, raised ESR, suspected malignancy,
temporal arteritis

Calcium Recurrent focal neurological symptoms are occasionally
caused by hypercalcemia

Thyroid function tests Atrial fibrillation

Body red cell mass Raised hematocrit

Activated partial thromboplastin time,
anticardiolipin antibody,a antinuclear and other
autoantibodies

Young (<50 years) and no other cause found; past
history or family history of venous thrombosis, especially
if unusual site (cerebral, mesenteric, hepatic veins);
recurrent miscarriage; thrombocytopenia; cardiac valve
vegetations; livedo reticularis; raised ESR; malaise;
positive syphilis serology

Serum proteins, serum protein electrophoresis,
plasma viscosity

Myeloma

Hemoglobin electrophoresis Hemoglobinopathies, e.g. sickle cell anemia

Protein C and S, antithrombin III, activated protein
C resistance, thrombin timeb

Thrombophilia: personal or family history of thrombosis
(usually venous, particularly in unusual sites such as
hepatic vein) at unusually young age

Blood cultures Infective endocarditis: fever, cardiac murmur, hematuria,
deranged liver function, raised ESR, malaise

HIV serology Unexplained stroke in the young, drug addiction,
homosexuality, blood product transfusion,
lymphadenopathy, pneumonia, cytomegalovirus
retinitis

Lipoprotein fractionation Elevated cholesterol or strong family history,
hyperlipoproteinemia

Serum homocysteine Marfanoid habitus, high myopia, dislocated lenses,
osteoporosis, mental retardation

Leukocyte α-galactosidase A Corneal opacities, cutaneous angiokeratomas,
paresthesias and pain, renal failure

Blood/cerebrospinal fluid lactate MELAS/mitochondiral cytopathy: young patient,
basal ganglia calcification, epilepsy, parieto-occipital
ischemia

Syphilis serology Young patient, high risk of sexually transmitted disease

Cardiac enzymes History or ECG evidence of recent electrocardiographic
myocardial infarction

Drug screen Cocaine/amphetamine/Ecstasy: young patient, no other
obvious cause

Urine

Amino acids Marfanoid habitus, high myopia, dislocated lenses,
osteoporosis, mental retardation

Drug screen Young patient, no other obvious cause, cocaine/
amphetamine, etc.
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echocardiography and or transesophageal examination (Table 13.5). Specific echocardiographic
techniques may be required where there is the possibility of patent foramen ovale
(Table 13.5; Ch. 6). Prolonged ECG recording using ambulatory machines is required
where there is suspected dysrhythmia such as paroxysmal atrial fibrillation.

Table 13.2. (cont.)

Investigation Comments

Others

Electroencephalography Doubt about diagnosis of TIA or stroke: ?epilepsy

Temporal artery biopsy Age >60 years, jaw claudication, headache,
polymyalgia, malaise, anemia, raised ESRa

Notes:
ESR, erythrocyte sedimentation rate.
aRepeat to ensure persistently raised.
bTransient falls occur after stroke so any low level must be repeated and family members investigated.

Table 13.3. Cardiac investigations in stroke

Investigation Comments

ECG Left ventricular hypertrophy

Arrhythmia

Conduction block

Myocardial infarction

Chest X-ray Hypertension, finger clubbing, cardiac murmur or abnormal ECG, ill patient

Echocardiography
(transthoracic)

Possible cardiac source of embolism, or clinical, ECG, transesophageal evidence of
embologenic heart ultrasound or radiographic disease, aortic arch dissection

24-hour ECG Palpitations or blackout during a suspected TIA, suspicious resting ECG

Notes:
ECG, electrocardiography; TIA, transient ischemic attack.

Table 13.4. Pooled prevalence of various cardiac abnormalities on transthoracic echocardiography
in patients with ischemic stroke without prior known cardiac disease

Abnormality Pooled prevalence (%)

<45 years >45 years

Myxoma 0.7 0.1

Vegetations 1 1

Mitral stenosis 2 2

Left atrial thrombus 0.5 0.3

Left ventricular thrombus/cardiomyopathy 3 10

Source: From Beattie et al. (1998).
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Table 13.5. Comparison of transthoracic and transesophageal echocardiography for detecting
potential cardiac sources of embolism

Transthoracic preferred Transesophageal preferred

Left ventricular thrombus Left atrial thrombus

Left ventricular dyskinesis Left atrial appendage thrombus

Mitral stenosis Spontaneous echo contrast

Mitral annulus calcification Intracardiac tumors

Aortic stenosis Atrial septal defecta

Atrial septal aneurysm

Patent foramen ovalea

Mitral and aortic valve vegetations

Prosthetic heart valve malfunction

Aortic arch atherothrombosis/dissection

Mitral valve prolapse

Notes:
aA less-invasive alternative is to inject air bubbles or other echocontrast material intravenously; if
there is a patent foramen ovale, they can be detected by transcranial Doppler sonography of the
middle cerebral artery, particularly with a provocative Valsalva maneuver. There is considerable
variation in the methods used to detect patent foramen ovale and this influences the diagnostic
sensitivity and specificity. It is also uncertain what size of shunt is “clinically relevant” and some
bubbles may pass to the brain through pulmonary rather than cardiac shunts (Droste et al. 1999,
2002; Schwarze et al. 1999).
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Section 3
Chapter

14
Prognosis of transient ischemic
attack and stroke
Methods of determining
prognosis

Why study prognosis?
Once a diagnosis has been made, the issue of prognosis is as important to patients as
treatment. There are many examples in neurology of the usefulness of simple prognostic
studies of groups of patients, such as the demonstrations of the relatively benign long-term
outcome after transient global amnesia (Hodges and Warlow 1990a, b), after cryptogentic
drop-attacks in middle-aged women (Stevens and Matthews 1973), and the more recent
data on the risks of major congenital malformations when taking various antiepileptic
drugs in pregnancy (Morrow et al. 2006). Prognostic studies not only provide patients with
useful information on the average risk of a poor outcome but also provide data that can be
used to inform decisions for individuals about treatment by allowing an estimation of the
likely absolute risk reduction (ARR) of a poor outcome with treatment, derived from the
relative risk reduction provided by clinical trials. The ARR indicates what the chance of
benefit from treatment is (e.g. an ARR of 25% – from 50% to 25% – tells us that one in four
patients has to be treated for one to avoid a poor outcome, or put in another way there is
a 1 in 4 chance of benefit for the individual treated patient). In contrast, a relative risk
reduction gives no information about the likelihood of benefit. For example, the relative
reductions in the risk of stroke in the Swedish Trial in Old Patients with Hypertension
(STOP-hypertension) (Dahlof et al. 1991) and MRC (Medical Research Council Working
Party 1985) trials of blood pressure lowering in primary prevention were virtually identical
(47% versus 45%). However, there was a 12-fold difference in the ARR and so probability of
benefit for individual patients. All other things being equal, 166 of the young hypertensives
in the MRC trial would have to be treated for five years to prevent one stroke, compared
with 14 of the elderly hypertensives in STOP-hypertension. Therefore, without an under-
standing of prognosis (i.e. absolute risk of a poor outcome), the likelihood that a treatment
is worth having is impossible to judge (unless of course it is to relieve a symptom such
as pain).

Why predict an individual's prognosis?
Patients and their doctors are understandably keen to go further than simply defining
average or overall prognosis. They want to understand how a combination of particular
factors might determine prognosis for the individual concerned: “How do my particular
characteristics influence the likely outcome, doctor?”

Where possible, treatments should always be targeted at those individuals who are likely
to benefit and be avoided in those with little chance of benefit, or in whom the risks of
complications are too great compared with the expected benefit. A targeted approach based
on risk is most useful for treatments with modest benefits (e.g. lipid lowering in primary
prevention of vascular disease), for costly treatments with moderate overall benefits
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(e.g. beta-interferon in multiple sclerosis), if the availability of treatment is limited (e.g.
organ transplantation), in developing countries with limited healthcare budgets and, most
importantly, for treatments that although of overall benefit are associated with a significant
risk of harm (such as carotid endarterectomy or anticoagulation).

However, without formal risk models, clinicians are often inaccurate in assessment of
risk in their patients (Grover et al. 1995). Moreover, the absolute risk of a poor outcome for
patients with multiple specific characteristics cannot simply be derived arithmetically from
data on the effect of each individual characteristic such as age or severity of illness: that is,
one cannot simply multiply risk ratios for these characteristics together as if they were
independent. Even if one could, it would still be rather complicated. In a patient with
symptomatic carotid stenosis, for example, what would the risk of stroke without endarter-
ectomy be in a 78-year-old (high risk) female (lower risk) with 80% stenosis who presented
within two days (high risk) of an ocular ischemic event (low risk) and was found to have an
ulcerated carotid plaque (high risk)?

Models that combine prognostic variables to predict risk are, therefore, essential if we
want reliable prognostication at the individual level.

What is a prognostic model?
A prognostic model is the mathematical combination of two or more patient or disease
characteristics to predict outcome. Confusingly, prognostic models are also termed prog-
nostic indexes, risk scores, probability models, risk stratification schemes or clinical predic-
tion rules (Reilly and Evans 2006). To be useful, they must be shown to predict clinically
relevant outcomes reliably. They must, therefore, be derived from a representative cohort
in which outcome has been measured accurately. Next, they must be validated, not just in
the data from which they were derived (internal validation) but also on data from independ-
ent cohorts (external validation) (Wyatt and Altman 1995; Justice et al. 1999; Altman and
Royston 2000). Lastly, a model must be simple to use and have clinical credibility, otherwise
it is unlikely to be taken up in routine clinical practice (Table 14.1).

Table 14.1. Prerequisites for the clinical credibility of a prognostic model

Prerequisites

Use of relevant data All clinically relevant patient data should have been tested for inclusion in the
model. Many models are developed in retrospective studies using those variables
that happen to have been collected already for other reasons. Thus, potentially
valuable variables may be omitted if data for them are unavailable

Simplicity of data
collection

It should be simple for doctors to obtain all of the patient data required in the model
reliably and without expending undue resources in time to generate the prediction
and so guide decisions. Data should be obtainable with high reliability, particularly in
those patients for which the model's prediction are most likely to be needed

Avoidance of arbitrary
thresholds

Model builders should avoid arbitrary thresholds for continuous variables because
categorization discards potentially useful information

Derivation The statistical modeling method must be correctly applied. Black box models, such
as artificial neural networks, are less suitable for clinical applications

Simplicity of use It should be simple and intuitive for doctors to calculate the model's prediction for
a patient. The model's structure should be apparent and its predictions should make
sense to the doctors who will rely on it. This will increase the likelihood of uptake of
a model in routine practice

Sources: From Wyatt and Altman 1995; Altman and Royston 2000.
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A model for prediction of stroke on medical treatment in patients with recently
symptomatic carotid stenosis is shown in Table 14.2 (Rothwell et al. 2005). The numeric
weights for each variable are coefficients from a fitted regression model (Lewis 2007) and
the model can be simplified to produce a simple risk score. Examples of other models are
also given showing prediction of stroke in patients with non-valvular atrial fibrillation (the
CHADS2 scheme; Box 14.1; Gage et al. 2004; Hart 2007), prediction of recurrence after a
single seizure or in early epilepsy (Kim et al. 2007; Box 14.2) and the prediction of outcome
in the Guillain–Barré syndrome (van Koningsveld et al. 2007; Box 14.3). Further examples
of prognostic models are given elsewhere in the book, including the ABCD tool (Ch. 15).

The best evidence of the impact of using prognostic models comes from stratification
of the results of randomized trials by predicted baseline risk, and the usefulness of this
approach in targeting treatment has been demonstrated particularly well in patients with
vascular disease. Predictable qualitative heterogeneity of relative treatment effect (i.e. benefit
in some patients and harm in others) in relation to baseline risk has been demonstrated
for anticoagulation therapy in primary prevention of stroke in patients with non-valvular
atrial fibrillation (Laupacis et al. 1994), carotid endarterectomy for symptomatic stenosis
(Rothwell et al. 2005), coronary artery bypass grafting (Yusuf et al. 1994), and anti-
arrhythmic drugs following myocardial infarction (Boissel et al. 1993). Clinically important
heterogeneity has also been demonstrated for blood pressure lowering (Li et al. 1998),
aspirin (Sanmuganathan et al. 2001), lipid lowering in primary prevention of vascular
disease (West of Scotland Coronary Prevention Group 1996), and in many other areas of
medicine and surgery (Pagliaro et al. 1992; International Study of Unruptured Intracranial
Aneurysms Investigators 1998).

How to measure prognosis
In order to develop a prognostic model, prognosis itself must first be measured reliably,
although there is limited consensus on the ideal methodology required to achieve this.
As there is little evidence to support the importance of features of study method that might
affect the reliability of findings, particularly the avoidance of bias, researchers have tended
to devise their own criteria or to ignore the issue altogether. As a result, many prognostic
studies have been found to be of poor quality in both TIA and stroke (Kernan et al. 1991)
and other fields of medicine (Altman 2001; Hayden et al. 2006). Despite the lack of accepted
criteria, both theoretical considerations and common sense point towards the importance
of various aspects of study method that would be required for the reliable measurement of
prognosis (Sackett and Whelan 1980; Kernan et al. 1991; Altman 2001) (Table 14.3).

In the case of TIA and stroke, the diagnostic criteria used and by whom the diagnosis
was made must be adequately described, especially because the definition of TIA has
changed over time (Ch. 1) and diagnostic sensitivity may vary between individuals and
groups of clinicians, for example between neurologists and emergency department physi-
cians. Methods of ascertainment of cases from the study population should be described as
should all demographic and clinical characteristics of the cohort; where relevant, this
includes the methods of measurement themselves. Adequate description of the derivation
cohort allows an assessment of how representative it is of the population in which the
prognostic tool is intended for use. Only patients at a similar point in the course of the
condition should be included, a point that has previously been taken to be the time of
diagnosis, referral to secondary care or initiation of treatment. However, ideally, this point
should be as early as possible into the condition (“inception cohort”) and this is the reason
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Table 14.2. A Cox model for the five-year risk of ipsilateral ischemic stroke on medical treatment in patients with
recently symptomatic carotid stenosisa

Model Scoring system

Risk factor Hazard ratio
(95% CI)

p value Risk factor Score Example

Stenosis (per 10%) 1.18 (1.10–1.25) < 0.0001 Stenosis (%)

50–59 2.4 2.4

60–69 2.8

70–79 3.3

80–89 3.9

90–99 4.6

Near occlusion 0.49 (0.19–1.24) 0.1309 Near occlusion 0.5 No

Male sex 1.19 (0.81–1.75) 0.3687 Male sex 1.2 No

Age (per 10 years) 1.12 (0.89–1.39) 0.3343 Age (years)

31–40 1.1

41–50 1.2

51–60 1.3

61–70 1.5 1.5

71–80 1.6

81–90 1.8

Time since last event
(per 7 days)

0.96 (0.93–0.99) 0.0039 Time since last event
(days)

0–13 8.7 8.7

14–28 8.0

29–89 6.3

90–365 2.3

Presenting event 0.0067 Presenting event

Ocular 1.000 Ocular 1.0

Single TIA 1.41 (0.75–2.66) Single TIA 1.4

Multiple TIAs 2.05 (1.16–3.60) Multiple TIAs 2.0

Minor stroke 1.82 (0.99–3.34) Minor stroke 1.8

Major stroke 2.54 (1.48–4.35) Major stroke 2.5 2.5

Diabetes 1.35 (0.86–2.11) 0.1881 Diabetes 1.4 1.4

Previous MI 1.57 (1.01–2.45) 0.0471 Previous MI 1.6 No

PVD 1.18 (0.78–1.77) 0.4368 PVD 1.2 No

Treated hypertension 1.24 (0.88–1.75) 0.2137 Treated hypertension 1.2 1.2

Irregular/ulcerated plaque 2.03 (1.31–3.14) 0.0015 Irregular/plaque ulcerated 2.0 2.0

Total risk score 263

Predicted 5-year risk of stroke (derived using a nomogram) 37%

Notes:
CI, confidence interval; MI, myocardial infarction; PVD, peripheral vascular disease; TIA, transient ischemic attack.
aHazard ratios derived from the model are used for the scoring system. The score for the five-year risk of stroke is the
product the individual scores for each of the risk factors present. The score is converted into a risk with a graph.
Source: Rothwell et al. (2005).
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Box 14.1. Prediction of stroke in patients with non-valvular atrial fibrillation

Why predict risk?
The absolute risk of stroke varies 20-fold among patients with non-valvular atrial fibrillation,
depending on age and associated vascular diseases. Estimating an individual's stroke risk is,
therefore, essential when considering potentially hazardous anticoagulation therapy. More
than 10 similar stroke risk models for patients with atrial fibrillation have been published, but
the CHADS2 scheme is now the most widely used.

What is the score?
The CHADS2 scheme awards 1 point each for congestive heart failure, hypertension, age � 75
years and diabetes mellitus and 2 points for prior stroke or TIA.

Does it work?
The CHADS2 score has been validated in many groups of patients, three of which are shown
below (Gage et al. 2004; Hart 2007). In each of the validation studies, those with CHADS2
scores of 0 or 1 had stroke rates of �3% per year, whereas those with higher scores had
progressively increasing risks. The lower risks in the outpatient cohort very likely reflect the
small numbers of patients with previous TIA or stroke compared with the other groups.

Hospital
discharge
cohort

Outpatient
cohort

Aspirin-treated
clinical
trial participants

No. 1733 5089 2580

Prior stroke No. [%] 433 (25) 204 (4) 568 (22)

Overall annual stroke rate 4.4 2.0 4.2

CHADS2 score (95% CI) Stroke þ TIA rate
(%/year)

Stroke þ systemic
embolism rate
(%/year)

Stroke rate (%/year)

0 1.9 (1.2–3.0) 0.5 (0.3–0.8) 0.8 (0.4–1.7)

1 2.8 (2.0–3.8) 1.5 (1.2–1.9) 2.2 (1.6–3.1)

2 4.0 (3.1–5.1) 2.5 (2.0–3.2) 4.5 (3.5–5.9)

3 5.9 (4.6–7.3) 5.3 (4.2–6.7) 8.6 (6.8–11.0)

4 8.5 (6.3–11) 6.0 (3.9–9.3) 10.9 (7.8–15.2)

5–6 > 12 6.9 (3.4–13.8) > 12

Note:
CI, confidence interval.

What are its potential deficiencies?
For patients with prior stroke/TIA who have no other risk factors, a CHADS2 score of 2 yields an
estimated stroke risk of 2.5–4.5% per year, which is probably too low. All patients with atrial
fibrillation and prior stroke or TIA, recent or remote, should be considered high risk. The stroke
risk associated with a CHADS2 score of 2 is very different according to primary versus secondary
prevention. The use of a CHAD score (i.e. dropping “S2”) for primary prevention or a CHADS3
score for secondary prevention appears to fit available data better. If echocardiographic data
are available, the Stroke Prevention in Atrial Fibrillation (SPAF) III risk stratification scheme has
also been validated in several, albeit smaller, groups of patients (Stroke Prevention in Atrial
Fibrillation Investigators 1995).
Sources: From Gage et al. 2004; Hart 2007.
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that some studies of the prognosis of TIA that ascertained patients some weeks or months
after the initial event underestimated the immediate risk of stroke (Rothwell 2003). Inten-
sity and setting of treatment should be described as both of these factors will have an impact
on prognosis (Giles and Rothwell 2007). Methods of follow-up must be appropriately
sensitive to identify outcomes and criteria for such outcomes, and methods of adjudication
must be fully described.

Although, in general, prospective cohort studies of well-defined groups of patients are
superior, retrospective studies may have the advantage of longer follow-up, which might
be necessary for a clinically relevant prognosis or simply in order to have a sufficient
number of outcome events to construct a reasonably precise prediction model. However,

Box 14.2. Prediction of recurrence after a single seizure and in early epilepsy

Why predict risk?
Outcome after a first seizure varies, with approximately 65% of newly diagnosed people
rapidly entering remission after starting treatment and approximately 25% developing drug-
resistant epilepsy. Treatment for most patients is with antiepileptic drugs, which carry risks
of acute idiosyncratic reactions, dose-related and chronic toxic effects and teratogenicity.
The benefits of treatment will outweigh the risks for most patients, but for those who have
had only a single seizure the risk–benefit ratio is more finely balanced.

What is the score?
A prognostic model was developed based on individual patient data from the Multicentre
Trial for Early Epilepsy and Single Seizures (MESS) to enable identification of patients at low,
medium or high risk of seizure recurrence (Kim et al. 2007). A 60:40 split-sample approach was
used in which the model was developed on a subsample (885 patients) of the full dataset and
validated on the remainder of the sample (535 patients). The significant predictors of future
seizures, on which the score was based, were number of seizures of all types at presentation
(one scored 0; two or three scored 1 and four or more scored 2 points), presence of a
neurological disorder or learning disability (1 point), and an abnormal electroencephalogram
(1 point).

Does it work?
Patients with a single seizure and no other high-risk characteristics (i.e. 0 points) were
classified as low risk, those with two or three seizures, a neurological disorder or an abnormal
EEG (1 point) were classified as medium risk, and those with � 2 points were classified as high
risk. In trial patients randomized to delayed treatment, the probabilities of a recurrent seizure
were 19%, 35% and 59%, respectively, at one year, and 30%, 56% and 73%, respectively, at
five years. The score was also used to stratify the analysis of the effect of antiepileptic
treatment in the trial (patients had been randomized to immediate treatment or delayed
treatment if required). There was no benefit to immediate treatment in patients at low risk of
seizure recurrence, but there were potentially worthwhile benefits in those at medium and
high risk.

What are its potential deficiencies?
The split sample approach is not an independent validation and so further validations are
required, preferably in non-trial groups of patients.
Source: From Kim et al. 2007.

Section 3: Prognosis of transient ischemic attack and stroke

184



retrospective studies often have vague inclusion criteria, selection biases, incomplete base-
line data, variable use of diagnostic tests, non-standard methods of measurement and
inconsistent treatment (Laupacis et al. 1997).

Box 14.3. Prediction of outcome in the Guillain–Barré syndrome

Why predict risk?
Guillain–Barré syndrome (GBS) is characterized by rapidly progressive weakness, which is
usually followed by slow clinical recovery but outcome is variable, with some patients
remaining bedridden or wheelchair bound. Previous studies showed that preceding infection,
age, rapid progression, disability at nadir and electrophysiological characteristics were associ-
ated with long-term prognosis, but a readily applicable and validated model was required
to predict outcome.

What is the score?
The score was derived and validated on patients in the acute phase of GBS who were unable
to walk independently (van Koningsveld et al. 2007). The derivation set included 388 patients
from randomized controlled trials and the outcome was inability to walk independently at
six months. A simple score was developed from the coefficients in a regression model:
age, preceding diarrhea and GBS disability score at 2 weeks after entry. Scores range from
1 to 7, with three categories for age (� 40, 41–60 and > 60 years scoring 0, 0.5 and 1,
respectively), 1 point for recent diarrhea and 1–5 points for disability score at 2 weeks.

Does it work?
The score was validated in a set of 374 patients from another randomized trial. Predictions
of the inability to walk independently at six months ranged from 1% for a score of 1 to 83%
for patients with a score of 7. Predictions agreed well with observed outcome frequencies
(i.e. good calibration) and showed very good discriminative ability (C statistic¼ 0.85).

Score Derivation set
(n¼ 388)

Validation set
(n¼ 374)

Combined set
(n¼ 762)

1–3 1/107 (1%) 0/86 (0%) 1/193 (0.5%)

3.5–4.5 7/116 (6%) 9/110 (8%) 16/226 (7%)

5 20/81 (25%) 23/80 (29%) 43/161 (27%)

5.5–7 43/84 (51%) 51/98 (22%) 94/182 (53%)

Total 71/388 (18%) 83/374 (22%) 154/762 (20%)

What are its potential deficiencies?
The score was derived and validated on patients from randomized controlled trials, who may
have been unrepresentative. The score was also derived and validated on patients with
moderately severe GBS (unable to walk independently) and might work less well in milder
cases – but then the prognosis for full recovery is known to be good inmild cases and so a score
is not necessary. There are also geographical differences in the type of GBS and its outcome.
This score was derived and validated on European populations, and so further validations in
other areas would be helpful. It has not yet been validated by independent researchers.
Source: From van Koningsveld et al. 2007.
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Developing a prognostic model
The purpose of a prognostic model is usually to predict the risk of an event. Although the
outcome is, therefore, binary (i.e. yes or no), the predictions are almost always intermediate
probabilities, rather than 0% (will definitely not happen) or 100% (definitely will happen).
A model should, therefore, successfully distinguish between high and low risk groups,
but the ability to predict an individual's outcome is almost always limited (Henderson
and Keiding 2005). Nevertheless, even relatively modest risk stratification can be clinically
useful. For example, given a 5% operative risk of stroke and death for endarterectomy
for patients with asymptomatic carotid stenosis and an average five-year risk of stroke
on medical treatment of about 10%, simply separating patients into a group with a mere 5%
five-year unoperated risk and a group with a more worrying 20% five-year risk would
substantially improve the targeting of treatment (avoid for the former, recommend for the
latter perhaps).

The quality of the data is also important. Measurements should ideally have been made
with reliable and reasonably standard methods, preferably without categorization (i.e. they
should be recorded as continuous variables as opposed to ad hoc categories, which might
limit their predictive value). In multicenter trials or cohorts, it is particularly important to

Table 14.3. Table of quality criteria for study method for reliable measurement of prognosis

Study feature Qualities sought

Sample of patients Methods of patient selection from study population described

Inclusion and exclusion criteria defined

Diagnostic criteria defined

Clinical and demographic characteristics fully described

Representative

Assembled at common (usually early) point in course of disease

Complete (all eligible patients included)

Follow-up of patients Sufficiently long, thorough and sensitive to outcomes of interest

Loss to follow-up provided

Outcome Objective, unbiased and fully defined (e.g. assessment blinded to
prognostic information)

Appropriate

Known for all or high proportion of patients

Prognostic variable Fully defined

Details of measurement available (methods if relevant)

Available for all or high proportion of patients

Analysis Continuous predictor variable analyzed appropriately

Statistical adjustment for all important prognostic factors

Treatment subsequent to inclusion
in cohort

Fully described

Treatment standardized or randomized

Source: From Altman and Royston 2000.
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have consistent methods of measurements and similar definitions of variables across centers
(e.g. are the centers all using the same definitions of hypertension?). As complete a set of
data as possible is also essential for the development of reliable prognostic models. Even
when each variable is reasonably complete, many patients will have missing data for at least
one variable, often the majority of patients (Clark and Altman 2003). Excluding such cases,
as standard statistical packages would automatically do, reduces statistical power and may
also introduce bias. The alternative to exclusion of patients with missing data is to impute
the missing values (Vach 1997; Schafer and Graham 2002). Although imputation requires
certain assumptions about why data are missing, it can often be preferable to risking
selection bias by using only cases with complete data (Schafer and Graham 2002; Burton
and Altman 2004).

Prognostic models are usually derived using logistic regression (for predicting binary
outcomes) or Cox regression (for time-to event data). The sample size required depends
on the number of outcomes and not the number of patients (Feinstein 1996; Schmoor
et al. 2000). Cohorts with few events per prognostic variable studied are likely to
produce unreliable results. It is generally recommended that there should be at least
10–20 outcome events per prognostic variable studied (i.e. not 10–20 per variable
eventually included in the model), although reliable models have been derived on smaller
numbers (Harrell et al. 1984; Feinstein 1996). However, with a small derivation cohort
there will always be a risk of selecting unimportant variables and missing important ones
by chance.

Before performing multivariable analysis, many researchers try to reduce the number of
candidate variables by means of univariate analyses, eliminating those variables that are not
significant univariate predictors (often with a cut-off of p < 0.1). However, this step is not
strictly necessary and it may introduce bias (Sun et al. 1996; Babyak 2004). It makes more
sense to reduce the number of candidate variables using clinical criteria, such as by
eliminating variables that are difficult to measure in routine practice (e.g. emboli on
transcranial Doppler) or a variable that is likely to be closely correlated with another (e.g.
systolic and diastolic blood pressure).

The initial selection of variables can be further reduced automatically using a selection
algorithm (often backward elimination or forward selection). Such an automated proced-
ure sounds as though it should produce the optimal choice of predictive variables, but it
is often necessary in practice to use clinical knowledge to over-ride the statistical process,
either to ensure inclusion of a variable that is known from previous studies to be highly
predictive or to eliminate variables that might lead to overfitting (i.e. overestimation
of the predictive value of the model by inclusion of variables that appear to be predictive
in the derivation cohort, probably by chance, but are unlikely to be predictive in other
cohorts).

It is also important to look for potential interactions between the predictive value of
particular variables (i.e. the predictive value of one variable may depend on the presence or
absence of another), especially if there is some a priori clinical or biological reason to
suspect an interaction. For example, the predictive value of cholesterol level is likely to fall
with age in a model predicting the risk of vascular events (total cholesterol is highly
predictive of myocardial infarction in patients in their 40s and 50s, of less value in 60s
and early 70s, and of little value in the 80s). Such interactions can be taken into account in
the model by including an interaction term, which will increase the predictive power of the
model, assuming that the interaction is generalizable to future patients.
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Studies developing models should be reported in adequate detail. Several reviews of
papers presenting prognostic models have found common deficiencies in methodology and
reporting, including a lack of information on the method for selecting the variables in the
model and on the coding of variables, and a tendency to have too few events per variable in
the derivation cohort (Concato et al. 1993; Coste et al. 1995; Laupacis et al. 1997; Counsell
and Dennis 2001; Hackett and Anderson 2005; Jacob et al. 2005). Authors must report the
model in enough detail so that someone else can use it in the clinic and can validate it with
their own data. The main issues in assessing studies reporting prognostic models are
internal validity, external validity, statistical validity, evaluation of the model and practical-
ity of the model (Counsell and Dennis 2001; Jacob et al. 2005).

How to derive a simple risk score
Ideally, in order for risk scores to be useful in clinical practice, they should be simple
enough to be calculated without the need for a calculator or computer and to be memorized
and so should be based only on a small number of variables (Table 14.3). In practice, a few
variables with strong predictive effects usually account for most of the prognostic power,
with the remaining weaker variables contributing relatively little. However, a large number
of candidate variables are often available for initial consideration, and so a balance is
required between fitting the current data as well as possible and developing a model that
will be generalizable and will actually be used in day-to-day practice. On the one hand,
models that are “over-fitted” to the derivation cohort often perform badly when independ-
ently validated (Harrell et al. 1984; Babyak 2004). This is because they generally contain
some variables that were only marginally statistically significant predictors in the derivation
cohort, often through chance, or they overestimated the predictive value of genuinely
predictive variables, both of which will result in a model that “overpredicts.”

On the other hand, a potential problem with simple risk scores is that they may not use
the full information from the prognostic variables (Christensen 1987; Royston et al. 2006).
If continuous predictors such as age are dichotomized (e.g. old versus young), power is
usually reduced (Altman and Royston 2000). Furthermore, if the dichotomy is data derived
at the point where “it looks best,” it may also compromise the generalizability of the score.
However, although some loss of prognostic power is almost inevitable, simple scores often
perform almost as well as more complex models. One reason for this is that a simple score
based on a small number of highly predictive variables is much less likely to be overfitted
than a complex score with additional weakly predictive variables and interaction terms.

Assuming that there are no complex interaction terms in a multivariable model, it is
relatively easy to convert a model to a simple score. The numeric weights allocated to each
variable in the model (i.e. the coefficients from the fitted regression model) provide the
basis of the score. Simply using the same numeric weights and adding them up to produce
a simple score will actually result in the same ranking of patients as the more complex
mathematical model. The only thing that is lost is the exact predicted risk. However, the
exact predicted risk can be obtained from a simple graph of score versus risk.

Validation of a prognostic model or score
A prognostic model or score must always be independently validated. Simply because
a model seems to include appropriately modeled powerful predictors does not mean that
it will necessarily validate well, because associations might just occur by chance, and
predictors may not be as powerful as they appear.
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External validation of a model means determining whether it performs well in groups of
patients other than those on whom it was derived: that is, how is it likely to do in real
clinical practice. These other groups almost certainly will differ in case mix, referral
patterns, treatment protocols, methods of measurement of variables and definition of
outcomes. Nevertheless, if a prognostic model includes powerful predictive variables,
appropriately modeled, it should validate reasonably well in other groups of patients.
For example, Fig. 14.1 shows the validation of the ABCD2 score on pooled individual patient
data from six independent groups of patients with TIA (Johnston et al. 2007) (Ch. 15).

The two main aims of a validation are to calibrate the model (i.e. to compare observed
and predicted event rates for groups of patients) and to assess its discrimination (i.e. how
well it distinguishes between patients who do or do not have an outcome event) (Harrell
et al. 1996; Mackillop and Quirt 1997; Altman and Royston 2000).

Calibration is assessed by comparing the observed with the predicted proportions of
events in groups defined by the risk prediction or score.

Discrimination can be summarized by various single statistics, such as the area under
the receiver operating characteristic curve (or the equivalent C statistic), R2 measures, or the
d statistic, although all of these measures have limitations (Royston and Sauerbrei 2004;
Altman and Royston 2007; Lewis 2007).

In reality, the best measure of the performance of a model is whether the risk stratifica-
tion that it provides is likely to be useful in routine clinical practice. A relatively poorly
predictive model can be useful when, for example, the overall risks of treatment versus no

Fig. 14.1. Short-term stroke risk stratified by ABCD2 score in six cohort studies combined (n¼ 4799 patients).
Stroke risks are shown at 2, 7, 30 and 90 days (Johnston et al. 2007).
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treatment are finely balanced, whereas a very powerfully predictive model may be unhelpful
if a very high or low probability of a poor outcome is needed to affect clinical management.
For example, use of a model predicting risk of death in a patient with prolonged refractory
septic shock would only be helpful in the decision to withdraw active treatment if it could
reliably predict probabilities of death of 95% or higher.

Internal validation of a model uses the same dataset as was used for derivation and will,
therefore, almost inevitably overestimate its discriminatory power – sadly, this rather lazy
approach is all too common and no external validation is ever attempted. Better, in the
absence of a new group of patients, is to use new data from the same source as the derivation
sample. Several approaches are possible and will give useful information about predictive
power (although not about generalizability):
� split the dataset into two parts before the modeling begins: the model is derived on the

first portion of the data (the “training” set) and its ability to predict outcome is
evaluated on the second portion (the “test” set)

� a bootstrapping approach i.e. leave-one-out cross-validation
� split the data in a non-random way, such as by time period or source of referral
� prospective validation on subsequent patients from the same center(s).
These types of partially independent validation are of course tempting, and they do allow
refinement of models and scores (Verweij and van Houwelingen 1993; Schumacher et al.
1997; Babyak 2004), but they are not a sufficient validation. Clearly, with each of the
approaches listed above, there will be many similarities between the derivation and valid-
ation sets of patients, and between the clinical and laboratory techniques used in evaluating
them. Indeed, this lack of true independence of the validation group of patients probably
explains, in part, the fact that researchers tend to confirm the validity of their own models
more often than do independent researchers (Altman and Royston 2000; Altman and
Royston 2007). The likely generalizability and so usefulness of a model can usually only
be shown convincingly in a completely independent group of patients.

Even when a model has been independently validated and performs well, it must still be
shown that it is useful in clinical practice. For helping treatment decisions in individual
patients, usefulness is generally best tested by stratifying patients in a randomized controlled
trial by estimated baseline risk of a poor outcome. Fig. 14.2 shows an external validation in
an independent trial of the model detailed in Table 14.2 for the five-year risk of stroke on
medical treatment in patients with recently symptomatic carotid stenosis (Rothwell et al.
2005). Predicted medical risk is plotted against observed risk of stroke or death in patients
randomized to medical or surgical treatment. Given that surgical treatment is associated
with an additional 1–2% stroke risk per year over and above the operative risk, it is clear
that surgery should probably only be considered in patients in the top two quintiles of
predicted risk on medical treatment. Surgery will be harmful, or of no benefit, in the lower-
risk individuals. This type of stratification of trial data using an independently derived
model is usually essential to convince clinicians that the risk modeling approach is clinically
useful. It is important to recognize, however, that even if the model has been validated
previously in several non-trial groups of patients, it may perform differently in a trial because
of the tendency to recruit relatively low-risk individuals. The distribution of risks in patients
who are considered for treatment in routine clinical practice may be closer to that in the
non-trial observational groups of patients used for derivation and validation of the model.

Reilly and Evans (2006) have defined five levels of evidence to assess the usefulness of
a clinical prediction model (Box 14.4).
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Another important issue is the need for updating of predictive models and scores
if new predictors are discovered, requiring the addition of new variables to the model, or
if new treatments reduce the risk of a poor outcome in general, requiring recalibration of
the model. In general, minor recalibration of the prognostic index from the original model
would be preferable to complete reconstruction (van Houwelingen and Thorogood 1995).

Box 14.4. Five levels of evidence suggested by Reilly and Evans (2006) to assess the
usefulness of a clinical prediction rule

1. Derivation of the prediction rule
2. Narrow validation of the prediction rule (i.e. prospective evaluation in one setting)
3. Broad validation of the prediction rule (i.e. prospective evaluation in varied settings with

a wide spectrum of patients and physicians)
4. Narrow impact analysis of the prediction rule used as a decision rule (i.e. prospective

demonstration in one setting that the use of the prediction rule improves clinical decision
making)

5. Broad impact analysis of the prediction rule used as a decision rule (i.e. prospective
demonstration in varied settings that use of the prediction rule improves clinical decision
making in a wide spectrum of patients).
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Fig. 14.2. An external validation of the model detailed in Table 14.2 for the five-year risk of stroke on medical
treatment in an independent randomized trial of endarterectomy versus medical treatment for symptomatic carotid
stenosis (Rothwell et al. 2005). Predicted risk of stroke on medical treatment is plotted against the observed risk of
stroke in patients randomized to medical treatment in the trial (squares) and against the observed operative risk
of stroke and death in patients randomized to surgical treatment (diamonds). Groups are quintiles of predicted risk.

Chapter 14: Methods of determining prognosis

191



References
Altman DG (2001). Systematic reviews of

evaluations of prognostic variables. British
Medical Journal 323:224–228

Altman DG, Royston P (2000). What do we
mean by validating a prognostic model?
Statistics in Medicine 19:453–473

Altman DG, Royston P (2007). Evaluating the
performance of prognostic models. In
Treating Individuals: from Randomized Trials
to Personalised Medicine, Rothwell PM (ed.),
pp. 213–30. London: Elsevier

Babyak MA (2004). What you see may not be
what you get: a brief, nontechnical
introduction to overfitting in regression-type
models. Psychosomatic Medicine 66:411–421

Boissel JP, Collet JP, Lievre M et al. (1993). An
effect model for the assessment of drug
benefit: example of antiarrhythmic drugs in
postmyocardial infarction patients. Journal of
Cardiovascular Pharmacology 22:356–363

Burton A, Altman DG (2004). Missing covariate
data within cancer prognostic studies: a
review of current reporting and proposed
guidelines. British Journal of Cancer 91:4–8

Christensen E (1987). Multivariate survival
analysis using Cox's regression model.
Hepatology 7:1346–1358

Clark TG, Altman DG (2003). Developing a
prognostic model in the presence of missing
data: an ovarian cancer case study. Journal of
Clinical Epidemiology 56:28–37

Concato J, Feinstein AR, Holford TR (1993).
The risk of determining risk with
multivariable models. Annals of Internal
Medicine 118:201–210

Coste J, Fermanian J, Venot A (1995).
Methodological and statistical problems in
the construction of composite measurement
scales: a survey of six medical and
epidemiological journals. Statistics in
Medicine 14:331–345

Counsell C, Dennis M (2001). Systematic review
of prognostic models in patients with acute
stroke. Cerebrovascular Diseases 12:159–170

Dahlof B, Lindholm LH, Hansson L et al. (1991).
Morbidity and mortality in the Swedish trial
in old patients with hypertension (STOP-
hypertension). Lancet 338:1281–1285

Feinstein AR (1996). Multivariable Analysis:
An Introduction. New Haven, CT: Yale
University Press

Gage BF, van Walraven C, Pearce LA et al.
(2004). Selecting patients with atrial
fibrillation for anticoagulation. Stroke risk
stratification in patients taking aspirin.
Circulation 110:2287–2292

Giles MF, Rothwell PM (2007). Risk of stroke
early after transient ischaemic attack: a
systematic review and meta-analysis. Lancet
Neurology 6:1063–1072

Grover SA, Lowensteyn I, Esrey KL et al. (1995).
Do doctors accurately assess coronary risk in
their patients? Preliminary results of the
coronary health assessment study. British
Medical Journal 310:975–978

Hackett ML, Anderson CS (2005). Predictors of
depression after stroke: a systematic review of
observational studies. Stroke 36:2296–2301

Harrell FE Jr., Lee KL, Califf RM et al. (1984).
Regression modelling strategies for improved
prognostic prediction. Statistics in Medicine
3:143–152

Harrell FE Jr., Lee KL, Mark DB (1996).
Multivariable prognostic models: issues in
developing models, evaluating assumptions
and adequacy, and measuring and reducing
errors. Statistics in Medicine 15:361–387

Hart RG (2007). Antithrombotic therapy to
prevent stroke in patients with atrial
fibrillation. In Treating Individuals: From
Randomized Trials to Personalised Medicine,
Rothwell PM (ed.) pp. 265–278. London:
Elsevier

Hayden JA, Côté P, Bombardier C (2006).
Evaluation of the quality of prognosis studies
in systematic reviews. Annals of Internal
Medicine 144:427–437

Henderson R, Keiding N (2005). Individual
survival time prediction using statistical
models. Journal of Medical Ethics 31:703–706

Hodges JR, Warlow CP (1990a). Syndromes of
transient amnesia: towards a classification.
A study of 153 cases. Journal of Neurology,
Neurosurgery Psychiatry 53:834–843

Hodges JR, Warlow CP (1990b). The aetiology
of transient global amnesia. A case–control
study of 114 cases with prospective follow-up.
Brain 113:639–657

International Study of Unruptured Intracranial
Aneurysms Investigators (1998). Unruptured
intracranial aneurysms: risks of rupture
and risks of surgical intervention. New
England Journal of Medicine 1998
339:1725–1733

Section 3: Prognosis of transient ischemic attack and stroke

192



Jacob M, Lewsey JD, Sharpin C et al. (2005).
Systematic review and validation of
prognostic models in liver transplantation.
Liver Transplantation 11:814–825

Johnston SC, Rothwell PM, Nguyen-Huynh MN
et al. (2007). Validation and refinement
of scores to predict very early stroke risk
after transient ischaemic attack. Lancet
369:283–292

Justice AC, Covinsky KE, Berlin JA (1999).
Assessing the generalizability of prognostic
information. Annals of Internal Medicine
130:515–524

Kernan WN, Feinstein AR, Brass LM (1991).
A methodological appraisal of research on
prognosis after transient ischemic attacks.
Stroke 22:1108–1116

Kim LG, Johnson TL, Marson AG, for the MRC
MESS Study group (2007). Prediction of risk
of seizure recurrence after a single seizure and
early epilepsy: further results from the MESS
trial. Lancet Neurology 5:317–322

Laupacis A, Boysen G, Connolly S et al. (1994).
Risk factors for stroke and efficacy of
antithrombotic therapy in atrial fibrillation.
Analysis of pooled data from five randomised
controlled trials. Archives of Internal Medicine
154:1449–1457

Laupacis A, Sekar N, Stiell IG (1997). Clinical
prediction rules. A review and suggested
modifications of methodological standards.
Journal of the American Medical Association
277:488–494

Lewis S (2007). Regression analysis. Practical
Neurology 7:259–264

Li W, Boissel JP, Girard P et al. (1998).
Identification and prediction of responders to
a therapy: a model and its preliminary
application to actual data. Journal of
Epidemiology and Biostatistics 3:189–197

Mackillop WJ, Quirt CF (1997). Measuring the
accuracy of prognostic judgments in
oncology. Journal of Clinical Epidemiology
50:21–29

Medical Research Council Working Party
(1985). MRC trial of treatment of mild
hypertension: principal results. British
Medical Journal 291:97–104

Morrow J, Russell A, Guthrie E et al. (2006).
Malformation risks of antiepileptic drugs
in pregnancy: a prospective study from the
UK Epilepsy and Pregnancy Register. Journal

of Neurology, Neurosurgery Psychiatry 77:
193–198

Pagliaro L, D'Amico G, Soronson TIA et al.
(1992). Prevention of bleeding in cirrhosis.
Annals of Internal Medicine 117:59–70

Reilly BM, Evans AT (2006). Translating clinical
research into clinical practice: impact of using
prediction rules to make decisions. Annals of
Internal Medicine 144:201–209

Rothwell PM (2003). Incidence, risk factors and
prognosis of stroke and TIA: the need for
high-quality, large-scale epidemiological
studies and meta-analyses. Cerebrovascular
Diseases 16(Suppl 3):2–10

Rothwell PM, Mehta Z, Howard SC et al. (2005).
From subgroups to individuals: general
principles and the example of carotid
endartectomy. Lancet 365:256–265

Royston P, Sauerbrei W (2004). A new measure
of prognostic separation in survival data.
Statistics in Medicine 23:723–748

Royston P, Altman DG, Sauerbrei W (2006).
Dichotomizing continuous predictors in
multiple regression: a bad idea. Statistics in
Medicine 25:127–141

Sackett DL, Whelan G (1980). Cancer risk in
ulcerative colitis: scientific requirements for
the study of prognosis. Gastroenterology
78:1632–1635

Sanmuganathan PS, Ghahramani P, Jackson PR
et al. (2001). Aspirin for primary prevention
of coronary heart disease: safety and absolute
benefit related to coronary risk derived from
meta-analysis of randomised trials. Heart
85:265–271

Schafer JL, Graham JW (2002). Missing data:
our view of the state of the art. Psychological
Methods 7:147–177

Schmoor C, Sauerbrei W, Schumacher M
(2000). Sample size considerations for the
evaluation of prognostic factors in survival
analysis. Statistics in Medicine 19:441–452

Schumacher M, Hollander N, Sauerbrei W
(1997). Resampling and cross-validation
techniques: a tool to reduce bias caused by
model building? Statistics in Medicine
16:2813–2827

Stevens DL, Matthews WB (1973). Cryptogenic
drop attacks: an affliction of women. British
Medical Journal 1:439–442

Stroke Prevention in Atrial Fibrillation
Investigators (1995). Risk factors for

Chapter 14: Methods of determining prognosis

193



thromboembolism during aspirin therapy
in patients with atrial fibrillation: the Stroke
Prevention in Atrial Fibrillation study.
Journal of Stroke and Cerebrovascular
Diseases 1995; 5:147–157

Sun GW, Shook TL, Kay GL (1996).
Inappropriate use of bivariable analysis to
screen risk factors for use in multivariable
analysis. Journal of Clinical Epidemiology.
49:907–916

Vach W (1997). Some issues in estimating
the effect of prognostic factors from
incomplete covariate data. Statistics in
Medicine 16:57–72

van Houwelingen HC, Thorogood J (1995).
Construction, validation and updating of
a prognostic model for kidney graft
survival. Statistics in Medicine 14:
1999–2008

van Koningsveld R, Steyerberg EW, Hughes RA
et al. (2007). A clinical prognostic scoring

system for Guillain–Barré syndrome. Lancet
Neurology 6:589–594

Verweij PJ, van Houwelingen HC (1993).
Cross-validation in survival analysis. Statistics
in Medicine 12:2305–2314

West of Scotland Coronary Prevention Group
(1996). West of Scotland Coronary
Prevention Study: identification of high-risk
groups and comparison with other
cardiovascular intervention trials. Lancet
348:1339–1342

Wyatt JC, Altman DG (1995). Commentary.
Prognostic models: clinically useful or
quickly forgotten? British Medical Journal
311:1539–1541

Yusuf S, Zucker D, Peduzzi P et al. (1994). Effect
of coronary artery bypass graft surgery on
survival: overview of 10-year results from
randomised trials by the Coronary Artery
Bypass Graft Surgery Trialists’ Collaboration.
Lancet 344:563–570

Section 3: Prognosis of transient ischemic attack and stroke

194



Chapter

15 Short-term prognosis after
transient ischemic attack
and minor stroke

Recent research has shown that the risk of stroke immediately after TIA or minor stroke is
considerable (Giles and Rothwell 2007; Wu et al. 2007). However, this poses a challenge to
clinical services because although the majority of patients will, by definition, have suffered
a transient illness with no immediate major sequelae, an important minority are at risk of a
major stroke in the short term. Prognostic tools have, therefore, been developed to identify
patients at high (and low) risk in order to inform public education, aid effective triage to
secondary care and direct secondary preventive treatment.

Early risk of stroke after transient ischemic attack
or minor stroke
Patients with major stroke often report earlier short-lived neurological symptoms, and data
from population-based studies and trials suggest that approximately 20% of patients with
stroke have a preceding TIA (Rothwell and Warlow 2005). A similar proportion of major
strokes are probably preceded by a minor stroke. However, the prospective estimation of
risk after TIA or minor stroke is challenging, and in the past the risk has been considered to
be low (approximately 1–2% at one week and 2–4% at one month) (Hankey et al. 1991;
Gubitz et al. 1999; Gubitz and Sandercock 2000; Warlow et al. 2001). However, these risks
are now considered underestimates because they were calculated from cohort studies and
clinical trials in which patients were recruited some time after their initial event and patients
who experienced subsequent stroke before recruitment were excluded (Rothwell 2003).

Accurate estimation of the early risk of stroke after TIA or minor stroke requires
particular study methods. First, potential patients must be recruited as rapidly as possible
after the event so that strokes following very early after TIA are included. Second, patients
should be assessed initially by an expert stroke physician to ensure that the diagnosis is
made reliably and mimics are excluded. Third, follow-up should be in person and outcome
events should be independently adjudicated to ensure correct identification of subsequent
strokes. Lastly, patients should ideally be recruited from a defined population as opposed to
a particular clinical setting in order to reduce selection bias.

A number of more recent studies have met most or all of these criteria. The first was
published in 2000 (Johnston et al. 2000). All patients presenting to emergency departments
(ED) with a diagnosis of TIA within a health maintenance organization in California, USA,
were studied over a year, starting in February 1997. Of 1707 patients, almost all presenting
within 24-hours of the event, 180 (10.5%) returned to the ED within 90 days of the index
TIA with a stroke, half of which occurred in the first two days after the TIA. Also, within the
first 90 days, 2.6% of patients were hospitalized for cardiovascular events 2.6% of patients
died, and 12.7% suffered recurrent TIAs. In this study, patients were included if they had a
diagnosis of TIA made by an ED physician, but these estimates of risk did not change
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substantially when the charts were examined by a neurologist and patients in whom the
diagnosis was in doubt were excluded from the analysis.

Comparable risks of stroke after TIA were measured in population-based studies in
Oxfordshire, UK (Lovett et al. 2003; Coull et al. 2004). In a cohort of 249 consecutive
patients with a TIA ascertained in the Oxford Vascular Study (OXVASC) over a 30-month
period, stroke risks at two and seven days were 6.8% (95% confidence interval [CI],
3.7–10.0) and 12.0% (95% CI, 8.0–16.1), respectively (Rothwell et al. 2007). Although this
cohort was smaller than the Californian cohort, it had the advantages of being population
based and, therefore, included patients who were treated as inpatients, as outpatients and
managed solely in primary care; diagnoses were made by an experienced stoke physician;
and follow-up was face to face with independent adjudication of outcome events.

A recent systematic review identified 18 independent cohorts, all published since 2000,
reporting stroke risk in 10 126 patients with TIA (Giles and Rothwell 2007). The pooled
stroke risks were 3.1% (95% CI, 2.0–4.1) at two days and 5.2% (95% CI, 3.9–6.5) at seven
days, but there was considerable heterogeneity between studies (p< 0.0001), with risks
ranging from 0% to 12.8% at seven days. However, the risks observed in individual studies
over different intervals of follow-up were highly consistent, and the heterogeneity between
studies was almost fully explained by study method, setting and treatment. The lowest stroke
risks at seven days were seen in studies in specialist stroke services offering emergency access
and treatment (0.9%; 95% CI, 0.0–1.9 [four studies]) and highest risks in population-based
without urgent treatment (11.0%; 95% CI, 8.6–13.5 [three studies]). Intermediate risks were
measured by studies recruiting from single EDs (5.8%; 95% CI, 3.7–8.0 [three studies]) and
low risks in studies recruiting from routine neurovascular clinics (3.3%; 95% CI, 1.6–5.0
[two studies]) (Fig. 15.1). Findings were similar for stroke risks at two days. These differences
in measured risk reflect a combination of patient selection by different care settings, with
higher-risk patients being managed in emergency care; exclusion of high-risk individuals
when there is a delay to recruitment; and modification of risk in patients who are urgently
and aggressively treated with secondary preventive medication (Table 15.1).

The risk of stroke following minor stroke has not been studied in such depth. However,
in a provisional report from the first year of OXVASC, the risk of stroke among 87 patients
with minor stroke (defined as a score of � 3 on the National Institutes of Health Stroke
Scale (NIHSS)) was 11.5% (95% CI, 4.8–11.2) at seven days and 18.5% (95% CI, 10.3–26.7)
at 90 days (Coull et al. 2004). Among patients with minor stroke who were referred to the
dedicated neurovascular clinic in the EXPRESS study and did not need immediate admission
to hospital, the rates of recurrent stroke at 90 days were 10·8% (17/158) in phase 1, without
urgent intervention, and 4.0% (5/125) in phase 2, with urgent intervention (Rothwell et al.
2007) (Ch. 20).

Identification of high-risk patients: simple risk scores
Patients with TIA and minor stroke are very heterogeneous in terms of symptoms, risk
factors, underlying pathology and early prognosis. Effective management requires the
reliable identification of patients at high (and low) risk in order to inform public education,
aid effective triage to specialist services and direct secondary preventive treatment. There is
evidence that clinical features of a TIA provide substantial prognostic information, as do
some other methods.

Five risk factors were found to be independently associated with high risk of recurrent
stroke at three months in a large ED cohort of patients with TIA (Johnson et al. 2000).
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These included age over 60 years, symptom duration >10 minutes, motor weakness, speech
impairment and diabetes mellitus. Recurrent stroke risk at three months varied from 0% for
those with none of these factors to 34% for those with all five factors. Isolated sensory or
visual symptoms were associated with low risk.

These and other factors identified as being associated with early stroke risk (Gladstone
et al. 2004; Hill et al. 2004) were used to derive the ABCD score, a predictive tool of stroke
risk within seven days after TIA (Rothwell et al. 2005). Briefly, all clinical features that had
previously been found to be independently predictive of stroke after TIA were tested in a
derivation cohort of 209 patients recruited from the Oxfordshire Community Stroke Project
(OCSP, Lovett et al. 2003). Any variable that was a univariate predictor of the seven-day risk
of stroke with a significance of p� 0.1 assessed with the log rank test was incorporated into
the score. The score was then validated in three further independent cohorts.

The score is based on four clinical features and is out of a total of 6 (Table 15.2). The
score was found to be highly predictive with areas under the receiver operating characteris-
tic (ROC) curves of 0.85 (95% CI, 0.78–0.91), 0.91 (95% CI, 0.86–0.95) and 0.80 (95% CI,
0.72–0.89) for each of the validation cohorts. In the OXVASC population-based validation
cohort of all 377 referrals with suspected, possible or definite TIA, there were 20 strokes at
seven days after the initial event: 19 (95%) of these occurred in the 101 patients (27%) with
a risk score � 5. The seven-day risks were 0.4% (95% CI, 0–1.1) in 274 patients (73%) with a
score of < 5, 12.1% (95% CI, 4.2–20.0) in 66 patients (18%) with a score of 5, and 31.4%
(95% CI, 16.0–46.8) in 35 patients (9%) with a score of 6.

Table 15.1. Advantages and disadvantages of different clinical settings in studies of early prognosis
after transient ischemic attack or minor stroke

Setting Advantages Disadvantages

ED Short delay between clinical event
and presentation to medical attention

Selection bias: patients managed in
alternative settings not studied

Large cohorts in different departments
can be identified and studied

Data collected retrospectively

Computerized databases can be searched
rapidly

Diagnosis and management by ED
physician and may not be consistent/fully
described

Patients with a TIA and then a stroke
before attending ED not included

Non-standardized follow-up

Population-based No selection bias Costly and labor and time intensive

Uniform diagnosis, management
and follow-up

Sensitive follow-up to detect outcome
events

Complete data available on patient cohort

Some data available on study population

Outpatient clinic Standardized diagnosis and management Frequent delay between event and clinic
attendance

Notes:
ED, emergency department; TIA, transient ischemic attack.
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2-day stroke risk

Population based using face to face follow-up 

Population based using administrative follow-up (without exclusions)
Johnston et al. 2007 91/1707 5.3 4.3–6.4

Kleindorfer et al. 2005 40/1023 3.9 2.7–5.1

Johnston et al. 2007 ED  51/1084 4.7 3.4–6.0

TOTAL 182/3814 4.8 4.0–5.6

Population based using administrative follow-up (with exclusions)

Gladstone et al. 2004 7/265 2.6 0.7–4.6

Hill et al. 2004 32/2285 1.4 0.9–1.9

Whitehead et al. 2005 (BASIC) 7/362 1.9 0.5–3.4

TOTAL 46/2912 1.6 1.1–2.1

Single emergency departments 

Tsivgoulis et al. 2006  Data unavailable

Bray et al. 2007 3/98 3.1 0.0–6.5

Purroy et al. 2007  Data unavailable

TOTAL 3/98 3.1

Routine outpatient 

Whitehead et al. 2005  Data unavailable

Johnston clinic et al. 2007 16/962 1.7 0.9–2.5

TOTAL 16/962 1.7

Specialist stroke service

Cucchiara et al. 2006 2/117 1.7 0.0–4.1

Calvet et al. 2007 4/201 2.0 0.1–3.9

Rothwell et al. 2007 (EXPRESS) 1/160 0.6 0.0–1.8

Lavellée et al. 2007 (SOS-TIA) 0/629 0.0 0.0–0.3

TOTAL 7/1107 0.6 0.0–1.6

Study Strokes/patients Risk (%) 95% CI

0 2 4 6 8 10 12

0 2 4 6 8 10 12

0 2 4 6 8 10 12

0 2 4 6 8 10 12

Risk (% [95% CI])

p (het) = 0.11

p (het 0.22

p (het) = 0.22

p (het) = 0.13

0 2 4 6 8 10 12

0 2 4 6 8 10 12

Lovett et al. 2003 (OCSP) 9/209 4.3 1.6–7.1

Rothwell et al. 2005 (ABCD) 13/190 6.8 3.3–10.4

Correia et al. 2006 14/141 10.2 5.1–15.3

TOTAL 36/540 6.7 3.6–9.7

Fig. 15.1. Stroke risks at two and seven days measured in a systematic review of 18 independent cohorts, stratified
according to study method and setting (Giles and Rothwell 2007). CI, confidence interval; p (het), p value for
heterogeneity between studies; p (sig), p value for overall significance of the meta-analysis of comparisons between
studies.
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Population based using face to face follow-up

18/209 8.6 4.8–12.4

20/190 10.5 6.1–14.9

18/141 13.1 7.5–18.8

56/540 10.4 8.1–12.6

Population based using administrative follow-up (without exclusions) 

103/1707 6.0 4.9–7.2

 71/1017 7.0 5.4–8.5

 72/1084 6.6 5.2–8.1

246/3808 6.5 5.9–7.0

Population based using administrative follow-up (with exclusions) 

10/265 3.8 1.5–6.1

 Data unavailable

 9/362 2.5 0.9–4.1

19/627 3.0 1.8–4.3

Single emergency departments 

18/226 8.0 4.4–11.5

4/98 4.1 0.2–8.0

17/345 4.9 2.6–7.2

39/669 5.8 3.7–8.0

Routine outpatient 

  7/121 5.8 1.6–9.9

29/962 3.0 1.9–4.1

36/1083 3.3 1.6–5.0

Specialist stroke service 

2/117 1.7 0.0–4.1

5/201 2.5 0.3–4.6

1/160 0.6 0.0– 1.8

2/629 0.3 0.0–0.8

10/1107 0.9 0.0–1.9

95% CI

7-day stroke risk

Risk (%)Strokes/patients

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20

Risk (% [95% CI])

p (het) = 0.32

p (het) = 0.60

p (het) = 0.37

p (het) = 0.27

p (het) = 0.21

p (het) = 0.17

Fig. 15.1. (cont.)

Chapter 15: Short-term prognosis after TIA and minor stroke

199



The score was originally designed to facilitate triage between primary and secondary
care, and to inform public education of “high risk” scenarios in which medical attention
should be sought urgently (Rothwell et al. 2005), although its use has been extended to
treatment decisions (National Institute for Health and Clinical Excellence 2008).

Although diabetes was found to be predictive of early stroke in the ABCD score
(Rothwell et al. 2005), it lacked statistical significance and was not included. However, the
ABCD scoring system has been refined in larger cohorts of patients with the subsequent
addition of one point for diabetes to make the ABCD2 score out of 7 (Rothwell et al. 2005;
Johnston et al. 2007) (Table 15.3).

Both the ABCD and the ABCD2 scores have been further validated in independent
cohorts since publication in 2005 and 2007, respectively. In a systematic review, 11 studies
were identified that reported the performance of one or both scores in 13 cohorts including
5938 subjects with 332 strokes at seven days (Giles and Rothwell 2008). Pooled estimates of
the areas under the ROC curves for the ABCD and ABCD2 scores, respectively, were 0.70
(95% CI, 0.66–0.73) and 0.70 (95% CI, 0.66–0.74) for stroke risk at seven days and 0.68
(95% CI, 0.65–0.71) and 0.69 (95% CI, 0.66–0.72) for stroke risk at 90 days. Predictive power
was independent of clinical setting (ED, specialist neurovascular units and population-based
studies) but was greater in two additional cohorts that included patients with both sus-
pected and confirmed TIA than in cohorts of patients with confirmed TIA only. These
findings imply that the scores works partly by providing diagnostic information, but this
cannot fully explain their prognostic power.

In conclusion, the ABCD and ABCD2 scores are reliable tools to predict the early risk of
stroke after TIA. However, although they are sensitive and easily calculable using clinical
information readily available at the time of assessment, they have a high false-positive rate
and were deliberately designed to include only clinical data so that they could be used for
initial triage. Further information may, therefore, be required to refine risk prediction.

Table 15.2. The clinical features and scoring for the ABCD system of assessing risk of stroke in the
seven days after a transient ischemic attack

Clinical feature Category Score

A Age � 60 years 1

< 60 years 0

B Blood pressure at assessmenta SBP> 140mmHg or DBP� 90mmHg 1

Other 0

C Clinical features Unilateral weakness 2

Speech disturbance (no weakness) 1

Other 0

D Duration � 60 minutes 2

10–59minutes 1

< 10minutes 0

Total (maximum) 6

Notes:
SBP, systolic blood pressure; DBP, diastolic blood pressure.
aMeasured at earliest assessment after the attack.
Source: From Rothwell et al. (2005).
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Risk of recurrence by vascular territory
The early risk of stroke after TIA also depends on the vascular territory of the event.
Monocular events are associated with a low risk of subsequent cerebral stroke (Hankey et al.
1991, Benavente et al. 2001). Posterior circulation TIAs, which make up approximately 25%
of all attacks, were thought for many years to be associated with a lower risk of stroke than
carotid territory TIAs (Sivenius et al. 1991; Mohr et al. 1992; Caplan 1996). Correspond-
ingly, they were often managed less aggressively.

However, a recent systematic review of 37 published cohort studies and five unpublished
studies reporting the risk of stroke after a TIA or minor stroke by territory of presenting event
found no major differences in prognosis between vertebrobasilar events and carotid events.
In fact, studies that recruited during the acute phase after the presenting event found a higher
risk of subsequent stroke in patients with vertebrobasilar events (odds ratio [OR], 1.47;
95% CI, 1.1–2.0; p¼ 0.014) (Flossman and Rothwell 2003). More recent observations from
OXVASC suggest that TIAs attributable to the posterior circulation have higher rates of
recurrent stroke than those attributable to the anterior circulation (Flossman et al. 2006).
Among 256 consecutive patients with TIA, 212 (82.5%) with an anterior event and
44 (17.1%) with a posterior event, rates of stroke were 15.9% and 9.4%, respectively
(p¼ 0.22), at seven days and 31.8% and 17.0%, respectively (p¼ 0.03), at one year
(Fig. 15.2). In a further series of patients with TIA and minor stroke in OXVASC, the rate
of symptomatic large artery stenosis was higher among patients with posterior circulation
events than among those with carotid territory events (Marquardt et al. 2008).

These findings increase interest in imaging the posterior circulation and in angioplasty
or stenting any atherothrombotic stenosis detected in the vertebral or proximal basilar
arteries.

Table 15.3. The clinical features and scoring for the ABCD2 system

Clinical feature Category Score

A Age � 60 years 1

< 60 years 0

B Blood pressure at assessmenta SBP> 140mmHg or DBP� 90mmHg 1

Other 0

C Clinical Features Unilateral weakness 2

Speech disturbance (no weakness) 1

Other 0

D Duration � 60minutes 2

10–59minutes 1

< 10minutes 0

D Diabetes Present 1

Absent 0

Total (maximum) 7

Notes:
SBP, systolic blood pressure; DBP, diastolic blood pressure.
aMeasured at earliest assessment after the attack.
Sources: From Rothwell et al. (2005) and Johnston et al. (2007).
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Risk by underlying pathology
Several population-based studies of stroke
have shown that recurrent stroke risk is
highest in those with large arterial territory
stroke and lowest in those with lacunar
stroke (Lovett et al. 2004a) (Fig. 15.3).
Although large artery pathology accounted
for only 14% of the initial strokes in a
pooled analysis of data from four such
studies, 37% of the recurrences at seven
days occurred in this group (Lovett et al.
2004a). Subtype differences in early recur-
rent risk are probably smaller in patients
with TIA, where some patients with small
vessel disease can have a very high risk of
early stroke, for instance the “capsular
warning syndrome” (Donnan et al. 1993;
Farrar and Donnan 1993). Nevertheless,
several other observations highlight the

high early risk of stroke after large artery TIA, including the very high risk of stroke during
delays to carotid endarterectomy in patients with recently symptomatic stenosis � 50% of
the carotid artery (Fairhead and Rothwell 2005; Rantner et al. 2005). Patients with cardioem-
bolic TIA or stroke, predominantly consisting of patients with non-valvular atrial fibrillation,
are at intermediate early risk of recurrence (Lovett et al. 2004b).

Imaging and prognosis
Some early studies suggested that the presence of infarction on CT in patients with TIA or
minor stroke predicts an increased risk of stroke recurrence (Evans et al. 1991; van Swieten
et al. 1992; Dutch TIA Trial Study Group 1993), although others have failed to confirm this
finding (Davalos et al. 1988; Dennis et al. 1990). Interpretation of these studies is difficult as
scans were often performed some time after the clinical event and new and old infarction
was not differentiated. A more recent study of TIA patients who had CT scans performed
within 48 hours of their clinical event showed that appearances consistent with recent
infarction on CT predicted recurrent stroke (OR, 4.06; 95% CI, 1.16–14.14; p¼ 0.028)
(Douglas et al. 2003), and it has been suggested that the presence of infarction detected by
CT scanning after TIA may improve the prediction of early stroke (Sciolla and Melis 2008).

As reviewed in Ch. 10, diffusion-weighted MRI (DWI) is a particularly sensitive
(although somewhat non-specific) technique for identifying acute cerebral ischemia. It is,
therefore, likely that the presence of abnormalities on DWI in a patient with TIA or minor
stroke would suggest an active “vascular process” such as a source of emboli or large artery
atheromatous disease and would, therefore, signify a high risk of further thromboembolism
and so recurrent stroke (Tong and Caplan 2007). Several studies have indeed demonstrated
an association between abnormalities on DWI in the acute phase and the development of
further abnormalities (Sylaja et al. 2007). However, although DWI technology has been
available since the mid 1990s, the association between abnormalities on DWI in patients with
TIA and minor stroke and those with recurrent stroke has only recently been demonstrated.
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Fig. 15.2. Stroke-free survival curves for consecutive
patients with transient ischemic attacks (TIAs) and
anterior (—) versus posterior (---) circulation events in
the Oxford Vascular Study (OXVASC) (log rank p¼ 0.04)
(Flossman et al. 2006).
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This is partly because of the small size of studies in relation to the patient numbers required
to demonstrate such an association, as illustrated by the main studies described below.

In one cohort of 83 consecutive patients with a TIA attending an ED who were scanned
with DWI, abnormalities were identified in 27. The combination of DWI abnormalities and
symptoms lasting over an hour was found to be predictive of a combined endpoint of stroke
or other vascular event (Purroy et al. 2004). In another cohort of 120 patients with TIA or
minor stroke, all of whom received DWI within 24-hours, the presence of abnormalities on
DWI was associated with a higher risk of stroke at 90 days, as was vessel occlusion (Coutts
et al. 2005). In a further cohort of 87 patients with TIA and 74 with ischemic stroke, the rate
of recurrent stroke was highest in the group with TIA and infarction on DWI (Ay et al.
2005). Lastly, in a retrospective cohort study of 146 patients with TIA, 37 (25%) had
abnormalities on DWI; the presence of these abnormalities was shown to be independently
associated with a higher risk of in-hospital recurrent TIA or stroke (OR, 11.2; p< 0.01)
(Prabhakaran et al. 2007).

Subgroup

LAA vs rest
OXVASC 7/26 (26.9)

2/33 (6.1) 18/118 (15.3)
19/458 (4.1)
11/411 (2.7)
20/378 (5.3)
68/1365 (5.0)

0.36 0.1–1.6

p (het) = 0.375

p (het) = 0.964

p (het) = 0.425

p (het) = 0.227

p (sig) < 0.001

p (sig) = 0.003

p (sig) = 0.983

p (sig) = 0.965

0.2–2.4
0.2–2.1
0.7–7.7
0.4–2.5
0.6–1.7

0.3–2.1
0.8–5.0
0.3–3.6
0.2–1.5
0.6–1.6

0.1 1 10

Odds ratio (95% Cl)

0.0–1.5
0.0–15.4
0.0–1.9
0.1–0.6

0.20
0.03
0.25
0.22

0.74
0.62
2.31
0.96
0.97

0.74
2.04
1.04
0.53
0.98

1/119 (0.8)
0/120 (0.1)
1/72 (1.4)

4/37 (10.8) 16/114 (14.0)
17/450 (3.8)

6/388 (1.5)
15/318 (4.7)
54/1270 (4.3)

3/127 (2.4)
5/143 (3.5)
6/132 (4.5)

18/439 (4.1)

4/344 (1.2)

13/125 (10.4)
15/499 (3.0)
9/460 (2.0)

12/380 (3.2)
49/1464 (3.3)

3.17 1.1–9.0
0.8–6.3
0.3–6.9

1.8–11.2
1.7–4.9

2.21
1.45
4.52
2.91

5/78 (6.4)
2/71 (2.8)
9/70 (12.9)

23/245 (9.4)

OCSP
Erlangen
Rochester
Subtotal

SMVD vs rest
OXVASC
OCSP
Erlangen
Rochester
Subtotal

CE vs rest
OXVASC
OCSP
Erlangen
Rochester
Subtotal

Undetermined vs rest
OXVASC 6/54 (11.1)

11/220 (5.0)
4/188 (2.1)
5/164 (3.0)

26/626 (4.2)

14/97 (14.4)
9/357 (2.5)
7/343 (2.0)

16/286 (5.6)
46/1083 (4.2)

OCSP
Erlangen
Rochester
Subtotal

Events/ 
patients (%)

Events/
patients (%)

Odds ratio 95% Cl

1 month risks

Fig. 15.3. Meta-analysis of population-based studies showing odds ratios for risk of recurrent stroke at one month
according to pathological subtype (Lovett et al. 2004a). CI, confidence interval; p (het), p value for heterogeneity
between studies; p (sig), p value overall significance of the meta-analysis of comparisons between studies;
LAA, large vessel atherosclerotic stroke; SMVD, small vessel disease; CE, cardioembolic stroke.
Sources: Flossman et al. 2006 (OXVASC); Lovett et al. 2003 (OCSP); Petty et al. 2000 (Rochester study);
Kolominsky–Rabas et al. 2001 (Erlingen study).
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Although the association between DWI-identified lesions and early risk of stroke is fairly
clear, it is uncertain what additional prognostic information over and above the clinical
characteristics in the risk scores it provides. Indeed, focal motor weakness, speech disturbance
and symptoms lasting longer than one hour are all associated with DWI-detected lesions in
patients with TIA (Redgrave et al. 2007a, b), while DWI abnormalities are also associated with
large vessel disease (Coutts et al. 2005). Larger studies are, therefore, needed to address the
interplay between the prognostic information available from clinical features and imaging.

Lastly, the presence of solid microembolic signals in the middle cerebral artery detected
by transcranial Doppler has been shown to be associated with a high risk of stroke following
TIA or minor stroke in patients with recently symptomatic carotid stenosis, although this
technique is not readily available in everyday clinical practice. In one study of 73 patients
with minor stroke or TIA in whom transcranial Doppler imaging of the symptomatic
cerebral artery was performed within seven days, the presence of microembolic signals was
a predictor of the early recurrence of ischemia after adjustment for the presence of carotid
stenosis, antiplatelet therapy during follow-up and other confounding variables (relative risk,
8.7; 95% CI, 2.0–38.2; p¼ 0.0015) (Valton et al. 1998). In another study of 111 subjects with
both symptomatic and asymptomatic carotid stenosis > 60%, the presence of microembolic
signals was predictive of TIA and stroke risk during follow-up (Molloy and Markus 1999).

The role of perfusion imaging in short-term risk prediction after TIA and minor stroke
is uncertain (Latchaw et al. 2003).

References
Ay H, Koroshetz WJ, Benner T et al. (2005).

Transient ischemic attack with infarction:
a unique syndrome? Annals of Neurology
57:679–686

Benavente O, Eliasziw M, Streifler JY et al.
(2001). for the NASCET Collaborators:
prognosis after transient monocular blindness
associated with carotid artery stenosis. New
England Journal of Medicine 345:1084–1090

Bray JE, Coughlan K, Bladin C (2007). Can the
ABCD score be dichotomised to identify
high-risk patients with transient ischaemic
attack in the emergency department?,
Emergency Medicine Journal 24:92–95

Calvet D, Lamy C, Touzé E et al. (2007).
Management and outcome of patients with
transient ischemic attack admitted to a stroke
unit, Cerebrovascular Diseases 24:80–85

Caplan LR (1996). Posterior Circulation Disease:
Clinical Findings, Diagnosis and Management,
pp. 20–1. Boston, MA: Blackwell Science.

Correia M, Silva MR, Magalhaes R, Guimaraes
L, Silva MC (2006). Transient ischemic attacks
in rural andurban northern Portugal: incidence
and short-term prognosis. Stroke 37:50–55

Coull AJ, Lovett JK, Rothwell PM for the Oxford
Vascular Study (2004). Population based
study of early risk of stroke after transient

ischaemic attack or minor stroke:
implications for public education and
organisation of services. British Medical
Journal 328:326

Coutts SB, Simon JE, Eliasziw M et al. (2005).
Triaging transient ischemic attack and minor
stroke patients using acute magnetic resonance
imaging. Annals of Neurology 57:848–854

Cucchiara BL, Messe SR, Taylor RA et al.
(2006). Is the ABCD score useful for risk
stratification of patients with acute transient
ischemic attack? Stroke 37:1710–1714

Davalos A, Matias-Guiu J, Torrent O et al.
(1988). Computed tomography in reversible
ischaemic attacks: clinical and prognostic
correlations in a prospective study. Journal
of Neurology 235:155–158

Dennis M, Bamford J, Sandercock P et al.
(1990). Computed tomography in patients
with transient ischaemic attacks: when is a
transient ischaemic attack not a transient
ischaemic attack but a stroke? Journal of
Neurology 237:257–261

Donnan GA, O'Malley HM, Quang L et al. (1993).
The capsular warning syndrome: pathogenesis
and clinical features. Neurology 43:957–962

Douglas CD, Johnston CM, Elkins J et al. (2003).
Head computed tomography findings predict
short-term stroke risk after transient ischemic
attack. Stroke 34:2894–2899

Section 3: Prognosis of transient ischemic attack and stroke

204



Dutch TIA Trial Study Group (1993). Predictors
of major vascular events in patients with a
transient ischemic attack or nondisabling
stroke: the Dutch TIA Trial Study Group.
Stroke 24:527–531

Evans GW, Howard G, Murros KE et al. (1991).
Cerebral infarction verified by cranial
computed tomography and prognosis for
survival following transient ischemic attack.
Stroke 22:431–436

Fairhead JF, Rothwell PM (2005). The need
for urgency in identification and treatment
of symptomatic carotid stenosis is already
established. Cerebrovascular Diseases
19:355–358

Farrar J, Donnan GA (1993). Capsular warning
syndrome preceding pontine infarction.
Stroke 24:762

Flossman E, Rothwell PM (2003). Prognosis
of vertebrovasilar transient ischaemic
attack and minor ischaemic stroke. Brain
126:1940–1954

Flossman E, Touze E, Giles MF et al. (2006). The
early risk of stroke after vertebrobasilar TIA is
higher than after carotid TIA.
Cerebrovascular Diseases 21(Suppl 4):6

Giles MF, Rothwell PM (2007). Risk of stroke
early after transient ischaemic attack:
a systematic review and meta-analysis.
Lancet Neurology 6:1063–1072

Giles MF, Rothwell PM (2008). Systematic
review and meta-analysis of validations of the
ABCD and ABCD2 scores in prediction of
stroke risk after transient ischaemic attack.
Cerebrovascular Diseases, in press

Gladstone DJ, Kapral MK, Fang J Laupacis A,
Tu JV (2004). Management and outcomes
of transient ischaemic attacks in Ontario.
Canadian Medical Association Journal CMAJ
1707:1099–1104

Gubitz G, Sandercock P (2000). Prevention of
ischaemic stroke. British Medical Journal
321:1455–1459

Gubitz G, Phillips S, Dwyer V (1999). What is
the cost of admitting patients with transient
ischaemic attacks to hospital? Cerebrovascular
Diseases 9:210–214

Hankey GJ, Slattery JM, Warlow CP (1991).
The prognosis of hospital-referred transient
ischaemic attacks. Journal of Neurology,
Neurosurgery Psychiatry 54:793–802

Hill MD, Yiannakoulias N, Jeerakathil T et al.
(2004). The high risk of stroke immediately

after transient ischemic attack. A population-
based study. Neurology 62:2015–2020

Johnston SC, Gress DR, Browner WS et al.
(2000). Short-term prognosis after emergency
department diagnosis of TIA. Journal of the
American Medical Association 284:2901–2906

Johnston SC, Rothwell PM, Nguyen-Huynh MN
et al. (2007). Validation and refinement of
scores to predict very early stroke risk after
transient ischaemic attack. Lancet 369:283–292

Kleindorfer D, Panagos P, Pancioli A et al.
(2005). Incidence and short-term prognosis
of transient ischemic attack in a population-
based study, Stroke 36:720–723

Kolominsky-Rabas PL, Weber M, Gefeller O,
Neundoerfer B, Heuschmann PU (2001).
Epidemiology of ischemic stroke subtypes
according to TOAST criteria: incidence,
recurrence, and long-term survival in
ischemic stroke subtypes: a population-based
study. Stroke 32:2735–2740

Latchaw RE, Yonas H, Hunter GJ et al. (2003).
Guidelines and recommendations for
perfusion imaging in cerebral ischemia:
a scientific statement for healthcare
professionals by the Writing Group on
Perfusion Imaging, from the Council on
Cardiovascular Radiology of the American
Heart Association. Stroke 34:1084–1104

Lavallée PC, Mesegaur E, Abboud F et al. (2007).
A transient ischaemic attack clinic with
round-the-clock access (SOS-TIA): Feasibility
and effects. Lancet Neurology 6:953–960

Lovett JK, Dennis MS, Sandercock PA et al.
(2003). Very early risk of stroke after a first
transient ischemic attack. Stroke 34:e138–e140

Lovett JK, Coull AJ, Rothwell PM (2004a). Early
risk of recurrence by subtype of ischemic
stroke in population-based incidence studies.
Neurology 62:569–573

Lovett JK, Gallagher PJ, Hands LJ et al. (2004b).
Histological correlates of carotid plaque
surface morphology on lumen contrast
imaging. Circulation 110:2190–2197

Marquardt L, Chandratheva A, Geraghty O
et al. (2008). Population-based study of the
frequency of � 50% symptomatic stenosis
in vertebrobasilar TIA or minor stroke.
Cerebrovascular Diseases, in press

Mohr JP, Gautier JC, Pessin MS (1992). Internal
carotid artery disease. In Stroke, Barnett HJM
Mohr JP Stein BM Yatsu FM (eds.), p. 311.
New York: Churchill Livingstone

Chapter 15: Short-term prognosis after TIA and minor stroke

205



Molloy J, Markus HS (1999). Asymptomatic
embolization predicts stroke and TIA risk in
patients with carotid artery stenosis. Stroke
30:1440–1443

National Institute for Health and Clinical
Excellence (2008). Stroke: Diagnosis and
Initial Management of Acute Stroke and
Transient Ischaemic Attack (TIA). Draft
Guidance for Consultation. London: NICE

Petty GW, Brown R-DJ, Whisnant JP et al.
(2000). Ischemic stroke subtypes: a
population-based study of functional
outcome, survival, and recurrence.
Stroke 31:1062–1068

Prabhakaran S, Chong JY, Sacco RL (2007).
Impact of abnormal diffusion-weighted
imaging results on short-term outcome
following transient ischemic attack. Archives
of Neurology 64:1105–1109

Purroy F, Montaner J, Rovira A et al. (2004).
Higher risk of further vascular events among
transient ischaemic attack patients with
diffusion-weighted imaging acute lesions.
Stroke 35:2313–2319

Purroy F,MolinaCA,Montaner J, Alvarez-Sabin J
(2007). Absence of usefulness of ABCD
score in the early risk of stroke of transient
ischemic attack patients. Stroke 38:855–856

Rantner B, Pavelka M, Posch L (2005). Carotid
endarterectomy after ischemic stroke: is there
a justification for delayed surgery? European
Journal of Vascular Endovascular Surgery
30:36–40

Redgrave JN, Schulz UG, Briley D et al. (2007a).
Presence of acute ischaemic lesions on
diffusion-weighted imaging is associated with
clinical predictors of early risk of stroke after
transient ischaemic attack. Cerebrovascular
Diseases 24:86–90

Redgrave JN, Coutts SB, Schulz UG et al.
(2007b). Systematic review of associations
between the presence of acute ischemic lesions
on diffusion-weighted imaging and clinical
predictors of early stroke risk after transient
ischemic attack. Stroke 38:1482–1488

Rothwell PM (2003). Incidence, risk factors and
prognosis of stroke and transient ischaemic
attack: the need for high-quality large-scale
epidemiological studies. Cerebrovascular
Diseases 16(Suppl 3):2–10

Rothwell PM, Warlow CP (2005). Timing
of TIAs preceding stroke: time window for
prevention is very short.Neurology 64:817–820

Rothwell PM, Giles MF, Flossmann E et al.
(2005). A simple score (ABCD) to identify
individuals at high early risk of stroke after
transient ischaemic attack. Lancet 366:29–36

Rothwell PM, Giles MF, Chandratheva A on
behalf of the Early use of Existing Preventive
Strategies for Stroke (EXPRESS) Study (2007).
Major reduction in risk of early recurrent
stroke by urgent treatment of TIA and minor
stroke: EXPRESS Study. Lancet 370:1432–1442

Sciolla R, Melis F for the SINPAC Group (2008).
Rapid identification of high-risk transient
ischemic attacks: prospective validation of
the ABCD score. Stroke 39:297–302

Sivenius J, Riekkinen PJ, Smets P et al. (1991).
The European Stroke Prevention Study
(ESPS): results by arterial distribution.
Annals of Neurology 29:596–600

Sylaja PN, Coutts SB, Subramaniam S for the
VISION Study Group (2007). Acute ischemic
lesions of varying ages predict risk of
ischemic events in stroke/TIA patients.
Neurology 68:415–419

Tong DC, Caplan LR (2007). Determining
future stroke risk using MRI: new data, new
questions. Neurology 68:398–399

Tsivgoulis G, Spengos K, Manta P et al. (2006).
Validation of the ABCD score in identifying
individuals at high early risk of stroke after
a transient ischemic attack: a hospital-based
case series study. Stroke 37:2892–2897

Valton L, Larrue V, le Traon AP (1998).
Microembolic signals and risk of early
recurrence in patients with stroke or transient
ischemic attack. Stroke 29:2125–2128

van Swieten JC, Kappelle LJ, Algra A et al.
(1992). Hypodensity of cerebral white matter
in patients with transient ischaemic attack or
minor stroke: influence on the rate of
subsequent stroke: Dutch TIA Study Group.
Annals of Neurology 32:177–183

Warlow CP, Dennis MS, van Gijn J et al. (2001).
Stroke:APracticalGuide toManagement, Ch. 16:
Preventing recurrent stroke and other serious
vascular events, pp. 653–722. Oxford: Blackwell

Whitehead MA, McManus J, McAlpine C,
Langhorne P (2005). Early recurrence of
cerebrovascular events after transient
ischaemic attack. Stroke 36:1

WuCM,McLaughlinK, LorenzettiDL et al. (2007).
Early risk of stroke after transient ischemic
attack: a systematic review and meta-analysis.
Archives of Internal Medicine 167:2417–2422

Section 3: Prognosis of transient ischemic attack and stroke

206



Chapter

16 Short-term prognosis after
major stroke

The short term prognosis after major stroke depends on stroke subtype (Table 16.1), the
occurrence of stroke-associated complications, stroke extension or recurrence. Whilst
stroke subtype is fixed, optimal acute stroke treatment can impact on stroke morbidity
and mortality through minimizing the likelihood of neurological deterioration and the
occurrence of complications such as pulmonary embolus and pneumonia (Ch. 20) as well as
through the administration of specific therapies (Ch. 21).

Mortality
The prognosis of hospitalized patients tends to be worse than that of patients in the
population at large because mild strokes are more likely to be cared for at home. In the
community, about 20% of all patients with first-ever stroke are dead within a month. Deaths
in the first few days are almost all caused by the brain lesion itself. Deaths after the first
week are more likely to be indirect consequences of the brain lesion, such as bronchopneu-
monia, pulmonary embolism, coincidental cardiac disease or recurrence.

The prognosis is much better for ischemic stroke overall than for intracranial hemor-
rhage, with approximately 10% and 50% dying, respectively (Bamford et al. 1990; Lovelock
et al. 2007). Early characteristics predicting death in patients with primary intracerebral
hemorrhage are:
� level of consciousness assessed by the Glasgow Coma Scale.
� age.
� volume of hematoma.
� intraventricular extension of hemorrhage.
So far predictive models only apply to a small proportion of patients and are not sufficiently
accurate to inform treatment decisions in routine clinical practice. The various subtypes of
ischemic stroke have very different outcomes: patients with total anterior circulation
infarction (TACI) have just as poor an outcome as those with primary intracerebral
hemorrhage (Table 16.1). The best single predictor of early death is impaired consciousness,
but many other predictors of survival have been identified (Table 16.2). Many of these
variables are inter-related, but prognostic models based on independent variables do not
provide much more information than an experienced clinician's estimate (Counsell and
Dennis 2001; Counsell et al. 2002).

Although stroke onset is usually abrupt, the neurological deficit often worsens over the
following minutes, hours and sometimes days. Deterioration may be caused by neurological
factors (Table 16.3) or systemic factors (Table 16.4) (Karepov et al. 2006) but progressive
non-stroke pathologies should also be reconsidered.
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Table 16.1. Outcomes at 30 days, six months and one year by ischemic stroke subtype

Outcome (No. [%])

LACI TACI PACI POCI All

30 Days

Dead 3 (2) 36 (39) 8 (4) 9 (7) 56 (10)

Dep 49 (36) 52 (56) 73 (39) 40 (31) 214 (39)

Indep 85 (62) 4 (4) 104 (56) 80 (62) 273 (50)

6 Months

Dead 10 (7) 52 (56) 19 (10) 18 (14) 99 (18)

Dep 36 (26) 36 (39) 64 (34) 23 (18) 159 (29)

Indep 91 (66) 4 (4) 102 (55) 88 (68) 285 (52)

1 Year

Dead 15 (11) 55 (60) 30 (16) 24 (19) 124 (23)

Dep 39 (28) 33 (36) 52 (29) 26 (19) 150 (28)

Indep 83 (60) 4 (4) 103 (55) 79 (62) 269 (49)

Notes:
LACI, lacunar infarct; TACI, total anterior circulation infarct; PACI, partial anterior circulation infarct; POCI, posterior
circulation infarct; Dep, functionally dependent (Rankin 3–5); Indep, functionally independent (Rankin 0–2).
Source: From Bamford et al. (1991).

Table 16.2. Factors predictive of early death after major stroke

Factors

Demographic factors Increasing age

Male sex

Previous medical/social history Myocardial infarction

TIA or stroke

Diabetes

Atrial fibrillation

Pre-stroke handicap

Clinical features at presentation Reduced level of consciousness

Fever

High or low blood pressure

Severe motor deficit

Investigation results High plasma glucose

High white blood cell count

Visible infarction on brain imaging

Large stroke lesion on brain imaging (hematoma or infarction)

Intraventricular blood
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Disability and dependency
Nearly all patients who do not die as a result of their stroke recover to some extent.
The mechanisms of recovery are discussed further in Ch. 23. Table 16.1 shows the numbers
of patients with ischemic stroke who are functionally dependent at 30 days, six months and

Table 16.3. Neurological causes of deterioration after stroke

Ischemic stroke Primary intracerebral
hemorrhage

Hemorrhagic transformation þ –

Cerebral edema þ (þ)

Brain shift (mass effect) þ þ
“Vasospasm” – –

Thrombus propagation þ –

Recurrent embolism þ –

Hemorrhage growth/recurrence – þ
Hydrocephalus (þ) þ
Epileptic seizures þ þ

Table 16.4. Systemic causes of neurological deterioration after stroke

Factor Sequelae

Hypoxia Pneumonia

Pulmonary embolism

Cardiac failure

Chronic respiratory disease

Hypotension Pulmonary embolism

Cardiac failure

Cardiac arrhythmia

Pneumonia

Dehydration

Septicemia

Hypotensive drugs/vasodilators

Bleeding peptic ulcer

Infection and fever Pneumonia

Urinary tract infection

Septicemia

Others Water and electrolyte imbalance

Hypo/hyperglycemia

Depression

Sedative/hypnotic drugs

Anticonvulsant drugs
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one year by subtype of ischemic stroke. The
prognosis is poorest for those with TACI,
with high rates of dependency and best for
those with a posterior circulation infarct.
Patients with a lacunar infarct have lower
rates of dependency than those with TACI
but within this group there is wide variation
in outcome, with some patients remaining
severely disabled. Rates of dependency are
high overall for hemorrhagic stroke, but
some of these patients do well. At present,
it is difficult to predict outcome in an indi-
vidual patient and models using clinical
criteria appear as good (or bad) as any other
methods including brain imaging (Ch. 23).

Early deterioration after
ischemic stroke: neurological
factors
Very early worsening after stroke is more
likely to be caused by neurological factors
than systemic ones. The mechanism of
worsening may not be clear in an individual

patient and is likely to be the result of complex interactions between hemodynamic and
other physiological factors. High or low blood pressure, diabetes, coronary heart disease,
early CT signs of infarction and middle cerebral artery occlusion have all been associated
with increased risk of early deterioration after stroke.

Hemorrhage into cerebral infarcts or hemorrhagic transformation
At autopsy, spontaneous petechial hemorrhages are very common in infarcts. During life
they are seen on brain CT in around 15% of patients in the absence of thrombolytic therapy
(Fig. 16.1). However incidence rates must be considered in the context of the timing and
mode of imaging, the definition of clinically significant hemorrhagic transformation
and the fact that there is interobserver variability in identifying hemorrhage (Khatri et al.
2007). Hemorrhagic transformation is said to be more common in cardioembolic infarcts,
particularly when associated with infective endocarditis (Alexandrov et al. 1997), perhaps
because the infarcts are often large and patients are frequently receiving anticoagulation
therapy (Ch. 6). Hemorrhagic transformation is not often symptomatic unless there is
confluent hematoma (Larrue et al. 1997; Berger et al. 2001).

Hemorrhagic transformation is of particular interest in acute stroke therapy since
thrombolysis is associated with increased risk (Khatri et al. 2007). Other factors increasing
risk of hemorrhagic transformation include heparin use (International Stroke Trial Collab-
orative Group 1997), edema or mass effect, stroke severity and age (Kent et al. 2001; Khatri
et al. 2007); possibly other risk factors include hyperglycemia, timing of thrombolytic
therapy and successful recanalization. Thrombolytic therapy three hours or more after
stroke onset and late spontaneous recanalization are associated with high rates of hemorrhage
(Molina et al. 2001).

Fig. 16.1. A CT brain scan of a patient with stroke
taken on day three after onset, illustrating the difficulty
of distinguishing between primary intracerebral
hemorrhage and hemorrhagic transformation of
an infarct.
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Microvascular damage leading to loss of vessel wall integrity is thought to be the cause
of hemorrhage into an infarct. The mechanisms for this include plasmin-generated laminin
degradation, matrix metalloproteinase activation and transmigration of leukocytes through
the vessel wall (Lapchak 2002; Wang et al. 2004). It has been suggested that use of tissue
plasminogen activator may increase the risk of hemorrhagic transformation not just by
reperfusion but also through a direct effect on the molecular processes leading to vessel
damage (Wang et al. 2004).

Peri-infarct edema
Peri-infarct edema reduces local cerebral blood flow and causes brain shift and herniation,
the last being the most common “neurological” cause of death. This complication is a
common explanation for worsening over the first few days and can often be detected by CT
scan. Intravenous mannitol may reduce the deficit for a while but is unlikely to have a major
impact on outcome. Recently, surgical decompression using hemicraniectomy has been
shown to improve survival, w ith satisfac tory func tional outcom e in many patients (Ch. 21) .

Propagating thrombosis
Propagating thrombosis proximal or distal to a thrombotic, embolic or any other type of
occlusion, or within collateral vessels, is often assumed to explain neurological deterioration
if other causes have been excluded. However direct evidence is almost impossible to obtain,
except perhaps with transcranial Doppler.

Recurrent embolization
In theory, recurrent embolization may cause deterioration. However, the distinction
between propagating thrombosis and embolization is very difficult. There is only anecdotal
evidence that full anticoagulation with intravenous heparin slows progression and improves
outcome if no other cause of deterioration is evident (Slivka et al. 1989).

Epileptic seizures
Partial or generalized epileptic seizures occur for the first time in about 2% of those with
acute strokes at around the time of onset, rising to approximately 10% at five years, more
with large cortical infarcts or intracranial hemorrhage (Ch. 9) (Ferro and Pinto 2004).
Seizures are more common with large strokes, especially if hemorrhagic, and with cortical
as opposed to lacunar strokes. Cerebrovascular disease is the most common cause of
epilepsy in the elderly, and late-onset epilepsy is a predictor of subsequent stroke (Cleary
et al. 2004). Seizures may cause neurological deterioration or be mistaken for recurrent
stroke. Intractable recurrent seizures are distinctly unusual.

Early deterioration after ischemic stroke: systemic factors
Systemic factors commonly causing deterioration after stroke are shown in Table 16.4
(Ch. 20). Systemic illness usually becomes important from two days or so after stroke onset.
A history and careful general examination should reveal features such as confusion,
shortness of breath, cough, hypoxia or leg swelling. Simple investigations including full
blood count, inflammatory markers, renal function, blood cultures, urine examination
and chest X-ray will usually be required to confirm a coexistent medical disorder. Close
monitoring of patients with stroke, ideally on a stroke unit, should aim to enable rapid
diagnosis of coexistent medical conditions so that treatment can be instituted (Ch. 20) and
deterioration prevented.
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It is important to note that systemic illness will make a given neurological syndrome
worse: a patient with a lacunar infarction may become drowsy and confused such that the
clinical features are more consistent with a TACI. This may result in a falsely pessimistic
prognosis being given to the patient and family.
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Chapter

17 Long-term prognosis after
transient ischemic attack
and stroke

In the same way that data on the short-term risk of stroke following TIA are essential for
informing the early management of patients, data on the medium-term (one to five years)
and long-term (five years and beyond) prognosis are required to counsel patients and direct
secondary prevention.

Medium- and long-term stroke risks after
a transient ischemic attack
Many studies have addressed the question of medium-term prognosis after TIA, but
because the condition is heterogeneous and patients have been recruited in a number of
different clinical settings, the findings have been difficult to interpret. For example, in 1991,
a paper critically reviewed all studies after 1950 of the prognosis after TIA that included
over 50 patients and were published in English (Kernan et al. 1991). Eligible studies were
tested against six key quality methodological principles:
� specified diagnostic criteria and procedures
� “inception cohort” by inclusion of all patients at a specified time after the

event (ideally as soon as possible after TIA)
� appropriate endpoints
� adequate description of endpoint surveillance
� adequate reporting and analysis of censored patients
� multivariate analysis of predictive variables.
A total of 60 eligible papers were identified: 22 were observational studies of patients
receiving specific treatment; 32 were observational studies, not based on specific treatments;
6 were randomized controlled trials. No studies adhered to all six methodological principles.
When the principles were “relaxed” to include only an inception cohort with adequate
reporting and analysis of censored patients and appropriate endpoints, only two reports
met these criteria, both from the Oxfordshire Community Stroke Project (OCSP: 184
patients, follow-up over 3.7 years) (Dennis et al. 1989, 1990).

Since the above review, two further high-quality, prospective, population-based studies
of the medium-term prognosis of TIA have been published, one from Söderhamn, Sweden
(97 patients, follow-up over three years) (Terent 1990) and the other from Perugia, Italy
(94 patients, follow-up over nine years) (Ricci et al. 1998). The mean age of patients in all
three cohorts was 69 years.

In the Söderhamn cohort, the risk of stroke was approximately 5% per year and the
overall mortality was 24.7% over a mean of three years (Terent 1990). No data were
reported on cardiovascular morbidity or mortality. In the Perugia cohort, the annual risk
of stroke after TIA was 2.4% (95% confidence interval [CI] 0.7–4.7) (Ricci et al. 1998).
The actuarial risk of death was 28.6% (95% CI, 19.2–37.8) at five years and 49.5% (95% CI,
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38.9–60.0) at 10 years, with roughly equal numbers of cerebrovascular, cardiovascular and
non-vascular deaths. In OCSP, the annual stroke risk was 4.4% (95% CI, 5.0–7.3) although
this was “front-loaded” – being highest in the first year after initial TIA (Dennis et al. 1990).
The risk of death at five years was 31.3% (95% CI, 23.3–39.3) and the annual risk of death
was 6.3% (95% CI, 4.7–7.9). Again, there were roughly equal numbers of cerebrovascular,
cardiovascular and non-vascular deaths. The risk of either fatal or non-fatal myocardial
infarctionwas 12.1% (95%CI, 5.8–18.4) at five years and the approximate annual risk was 2.4%.

There are similarly few high-quality prospective hospital-based cohort studies of the
medium-term prognosis of TIA (Hankey 2003). Of the four main studies that recruited
patients with TIA from hospital as opposed to population-based recruitment, the mean age
tended to be younger owing to referral bias, with elderly patients being less likely to be
referred to secondary care services (Heyman et al. 1984; Hankey et al. 1991; Carolei et al.
1992; Howard et al. 1994). However, in these studies, the annual rate of stroke was 2.2–5.0%
over four to five years, which is similar to the risk of myocardial infarction (1.1–4.6%) over
the same period. Of note in these studies is the high early risk of stroke measured when
patients are recruited very early after the event, which falls after a year or so, in contrast to a
steady background risk of acute coronary disease (Hankey et al. 1991). It has been argued
that the early risk of stroke reflects an active, unstable plaque, which heals with time, while
the risk of coronary disease reflects the underlying “athermanous burden” (Hankey 2003).

These studies indicate that, the risk of stroke and other vascular events is appreciable
in the medium term, but a question that has recently been addressed is the vascular risk in
the longer term and whether there is a need for ongoing aggressive secondary prevention.
Only two studies provide reliable data on prognosis up to 15 years after a TIA.

The first study examined the long-term vascular risk starting some time after the initial
TIA (Clark et al. 2003). The study comprised 290 patients with TIA, diagnosed by a
neurologist, who had participated either in OCSP (Dennis et al. 1990) or a contempor-
aneous hospital-referred cohort study (Hankey et al. 1991). Patients were followed up over a
10-year period starting in 1988, a median time of 3.8 years (interquartile range, 2.2–5.8)
after their most recent TIA. Mean age at baseline was 69 years. At the end of the 10-year
follow-up, the risk of stroke was 18.8% (95% CI, 13.6–23.7); the risk of myocardial
infarction or death from coronary heart disease was 27.8% (95% CI, 21.8–33.3), and risk
of death from any cause was 50.7% (95% CI not given) (Fig. 17.1). The risk of any first
stroke, myocardial infarction or vascular death was 42.8% (95% CI, 36.4–48.5). Compared
with the rates in the general population standardized for age and sex, only the rate of fatal
coronary events was significantly higher than expected (standardized mortality ratio 1.47;
95% CI, 1.10–1.93; p ¼ 0.009). The risk of major vascular events was found to be constant
throughout the follow-up.

The Life Long After Cerebral Ischemia (LILAC) study reported near complete follow-up
on 2473 participants from the Dutch TIA Trial (van Wijk et al. 2005). Mean age was
65 years and 759 had a TIA while the remainder suffered a minor stroke (defined as a score
on the modified Rankin scale � 3) at enrolment. The trial recruited patients between 1986
and 1989, all of whom were assessed by a neurologist and randomized to two different
dosages of aspirin. After a mean follow-up of 10.1 years, 1489 (60%) had died and 1336
(54%) had suffered at least one vascular event. At 10 years, the cumulative risk of recurrent
stroke was 18.4% (95% CI, 16.7–20.1), of first major vascular event was 44.1% (95% CI,
42.0–46.1) and of death was 46.6% (95% CI, 44.2–51.3). The corresponding figures for those
presenting with TIA at inception (as opposed to minor stroke) were 35.8% (95% CI, 32.3–39.3)
for first vascular event and 34.1% (95% CI, 30.7–37.4) for death. The 10-year risk of stroke
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for patients with TIA was not reported. Importantly, because of the inclusion criteria of the
original trial, only 22% of patients were randomized within a week of the initial vascular
event (median time to randomization was 18 days), so much of the very high acute risk
described above was missed from these estimates.

These studies both reveal a high vascular risk compared with the “normal population,”
with this risk continuing up to 10 or 15 years and probably beyond following TIA. They,
therefore, support the ongoing use of secondary preventive medication.

Medium- and long-term stroke risks after stroke
The risks of stroke, other acute vascular events and death after stroke have been studied in
six population-based cohorts over a follow-up period of five or more years (Scmidt et al.
1988; Burn et al. 1994; Hankey et al. 2000; Petty et al. 2000; Br�nnum-Hansen et al. 2001;
Hartmann et al. 2001). Two of these studies included ischemic stroke only (Petty et al. 2000;
Hartmann et al. 2001) and the remaining four included both ischemic and hemorrhagic
stroke. One study included incident and recurrent events (Br�nnum-Hansen et al. 2001)
and the remaining five included incident stroke only. The risks of death at five years varied
between 41% and 72%, while the proportion of deaths caused by acute coronary disease and
stroke (either inception event or recurrent stroke) were similar. As in the TIA outcome
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Fig. 12.4. A CT angiogram three-dimensional reconstruction showing a stenosis (arrow) of the distal vertebral
artery.

Fig. 12.3. A color-flow Doppler ultrasound of the carotid bifurcation showing a plaque (arrow) at the origin of
the internal carotid artery (ICA) and the resulting stenosis. ECA, external carotid artery; CCA, common carotid artery.
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studies, the risk of stroke tended to be highest early after the event and then fell, whereas the
risk of coronary events was constant over the follow-up period (Hankey 2003).

Risks of myocardial infarction and vascular death
after transient ischemic attack and stroke
In a recent systematic review and meta-analysis of studies of the risk of myocardial
infarction and vascular death after TIA and ischemic stroke (Touzé et al. 2005), cohort
studies including over 100 patients with TIA or ischemic stroke and reporting risks of
myocardial infarction or non-stroke vascular death over at least one year of follow-up
published between 1980 and 2005 were identified. The analysis included 39 studies
reporting outcomes in 65 996 patients. The ranges of annual risks reported in individual
studies were 0.4% to 3.8% for non-stroke vascular death, 0.5% to 4.7% for total myocardial
infarction, 0.4% to 3.2% for non-fatal myocardial infarction and 0.2% to 3.7% for fatal
myocardial infarction. The annual risks obtained through meta-regression were 2.1% (95%
CI, 1.9–2.4) for non-stroke vascular death (29 studies), 2.2% (95% CI, 1.7–2.7) for total
myocardial infarction (22 studies), 0.9% (95% CI, 0.7–1.2) for non-fatal myocardial infarc-
tion (16 studies), and 1.1% (95% CI, 0.8–1.5) for fatal myocardial infarction (19 studies)
(Touzé et al. 2005) (Fig. 17.2).

The risk of non-stroke vascular death was lower in studies that enrolled patients after
1990 than in those that enrolled patients before 1990. However, there was no significant
heterogeneity in the risk of non-fatal, fatal and total myocardial infarction or non-stroke
vascular death according to the other baseline study characteristics, including population-
based studies versus randomized controlled trials and mean age of the cohort under 65 years
versus more than 65 years. Perhaps surprisingly, the risks of myocardial infarction and
non-stroke vascular death were similar in studies of patients with TIA or stroke caused
specifically by atherosclerosis as in other studies. However, although several observations
would support an association between stroke related to atherosclerosis and coronary artery
disease, particularly the positive correlation between carotid, vertebral and coronary vascu-
lar disease (Mathur et al. 1963; Solberg et al. 1968) and the correlation between asymptom-
atic carotid disease and coronary artery disease (Joakimsen et al. 2000), individual patient
data were lacking to study this association in full.

Risk prediction in the medium and long term
Several published models have addressed risk prediction in the medium and long term
following TIA but many have methodological flaws (Hankey and Warlow 1994). Three
models that have been proposed for use in the targeting of longer-term secondary preven-
tion for patients after initial TIA are reviewed below (Table 17.1).

The first was derived from a cohort of 451 patients consecutively admitted to a hospital
in North Carolina, USA, between 1977 and 1983 and predicts survival at one and five years
(Howard et al. 1987). Using regression modeling to identify independent risk factors, age
over 60 years, carotid territory TIA, cigarette smoking, previous contralateral stroke,
ischemic heart disease and diabetes mellitus were found to predict an increased risk of
death. On internal validation, patients under 60 years of age with none of the above risk
factors had a five-year survival of over 95%, while patients over 60 years of age with all of
these risk factors had a five-year survival of less than 25%.

Hankey and colleagues (1992) studied 469 patients referred to hospital in Oxfordshire,
UK, with TIA between 1976 and 1986 and used regression modeling to identify
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independent risk factors for stroke, coronary events and the combination of stroke,
myocardial infarction or vascular death at one and five years. Risk factors for stroke were
an increasing number of TIAs in the three months before presentation, increasing age,
peripheral vascular disease, left ventricular hypertrophy and TIAs of the brain (compared
with the eye). The contribution of each of these factors was weighted and combined in
mathematical equations to predict relative and absolute risks for each endpoint at one and
five years.

The Stroke Prognosis Instrument II (SPI-II) is a simple score for predicting risk of
stroke or death within two years after TIA or non-disabling stroke (Kernan et al. 2000).
It was derived in 525 patients participating in the Women's Estrogen for Stroke Trial
(WEST) and validated in three other cohorts. Multivariate analysis was used to identify
independent risk factors for stroke and death and these were then combined into a risk
score: congestive heart failure (3 points), diabetes (3 points), prior stroke (3 points),
age > 70 years (2 points), stroke for the index event (as opposed to TIA) (2 points),
hypertension (1 point), and coronary artery disease (1 point). Risk groups I, II and III
contained patients with 0 – 3, 4 – 7 and 8 – 15 points, respectively. On testing in pooled data
from the validation cohorts, rates of stroke or death at two years were 10%, 19% and 31%,
respectively, for each of the different risk groups. In receiver operator characteristic
analysis, the area under the curve was 0.63 (95% CI, 0.62–0.65).

From these studies, it appears that the medium- and long-term prognosis after TIA is
more dependent on underlying vascular risk factors than characteristics of the event itself,

Table 17.1. Comparison of variables used in different prognostic models for medium- to long-term outcome
after transient ischemic attack and stroke in the Hankey, Kernan (SPI-II) and Howard models

Risk factor Model (outcome of interest)

Hankey (stroke) Kernan
(stroke or death)

Howard (death)

Demographic

Increasing age þ þ þ
Previous medical history

Cerebrovascular disease þ (multiple TIAs) þ (stroke) þ (stroke)

Ischemic heart disease – þ þ
Congestive cardiac failure – þ –

Left ventricular failure þ – –

Peripheral vascular disease þ – –

Diabetes – þ þ
Hypertension – þ –

Smoking – – þ
Event

Territory TIA of brain (versus eye) – Anterior versus posterior

–

Note:
TIA, transient ischemic attack.
Sources: From Hankey et al. (1992), Kernan et al. (2000) and Howard et al. (1987).
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in contrast to the prognosis in the short term. This observation is supported by independent
predictors of vascular risk and modeling as reported in the LILAC study, in which models
of increasing complexity were devised to predict longer-term risk (van Wijk et al. 2005)
(Table 17.2). It is noteworthy that the predictive power of each model, as measured by the
area and the curve for the receiver operator characteristic, is only minimally improved
compared with model 1 (based on established demographics and vascular risk factors) first
by the inclusion of clinical characteristics in model 2 and second by the inclusion of CT and
electrocardiology findings in model 3.

Table 17.2. Independent predictors of long-term vascular event risk in 2362 individuals with transient ischemic
attacka or minor stroke

Risk factor Hazard ratio (95% CI)

Model 1 Model 2 Model 3

Demographic characteristics

Male 1·42 (1·26–1·60) 1·40 (1·25–1·58) 1·38 (1·22–1·56)

Ageb 1·06 (1·05–1·06) 1·06 (1·05–1·06) 1·05 (1·05–1·06)

History

Myocardial infarction 1·13 (1·05–1·22) 1·14 (1·06–1·23) 1·11 (1·02–1·21)

Intermittent claudication 1·68 (1·34–2·10) 1·73 (1·38–2·16) 1·77 (1·42–2·19)

Diabetes 2·19 (1·84–2·61) 2·11 (1·77–2·51) 2·05 (1·72–2·44)

Hypertension 1·12 (1·05–1·20) 1·11 (1·04–1·19) 1·09 (1·02–1·17)

Peripheral vascular surgery 1·39 (0·96–2·01) 1·39 (0·96–2·02) –

Event characteristics

Minor stroke versus TIA – 1·22 (1·07–1·40) 1·14 (0·99–1·30)

Vertigo – 0·75 (0·62–0·90) 0·77 (0·64–0·93)

Amaurosis fugax – 0·71 (0·49–1·02) –

Dysarthria – 1·10 (0·97–1·25) 1·13 (1·00–1·28)

CT brain scan

White matter lesions – – 1·42 (1·22–1·66)

Any infarct – – 1·28 (1·14–1·44)

12-lead ECG

Q wave on ECG – – 1·38 (1·20–1·60)

Negative T wave – – 1·19 (1·00–1·42)

ST depression – – 1·15 (0·96–1·39)

AUC-ROC 0·70 (0·68–0·72) 0·70 (0·68–0·72) 0·72 (0·70–0·74)

Notes:
CI, confidence interval; TIA, transient ischemic attack; CT, computed tomography; ECG, electrocardiography;
AUC-ROC, area under the curve of the received operator characteristic.
aModel 1 includes baseline risk factor and demographic data; model 2 incorporates event characteristics, and
model 3 adds investigation results. Note that the simplest model has very similar discriminatory power, as measured
by the AUC-ROC, as the more complex models.
bAge was entered as a continuous variable; the increase in hazard is for every incremental year.
Source: From van Wijk et al. (2005).
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Although intracerebral hemorrhage is rare, it is a potentially devastating condition.
Patients with TIA are unlikely to be at much higher short-term risk of intracranial
hemorrhage than age- and sex-matched controls, unlike patients with ischemic stroke, in
whom hemorrhagic transformation of an ischemic lesion is more likely. Recent analysis of
data from 12 648 individuals with TIA or minor stroke from the Cerebrovascular Cohort
Studies Collaboration showed that the incidence of intracranial hemorrhage was 1% over a
five-year follow-up after the event (Ariesen et al. 2006). Independent risk factors for
intracranial hemorrhage were age (> 60 years; hazard ratio [HR], 2.07), blood glucose level
(> 7mmol/l; HR, 1.33), systolic blood pressure (> 140mmHg; HR, 2.17) and antihyper-
tensive drugs (HR, 1.53). In addition, the Stroke Prevention in Reversible Ischemia Trial
(SPIRIT) identified the presence of leukoariosis as a risk factor for intracranial hemorrhage
in patients receiving anticoagulation (Stroke Prevention in Reversible Ischemia Trial
(SPIRIT) Study Group 1997).

Risk prediction in specific circumstances
Risk prediction in specific conditions following stroke or TIA using modeling is helpful in
targeting secondary preventive treatments that might themselves be associated with benefit
and harm. Models can provide data on the risk for a specific patient, which can then more
reliably inform the risk – benefit ratio for that individual and guide decision making about
treatment. Risk models have been developed in symptomatic carotid disease (Ch. 27) and
atrial fibrillation (Ch. 14) and these will be discussed below.

Symptomatic carotid stenosis
The risk models described above were derived and validated in populations with a low
prevalence of symptomatic carotid disease and, therefore, did not include the degree of
carotid stenosis. Given the importance of carotid stenosis in determining the risk of stroke
in patients with recently symptomatic carotid disease, models are required for use in this
specific clinical situation. This is particularly important because the treatment for carotid
stenosis, carotid endarterectomy, itself has important risks associated with it. Risk models
have, therefore, been derived to predict the risks associated with medical and surgical
treatment in patients with carotid stenosis in order to inform decision making surrounding
treatment options.

Risk prediction in carotid stenosis is more fully discussed in Ch. 27.

Atrial fibrillation
Atrial fibrillation is a well-recognized risk factor for TIA and stroke, and many studies have
identified independent prognostic factors for stroke in all patients with non-rheumatic
atrial fibrillation (NRAF), irrespective of previous cerebrovascular disease (Stroke Preven-
tion in Atrial Fibrillation Investigators 1992a, b; Atrial Fibrillation Investigators 1994). The
CHADS2 score has been derived and validated to predict the risk of stroke for patients with
atrial fibrillation and includes previous cerebrovascular disease as one of the independent
risk factors (Gage et al. 2001) (Ch. 2).

However, there is only one report specifically on which patients with a previous TIA or
stroke and NRAF are at high (and low) risk, based on 375 patients with NRAF and TIA
or non-disabling stroke treated in the placebo arm of the European Atrial Fibrillation Trial
(van Latum et al. 1995). Independent risk factors for vascular death, stroke and other major
vascular events included increasing age, previous thromboembolism, ischemic heart disease,
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enlarged cardiothoracic ratio on chest radiograph, systolic blood pressure > 160mmHg at
study entry, NRAF for more than one year and presence of an ischemic lesion on CT scan.
There are no corresponding studies of predictors of risk in patients with previous TIA or
stroke and NRAF who are treated with anticoagulation. However, as mentioned above, the
SPIRIT trial identified the presence of leukoariosis as a risk factor for intracranial hemor-
rhage in patients receiving anticoagulation (Stroke Prevention in Reversible Ischemia Trial
[SPIRIT] Study Group 1997), while a recent systematic review of anticoagulation-related
bleeding complications in patients with atrial fibrillation irrespective of previous cerebro-
vascular disease identified advanced age, uncontrolled hypertension, history of ischemic
heart disease, cerebrovascular disease, anemia or bleeding and the concomitant use of
antiplatelet agents as independently predictive (Hughes and Lip 2007).
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Section 4
Chapter

18
Treatment of transient ischemic
attack and stroke
Methods of assessing treatments

It is clearly important that treatments used in neurological disease are properly assessed
before being introduced into routine clinical practice. There are many examples throughout
medicine of interventions that were considered beneficial on the basis of theory or uncon-
trolled observational studies but were subsequently shown to be harmful in randomized
controlled trials (Table 18.1).

The justification for randomized trials is not that no worthwhile observations can be
made without them, but that important biases can occur in non-randomized comparisons
which are particularly problematic if the benefits of treatment are, in reality, small or
absent. For example, a non-randomized comparison of the effect of aspirin dosage on the
operative risk of carotid endarterectomy (Table 18.2) reported a clinically and statistically
significant lower operative risk in patients on high-dose aspirin (1300mg) than taking
low-dose aspirin (325mg or less) (Barnett et al. 1998); however, a subsequent randomized
trial (Taylor et al. 1999), performed to confirm this observation, showed that high-dose
aspirin was, in fact, harmful (Table 18.1). It is likely that the non-randomized comparison
had been biased by unmeasured differences between the patients in the low-dose and
high-dose aspirin groups.

Randomized trials and systematic reviews of trials, therefore, provide the most reliable
data on the effects of treatment. That is not to say, however, that non-randomized studies
cannot sometimes provide reliable evidence on the benefits of intervention. Few people
would doubt the validity of the observational data on the benefits of antibiotic treatment
in bacterial meningitis or the benefits of treatment with levodopa in Parkinson's
disease. Similarly, clinical guidelines have been revised worldwide on the basis of the
non-randomized evidence of the substantial reduction in the risk of early recurrent stroke
(see Fig. 19.2, p. 245) as a result of the urgent initiation of standard secondary prevention
(Rothwell et al. 2007).

However, such large treatment effects are rare. Most treatments used in medicine
have smaller effects that require assessment in randomized controlled trials if they are
to be reliably quantified. Specifically, randomization has two main advantages over a non-
randomized comparison. First, it ensures that clinicians do not know which treatment the
patient will receive, and cannot select certain types of patient for one particular treatment.
Second, it tends to result in an equal balance of baseline risk across the treatment groups.

Assessment of the internal validity of a randomized
controlled trial
Randomized controlled trials have the potential to produce reliable estimates of the effects
of treatments, but they will not inevitably do so. There are many potential sources of bias
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that must be addressed in the design and performance of a trial in order to ensure that
results are reliable. The extent to which bias has been avoided is usually termed internal
validity, the assessment of which is detailed below. The extent to which the results of a trial
can be generalized to other settings, usually meaning routine clinical practice, is termed
external validity, and is considered later in this chapter.

How was randomization performed?
It is important that the method of randomization is actually random. Treatment allocation
according to day of the week, date of birth, date of admission or by alternate cases, is not
random. The investigator will often know what treatment the patient will get if they enter
the trial and so these methods are open to bias. Randomization must be based on tables of
random numbers or computer-generated random allocation. It is also important that
randomization is secure. Central telephone randomization is preferable to other methods,
such as sealed envelopes containing the treatment allocation.

Were the treatment groups balanced?
Randomization will not inevitably result in an adequate balance of clinical characteristics
and prognostic factors between the treatment groups in a trial, particularly if the sample size
is relatively small. Details of the important clinical characteristics of the patients should,

Table 18.1. Examples of interventions that were thought initially to be beneficial (or harmful) a view
changed by randomized controlled trials

Examples

Considered beneficial, shown to be
harmful

High-dose oxygen therapy in neonates

Antiarrhythmic drugs after myocardial infarction

Fluoride treatment for osteoporosis

Bedrest in twin pregnancy

Hormone replacement therapy in vascular prevention

Extracranial to intracranial arterial bypass surgery in stroke
prevention

High-dose aspirin for carotid endarterectomy

Considered harmful, shown to be
beneficial

Beta-blockers in heart failure

Digoxin after myocardial infarction

Source: From Rothwell (2005a).

Table 18.2. The relationship between aspirin dose and the risk of stroke and death within 30 days of carotid
endarterectomy in a non-randomized comparison within the North American Symptomatic Carotid Endarterectomy
Trial (Barnett et al. 1998) and in a subsequent randomized controlled trial (Taylor et al. 1999)

Operative risk of stroke and death
with aspirin dosage (%)

Relative risk P-value

< 650mg > 650mg

Non-randomized study 7.1 3.9 1.8 < 0.001

Randomized trial 3.7 8.2 0.45 0.002
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therefore, be reported by treatment group. If a prognostic variable is particularly important,
a relatively minor (and not necessarily statistically significant) imbalance between the
treatment groups may have a major effect on the trial result.

Was the trial sufficiently powered?
Sample sizes for randomized controlled trials in neurology may need to be large, either
because treatment effects are relatively small or because the progression of disease is slow.
Table 18.3 shows the effect of sample size on the reliability of the result of a trial of a
hypothetical neurological treatment that is assumed to reduce the risk of a poor outcome by
20%, from 10% to 8%. The risk of getting the wrong result when a trial has an inadequate
sample size is illustrated in Fig. 18.1. In this trial, there was considerable variability in the
apparent effect of treatment until several hundred patients had been randomized. If the trial
had been small, misleading trends in treatment effect could easily have been reported.

Was the trial stopped early?
A trial may need to be stopped early if a treatment has serious adverse effects, or if there is
clear benefit. However, as is seen in Fig. 18.1, the chance fluctuations during the early stages
of a trial can easily reach statistical significance at the p¼ 0.05 level. If the stopping rule is
based on a p value of 0.05, it is quite possible that the trial will be stopped early, and the
wrong conclusions drawn. Stopping rules should be based on significance levels of p< 0.01
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Fig. 18.1. The evolution of the estimates of treatment effect in the UKTIA-Aspirin Trial (Farrell et al. 1991) of
high-dose aspirin versus low-dose aspirin versus placebo in patients with transient ischemic attack or minor stroke.
The treatment effect (odds ratio) calculated at each point was based on the outcomes at final follow-up for patients
randomized to that point (PM Rothwell, unpublished data). The dashed lines represent the level at which the
apparent treatment effect approached statistical significance at the p¼ 0.05 level.
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or ideally p< 0.001, and the evolving results should be assessed on only a limited number of
pre-specified occasions.

Was outcome assessment blind to treatment allocation?
There are two main reasons for blinding the trial clinicians: first, so that the use of non-trial
treatments and interventions is not influenced by a knowledge of whether or not the
patients received the trial treatment; second, so that clinicians are not biased in their
assessment of clinical outcomes. The potential for bias depends on the subjectivity of the
trial outcome. Biased assessment of neurological impairment and disability was clearly
demonstrated in a multiple sclerosis trial in which blind and non-blind outcome assessment
produced very different results (Noseworthy et al. 1994). Trials with blind assessment
should also report whether or not blinding was effective. It is, of course, sometimes
impossible to blind clinical assessment, but non-blind trials should report data on non-trial
treatments given to patients during follow-up to ensure that these were not biased.

Were serious complications of treatment included
in the main outcome?
Some treatments have serious complications that should be included in the primary
outcome, rather than relegated to a table of “side-effects,” for example life-threatening
gastrointestinal bleeding in trials of antiplatelet agents and anticoagulants.

Was the main analysis an intention-to-treat analysis?
The primary analysis in any randomized trial should be an intention-to-treat analysis: that
is, patients remain in the treatment group to which they were originally randomized
irrespective of the treatment they eventually received. The alternative, an efficacy analysis
(an analysis that is confined to patients who complied with the randomized treatment), is
prone to bias. This was illustrated by the Coronary Drug Project (Coronary Drug Project
Research Group 1980), a randomized trial comparing several different lipid-lowering
regimens with placebo following myocardial infarction. By intention-to-treat analysis, the
five-year mortality in the clofibrate group was 20.0% versus 20.9% in the placebo group.
However, when patients who complied with treatment in the clofibrate group were com-
pared with non-compliers, the results seemed to suggest that there was a treatment effect:

Table 18.3. Effect of sample size on the reliability of the result of a trial of a hypothetical treatment that is expected
to reduce the risk of a poor outcome by 20%: from 10% to 8%

Total patients Pa Trial power (%) Comments on trial size

200 0.99 1 Completely hopeless

400 0.98 2 Still hopeless

800 0.96 4 Completely inadequate

1600 0.90 10 Still inadequate

3200 0.75 25 Not really adequate

6400 0.43 57 Barely adequate

12 800 0.09 91 Probably adequate

20 000 0.01 99 Definitely adequate

Note:
aProbability of failing to achieve p< 0.01 significance if true relative risk reduction is 20%.
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five-year mortality was 15.0% in the compliers versus 24.6% in the non-compliers. Perhaps
clofibrate was beneficial. However, the same analysis in patients in the placebo group
showed the same trend: 15.1% mortality in compliers versus 28.2% mortality in non-
compliers. The apparent effect of clofibrate in the treatment group was simply a bias
generated by the fact that patients who do not comply with treatment tend to have a worse
prognosis.

Were any patients excluded from the main analysis?
It is not uncommon in reports of trials to find that a certain number of the patients who
were randomized initially were excluded from the final analysis. Common reasons for
exclusion are that following randomization it was found that a number of patients did
not actually fit the eligibility criteria (so called protocol violators) or that some patients never
received the randomized treatment because they developed a clear indication for a specific
treatment or because they withdrew from the trial for other reasons. However, the inter-
pretation of what is a protocol violation can be rather subjective, and since the decision will
often be made towards the end of the trial, and may not be blind to outcome, it is open to
abuse. For example, 71 of 1629 patients randomized in a trial of an antiplatelet agent
following myocardial infarction were excluded from the final analysis, apparently because
they did not meet the eligibility criteria (Anturane Reinfarction Trial Research Group
1980). It subsequently transpired that there was a large excess of deaths in the exclusions
from the treatment group compared with the placebo group (Temple and Pledger 1980).
Exclusion of these patients led to a bias that had contributed to the statistically significant
apparent benefit in the treatment group. A second trial failed to confirm any benefit.

How many patients were lost to follow-up?
Another important potential cause of bias in the analysis of trial results is loss of patients
to follow-up. Just as patients who comply with treatment are different from patients who
do not, patients who are lost to follow-up are usually different from those who remain in
the trial. For example, it may not be possible to contact patients because they are either
incapacitated in some way, or even dead. It is, therefore, very difficult to interpret the results
of a trial with significant loss to follow-up.

Assessment of the external validity of a randomized
controlled trial
Randomized controlled trials must be internally valid (i.e. design and conduct must
eliminate the possibility of bias), but to be clinically useful the result must also be relevant
to a definable group of patients in a particular clinical setting (i.e. they must be externally
valid). Lack of external validity is the most frequent criticism by clinicians of trials,
systematic reviews and guidelines, and is one explanation for the widespread underuse in
routine practice of many treatments that have been shown to be beneficial in trials and are
recommended in guidelines (Rothwell 2005a). Yet medical journals, funding agencies,
ethics committees, the pharmaceutical industry and governmental regulators give external
validity a low priority. Admittedly, whereas the determinants of internal validity are
intuitive and can generally be worked out from first principles, understanding of the
determinants of the external validity requires clinical rather than statistical expertise and
often depends on a detailed understanding of the particular clinical condition under study
and its management in routine clinical practice. However, reliable judgements about the
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external validity of randomized trials are essential if treatments are to be used correctly in as
many patients as possible in routine clinical practice.

Whether the results of a trial can be applied in routine clinical practice depends to some
extent on the type of trial. Generally speaking, explanatory (phase II) trials measure the
effectiveness of treatment, whereas pragmatic (phase III) trials measure the usefulness of
treatment. A treatment may be effective but it may not be useful because it is too poorly
tolerated, too expensive or too complex to administer. Explanatory trials are often small,
include a tightly defined group of patients and frequently have non-clinical (surrogate)
measures of outcome. Pragmatic trials seek to measure the usefulness of treatments in
situations that, as far as possible, mimic normal clinical practice. However, it would be
wrong to assume that a pragmatic trial will always have greater external validity than an
explanatory trial. For example, although broad eligibility criteria, limited collection of
baseline data and inclusion of centers with a range of expertise and differing patient
populations have many advantages, they can also make it very difficult to generalize the
effect of treatment to a particular clinical setting. Moreover, no randomized trial or
systematic review will ever be relevant to all patients and all settings. However, trials should
be designed and reported in a way that allows clinicians to judge to whom the results can
reasonably be applied. Table 18.4 lists some of the important potential determinants of
external validity, each of which is reviewed briefly below.

What was the setting of the trial?
A detailed understanding of the setting in which a trial is performed, including any
peculiarities of the healthcare system in particular countries, can be essential in judging
external validity. The potential impact of differences between healthcare systems is illus-
trated by the analysis of the results of the European Carotid Surgery Trial, a randomized
trial of endarterectomy versus medical treatment alone for recently symptomatic carotid
stenosis (Rothwell 2005b). National differences in the speed with which patients were investi-
gated, with a median delay from last symptoms to randomization of greater than two months
in the UK (slow centers) compared with three weeks in Belgium and Holland (fast centers),
resulted in very different treatment effects in these different healthcare systems – owing to
the shortnes s of the time windo w for effe ctive preventio n of stroke (Fig . 18.2).

Similar differences in performance between healthcare systems will exist for other
conditions, and there is, of course, the broader issue of how trials done in the developed
world apply in the developing world. Moreover, other differences between countries in the
methods of diagnosis and management of disease, which can be substantial, or important
racial differences in pathology and natural history of disease also affect the external validity
of trials. A good example is the heterogeneity of results of trials of bacille Calmette-Guérin
(BCG) vaccine in prevention of tuberculosis, with a progressive loss of efficacy (p< 0.0001)
with decreasing latitude (Fine 1995).

How were participating centers selected?
How centers and clinicians were selected to participate in trials is seldom reported, but it
can also have important implications for external validity. For example, the Asymptomatic
Carotid Atherosclerosis Study (ACAS) trial of endarterectomy for asymptomatic carotid
stenosis only accepted surgeons with an excellent safety record, rejecting 40% of applicants
initially, and subsequently barring from further participation those who had adverse
operative outcomes in the trial. The benefit from surgery in the trial was a result in major
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Table 18.4. Some of the factors that can affect external validity of randomized controlled trials and
should be addressed in reports of the results and be considered by clinicians

Factors

Setting of the trial Healthcare system

Country

Recruitment from primary, secondary or tertiary care

Selection of participating centers

Selection of participating clinicians

Selection of patients Methods of pre-randomization diagnosis and investigation

Eligibility criteria

Exclusion criteria

Placebo run-in period

Treatment run-in period

“Enrichment” strategies

Ratio of randomized patients to eligible non-randomized patients
in participating centers

Proportion of patients who declined randomization

Characteristics of randomized patients Baseline clinical characteristics

Racial group

Uniformity of underlying pathology

Stage in the natural history of their disease

Severity of disease

Comorbidity

Absolute risks of a poor outcome in the control group

Differences between the trial protocol
and routine practice

Trial intervention

Timing of treatment

Appropriateness/relevance of control intervention

Adequacy of non-trial treatment: both intended and actual

Prohibition of certain non-trial treatments

Therapeutic or diagnostic advances since trial was performed

Outcome measures and follow-up Clinical relevance of surrogate outcomes

Clinical relevance, validity and reproducibility of complex scales

Effect of intervention on most relevant components of composite
outcomes

Who measured outcome

Use of patient-centered outcomes

Frequency of follow-up

Adequacy of the length of follow-up

Adverse effects of treatment Completeness of reporting of relevant adverse effects

Rates of discontinuation of treatment
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part of the consequently low operative risk (Asymptomatic Carotid Atherosclerosis Study
Group 1995). A meta-analysis of 46 surgical case series that published operative risks
during the five years after the trial found operative mortality to be eight times higher and
the risk of stroke and death to be about three times higher than in ACAS (Rothwell 2005a).
Trials should not include centers that do not have the competence to treat patients safely,
but selection should not be so exclusive that the results cannot be generalized to routine
clinical practice.

How were patients selected and excluded?
Concern is often expressed about highly selective trial eligibility criteria, but there are often
several earlier stages of selection that are rarely recorded or reported but can be more
problematic. For example, consider a trial of a new blood pressure-lowering drug, which
like most such trials is performed in a hospital clinic. Fewer than 10% of patients with
hypertension are managed in hospital clinics, and this group will differ from those managed
in primary care. Moreover, only one of the ten physicians who see hypertensive patients in
this particular hospital is taking part in the trial, and this physician mainly sees young
patients with resistant hypertension. In this way, even before any consideration of eligibility
or exclusion criteria, potential recruits are already very unrepresentative of patients in the
local community. It is essential, therefore, that where possible trials record and report the
pathways to recruitment.

Patients are then further selected according to trial eligibility criteria. Some trials
exclude women and many exclude the elderly and/or patients with common comorbidities.
One review of 214 drug trials in acute myocardial infarction found that over 60% excluded
patients aged over 75 years (Gurwitz et al. 1992), despite the fact that over 50% of
myocardial infarctions occur in this older age group. A review of 41 US National Institutes
of Health randomized trials found an average exclusion rate of 73% (Charleson and
Horwitz 1984), but rates can be much higher. One study of an acute stroke treatment trial
found that of the small proportion of patients admitted to hospital sufficiently quickly to be
suitable for treatment, 96% were ineligible based on the various other exclusion criteria
(Jorgensen et al. 1999). One center in another acute stroke trial had to screen 192 patients
over two years to find one eligible patient (LaRue et al. 1988). Yet, highly selective
recruitment is not inevitable. The Gruppo Italiano per lo Studio della Streptochinasi
nell'Infarto Miocardico GISSI-1 trial of thrombolysis for acute myocardial infarction, for
example, recruited 90% of patients admitted within 12 hours of the event with a definite
diagnosis and no contraindications (Gruppo Italiano per lo Studio della Streptochinasi
nell'Infarto Miocardico 1986).

Table 18.4. (cont.)

Factors

Selection of trial centers and/or clinicians on the basis of skill or
experience

Exclusion of patients at risk of complications

Exclusion of patients who experienced adverse effects during a
run-in period

Intensity of trial safety procedures

Source: From Rothwell (2005a).
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Strict eligibility criteria can limit the external validity of trials but physicians should at
least be able to select similar patients for treatment in routine practice. Unfortunately,
however, reporting of trial eligibility criteria is frequently inadequate. A review of trials
leading to clinical alerts by the US National Institutes of Health revealed that, of an average
of 31 eligibility criteria, only 63% were published in the main trial report and only 19% in
the clinical alert (Shapiro et al. 2000). Inadequate reporting is also a major problem in
secondary publications, such as systematic reviews and clinical guidelines, where the need
for a succinct message does not usually allow detailed consideration of the eligibility and
exclusion criteria or other determinants of external validity.

Was there a run-in period?
Pre-randomization run-in periods are also often used to select or exclude patients. In a
placebo run-in, all eligible patients receive placebo and those who are poorly compliant are
excluded. There can be good reasons for doing this, but high rates of exclusion will reduce
external validity. Active treatment run-in periods in which patients who have adverse events
or show signs that treatment may be ineffective are excluded are more likely to undermine
external validity. For example, two trials of carvedilol, a vasodilatory beta-blocker, in
chronic heart failure excluded 6% and 9% of eligible patients in treatment run-in periods,
mainly because of worsening heart failure and other adverse events, some of which were
fatal (Rothwell 2005a). In both trials, the complication rates in the subsequent randomized
phase were much lower than in the run-in phase.

Trials also sometimes actively recruit patients who are likely to respond well to treat-
ment (often termed “enrichment”). For example, some trials of antipsychotic drugs have
selectively recruited patients who had a good response to antipsychotic drugs previously
(Rothwell 2005a). Other trials have excluded non-responders in a run-in phase. One trial
of a cholinesterase inhibitor, tacrine, in Alzheimer's disease recruited 632 patients to a
six-week “enrichment” phase in which they were randomized to different doses of tacrine or
placebo (Davis et al. 1992). After a washout-period, only the 215 (34%) patients who had a
measured improvement on tacrine in the “enrichment” phase were randomized to tacrine
(at their best dose) versus placebo in the main phase of the trial. External validity is clearly
undermined here.

What were the characteristics of the randomized patients?
Even in large pragmatic trials with very few exclusion criteria, recruitment of less than 10%
of potentially eligible patients in participating centers is common. Those patients who are
recruited generally differ from those who are eligible but not recruited in terms of age, sex,
race, severity of disease, educational status, social class and place of residence (Rothwell
2005a). The outcome in patients included in trials is also usually better than those not in
trials, often markedly so, not because of better treatment but because of a better baseline
prognosis. Trial reports usually include the baseline clinical characteristics of randomized
patients and so it is argued that clinicians can assess external validity by comparison with
their own patient(s). However, recorded baseline clinical characteristics often say very
little about the real make-up of the trial population, and can be misleading. For example,
Table 18.5 shows the baseline clinical characteristics of the patients randomized to warfarin
in two trials of secondary prevention of stroke. In one trial, patients were in atrial fibrilla-
tion and in the other they were in sinus rhythm, but the characteristics of the two cohorts
were otherwise fairly similar. However, the risk of intracranial hemorrhage on warfarin
was 19 times higher (p< 0.0001) in the Stroke Prevention in Reversible Ischemia Trial
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than in the European Atrial Fibrillation Trial even after adjustment for differences in
baseline clinical characteristics and the intensity of anticoagulation therapy (Gorter 1999).
In judging external validity, an understanding of how patients were referred, investigated
and diagnosed (i.e. their pathway to recruitment) as well as how they were subsequently
selected and excluded is often very much more informative than a list of baseline
characteristics.

Was the intervention, control treatment and pre-trial
or non-trial management appropriate?
External validity can also be affected if trials have protocols that differ from usual
clinical practice. For example, prior to randomization in the trials of endarterectomy for
symptomatic carotid stenosis patients had to be diagnosed by a neurologist and to have
conventional arterial angiography, neither of which are routine in many centers. The trial
intervention itself may also differ from that used in current practice, such as in the
formulation and bioavailability of a drug, or the type of anesthetic used for an operation.
The same can be true of the treatment in the control group in a trial, which may use a
particularly low dose of the comparator drug or fall short of best current practice in some

Table 18.5. The baseline clinical characteristics and hemorrhage outcomes of patients randomized to
anticoagulation with warfarin in the European Atrial Fibrillation Trial (EAFT) and the Stroke Prevention in Reversible
Ischemia Trial (SPIRIT)

SPIRIT (n¼ 651) EAFT (n¼ 225)

Baseline clinical characteristics (%)

Male sex 66 55

Age > 65 years 47 81

Hypertension 39 48

Angina 9 11

Myocardial infarction 9 7

Diabetes 11 12

Leukoariosis on CT brain scan 7 14

Outcomes during trial

Mean INR during trial (SD) 3.3 (1.1) 2.9 (0.7)

Patient-years of follow-up 735 507

Intracranial hemorrhage (No.) 27 0a

Extracranial hemorrhage (No.) 26 13

Adjusted hazard ratio (95% CI) for SPIRIT versus EAFT

Intracranial hemorrhage 19.0 (2.4–250) p< 0.0001

Extracranial hemorrhage 1.9 (0.8–4.7) p¼ 0.15

Notes:
INR, international normalized ratio; SD, standard deviation; CI, confidence interval.
aThere were no proven intracranial hemorrhages, but no CT scan was performed in two strokes. For the purpose
of calculation of the adjusted hazard ratio for hemorrhage these two strokes were categorized as having been
caused by intracranial hemorrhage.
Source: From Gorter (1999).
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other way. External validity can also be undermined by too stringent limitations on the use
of non-trial treatments. Any prohibition of non-trial treatments should be reported in the
main trial publications along with details of relevant non-trial treatments that were used.
The timing of many interventions is also critical and should be reported when relevant.

Were the outcome measures appropriate?
The external validity of a trial also depends on whether the outcomes were clinically
relevant. Many trials use “surrogate” outcomes, usually biological or imaging markers that
are thought to be indirect measures of the effect of treatment on clinical outcomes.
Surrogate outcomes (e.g. infarct size on CT brain scan in an acute stroke trial, or MRI
activity in multiple sclerosis) can be useful in explanatory trials because they may be more
sensitive to the effects of the treatment than clinical outcomes, and they are readily assessed
blind to treatment allocation. However, they do not measure clinical effectiveness and may
sometimes be highly misleading. There are many examples of treatments that had a major
beneficial effect on a surrogate outcome, which had been shown to be correlated with a
relevant clinical outcome in observational studies, but where the treatments proved ineffect-
ive or harmful in subsequent large trials that used these same clinical outcomes (Table 18.6).
For example, a trial of three different antiarrhythmic drugs versus placebo after acute
myocardial infarction assessed the frequency of ventricular extrasystoles on 24-hour ambu-
latory electrocardiographic monitoring (Cardiac Arrhythmia Suppression Trial (CAST)
Investigators 1989). All three drugs produced a substantial reduction in the frequency of
extrasystoles, but the trial was subsequently stopped because of a major excess of deaths in
the treatment group (33 versus 9 in the control group; p¼ 0.0003). Similarly, reduced
bone density, which is known to be a useful marker for risk of fractures, was used as a
surrogate outcome in a trial of sodium fluoride in women with osteoporosis (Riggs et al. 1990).
Sodium fluoride produced a highly statistically significant, and apparently clinically import-
ant, increase in bone density. However, further follow-up revealed a 30% increase in vertebral
fractures and a three-fold increase in non-vertebral fractures in the sodium fluoride group.

Complex scales, often made up of arbitrary combinations of symptoms and clinical
signs, are also problematic. A review of 196 trials in rheumatoid arthritis identified more
than 70 different outcome scales (Gøtzsche 1989). A review of 2000 trials in schizophrenia

Table 18.6. Examples where trials based on surrogate outcomes proved to be misleading predictors
of the effect of treatment on clinical outcomes in subsequent pragmatic clinical trials

Treatment Condition Surrogate outcome Clinical outcome

Fluoride Osteoporosis Increase in bone density Major increase in
fractures

Antiarrhythmic drugs Post-MI Reduction in ECG abnormalities Increased mortality

Beta-interferon Multiple
sclerosis

70% reduction in new lesions brain MRI No convincing effect on
disability

Milrinone and
epoprostanol

Heart failure Improved exercise tolerance Increased mortality

Ibopamine Heart failure Improved ejection fraction and heart
rate variability

Increased mortality

Notes:
MI, myocardial infarction; ECG, electrocardiography.
Source: From Rothwell (2005a).
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identified 640 outcome scales, many of which were devised for the particular trial and had
no supporting data on validity or reliability. These unvalidated scales were more likely to
show statistically significant treatment effects than established scales (Marshall et al. 2000).
Moreover, the clinical meaning of apparent treatment effects (e.g. a 2.7 point mean
reduction in a 100 point outcome scale made up of various symptoms and signs) is usually
impossible to discern. Simple clinical outcomes usually have most external validity, but even
then only if they reflect the priorities of patients. For example, patients with epilepsy
are much more interested in the proportion of individuals rendered free of seizures in
trials of anticonvulsants than they are in changes in mean seizure frequency. Who actually
measured the outcome can also be important. For example, the recorded operative risk of
stroke in carotid endarterectomy is highly dependent on whether patients were assessed by
a surgeon or a neurologist (Rothwell and Warlow 1995).

Many trials combine events in their primary outcome measure. This can produce a
useful measure of the overall effect of treatment on all the relevant outcomes, and it usually
affords greater statistical power, but the outcome that is most important to a particular
patient may be affected differently by treatment than the combined outcome. Composite
outcomes also sometimes combine events of very different severity, and treatment effects
can be driven by the least important outcome, which is often the most frequent. Equally
problematic is the composite of definite clinical events and episodes of hospitalization.
The fact that a patient is in a trial will probably affect the likelihood of hospitalization and
it will certainly vary between different healthcare systems.

Was the follow-up sufficient?
Another major problem for the external validity of trials is an inadequate duration of
treatment and/or follow-up. For example, although patients with refractory epilepsy or
migraine require treatment for many years, most trials of new drugs look at the effect of
treatment for only a few weeks. Whether initial response is a good predictor of long-term
benefit is unknown. This problem has been identified in trials in schizophrenia, with fewer
than 50% of trials having greater than six weeks of follow-up and only 20% following
patients for longer than six months (Thornley and Adams 1998). The contrast between
beneficial effects of treatments in short-term trials and the less-encouraging experience of
long-term treatment in clinical practice has also been highlighted by clinicians treating
patients with rheumatoid arthritis (Pincus 1998).

How were adverse effects of treatment assessed and reported?
Reporting of adverse effects of treatment in trials and systematic reviews is often poor. In
a review of 192 pharmaceutical trials, less then a third had adequate reporting of adverse
clinical events or laboratory toxicology (Ioannidis and Contopoulos-Ioannidis 1998).
Treatment discontinuation rates provide some guide to tolerability but pharmaceutical
trials often use eligibility criteria and run-in periods to exclude patients who might be prone
to adverse effects.

Clinicians are usually most concerned about external validity of trials of potentially
dangerous treatments. Complications of medical interventions are a leading cause of death
in developed countries. Risks can be overestimated in trials, particularly during the intro-
duction of new treatments when trials are often carried out with patients with very severe
disease, but stringent selection of patients, confinement to specialist centers and intensive
safety monitoring usually lead to lower risks than in routine clinical practice. Trials of
warfarin in non-rheumatic atrial fibrillation are a good example. Prior to 2007, all trials
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reporting benefit with warfarin had complication rates that were much lower than in
routine practice and consequent doubts about external validity were partly to blame for
major underprescribing of warfarin, particularly in the elderly.

Applying the results of randomized trials to treatment
decisions for individual patients
Many treatments, such as blood pressure lowering in uncontrolled hypertension, are
indicated in the vast majority of patients. However, a targeted approach is useful for
treatments with modest benefits (e.g. lipid lowering in primary prevention of vascular
disease), for costly treatments with moderate overall benefits (e.g. beta-interferon in
multiple sclerosis), if the availability of treatment is limited (e.g. organ transplantation),
in developing countries with very limited healthcare budgets and, most importantly, for
treatments that although of overall benefit in large trials are associated with a significant
risk of harm. The crux of the problem faced by clinicians in these situations is how to use
data from large randomized trials and systematic reviews, which provide the most reliable
estimates of the overall average effects of treatment, to determine the likely effect of
treatment in an individual.

When considering the likely effect of a treatment in an individual patient, it is important
to consider the overall result of a trial or systematic review as an absolute risk reduction
with treatment or the number needed to treat to prevent a poor outcome. An absolute risk
reduction tells us what chance an individual has of benefiting from treatment; for example
of 25% indicates that there is a 1:4 chance of benefit (four people need to be treated to
ensure a good outcome in one). In contrast, a particular relative risk reduction gives
absolutely no information about the likelihood of individual benefit. For example, the
relative reductions in the risk of stroke were virtually identical in the Swedish Trial in
Old Patients with hypertension (STOP-hypertension) trial (relative risk, 0.53; 95% confi-
dence interval [CI], 0.33–0.86) (Dahlof et al. 1991) and the Medical Research Council Trial
(relative risk, 0.55; 95% CI, 0.25–0.60) (Medical Research Council Working Party 1985) of
blood pressure lowering in primary prevention, but there was a 12-fold difference in
absolute risk reduction. All other things being equal, 830 of the young hypertensives in
the Medical Research Council trial would have to be treated for one year to prevent one
stroke compared with 69 of the elderly hypertensives in the STOP-hypertension trial.

Trials should report subgroup analyses if there are potentially large differences between
groups in the risk of a poor outcome with or without treatment; if there is potential
heterogeneity of treatment effect in relation to pathophysiology; if there are practical
questions about when to treat (e.g. stage of disease, timing of treatment, etc.); or if there
are doubts about benefit in specific groups, such as the elderly, which are likely to lead to
undertreatment (Rothwell 2005b). Analyses must be predefined, carefully justified and
limited to a few clinically important questions, and post-hoc observations should be treated
with scepticism irrespective of their statistical significance. Concerns about heterogeneity of
treatment effects will often be unfounded, but if they are not addressed they will restrict
the use of treatment in routine practice. If important subgroup effects are anticipated,
trials should either be powered to detect them reliably or pooled analyses of multiple trials
should be undertaken.

Univariate subgroup analysis is of relatively limited value, even when done reliably,
in situations where there are multiple determinants of the individual response to treatment.
In this situation, targeting treatment using risk models can be useful, particularly in
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conditions, or for interventions, where benefit is likely to be very dependent on the absolute
risk of a poor outcome with or without treatment. Stratification of trial results with
independently derived and validated prognostic models can allow clinicians to systematic-
ally take into account the characteristics of an individual patient and their interactions, to
consider the risks and benefits of interventions separately if required, and to provide
patients with personalized estimates of their likelihood of benefit from treatment (Rothwell
2005b).
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Chapter

19 Acute treatment of transient
ischemic attack and minor stroke

Although the acute treatment of major stroke and TIA and minor stroke have many
common elements, there are important differences. In the acute treatment of TIA and
minor stroke, the aim is the secondary prevention of a disabling stroke, which might follow
in the immediate hours and days after the initial event, as opposed to reversal of any
neurological deficit caused by the stroke itself. Reduction of delays by improved public
education and triage to secondary care and coordinated patient management in specialist
units are vital aspects of treatment in both major stroke and TIA and minor stroke.
However, there is a greater focus on urgent, effective secondary prevention for TIA and
minor stroke.

Another important difference is the extent of the evidence base for treatments in major
stroke compared with TIA and minor stroke. The concepts of stroke units and adminis-
tration of thrombolysis have been researched, developed and implemented since the 1980s
for patients with major stroke. Yet, although the concept of TIA arose in the 1950s and
treatments such as carotid endarterectomy, anticoagulation, antiplatelet therapy and other
risk factor management were subsequently proven effective, it was not until 2007 that the
first reports were published on the feasibility and effectiveness of urgent assessment and
treatment of TIA in specialist units (Rothwell et al. 2007; Lavallée et al. 2007).

This chapter will summarize the aspects of acute treatment that are specific to TIA and
minor stroke.

Recognition of symptoms and delays to management
The urgent management of patients with minor stroke or TIA depends upon the correct
recognition of symptoms and appropriate action by patients and their swift triage to
specialist care where investigation and treatment are rapidly initiated.

Public awareness and behavior
In contrast to major stroke, where extensive studies have examined knowledge among the
general public (Pancioli et al. 1998; Reeves et al. 2002; Parahoo et al. 2003; Carroll et al.
2004) and individuals’ immediate behavior (Salisbury et al. 1998; Smith et al. 1998; Evenson
et al. 2001; Lacy et al. 2001; Harraf et al. 2002), equivalent studies in minor stroke and
TIA are lacking.

One study of knowledge among the general public indicated that 2.3% of a randomly
selected sample of people in the USA have been told by a physician that they had a TIA,
based on self-report in a telephone survey (Johnston et al. 2003). However an additional
3.2% of respondents recalled symptoms consistent with TIA but had not sought medical
attention at all and consequently had not been diagnosed by a doctor. Of those with
“diagnosed” TIA, only 64% had seen a doctor within 24-hours of the event. Only 8.2%
correctly related the definition of TIA, and 8.6% were able to identify a typical symptom.
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In a study of 422 residents of Bern, Switzer-
land, who were interviewed in person about
their knowledge of stroke and TIA, only
8.3% recognized TIA as symptoms of stroke
resolving within 24-hours, and only 2.8%
identified TIA as a disease requiring imme-
diate medical help (Nedeltchev et al. 2007).
One possible explanation for this paucity of
knowledge may be the lack of public educa-
tion programs targeting TIA. Most public-
awareness messages regarding stroke
warning signs do not emphasize that the
occurrence of symptoms, whether transient
or permanent, demand prompt medical
attention and a call to emergency medical
services.

However, more relevant to delays to
treatment is actual behavior in the event of
a TIA or minor stroke itself as opposed to
knowledge amongst the general public. Data
from Oxfordshire, UK, suggest that behav-
ior is variable and significant delays are
common (Giles et al. 2006). Consecutive

patients with TIA participating in the Oxford Vascular Study (OXVASC) or attending
dedicated hospital clinics were interviewed. Of 241 patients, 107 (44%) sought medical
attention within hours of the event and 134 (56%) did so on the same day (Giles et al. 2006).
Only 24 (10%) patients immediately attended the emergency department (ED). While 101
patients (42%) correctly recognized the cause of their symptoms as a TIA or a “mini-
stroke,” this was not associated with an increased likelihood of emergency action. The main
correlate with delay was the day of the week on which the TIA occurred (p< 0.001), with
greater delays at the weekend or public holidays. These findings were supported from
observations in a clinical trial of patients with asymptomatic carotid stenosis, in which only
a third of those who had a TIA during follow-up reported it to medical attention within
three days despite being regularly reminded to do so (Castaldo et al. 1997). These data
suggest that frequent public education is required not only on the nature of a TIA but also
on what to do in the event of one.

Recognition tools
Several tools have been devised to aid the correct recognition of stroke and TIA symptoms
(Table 19.1). In the pre-hospital setting, FAST (Face, Arm, Speech Test; Nor et al. 2004),
LAPPS (Los Angeles Pre-hospital Stroke Scale; Kidwell et al. 2000) and CPSS (Cincinatti
Pre-hospital Stroke Scale; Kothari et al. 1999) have been designed for use by emergency
medical services to ensure rapid transport of appropriate patients to specialist care. In the
ED setting, the Recognition of Stroke in the Emergency Department (ROSIER) score has
been designed to aid emergency physicians in diagnosis and, therefore, referral of stroke
patients (Nor et al. 2005) (Table 19.2). These tools are based mainly on features that
discriminate both positively and negatively between stroke and stroke mimics and contain
symptoms and signs.

Table 19.1. Elements of early detection systems for
transient ischemic attack and stroke

LAPSS CPCC FAST

Age > 45 years Facial
droop

Facial
weakness

No previous
seizure history

Arm drift Arm and leg
weakness

Onset within 24-
hours

Slurred
speech

Speech
problems

Patient ambulant
previously

Blood glucose

Asymmetry of:

smile/grimace

grip strength

arm strength

Notes:
LAPSS, Los Angeles Pre-hospital Stroke Scale; CPCC,
Cincinatti Pre-hospital Stroke Scale; FAST, Face, Arm,
Speech Test.
Sources: From Kothari et al. (1999), Kidwell et al. (2000)
and Nor et al. (2004).
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The primary aim of these tools has been to increase the numbers of stroke patients
presenting to hospital within three hours and, therefore, increase eligibility for thrombo-
lysis. However, with increasing emphasis on rapid management for minor stroke and TIA,
their use in informing public education and correct diagnosis of minor TIA and stroke is
likely to become more widespread. Indeed, the ABCD system was developed to predict the
early risk of stroke following TIA and one of its main uses has been in triage between
primary and secondary care (Rothwell et al. 2005; National Institute for Health and Clinical
Excellence 2008).

Urgency and clinical setting for treatment of transient
ischemic attack and minor stroke
A number of treatments have been shown to prevent stroke in the long term after a TIA or
minor isc hemic stroke (Ch . 24) , including anti platelet agents such as aspir in, clo pidogre l,
and the combination of low-dose aspirin and extended-release dipyridamole (CAPRIE
Steering Committee 1996; Diener et al. 1996; Antithrombotic Trialists Collaboration
2002; Halkes et al. 2006); blood pressure-lowering drugs (PROGRESS Collaborative Group
2001); statins (Amarenco et al. 2006); anticoagulation for atrial fibrillation (European Atrial
Fibrillation Trial Study Group 1993); and endarterectomy for symptomatic carotid stenosis
� 50% (Rothwell et al. 2003; Rothwell et al. 2004a). If the effects of these treatments are
independent, combined use of all of these interventions in appropriate patients would be
predicted to reduce the risk of recurrent stroke by 80% to 90% (Hackam and Spence 2007).
However, although trials of treatment in acute stroke and acute coronary syndromes
suggest that the relative benefits of several of these interventions are even greater in the
acute phase, until recently there have been few if any, reliable data on the benefits of acute
treatment after TIA and minor stroke.

Table 19.2. The Recognition of Stroke in the Emergency Department (ROSIER) scorea

Feature Score for answer

Yes No

If blood glucose (BM) is < 3.5mmol/l, treat urgently and then re-assess

Has there been loss of consciousness or syncope? �1 0

Has there been seizure activity? �1 0

Is there a new acute onset (or awakening from sleep)?

Asymmetrical facial weakness þ1 0

Asymmetrical arm weakness þ1 0

Asymmetrical leg weakness þ1 0

Speech disturbance þ1 0

Visual field defect þ1 0

Total (�2 to þ5)

Note:
aOn validation in 343 patients with suspected stroke, the optimum cut-off point for stroke diagnosis was determined
to be a total score of þ1 or above. Using this cut-point, the corresponding sensitivity and specificity were 92%
(95% confidence interval [CI], 89–95) and 86% (95% CI, 82–90), respectively (Nor et al. 2005).
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Guidelines suggest that assessment and investigation should be completed within one
week of a TIA or minor stroke (Wolfe et al. 1999; Johnston et al. 2006; National Institute for
Health and Clinical Excellence 2008). However, perhaps unsurprisingly given the historical
lack of evidence, there is considerable international variation in how patients with suspected
TIA or minor stroke are managed in the acute phase. Some healthcare systems provide
immediate emergency inpatient care, and others provide non-emergency outpatient clinic
assessment (Johnston and Smith 1999; Goldstein et al. 2000) with little consensus on which
strategy is most cost effective (Gubitz et al. 1999; Ovbiagele et al. 2004).

For example, in a Canadian study conducted in Ontario in 2000, Gladstone and
colleagues (2004) found that 75% of patients with a TIA were sent home from the ED
without investigation or appropriate management. Diagnostic investigations were under-
used, with 58% of patients receiving CT scanning, 44% of patients receiving carotid Doppler
ultrasound and 3% receiving MRI within 30 days of the event. In more than one-third of
the patients, antithrombotic therapy was not prescribed at discharge. This is in contrast
to France and Germany, where a policy of admission is recommended for TIA (Albucher
et al. 2005) and the mean lengths of stay in hospital for patients with TIAs are about seven
days (Weimar et al. 2002). In the UK, the standard means of assessment and management
is a neurovascular outpatient clinic (“TIA clinic”) (Intercollegiate Working Party for
Stroke 2004).

The Early Use of Existing Preventive Strategies for Stroke study
The Early Use of Existing Preventive Strategies for Stroke (EXPRESS) study aimed to
determine the effect of more rapid treatment after TIA and minor stroke in patients who
were treated in a specialist neurovascular clinic (Rothwell et al. 2007) within OXVASC. In a
prospective, population-based, sequential comparison study, the effect on the process of
care and outcome of either urgent access and immediate treatment in a dedicated neuro-
vascular clinic or an appointment-based access and routine treatment initiated in primary
care were compared for all patients with TIA or minor stroke who did not need hospital
admission. The primary outcome was the risk of stroke during the 90 days after first seeking
medical attention.

The study was split into two 30-month phases lasting from April 2002 to September
2004 and from October 2004 to March 2007 (Table 19.3). Throughout the two phases, all
patients in the study were ascertained and followed up in the same way, whether they were
managed in the study's dedicated neurovascular clinic, admitted to hospital or were
managed at home by their general practitioner (primary care physician). During the first
phase, the study clinic offered appointment-based access to patients and treatment recom-
mendations were communicated by fax or telephone to the general practitioner, who would
then initiate the prescription. In the second phase, patients were sent to the clinic urgently
without the need for an appointment and treatment was started immediately in the clinic.
The study clinic operated at weekdays but not at weekends. Importantly, throughout the
study period, the treatment regimen used and methods of assessment, imaging and follow-
up did not change. If a recurrent vascular event was suspected at a follow-up visit, the
patient was re-assessed and investigated by a study physician, but all potential outcome
events were independently adjudicated, blinded to study period (Table 19.3).

Of the 1278 patients in the OXVASC population who presented with TIA or stroke
throughout the study period, 607, predominantly with major stroke, were referred or
presented directly to the hospital; 620 were referred for outpatient assessment with TIA
or minor stroke; and 51 were not referred to secondary care. Of all outpatient referrals,
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591 out of 620 (95%) were to the dedicated EXPRESS study neurovascular clinic. There
were 634 events during phase 1 and 644 during phase 2.

Baseline characteristics and delays in seeking initial medical attention were similar in the
two periods. However median delay to assessment in the study clinic fell from 3 days (range,
2–5) in phase 1 to < 1 (range, 0–3) in phase 2 (p< 0.001) (Table 19.4) and the median delay
to first prescription of treatment fell from 20 days (range, 8–53) to 1 day (range, 0–3)
(p< 0.001). Fig. 19.1 shows the cumulative proportions of patients referred to the EXPRESS
clinic in phase 1 and 2 and their resulting medication. The 90-day risk of recurrent stroke in
all patients referred to the study clinic was 10.3% (32/310) in phase 1 versus 2.1% (6/281) in
phase 2 (hazard ratio, 0.20; 95% confidence interval [CI], 0.08–0.48; p< 0.001) (Fig. 19.2).
There was no significant change in risk in patients treated elsewhere. The 90-day risk of
recurrent stroke after all TIA or stroke presentations in the whole population fell from 9.9%
(63/635) in phase 1 to 4.4% (28/644) in phase 2 (p¼ 0.0002), while that for patients with
TIA alone fell from 12.4% (29/233) in phase 1 to 4.4% (11/252) in phase 2 (p¼ 0.0015). This

Table 19.3. Summary of the study design for the Early Use of Existing Preventive Strategies for Stroke
(EXPRESS) study

Phase 1 Phase 2

Period 0–30 months 30–60 months

Appointment system Daily appointment clinic Emergency access clinic

Treatment initiation Advice faxed to GP Started immediately in clinic

Treatment protocol Similar throughout

Patient assessment Similar throughout

Follow-up Similar throughout

Outcome adjudication Outcomes independently audited,
blind to study period

Note:
GP, general practitioner.

Table 19.4. Delay to seeking medical attention and subsequent delay in being seen in the clinic for all patients
who were referred to the study clinic in the EXPRESS studya

Delay Phase 1 (n¼ 310) Phase 2 (n¼ 281) p-value

First call for medical attentionb

� 12 hours 128 (41.3%) 105 (37.5%) 0.35

� 24-hours 184 (59.4%) 160 (57.1%) 0.62

First call for attention to assessment in study clinicc

� 6 hours 5 (1.7%) 80 (29.0%) < 0.0001

� 24-hours 70 (23.4%) 163 (59.1%) < 0.0001

Notes:
aSee Table 19.3 for study details.
bData unavailable for one patient in phase 2.
cData unavailable for one patient in phase 1 and two patients in phase 2 and not applicable in a further ten patients
in phase 1 and three patients in phase 2 who were referred to the EXPRESS clinic but had a stroke and were
admitted to hospital prior to the clinic assessment.
Source: From Rothwell et al. (2007).
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Fig. 19.1. Cumulative proportions of
patients referred to the Early Use of
Existing Preventive Strategies for Stroke
(EXPRESS) study clinic in phases 1 —
and 2 (---) prescribed new medication.
(a) Any statin drug (in patients not
already on a statin); (b) clopidogrel
(usually in addition to aspirin);
(c) initiation of a first blood pressure-
lowering drug (in patients not already
on such medication); (d) initiation of
two blood pressure-lowering drugs
(in patients previously on none or only
one drug) (Rothwell et al. 2007).
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reduction in risk was independent of age and
sex, and early treatment did not increase the
risk of intracerebral hemorrhage or other
bleeding.

Because the EXPRESS study was nested
within OXVASC (Rothwell et al. 2004b),
identical methods of case ascertainment,
assessment and follow-up for the entire study
population during both phases ensured that
there were no temporal changes in referral
patterns, patient characteristics or other
potential sources of bias. The findings, there-
fore, strongly suggested that the considerable
impact on outcome was a consequence of
more rapid assessment and treatment.

The SOS-TIA study
The good prognosis associated with urgent
and intensive treatment observed in the

EXPRESS study was also highlighted by the results of the SOS-TIA study (Lavallée et al.
2007). In 2003, a dedicated emergency TIA clinic was set up in the Neurology Department
of the Neurology and Stroke Center of Bichat Hospital in an administrative region of Paris.
All 15 000 general practitioners, cardiologists, neurologists and ophthalmologists in the
region were sent information about the service, which offered emergency assessment of
all patients with suspected TIA via a toll-free referral telephone number. The SOS-TIA
service was available and accessible 24-hours a day, seven days a week. It aimed to offer an
evaluation by a vascular neurologist within four hours of referral: if a TIA was confirmed,
further standardized investigations were performed including MRI, carotid Doppler and
transcranial Doppler ultrasound. Medical treatment was initiated immediately. Patients
were discharged home unless they fulfilled predefined criteria for admission to the
hospital's stroke unit (Table 19.5).

The study recorded the medical history, medications, symptom details, examination
findings, final diagnosis, treatment plans and one-year outcomes (assessed by phone calls)
of all referrals. In the first report of all 629 consecutive patients with definite TIA seen from
January 2003 to December 2005, there were three strokes within seven days and 12 strokes
within three months of follow-up, giving risks of 0.3% and 1.9%, respectively. The expected
risk of stroke at three months as calculated by the ABCD2 score (Johnston et al. 2007) was
6%. Although there was no formal comparison arm of the study, the considerable reduction
in observed rates of stroke compared with those expected by the ABCD2 score was
reasonably attributed to urgent access to and treatment in a dedicated specialist neurovas-
cular unit. However, it should be noted that this study only assessed stroke risk among
patients referred to the clinic and not all those within the population.

Specific treatments in transient ischemic attack
and minor stroke
One potential criticism of the EXPRESS (Rothwell et al. 2007) and SOS-TIA (Lavallée et al.
2007) studies is that a “black box” intervention approach was used. All patients received
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Fig. 19.2. The 90-day risk of recurrent stroke after first
seeking medical attention in all patients with transient
ischemic attack or stroke referred to the study clinic
in the non-randomized Early Use of Existing Preventive
Strategies for Stroke (EXPRESS) study (Rothwell et al.
2007). The continuous line represents phase 1 of the
study (standard treatment) and the dotted line
represents phase 2 (urgent treatment).
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a standardized treatment regimen of antiplatelet agents, antihypertensives and statins plus, in
selected cases, anticoagulation and carotid endarterectomy, which was administered rapidly in
the context of an urgent-access dedicated neurovascular service. The relative benefit or even
harm attributable to any particular part of the interventional package could not be determined.

Apart from patients with symptomatic carotid stenosis and endarterectomy, to date,
only the Fast Assessment of Stroke and Transient Ischemic Attack to Prevent Early Recur-
rence (FASTER) trial has addressed the difference between specific treatments administered
early for patients with TIA and minor stroke (Kennedy et al. 2007).

The Fast Assessment of Stroke and Transient Ischemic Attack
to Prevent Early Recurrence (FASTER) trial
The FASTER randomized controlled pilot trial studied the benefit of clopidogrel versus
placebo and simvastatin versus placebo initiated within 24-hours of symptom onset in
patients with TIA or minor stroke, all of whom were treated with aspirin (Kennedy et al.
2007). The primary outcome was any stroke (ischemic and hemorrhagic) within 90 days.
Minor stroke was defined as a score � 3 on the National Institutes of Health Stroke Scale
(NIHSS) at the time of randomization and TIA was defined in the usual way. In addition,
patients were excluded if they did not have weakness or speech disturbance or if symptom
duration was less than five minutes.

The trial was stopped early owing to a failure to recruit patients, probably because of the
increased use of statins during the study period. A total of 392 patients were included (mean
age 68.1 years; 185 [47.1%] female) of whom 100 received clopidogrel and simvastatin,
98 received clopidogrel and placebo, 99 received simvastatin and placebo and 95 received
placebo only. In the patients taking clopidogrel, 14 (7.1%) had a stroke within 90 days,
compared with 21 (10.8%) of those on placebo (risk ratio, 0.7 [95% CI, 0.3–1.2]; absolute
risk reduction, �3.8% [95% CI,�9.4 to 1.9]; p¼ 0.19). Two patients on clopidogrel had
intracranial hemorrhage compared with none on placebo (absolute risk increase, 1.0%
[95% CI, �0.4 to 2.4]; p¼ 0.5). In the group taking simvastin, 21 (10.6%) patients had
a stroke within 90 days, compared with 14 (7.3%) patients taking placebo (risk ratio taking
1.3 [95% CI, 0.7–2.4]; absolute risk increase, 3.3% [95% CI, �2.3 to 8.9]; p¼ 0.25) and there
was no difference between groups for the simvastatin safety outcomes.

Table 19.5. Criteria for admission to the stroke unit after assessment in the SOS-TIA clinic

Criteria

Related to TIA cause (highly
suspected or identified)

High-grade stenosis of intra- or extracranial brain arteries

Intracranial hemodynamic compromise with low flow in the middle
cerebral artery

Suspected cardiac source at high risk of recurrent embolism: prosthetic
mechanical heart valve, endocarditis, aortic dissection, acute coronary
syndrome, overt congestive heart failure

Related to the TIA presentation Crescendo TIA

Cardiac monitoring over 24-hours
warranted

High level of suspicion for paroxysmal atrial fibrillation

Note:
TIA, transient ischemic attack.
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The study concluded that the combination of aspirin and clopidogrel started within
24-hours of symptom onset may be superior to aspirin alone in reducing the risk of stroke
at 90 days after TIA or minor stroke, although at the expense of a higher rate of hemor-
rhage. These results form the basis of the FASTER-2 study, which will determine the risks
and benefits of aspirin and clopidogrel compared with aspirin alone in larger numbers of
patients. The FASTER trial did not show any benefit for simvastatin in the acute phase after
TIA or minor stroke and no statin comparison is included in FASTER-2.
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Chapter

20 Acute treatment of major stroke:
general principles

The general treatments described in this chapter are applicable to all patients with acute
major stroke regardless of etiology. Specific treatment for ischemic and hemorrhagic stroke
is discussed in Chs. 21 and 22, respectively. Therapy for acute stroke can be divided into:
� treatment of the acute event in which the aim is to minimize mortality, impairment and

disability and reduce the complications of stroke
� prevention of recurrent stroke.
For patients who have suffered a major disabling stroke, emphasis is placed, at least initially,
on the former whereas in patients with TIA or minor stroke, the emphasis is on the latter.

Non-neurological complications and their management
Non-neurological complications after acute stroke are more frequent with increasing age,
pre-stroke disability, stroke severity and poor general nursing and other care (Box 20.1). To
some extent, the site of the lesion may also be relevant; for instance, obstructive and central
sleep apnea might occur more often in brainstem stroke (Davenport et al. 1996a; van der
Worp and Kappelle 1998). Early detection and prevention of complications depends on
clinical monitoring (Table 20.1).

Pneumonia
Pneumonia is a common complication in
elderly patients confined to bed. Chest infec-
tion is particularly common after stroke
because of impairment in swallow and cough
reflex, poor respiratory movement and pul-
monary embolism. The risks can be reduced
by good nursing and chest physiotherapy.
A pharyngeal airway may be required,
particularly in drowsy patients or after a
brainstem stroke, and ventilation may be
considered in certain patients.

Venous thromboembolism
Approximately 50% of hemiparetic patients
in hospital develop a deep vein thrombosis in
their paralyzed leg, although this is not usu-
ally detectable clinically. However, a swollen
and painful leg compromises rehabilitation.
A resultant pulmonary embolism causes

Box 20.1. General medical
complications of acute stroke

Pneumonia
Venous thromboembolism
Urinary incontinence and infection
Pressure sores
Cardiac arrhythmias, failure, myocardial

infarction
Fluid imbalance, hyponatremia
“Mechanical” problems

� spasticity
� contractures
� malalignment/subuxation/frozen

shoulder
� falls and fractures
� osteoporosis
� ankle swelling
� peripheral nerve pressure palsies
Mood disorders
Gastric ulceration and hemorrhage
Central post-stroke “thalamic” pain
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hypoxia, pneumonia, impacts on neurological recovery and may cause death (Wijdicks and
Scott 1997). Evidence from clinical trials of thromboembolism prophylaxis in a variety of
postoperative conditions suggests that subcutaneous heparin, graduated compression stock-
ings and aspirin are effective in reducing the risk of deep venous thrombosis in bedridden
patients (Andre et al. 2007). However, routine heparin prophylaxis is not recommended
after stroke because of increased cerebral hemorrhage. Aspirin should be given after
ischemic stroke since this reduces the risk of recurrent stroke as well as venous throm-
boembolism. There is no evidence that compression stockings are effective specifically after
stroke, but they are the method of choice for thromboprophylaxis after primary intracere-
bral hemorrhage. A large multicenter randomized controlled trial of low-dose heparin
versus compression stockings in ischemic stroke is currently ongoing (Dennis 2004).

Urinary incontinence
Incontinence is common after stroke and may be permanent (Brittain et al. 1998). Cathe-
terization is often required to maintain skin care, at least initially. Urinary infection is
common owing to immobility and the use of urinary catheters.

Pressure sores
Pressure sores may occur secondary to poor nursing, incontinence or malnourishment.
They may become infected and take months to heal, thus delaying rehabilitation. Pressure
sores can be avoided by attention to pressure areas, use of appropriate mattresses and
supports and by regular turning of immobile patients (NHS center for Reviews and
Dissemination and the Nuffield Institute for Health 1995).

Cardiac complications
Electrocardiographic ST depression, T wave flattening and inversion, U waves and a
prolonged Q–T interval are common but transient occurrences after acute ischemic, and
particularly after acute hemorrhagic, stroke. They seldom cause clinical problems. Some
abnormalities may have preceded the stroke (Oppenheimer et al. 1990). It is not known

Table 20.1. Routine monitoring in acute stroke

Monitor

Vital signs Respiratory rate and rhythmn, blood gases

Heart rate and rhythm (often with electrocardiographic monitor)

Blood pressure (normal arm)

Temperature (normal axilla)

Neurological Conscious level (Glasgow Coma Scale)

Pupils

Limb weakness

Epileptic seizures

General Fluid balance

Electrolytes and urea

Blood glucose

Hematocrit
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whether monitoring the electrocardiogram improves the prognosis, but it is often recom-
mended, particularly after subarachnoid hemorrhage. Some patients have a rise in blood
cardiac troponin after stroke, and there is some evidence that this is more likely after
involvement of the insula, particularly on the right, and may be linked to high circulating
catecholamine levels (Cheshire and Saper 2006). However, it is not clear whether elevated
cardiac troponin is an independent predictor of poor outcome after stroke.

Fluid imbalance
Patients unable to take sufficient fluids orally require fluid by nasogastric tube or intraven-
ous hydration. Hyponatremia, probably reflecting salt wasting and the stress response, is
particularly common after subarachnoid hemorrhage and, in general, should be treated by
plasma volume expansion and not fluid restriction. Urinary tract infection and dehydration
may cause renal failure.

Mechanical problems
Spasticity, muscle contractures, painful shoulder and other joints of a paralyzed limb,
malalignment or subluxation of the shoulder, falls and fractures can all potentially be
avoided by good nursing and physiotherapy. Osteoporosis in a paralyzed limb presumably
increases the risk of fractures but may be unavoidable (Sato et al. 1998).

Acute gastric ulceration
Gastric ulceration, with or without hemorrhage or perforation, is a well recognized but rare
complication in severe stroke and may be difficult to prevent (Davenport et al. 1996b).

Mood disorders
A systematic review of observational studies of post-stroke depression produced an esti-
mated overall prevalence of 33% among all stroke survivors (Hackett et al. 2005). Predictors
of depression include severity of stroke and cognitive impairment (Hackett and Andersen
2005). It has been postulated that left-sided brain lesions are more likely to cause depres-
sion, but this remains unproven (Bhogal et al. 2004). Mood disorder may impede rehabili-
tation and contribute to disability and handicap but usually improves with time. Treatment
includes support and counseling and antidepressants.

Central post-stroke pain
Post-stroke, or “thalamic,” pain is a burning, severe and paroxysmal pain exacerbated by
touch and other stimuli. Such post-stroke pain is rare and usually occurs weeks or months
after stroke (Nasreddine and Saver 1997; Frese et al. 2006). There are usually some sensory
signs in the affected areas. The lesion is usually located in the contralateral thalamus but
may lie elsewhere in the central sensory pathways. Treatment includes anticonvulsants,
amitriptyline and various sorts of counter-stimulation but is often unsuccessful.

Generic treatment for acute stroke
Many of the interventions described below aim to prevent physiological changes such as
hypotension, hyperglycemia and pyrexia. These might result in secondary ischemic injury
through excacerbating the flow/metabolism mismatch in the penumbral and oligemic areas
surrounding the infarcted core, resulting in extension of infarction into these areas.
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Stroke units
The concept of a stroke unit as being a geographically defined service offering either acute
or subacute (or both) care and rehabilitation delivered by a dedicated team is quite clear,
although the exact definition of a stroke unit is less so. There is evidence that admission to
an acute stroke unit providing certain core features (Box 20.2) reduces mortality and
morbidity and dependency (Stroke Unit Trialists’ Collaboration 2000). The benefits are
seen for all ages, both sexes and across the range of stroke severity. Compared with care on
general medical wards, care in a stroke unit reduces mortality and increases the chances of
independence (Stroke Unit Trialists’ Collaboration 1997, 2000, 2002). Stroke unit care also
reduces length of stay and is cost effective in comparison with care on general wards with or
without mobile specialist team input and domiciliary care (Patel et al. 2004; Moodie et al.
2006). The beneficial effects of stroke unit care are also maintained long term (Fuentes et al.
2006). Despite the evidence for the effectiveness of stroke units, many patients in the UK are
not admitted to such a unit owing to lack of capacity, although the situation is improving
(Intercollegiate Working Party on Stroke 2006).

Blood pressure
The optimal management of blood pressure in acute stroke is uncertain. Ischemic and
infarcted brain cannot autoregulate and so relatively modest increases in cerebral perfusion
pressure can cause hyperemia, increased cerebral blood flow, cerebral edema and hemor-
rhagic infarction, whereas a fall in cerebral perfusion pressure may exacerbate cerebral
ischemia. Blood pressure is often elevated on admission but tends to fall spontaneously
during the first few days (Bath and Bath 1997). Reliable evidence to guide blood pressure
management is lacking at present (Blood Pressure in Acute Stroke Collaboration 2001)
but two large ongoing randomized controlled trials should provide more reliable
guidance within the next few years (Willmot et al. 2006; Mistri et al. 2006). In practice,
many clinicians continue existing antihypertensive therapy but only consider active
treatment of blood pressure for sustained blood pressures of around > 220/120mmHg or
> 185/105mmHg in cerebral infarction and cerebral hemorrhage, respectively. Exceptions
occur where there is coexistent hypertensive encephalopathy, aortic dissection, acute
myocardial infarction or severe left ventricular failure.

Hypoxia
Damaged brain appears to have impaired responsiveness to arterial partial pressure of
carbon dioxide and oxygen as well as impaired autoregulation and perfusion reserve,
increasing the likelihood of further “secondary” insults such as systemic hypoxia, hypoten-
sion and raised intracranial pressure (Cormio et al. 1997). There are good theoretical

Box 20.2. Core features of stroke units included by Stroke Unit
Trialists’ Collaboration

Coordinated care delivered by a multidisciplinary team
Multidisciplinary team members interested in and specialized in stroke
Regular training for staff provided
Regular multidisciplinary team meetings (at least once a week)
Involvement of carers in patient care
Nurses have expertise in rehabilitation
Source: Stroke Unit Trialists’ Collaboration (1997, 2000).
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reasons why routine oxygen therapy might
be beneficial, but there are also potential
deleterious effects (Singhal 2007) and so
randomized trials are required. Oxygen
should be given if saturations are less than
95%. A randomized trial of routine oxygen
supplementation is ongoing (Ali et al. 2006).

Hyperglycemia
Hyperglycemia after acute stroke is a
common finding that has consistently been
associated with an increased risk of death.

The hypothesis that maintenance of euglycemia post-stroke would improve outcome was
tested in the UK Glucose Insulin in Stroke Trial (GIST-UK) (Gray et al. 2007). Infusion of
glucose–potassium–insulin to maintain capillary glucose at 4–7mmol/l showed no signifi-
cant reduction in mortality or severe disability at 90 days. The authors concluded that
treatment within the trial protocol was not associated with significant clinical benefit,
although the study was underpowered and the difference in glycemic control between the
treatment groups was small.

Fever
Fever may occur after stroke for a number of reasons (Box 20.3). Animal studies and
observational data in humans suggest that pyrexia increases infarct size and is associated
with poor outcome, and that the converse is true for hypothermia, but risks and benefits of
active cooling in acute stroke are yet to be determined (Reith et al. 1996; Hemmen and
Lyden 2007; Sacco et al. 2007). Infection should be treated promptly but there is no
evidence to support the routine use of antipyretics such as paracetamol for temperatures
above 37.5 �C, although they are widely used in practice.

Dehydration
Dehydration should be corrected with intravenous fluid replacement, and nasogastric
feeding should be instituted in those with unsatisfactory swallow.

Impaired swallowing
Impaired swallowing with risk of aspiration and pneumonia is common in drowsy
patients with severe hemispheric strokes, and those with brainstem strokes. It almost always
gets better in days or weeks (Hamdy et al. 1997). Swallowing difficulty is tested by asking
the patient to sip some water, observing any tendency to choke in the next minute or so,
and for added sensitivity using simple quantification (Mari et al. 1997; Hinds and Wiles
1998).

Nutrition
Feeding in the first few days may not be important, but later the patient should be kept well
nourished since poor nutrition may be associated with worse outcome. There is no evidence
to support early initiation of percutaneous endoscopic gastrostomy feeding in patients with
unsafe swallow (Dennis et al. 2005).

Box 20.3. Causes of fever after stroke

Infection:
� urinary tract
� respiratory
� pressure sores
� septicemia
� intravenous access site
Deep vein thrombosis and pulmonary
embolism
Infective endocarditis
Drug reaction
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Early mobilization
Mobilization may reduce complications, including pneumonia, deep vein thrombosis,
pulmonary embolism and pressure ulcers. At present, there are no reliable data to recom-
mend the use of compression stockings or low-dose heparin for deep vein thrombosis
prohylaxis (Andre et al. 2007) but trials are ongoing (Dennis 2004).
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Chapter

21 Specific treatments for major
acute ischemic stroke

Many of the trials of therapy in acute stroke did not distinguish between stroke subtypes
other than by division into hemorrhagic and ischemic stroke. Therefore, there is little
evidence for different effectiveness for most acute ischemic stroke treatments according to
stroke subtype and location. However, stroke subtype determines patient selection for
specific secondary preventive strategies. Therefore, better characterization of stroke will
aid overall patient management (Ch. 6).

Therapies to reduce brain damage in ischemic stroke may act by:
� prevention of thrombus extension: using antiplatelet and anticoagulant drugs
� reperfusion by restoration of blood flow; thus reducing infarction within the penumbra:

thrombolysis
� limiting the extent of brain ischemia: using neuroprotective agents.

Antiplatelet therapy
Patients with acute stroke should be treated with aspirin as soon as practicable after brain
imaging has excluded hemorrhage. One systematic review (Sandercock et al. 2003), includ-
ing two very large randomized controlled trials (International Stroke Trial Collaborative
Group 1997; CAST (Chinese Acute Stroke Trial) Collaborative Group 1997), has clearly
established that starting aspirin therapy within the first 48 hours of acute ischemic stroke
avoids death or disability at six months for approximately 10 patients per 1000 patients
treated. A further 10 patients per 1000 treated will make a complete recovery. Both
intracranial and extracranial hemorrhage are reported with aspirin therapy, but the rates
are low, and are off-set by the benefit of extra lives saved.

There is no clear consensus about whether aspirin should be given prior to brain
imaging. This applies to situations where access to imaging is delayed, or where drugs
could be administered by ambulance staff. Analysis of outcome in the subgroup of patients
who were randomized and who received treatment prior to brain imaging, some of whom
subsequently turned out to have primary intracerebral hemorrhage, did not show any
obvious difference in risk and benefit from those in the rest of the trial (International
Stroke Trial Collaborative Group 1997).

There is no clear evidence that any particular dose of aspirin is more effective than
others. However, the symptoms of aspirin toxicity, such as dyspepsia and constipation,
are dose related, so the smallest effective dose should be used. A starting dosage of
150–300mg per day is advised for the acute phase of ischemic stroke followed by long-
term treatment with 75–150mg per day. Patients intolerant of aspirin should be treated
with clopidogrel if available, or if not with dipyridamole. These newer agents cost signifi-
cantly more than aspirin. The use of combination antiplatelet therapy is discussed further
in Ch. 24.
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Anticoagulation
Immediate therapy with systemic anticoagulants including unfractionated heparin, low-
molecular-weight heparin, heparinoids or specific thrombin inhibitors in patients with
acute ischemic stroke is not associated with net short- or long-term benefit (International
Stroke Trial Collaborative Group 1997; Berge 2007; Wong et al. 2007). These agents reduce
the risk of deep venous thrombosis and pulmonary embolus, but they are associated with a
significant risk of intracranial hemorrhage, which is dose dependent. Patients in atrial
fibrillation after presumed ischemic stroke or TIA benefit from anticoagulation in the
long term to prevent further stroke. However, the best time to start therapy after an
ischemic stroke is unclear as the risk of hemorrhagic transformation is difficult to predict
(International Stroke Trial Collaborative Group 1997; O'Donnell et al. 2006).

Intravenous thrombolysis
Thrombolysis aims to reduce the volume of infarcted brain by recanalizing the occluded
vessel and restoring blood flow. Restoration of blood flow may not necessarily always be
beneficial. First, studies in animals suggest that reperfusion of acutely ischemic brain may
actually be harmful, through the release of free radicals and toxic products into the
circulation. Second, thrombolysis will probably not be of benefit if infarction is completed
or if the ischemic penumbra is small. Finally, thrombolysis may cause hemorrhagic
transformation of the infarct or extracranial bleeding.

There have been a number of trials of thrombolysis in acute stroke using various
thrombolytic agents, at different dosages and all the trials had strict entry criteria includ-
ing age cut-offs. The relative effectiveness and the most-effective doses of the various
thrombolytic agents are unclear owing to the lack of comparative data. Systematic reviews
and meta-analysis (Wardlaw et al. 2003) of intravenous thrombolytic therapy using
streptokinase, urokinase or recombinant tissue plasminogen activator (rt-PA) suggest
some benefit from thrombolysis given within the first six hours after stroke. There was
a significant reduction in combined death or dependency at the end of follow-up, with
64 fewer patients dead or dependent per 1000 patients treated. This was despite a
significant increase in the number of intracranial hemorrhages and deaths, an additional
73 hemorrhages per 1000 patients treated, in other words a 3.5-fold excess, and in
the numbers of deaths, amounting to an additional 46 deaths per 1000 patients treated.
There was significant heterogeneity between trials, making the overall estimate difficult to
interpret, but patients treated within three hours had better outcome. Some studies
included only patients with middle cerebral artery territory infarction, such as the
European and Australian Acute Stroke Study (ECASS; Hacke et al. 1998) whereas there
was no such restriction in others, such as the National Institute of Neurological Disorders
and Stroke rt-PA Study Group (NINDS 1995). Numbers were too small to examine the
effect of thrombolysis on stroke subtypes.

The NINDS study of rt-PA within three hours of stroke onset in 624 patients reported a
larger treatment effect (National Institute of Neurological Disorders and Stroke rt-PA Study
Group 1995) than that seen overall for all studies included in the systematic reviews:
160 additional patients per 1000 patients treated were alive and independent at three
months in the thrombolysis group, representing a number needed to treat of seven to
prevent all death. This was despite an increase in the incidence of cerebral hemorrhage, with
an excess of 58 bleeds per 1000 patients treated. The improved outcome in the thrombolysis
group was maintained at one year (Kwiatkowski et al. 1999).
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The less-striking benefit from thrombolysis indicated by the systematic reviews com-
pared with that seen in the NINDS trial may result from methodological differences
between trials. These include the fact that many of the earlier trials randomized patients
up to six hours from stroke onset, and the likely pathophysiological variability in the
patients studied. Further, in the NINDS trial, only carefully selected patients were included
and these strict inclusion and exclusion criteria have made these trial results difficult to
generalize to clinical practice. One study (Jorgensen et al. 1999) showed that only 5% of
patients admitted to hospital in Denmark with ischemic stroke would fulfil the entry criteria
for this trial and that only 45% would be eligible for thrombolysis even when the time limit
was ignored.

A pooled analysis of individual patient data from the NINDS, ECASS I and II and
the Alteplase Thrombolysis for Acute Noninterventional Therapy in Ischemic Stroke
(ATLANTIS) trials (Hacke et al. 2004), which represents 99% of patients randomized in
trials of rt-PA in stroke, has confirmed that benefit from thrombolysis decreases with time
since stroke onset, being most beneficial if given within 90 minutes (odds ratio for favorable
outcome of 2.8) (Fig. 21.1), although benefit was still present at 4.5 hours (now confirmed
in ECASS III). However, it is clear that many patients will not benefit at this time point and,
conversely, that other patients may benefit up to and beyond six hours in view of the fact
that the ischemic penumbra may extend for much longer periods in some patients (Baron
2001). At present, only approximately 1% of UK patients receive thrombolysis (Intercollegiate
Working Party on Stroke 2006) and 1–6% in North America.

Most of the data from the thrombolysis trials, together with most of the ongoing studies
of diffusion-weighted imaging/perfusion-weighted imaging and CT perfusion concern
embolic strokes in the middle cerebral artery territory. Consequently, there is uncertainty
over whether lacunar or posterior circulation strokes should receive thrombolysis. The
NINDS study found no difference in benefit for thrombolysis in lacunar compared with
other stroke, but numbers were small and diagnosis of lacunar stroke was based on clinical
syndrome and CT. Since lacunar stroke overall has a good prognosis and thrombolysis
may be more likely to precipitate hemorrhage in the presence of small vessel disease,
thrombolysis may not be beneficial, but at present there are no data to guide management.
Similarly there are few data on posterior circulation stroke, although substantial diffusion-
weighted/perfusion-weighted imaging mismatch has been seen following basilar occlusion
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Fig. 21.1. Odds
ratios of a favourable
outcome at three
months follow-up
in patients treated
with thrombolysis
compared with
controls by time
from stroke onset to
treatment, showing
decrease in benefit
from treatment with
time based on a
pooled analysis of
2776 patients from
randomized controlled
trials (Hacke et al.
2004). CI, confidence
interval.
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(Ostrem et al. 2004), and benefit of thrombolysis has been suggested as long as seven hours
after stroke onset (Montavont et al. 2004; Lindsberg et al. 2004).

Several other uncertainties remain concerning thrombolysis after stroke, including the
length of the treatment window, the risk–benefit ratio in older patients, the factors
predicting intracranial hemorrhage and the brain imaging appearances that predict
response to treatment. This, together with concern that there is a trend towards excess
deaths with thrombolysis, has led to a lack of consensus regarding the use of thrombolysis
and the criteria for selecting patients. Current guidelines vary but advise that thrombolysis
should only be administered by a physician with expertise in stroke. Thrombolysis should
be avoided in severe stroke, where there is early CT change indicating severe infarction
or if more than three hours after stroke onset except as part of a randomized trial
(Table 21.1).

Table 21.1. Absolute and relative contraindications to thrombolysis in acute major stroke used by the acute
stroke team at the John Radcliffe Hospital, Oxford, UK

Contraindications

Absolute

Any intracranial hemorrhage

BP> 185/110mmHg after two attempts to reduce BP

Surgery or trauma within the last 14 days

Active internal bleeding

Hematology abnormalities or coagulopathy

INR> 1.7, APTT> 40 seconds, platelet count < 100� 109/l

Arterial puncture at a non-compressible site within the last 7 days

Relative

Any of the following alone: hemianopia, neglect, sensory loss, dysarthria, ataxia

Pretreatment CT showing: hypodensity which could represent evolving infarct over three hours old;
mass effect or edema; tumor, aneurysm or arteriovenous malformation

Intracranial or spinal surgery within two months

Any non-neurological surgery within the last six weeks

Stroke or head injury in the last three months

Gastrointestinal or urinary tract bleeding within the last three weeks

Previous history of CNS bleeding

Glucose < 2.7 or > 22mmol/l

Seizure at stroke onset

Pregnancy

Infective endocarditis or pericarditis

Serious underlying medical illness (including dementia)

Greater than 90 minutes delay after CT scan

Decreased level of consciousness (unless caused by basilar artery occlusion)

Notes:
BP, blood pressure; INR, international normalized ratio; APTT, activated partial thromboplastin time;
CT, computed tomography.
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Implementation of acute stroke imaging
The use of brain imaging to select patients for thrombolysis is discussed in detail in Ch. 11.
Assuming equal access to diffusion-weighted/perfusion-weighted imaging and CT perfu-
sion, decisions regarding optimum imaging use can be dictated by time elapsed since stroke
onset and symptom severity.

At up to three hours after stroke onset
All existing trials used CT to select patients for thrombolysis. This remains the brain
imaging method used in most centers for patients within the “0–3 hour” time window.
Patients with hemorrhage or with signs of extensive infarction are, in general, excluded
from thrombolysis. This latter exclusion remains a subject of debate since data from the
NINDS trial (National Institute of Neurological Disorders and Stroke rt-PA Study Group
1995) do not support exclusion from thrombolysis on the basis of early ischemic change
alone.

In view of the uncertainties surrounding thrombolysis even within the 0–3 hour time
window, the ongoing Third International Stroke Trial (IST-3: www.ist3.com) is randomiz-
ing patients to alteplase (rt-PA) in the first six hours after stroke. This trial has no upper age
limit in contrast to previous thrombolysis trials and aims to establish the risk–benefit ratio
for thrombolysis in a broader selection of patients.

Magnetic resonance imaging takes longer than CT to perform and is less well tolerated
in sick patients. However, it has been proposed that MRI may improve selection of patients
for thrombolysis through greater sensitivity for excluding those likely to be harmed by
treatment. At present, there are no randomized trial data, although there are studies
reporting that MRI is safe and feasible in acute stroke.

At three to six hours after stroke onset
Ideally, patients presenting within the “3–6 hour” time window should be randomized to
appropriate thrombolysis trials. However, some centers use diffusion-weighted/perfusion-
weigh ted im ag ing a nd the presence of m ismatch ( see Ch. 11) to select patients for thrombolysis.
There is some evidence that treatment with intravenous alteplase based on the presence of
such a mismatch in the 3–6 hour time window produces similar functional outcomes to
alteplase treatment within three hours based on CT criteria. However, it remains unclear
how to identify individual patients at high risk of hemorrhagic transformation, although
there is evidence that low perfusion or low apparent diffusion coefficient values (Derex et al.
2005) are associated with a higher risk of hemorrhage. The presence of cerebral microbleeds
does not appear to be related to thrombolysis-related hemorrhage (Chs. 10 and 11).

Intra-arterial thrombolysis
Intra-arterial thrombolysis has been proposed as a treatment for acute ischemic stroke since
the 1980s and may potentially overcome many of the problems associated with patient
selection for intravenous therapy:
� thrombolysis only after demonstration of vessel occlusion
� higher rates of recanalization achieved
� lower dosage of thrombolytic agent required, therefore lower risks of hemorrhage
� therapeutic window for thrombolysis may be extended beyond three hours.

The first advantage is that it allows thrombolysis to be given only to those patients in
whom vessel occlusion has been demonstrated. In 20% of patients presenting within six
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hours of stroke onset, no occlusion is identified. Second, recanalization rates appear to be
higher for intra-arterial thrombolysis, approximately 70%, than for intravenous thrombo-
lysis, approximately 34%, although there are no direct comparisons of the two techniques.
Third, since intra-arterial thrombolysis involves the use of small amounts of thrombolytic
agent applied directly to the site of occlusion, compared with the relatively high doses
used systemically in intravenous thrombolysis, intra-arterial thrombolysis may offer the
potential to treat patients at increased risk of hemorrhagic complications more safely.

Two randomized controlled trials of intra-arterial thrombolysis have been reported: the
Prolyse in Acute Cerebral Thromboembolism trials PROACT I (del Zoppo et al. 1998) and
PROACT II (Furlan et al. 1999). PROACT I remains the only placebo-controlled double-
blind, multicenter trial of intra-arterial thrombolysis in acute ischemic stroke. Recanaliza-
tion rate was 58% in the active treatment group, compared with 14% in the placebo group.
Two doses of subsequent heparin were used, a high-dose 5000U bolus followed by 100
U/hour, achieving a recanalization rate of 80% with a symptomatic intracranial hemorrhage
rate of 27%. The equivalent rates in the low-dose heparin group were 47% and 6%,
respectively. In PROACT II, 180 patients with a mean National Institutes of Health Stroke
score of 17 were randomly assigned to receive either 9mg of intra-arterial thrombolysis
plus low-dose intravenous heparin or low-dose intravenous heparin alone. The median time
from onset of symptoms to the initiation of intra-arterial thrombolysis was 5.3 hours. In the
treated group, there was a 15% absolute benefit in the number of patients who achieved a
modified Rankin score of � 2 at 90 days (p¼ 0.04). On average, seven patients with middle
cerebral artery occlusion would require intra-arterial thrombolysis for one to benefit.
Symptomatic brain hemorrhage occurred in 10% of the thrombolysis group and 2% of
the control group, but there was no excess mortality.

There are few data to guide intra-arterial thrombolysis in the posterior circulation.
Observational studies and the one existing very small randomized controlled trial of intra-
arterial thrombolysis for basilar occlusion show no evidence of benefit (Arnold et al. 2004,
Lindsberg and Mattle 2006). However, given the poor outcome of basilar occlusion, many
clinicians believe thrombolysis is justified, even many hours after the event, particularly
since there is some evidence that the ischemic penumbra and thus the available window
for thrombolysis may extend for many hours in the posterior circulation.

Comparisons between the different intra-arterial thrombolysis trials and between intra-
arterial thrombolysis and intravenous thrombolysis is hampered by differences in method-
ology and type of thrombolytic therapy. In addition, within the intra-arterial thrombolysis
trials, thrombolytic delivery has varied between regional into a parent vessel of the throm-
bosed vessel, local into the affected artery and into the thrombus itself, or combinations of
these methods. In addition, the infusion process has been variable, ranging from continu-
ous to pulsed infusion. Some studies have allowed physical clot dispersion using the tip of
the microcatheter while this was prohibited in others, for instance in the PROACT trials.

It may be feasible to combine intravenous thrombolysis with intra-arterial thrombolysis.
In the pilot Emergency Management of Stroke (EMS) bridging trial (Lewandowski et al.
1999), 70% of patients still had a clot on angiography after intravenous rt-PA. There was
improved recanalization in patients who then received intra-arterial rt-PA but also an
increase in bleeding complications. Other trials are ongoing. Percutaneous angioplasty of
the recanalized vessel following intra-arterial thrombolysis has also been attempted, but at
present there are no prospective comparisons of any of these combined techniques, making
their relative merits unclear. Intra-arterial urokinase has been used to treat ischemic stroke
occurring during insertion of coils for intravascular aneurysms, but since the causes of
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vessel occlusion secondary to arterial can-
nulation include intimal dissection and
arterial spasm as well as local thrombosis
and emboli dislodged by the catheter,
thrombolysis would be unlikely to be of
benefit in many such cases.

Surgical decompression for
malignant middle cerebral
artery infarction
Malignant middle cerebral artery territory
infarction is defined as a large middle
cerebral artery infarct with marked edema
and swelling, leading to raised intracranial
pressure and a high risk of coning (Fig.
21.2; see also Figs. 5.1 and 11.2). Malig-
nant middle cerebral artery infarction has
a mortality rate of approximately 80%
with medical treatment. Non-randomized
studies had suggested a reduction in
mortality with decompressive surgery,
consisting of hemicraniectomy and dur-
oplasty, without a major increase in the
number of severely disabled survivors. Recently, data from three small randomized trials
were pooled and showed that surgery within 48 hours of stroke onset reduced case fatality
from 71% to 22%, and that 43% of survivors had a modified Rankin score of � 3 at one-year
follow-up (Vahedi et al. 2007) (Fig. 21.3). The results were highly consistent across all three
trials. Since the trials excluded patients older than 60 years, and existing non-randomized
data suggest poor outcome in those over 50 years, the results cannot necessarily be
generalized to older patients.

Neuroprotective interventions
Potential neuroprotective agents include metalloprotease inhibitors, which reduce vascular
damage, anti-inflammatory drugs and oxidative stress blockers. Several neuroprotective
agents have shown promising results in animal studies but this has not, in general,
translated into benefit in trials in humans (Savitz and Fisher 2007). The many possible
reasons for the discrepancy in results between animals and humans include length of time
to treatment, the heterogeneity of stroke in humans compared with animal stroke models
and the small numbers and bias in animal studies (Muir and Teal 2005). Moreover,
variation in the outcome measurements used in acute stroke trials makes comparison
between studies difficult, and reanalysis of data using different methods may yield different
results. The initial clinical trial of NXY-059 (SAINT-1, Lees et al. 2006), a free radical spin-
trap agent, showed benefit in acute stroke but this was not replicated in a subsequent trial,
SAINT-2 (Shuaib et al. 2007). Further, reanalysis of the SAINT-1 results using different
methodology showed no evidence of benefit (Koziol and Feng 2006). The current consensus
is that neuroprotective agents require more rigorous testing in appropriate clinically

Fig. 21.2. A CT brain scan showing the development of
malignant middle cerebral artery infarction in a young
woman who subsequently underwent hemicraniectomy.

Chapter 21: Specific treatments for major acute ischemic stroke

263



relevant animal models before testing in humans with appropriate time windows and
outcome measures (Savitz and Fisher 2007).

Newer imaging techniques may allow better patient selection for neuroprotective agents.
As discussed above, initial diffusion-weighted imaging abnormality may resolve only to
reappear in around 50% of patients. Although the pathological processes underlying this
phenomenon are not understood, this may be an area in which neuroprotection could play
a role. Further, even when lesions identified by diffusion-weighted imaging resolve without
secondary reappearance, isolated necrotic neurons are seen on histological specimens in
animal studies, showing that partial ischemic injury may be present even in regions with
normal apparent diffusion coefficient and T2-weighted MRI values. Therefore, neuropro-
tectants may also be of use in patients with fully reversible lesions on diffusion-weighted
imaging.

Imaging of the ischemic penumbra has been shown to be potentially useful in selecting
patients for thrombolysis. It may allow extension of the thrombolysis window in selected
patients. But it has also been proposed that tissue within the ischemic penumbra represents
a good target for neuroprotective agents, which are unlikely to be as effective in tissue that is
already severely damaged. Neuroprotective agents might allow protection of tissue within
the penumbra while perfusion is restored and, thus, extend the thrombolysis window.
Alternatively, damage to the ischemic penumbral tissue could be lessened in patients who
did not reperfuse with thrombolyic therapy or in whom thrombolysis was contraindicated.
Finally, although salvage of penumbral tissue is possible if reperfusion occurs, neurons
within this area may still be at risk of delayed injury and this may represent a further area
for neuroprotectant therapy.

Hypothermia causes a variety of responses in ischemic brain that might confer neuro-
protection, including significant alterations in metabolism, glutamate release and reuptake,
inflammation and free radical generation (Krieger and Yenari 2004). This, together with
the observation that children and adults have survived prolonged immersion in cold
water without neurological sequelae, has led to the proposal that induced hypothermia
may improve stroke outcome. Hypothermia may also lengthen the time window for
thrombolysis. In animal models, hypothermia improves outcome in temporary cerebral
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Fig. 21.3. A pooled analysis of data from three small randomized trials of hemicraniectomy versus medical
treatment for malignant middle cerebral artery infarction (Vahedi et al. 2007). Surgery within 48 hours of stroke onset
reduced case-fatality from 71% to 22% and left 43% of survivors with only mild or moderate disability (modified
Rankin score of � 3) at one-year follow-up.
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vessel occlusion but effects after permanent occlusion are less consistent. In humans, two
randomized trials have shown that mild hypothermia improves mortality and neurological
outcome in patients who suffer cardiac arrest (Bernard et al. 2002; Hypothermia after
Cardiac Arrest Study Group 2002). Pilot studies of hypothermia for stroke have been
published but there are no large randomized trials and there is no consensus regarding
timing, depth and method of induction of hypothermia: surface or endovascular (Hemmen
and Lyden 2007). Anaesthetized patients have tolerated hypothermia for as long as 72 hours,
but few awake patients have been treated, partly because awake patients do not tolerate
deep hypothermia.
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Chapter

22 Specific treatment of acute
intracerebral hemorrhage

Brain imaging using CT has a high sensitivity for intracerebral hemorrhage. The location,
characteristics and number of hemorrhages can aid in the diagnosis of the underlying cause
and, thus, may influence subsequent patient management. For instance, the presence of
multiple lobar hemorrhages with surrounding edema should prompt a search for under-
lying metastatic tumor, whereas a basal ganglia hemorrhage in a hypertensive elderly person
would not require further investigation. Repeat CT scanning is indicated if there is clinical
deterioration, which may be caused by rebleeding or by hydrocephalus; if there are no
changes, the search for systemic disorders should be intensified.

It is vital to instigate the correct management of patients with cerebellar hemorrhage as
soon as possible owing to the high risk of hydrocephalus and brainstem compression.

Non-surgical treatments
Recombinant factor VIIa
Recombinant factor VIIa is known to decrease the severity of hemorrhage in certain
surgical settings. Since primary intracerebral hemorrhage has a tendency to enlarge over
the first few hours, it has been proposed that agents promoting hemostasis may be
beneficial in treating primary intracerebral hemorrhage. A phase 2 trial of recombinant
factor VIIa administered within three hours to patients with intracerebral hematoma
without known structural or iatrogenic cause found that enlargement of the hematoma
and poor outcome occurred significantly less often in patients treated with the active
compound (Mayer et al. 2005). However, the confidence limits were wide, the risk of
cerebral and myocardial infarction was higher in the treatment group (5% versus 0% in
the placebo group) and the subsequent larger phase III trial, the Factor Seven for Acute
Hemorrhagic Stroke Treatment (FAST) trial, failed to confirm benefit (Mayer et al. 2008).

Cerebrospinal fluid drainage
Insertion of a ventricular catheter can be life saving in patients with cerebellar hemorrhage
and hydrocephalus. In patients with supratentorial hemorrhage and hydrocephalus, how-
ever, the benefits of cerebrospinal fluid (CSF) diversion are less certain. In patients with
extensive intraventricular hemorrhage secondary to deep intraparenchymal or aneurysmal
rupture, drainage of CSF is performed in some centers. Systematic reviews of observational
studies suggest that this procedure may be helpful, especially when it is combined with
instillation of fibrinolytic drugs. However, randomized trials are needed (Lee et al. 2003;
Fountas et al. 2005).

Hyperventilation
Hyperventilation decreases intracranial pressure because hypocapnia, usually down to
values of the order of 4 kPa, causes vasoconstriction. However, this will not necessarily be
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beneficial in patients with intracerebral hemorrhage since brain ischemia caused by
compression is exchanged for ischemia caused by vasoconstriction (Stocchetti et al. 2005).
In head-injured patients, the single randomized controlled trial of prolonged hyperventi-
lation not only failed to show any benefit but also raised concerns about potential harm
(Muizelaar et al. 1991; Schierhout and Roberts 2000). There are no controlled trials of
hyperventilation in patients with intracerebral hematomas.

Osmotic agents
Mannitol is widely used in patients with primary intracerebral hemorrhage and a depressed
level of consciousness to decrease intracranial pressure and alleviate the space-occupying
effect of the hematoma in a deteriorating patient, although there is a lack of randomized
trials looking at clinical outcomes.

Surgical treatment
Supratentorial hemorrhage
There are four possible surgical procedures to treat intracerebral hematoma: simple aspir-
ation, craniotomy with open surgery, endoscopic evacuation and stereotactic aspiration.
Open surgery remains the technique of choice at present.

In patients with large intracerebral hemorrhages and mass effect (Fig. 22.1), it might be
thought that surgical removal would improve outcome. Craniotomy with open surgery was
studied in the large multicenter Surgical Trial in Intracerebral Hemorrhage (STICH;
Mendelow et al. 2005). Nine preceding small randomized trials had produced conflicting
results. The STICH trial randomized 1003 patients, all with supratentorial hemorrhages,

four times as many patients as in all previ-
ous trials taken together. Patients with a
hematoma of at least 2 cm in diameter
and a Glasgow Coma Score of � 5 were
randomized to initial conservative treat-
ment versus early surgery if the admitting
surgeon was uncertain of the benefit of
surgery. Patients initially randomized to
medical treatment could undergo surgery
at a later time point if this was felt to be
indicated. Surgical technique was left to the
discretion of the surgeon.

The STICH trial reported no difference
in outcome between those consigned to
initial conservative or surgical manage-
ment. In a prespecified subgroup analysis,
patients with superficial hematomas were
more likely to have a favorable outcome
than those with deep hematomas, and
there was a non-significant relative benefit
for surgery in this group. The outcome for
patients with Glasgow Coma Scores of � 8
was uniformly poor and there was a sug-
gestion that surgery increased the risk of

Fig. 22.1. A CT brain scan showing a primary
intracerebral hemorrhage with rupture into the
ventricular system (open arrow) and considerable mass
effect (black arrow).
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poor outcome in these patients. It is pos-
sible that patients with deep-seated hema-
tomas might do better with less-invasive
and hence less-traumatic methods of clot
evacuation, such as endoscopy. Further
trials are needed to test these hypotheses.

The STICH trial did not address the
question of whether operation improves
outcome in patients deteriorating because
of hematoma expansion. A consecutive
series of 26 such patients from the Mayo
Clinic, of whom 24 had lobar hemorrhage,
suggested that no patient regained inde-
pendence, with or without surgery, if
corneal and oculocephalic reflexes had been
lost. However, approximately one-quarter
of the remaining group, 6 out of 21,
regained independence (Rabinstein et al.
2002).

Cerebellar hemorrhage
Over the past few decades, surgical evacu-

ation has been felt to be life saving and relatively complication free in patients with
cerebellar hematomas who have clinical evidence of progressive brainstem compression
(Fig. 22.2). Consequently, a randomized trial is unlikely to occur. Certain patients can be
managed conservatively, but there is uncertainty about the selection criteria. Indications for
evacuation of cerebellar hematoma include size greater than 3–4 cm and the combination
of a depressed level of consciousness with signs of progressive brainstem compression
(Wijdicks et al. 2000; Cohen et al. 2002; Jensen and St. Louis 2005). Where all brainstem
reflexes have been lost for more than a few hours, outcome is uniformly fatal. Ventricu-
lostomy alone may be adequate in some patients with clinical features of hydrocephalus
without pontine compression, such as gradual deterioration of consciousness with sus-
tained downward gaze and small unreactive pupils.

Other surgical approaches
Aspiration not accompanied by any other intervention was attempted mainly in the 1950s
but was subsequently abandoned because only small amounts of clot could be obtained, and
because the procedure could precipitate rebleeding. Since the 1990s, stereotactic aspiration
of supratentorial hemorrhage without endoscopy, mostly combined with instillation of
fibrinolytic agents, has been reported in several observational studies. Subsequently,
two controlled trials of this technique have been performed. A Japanese trial randomized
242 patients with putaminal hemorrhage and a moderately decreased level of consciousness,
involving eyes closed but opening to stimuli, between stereotactic hematoma evacuation
and conservative treatment. This reported that outcome in terms of death and dependence
was better in the surgical group (Hattori et al. 2004). A smaller trial of 70 patients
in the Netherlands combined stereotactic aspiration with liquefaction by means of
a plasminogen-activating substance and found no conclusive differences in outcome
(Teernstra et al. 2003).

Fig. 22.2. A CT scan of a cerebellar hemorrhage.
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Treatment of specific types of intracerebral hemorrhage
Pontine hemorrhages
Pontine hemorrhages are fatal in around 50% of patients (Wijdicks and St. Louis 1997).
Those caused by cavernomas or arteriovenous malformations have a better outcome
(Rabinstein et al. 2004). The management of patients with “hypertensive” pontine hemor-
rhage is usually conservative, but some case reports have documented successful stereotactic
aspiration. However, there is likely publication bias and the natural history of the condition
is difficult to predict since patients with small hemorrhages do well with conservative
management.

Lobar hemorrhage from presumed amyloid angiopathy
In patients with lobar hemorrhage from amyloid angiopathy and with an impaired level
of consciousness, the prognosis is poor after surgical intervention (McCarron et al. 1999).
It remains unclear whether the outcome would have been better without surgery (Greene
et al. 1990; Izumihara et al. 1999). Given these uncertainties and the danger that the operation
provokes new hemorrhages from brittle vessels at distant sites (Brisman et al. 1996), conserva-
tive treatment seems the best option.

Cavernous angiomas
There is little doubt that hemorrhages, which may be recurrent, from cavernous angiomas
are less destructive than brainstem hemorrhages from an arterial source (Rabinstein et al.
2004). Also, the angioma may spontaneously regress (Yasui et al. 2005). Surgical treatment
or stereotactic radiation is regularly performed but is not supported by controlled studies,
and incomplete removal can prompt rebleeding (Kikuta et al. 2004). Stereotactic cobalt-
generated radiation “gamma knife” therapy has been applied to a large number of patients
with cavernomas, but it remains uncertain whether seizures or rebleeding are less likely to
occur afterwards (Regis et al. 2000; Liu et al. 2005).

Dural arteriovenous fistulae
Arteriovenous fistulae in the dura are heterogeneous. They may or may not be secondary to
occlusion of a major sinus. Abnormal venous drainage from meningeal arteries may be
channelled into a dural sinus or into superficial veins of the surface of the brain, cerebellum
or brainstem. Accordingly, different methods are required to occlude the fistula. Surgical
techniques include selective ligation of leptomeningeal draining veins, resection of fistulous
sinus tracts and a cranial base approach with extradural bone removal. Endovascular
techniques may consist of an approach from the arterial or venous side, recanalization
and stenting of a venous sinus, or venous embolization via a craniotomy (Tomak et al.
2003). Finally stereotactic cobalt-generated radiation “gamma knife” therapy is also used
for obliterating arteriovenous fistulae (O’Leary et al. 2002; Pan et al. 2002), sometimes in
conjunction with an endovascular approach (Friedman et al. 2001).

Moyamoya syndrome associated hemorrhage
Moyamoya syndrome (Ch. 6) causes gradual stenosis or occlusion of the terminal portions
of the internal carotid arteries or middle cerebral arteries. This leads to formation of an
abnormal collateral network of fragile vessels, which occasionally rupture. It has been
proposed that constructing a bypass to relieve the pressure on the collaterals would be
beneficial, for example between the superficial temporal artery and the middle cerebral
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artery (Kawaguchi et al. 2000), but whether this procedure prevents bleeding remains
uncertain. In fact, an aneurysm may form and rupture at the site of the arterial bypass
(Nishimoto et al. 2005).

Iatrogenic intracerebral hemorrhage
Anticoagulation
Anticoagulants are associated with an increased rate of intracerebral hemorrhage, and
particularly high rates of hemorrhage are observed in the elderly. With increasing rates of
anticoagulant use, rates of hemorrhage have risen. Observational data confirm that early
normalization of clotting status is associated with a relatively low rate of hematoma
enlargement (Yasaka et al. 2003).

It remains uncertain when to reintroduce anticoagulants in patients with a strong
indication for this treatment, such as those with artificial heart valves, since only anecdotal
experience is available. In the Mayo Clinic series, only one ischemic stroke occurred in
52 patients with artificial heart valves in whom anticoagulants were discontinued for a median
period of 10 days (Phan et al. 2000). In contrast, of seven similar patients from Heidelberg,
three had large ischemic strokes within a comparable period after stopping anticoagulation
(Bertram et al. 2000). Reintroduction of anticoagulation between one and two weeks after
the hemorrhage is probably reasonable (Estol and Kase 2003) and is supported by evidence of
low rates of rebleeding (Wijdicks et al. 1998; Leker and Abramsky 1998).

Thrombolytic therapy
Thrombolytic therapy for myocardial infarction is rarely complicated by intracerebral
hemorrhage, but the case-fatality is high. Treatment includes control of hypertension and
the infusion of coagulation factors. However, the use of antifibrinolytic drugs is controver-
sial. Surgical treatment is of unproven value and may be especially hazardous given that
amyloid angiopathy may be a contributing factor. In patients with ischemic stroke who
develop major intracerebral hemorrhage after thrombolytic treatment, treatment remains
unclear.

Aspirin
Aspirin treatment is associated with a small risk of intracerebral hemorrhage. It is unclear
whether prior antiplatelet therapy is associated with a worse outcome in patients with
intracerebral hemorrhage. It is reasonable to stop the drug once the diagnosis is made.
The antiplatelet effect lasts until several days after discontinuing the drug. In trials of aspirin
for the secondary prevention of cerebral ischemia, some patients with small intracerebral
hemorrhages were inadvertently included before CT scanning and did not come to obvious
harm. However the number of patients was small and they were probably a rather atypical
group (Keir et al. 2002).
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Chapter

23 Recovery and rehabilitation
after stroke

Some degree of recovery occurs in the majority of patients after stroke, and complete
recovery is possible although the prognosis is difficult to predict in an individual patient.
Rehabilitation to aid recovery and enable the patient to develop strategies for coping with
disability forms the mainstay of treatment after the acute stroke period.

Recovery after stroke
Approximately two-thirds of stroke survivors become independent at one year, with little
difference between ischemic or hemorrhagic strokes. However, within the ischemic group,
only about 5% of patients with infarction of the whole middle cerebral artery territory are
alive and independent at a year post-stroke, compared with 50% of those with more
restricted infarcts (Table 16.1) (Bamford et al. 1990). Approximately 90% of stroke sur-
vivors return home, leaving only a small proportion in institutional care, but because stroke
is so common, their absolute number is large (Legh-Smith et al. 1986; Chuang et al. 2005).

The mechanisms of recovery are incompletely understood. Acute resolution of edema
and recanalization of occluded vessels leading to resolution of penumbral dysfunction may
contribute. In the subacute phase, changes in neuronal networks and neuronal plasticity are
important (Kreisel et al. 2007; Nudo 2007). The mechanisms share similarities with those
involved in learning and memory. The rate of recovery of all impairments is maximal in
the first few weeks, slows down after two or three months and probably stops at about
6–12 months post-stroke (Pedersen et al. 1995; Kreisel et al. 2007). Later improvement in
functional abilities, and particularly in social activities, is probably more to do with adapta-
tion to disability and minimizing handicap rather than further recovery of physical impair-
ments. Impaired quality of life is common even when patients appear to be little disabled.

Prediction of functional outcome for individuals immediately after stroke onset is
difficult, and clinical features predict outcome as well or better than radiological findings
(Hand et al. 2006). Prognostic scores have been developed but these are not particularly
discriminating (German Stroke Study Collaboration 2004). About two weeks after stroke,
good prognostic signs include young age, initially mild deficit, normal conscious level, good
sitting balance, lack of cognitive impairment, urinary continence and rapid improvement.
Independent living is often also contingent on a high level of social support.

Strategies for rehabilitation
Stroke rehabilitation attempts to restore patients to their previous physical, mental and
social capability (Langton Hewer 1990; Brandstater 2005). Rehabilitation approaches
include restoration of previous function, compensation by increasing function for a given
impairment, environmental modification, prevention of complications such as recurrent
stroke or shoulder pain, and maintenance or prevention of deterioration. Achieving optimal
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quality of life is the ultimate goal. Although there is good evidence that increased time
undergoing therapy is beneficial (Langhorne et al. 1996; Kwakkel et al. 2004; Kwakkel
2006), in general, patients spend very little of their time awake receiving therapy, only
around 5% in one study (Bernhardt et al. 2004). As little as five hours a week extra therapy
results in clinically important improvements in walking (Blennerhassett and Dite
2004). Rehabilitation should not necessarily be confined to patients in hospital, and early
discharge with multidisciplinary support achieves as good or better outcome (Langhorne
and Holmqvist 2007).

The optimum time to start rehabilitation after stroke is not known, but early rehabili-
tation within the first week is probably beneficial given the deleterious consequences of
bedrest after stroke (Langhorne et al. 2000) and the benefits of early mobilization following
other acute medical conditions including myocardial infarction. There is some evidence
from animal studies that very early intense activity may increase lesion size. Early resump-
tion of the upright posture may compromise perfusion in the penumbral zone. Conse-
quently, it may be reasonable to delay mobilization for the first few days after stroke
(Diserens et al. 2006). Although improvements in mobility and activities of daily living
can occur months or years after stroke (Outpatient Service Trialists 2003), benefits are
greater when intervention occurs within the first six months.

There are insufficient data to determine which patient groups benefit most from
rehabilitation. Although severely affected patients benefit from rehabilitation, and in fact
receive the most inpatient and outpatient therapy, they have the worst functional outcomes
(Alexander et al. 2001). Therefore, it is unclear at present how best to target the available
rehabilitation resources most efficiently.

The evidence base to support particular rehabilitation strategies is limited owing to a
lack of large randomized trials. Yet it is clear that multidisciplinary input facilitates recovery
and reduces handicap (Bayley et al. 2007). Key components of inpatient rehabilitation have
been identified (Stroke Unit Trialists’ Collaboration 1997; Langhorne and Duncan 2001;
Langhorne and Dennis 2004) as:
� coordinated, multidisciplinary care with regular team meetings
� early institution of rehabilitation within one to two weeks
� goal setting
� early assessment of impairments and function
� discharge planning with early assessment of discharge needs
� staff with a specialist interest in stroke or rehabilitation
� routine involvement of carers
� close linking of nursing with other multidisciplinary care
� regular programs of education and training for staff
� information provided about stroke, stroke recovery and available services.
A systematic review of randomized control trials of inpatient multidisciplinary stroke
rehabilitation has shown the benefits of rehabilitation, beyond seven days after stroke, as
distinct from the acute medical management aspects of acute stroke care in the first week
after stroke (Langhorne and Duncan 2001), with a reduction in death (OR 0.66; 95% odds
ratio [OR], confidence interval [CI], 0.49–0.88) and death or dependency (OR, 0.65; 95%
CI, 0.50–0.85). For every 20 patients with stroke treated in a post-acute (beyond seven days)
multidisciplinary rehabilitation unit, one additional person returns home independent in
activities of daily living.
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There is also evidence that outpatient (Outpatient Service Trialists 2003) and home-
based (Early Supported Discharge Trialists 2005; Langhorne and Holmqvist 2007) rehabili-
tation are effective for patients who have returned to the community, in preventing death,
deterioration and dependency and may allow earlier hospital discharge.

Assessment tools used in rehabilitation
Assessment tools identify, measure and record impairments, disabilities, handicaps and
quality of life. Assessment is the first step in rehabilitation, and measurement of outcome is
crucial for clinical trials, audit and comparison of different institutions. Patients’ present
levels of functioning must be compared with their premorbid levels, taking account of the
numerous comorbidities often present in the elderly (Collen and Wade 1991).

For clinical trial and audit purposes in large samples, three simple questions group
patients into those who are completely recovered, those who are still symptomatic but
independent, and those who are dependent, or dead (Dennis et al. 1997a,b). Various more
detailed assessment instruments are available that are designed to test different domains
(Lyden and Hantson 1998; Warlow et al. 1996):
� motricity index and trunk control test (Collin and Wade 1990)
� walking speed test (Wade et al. 1987; Collen et al. 1990)
� Rivermead mobility index (Collen et al. 1991)
� Frenchay Aphasia Screening Test for aphasia (Enderby et al. 1986)
� Star Cancellation Test for neglect (Jehkonen et al. 1998)
� Barthel Activities of Daily Living Index
� modified Rankin Scale (Oxford Handicap Scale), may be more useful than the Barthel

Index (Table 23.1) (Bamford et al. 1989)
� Frenchay Activity Index for social functioning (Wade et al. 1985).
It is important to try to assess mood after stroke, even though this is often difficult since
the risk is high and depression contributes to poor cognitive function and outcome.
The Short Form-36 is the most widely used generic instrument for assessment of ‘quality
of life’ but the EuroQol is also used. Neither is reliable enough to monitor individuals over
time but they may be used to compare groups of patients (de Haan et al. 1993; Dorman
et al. 1998).

Table 23.1. Modified Rankin scale

Grade Symptoms

0 No symptoms

1 Minor symptoms that do not interfere with lifestyle

2 Minor handicap; symptoms that lead to some restriction in lifestyle but do not interfere with patients’
ability to look after themselves

3 Moderate handicap; symptoms that significantly restrict lifestyle and prevent totally independent
existence

4 Moderately severe handicap; symptoms that clearly prevent independent existence although not
needing constant care and attention

5 Severe handicap; totally dependent, requiring constant attention day and night

6 Dead
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Interventions
Stroke rehabilitation teams usually consist of physiotherapists, occupational therapists,
speech therapists and social workers, as well as nursing staff. The stroke rehabilitaion
team provides a range of interventions and is also able to advise regarding return to work,
driving, finance, benefits and sexual activity. Information about local stroke clubs and
other voluntary organizations should be given to patients and carers. The latter may
also need care and support since they may experience high levels of burden (van Heugten
et al. 2006).

Physiotherapy improves outcome after stroke, but it is unclear which type of approach
is best (Pollock et al. 2007). Physiotherapy trains patients in reaching and manipulation,
sitting, sit-to-stand, standing and walking. Physiotherapists also assist with the use of foot-
drop splints, sticks and wheelchairs, and they instruct carers in transferring, lifting, walking
and exercises. They are also able to advise on the care of the hemiplegic arm, particularly the
shoulder. There is good evidence that functional electric stimulation reduces shoulder pain,
prevents shoulder subluxation, maintains range of movement and improves upper limb
activity (Foley et al. 2006). Routine corticosteroid injection or ultrasound for shoulder pain
have not been shown to be beneficial, and overhead arm pulleys and positional shoulder
static stretches are harmful and should not be used (Gustafsson and McKenna 2006).

Occupational therapy prevents deterioration after stroke and facilitates patient
independence but the exact nature of the occupational therapy intervention to achieve
maximum benefit remains to be defined (Legg et al. 2006).

Speech therapy There is insufficient evidence to support or refute possible benefits of
speech therapy after stroke for either aphasia (Greener et al. 2002) or speech apraxia (West
et al. 2005), although patients and carers value such input and stroke-care guidelines
recommend speech therapy. Speech therapists also have a role in the management of
dysarthria and swallowing.

Neglect is one of the most disabling impairments for patients after stroke. Although
individual studies of rehabilitation specifically for neglect have shown benefit, a review of
15 such studies showed no impact on disability or discharge home (Bowen et al. 2002). Visuo–
spatial–motor training, in which the affected limb is moved to increase attention to that side,
has been shown to be effective in a single randomized controlled trial (Kalra et al. 1997).

Spasticity, if moderate to severe, may impede rehabilitation after stroke. Botulinum
toxin has been shown in small studies to reduce tone and improve range of movement but
robust evidence for improvement in function is lacking (van Kuijk et al. 2002).

Secondary consequences of neurological disability include painful shoulder, shoulder–
hand syndrome, contractures and falls. Physiotherapists and other members of the multi-
disciplinary team should have expertise in managing these problems.

Brain imaging and recovery after stroke
The relationship between radiological findings and functional outcome has been examined
in a number of studies using different imaging modalities and outcome measures. The
importance of these studies from the point of view of acute stroke management is that they
may allow identification of those patients who have the potential for good functional
recovery. Rehabilitative and therapeutic strategies, such as neuroprotection agents, could
then be targeted to those patients. The majority of studies have correlated lesion size in the
acute or subacute period, using conventional CT or MRI, with outcome measured using
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a variety of scales of impairment or disability or combinations of these measures. Although
a significant relationship between infarct size and outcome has been demonstrated in most
studies, this is not invariably the case. The major reasons for a lack of correlation relate to
lack of sensitivity in detection of infarcts, but, more importantly, to the fact that these
studies ignore the importance of lesion location in determining outcome from stroke.

Lesion size on imaging and functional outcome
Studies using CT to measure lesion size have shown conflicting results. The largest such
study (Saver et al. 1999) found only a modest correlation (r¼0.5), between subacute infarct
volume and the score on the National Institutes of Health Stroke Scale at three months.
In addition, although patients with large infarcts tended to have a poor outcome, the
functional consequences of more moderately sized infarcts were more difficult to predict:
T2-weighted MRI is more sensitive than CT at detecting infarction and thus might be
expected to be somewhat better prognostically. In a study of T2-weighted MRI and
outcome, patients who were independent at three months had smaller strokes visualized
by MRI than patients who were dependent or dead (Saunders et al. 1995). However, there was
considerable overlap between infarct sizes in the three groups and the outcome measures
were rather coarse. Modest but significant correlations have also been shown between acute
diffusion-weighted imaging lesion volume and neurological outcome (Lovblad et al. 1997;
Barber et al. 1998; Tong et al. 1998) although the relationship may be stronger with
perfusion-weighted imaging. Subacute perfusion-weighted imaging appears to be less
closely related to functional outcome, presumably because of the occurrence of spontaneous
reperfusion over time.

One of the major reasons why outcome may not be correlated strongly with lesion
volume is that volume measures do not take account of variations in lesion location or
shape. Recently, evidence has been produced to suggest that the clinical consequences of an
ischemic lesion can be predicted if damage and outcome are measured within a specific
functional system (Fig. 23.1) (Binkofski et al. 1996; Pineiro et al. 2000).

Magnetic resonance spectroscopy and functional outcome
Cerebral damage following stroke has also been assessed by MR spectroscopy. This tech-
nique uses the same methods as MRI but the signal obtained is converted into chemical
as opposed to spatial information. Proton MR spectroscopy allows in vivo measurement of
N-acetyl-containing compounds, creatine, choline and lactate. The majority of the N-acetyl
signal comes from N-acetyl aspartate (NAA), which is present in high concentrations in
the brain. The function of NAA is unclear, but it is of particular interest in studies of
the brain since it is located almost exclusively in neurons in the adult. Decreases in the NAA
resonance peak in vivo indicate neuronal or axonal injury or loss.

Early studies of MR spectroscopy in stroke showed increased lactate and decreased NAA
within the stroke lesion (Berkelbach van der Sprenkel et al. 1988; Bruhn et al. 1989).
Subsequently, it was shown that the magnitude of neuronal damage as measured by NAA
loss from the infarcted region correlated with disability and impairment in stroke patients
(Ford et al. 1992; Federico et al. 1998). It remains unclear whether NAA loss is a better
prognostic indicator than other factors such as infarct volume as measured on imaging or
indeed simple clinical tests. However, one study (Parsons et al. 2000) suggested that acute
lactate/choline ratios correlate better with outcome than NAA/choline ratios or infarct
volume. In all the above studies, metabolite changes were measured from the center of the
infarcted region and, therefore, were not representative of the total infarct damage. Also the
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chosen outcome measures were not necessarily relevant to the area of brain under study.
These points were addressed in a study in which NAA loss was measured in the descending
motor pathways and correlated to a scale designed to measure motor impairment
(Fig. 23.2) (Pendlebury et al. 1999). This study showed that NAA loss in the descending
motor pathways was significantly associated with motor deficit and with the maximum
proportion of the descending motor pathway cross-sectional area occupied by stroke, as
described above.

Recovery after stroke and functional imaging
Studies of brain activation patterns after stroke have used electrical or magnetic brain
stimulation of pathways or imaging using positron emission tomography or functional
MRI (fMRI). Functional MRI relies on the fact that deoxyhemoglobin is paramagnetic
whereas oxyhemoglobin is not. During neuronal activation, the neuronal oxygen demand
rises and local cerebral blood flow rises, but to a level in excess of that required to supply
the increased metabolic demand. Hence activation results in a reduced concentration
of deoxyhemoglobin and thus an increased signal on MRI. However, fMRI studies are

Fig. 23.1. (a) Outline or “mask” of the corticospinal tract shown in (i) coronal, (ii) axial and (iii) sagittal views
(Pineiro et al. 2000). (b) Axial MR slices showing the intersection of a stroke with the corticospinal mask, from
which the maximum proportion of the mask cross-sectional area occupied by stroke is calculated. The corticospinal
mask is shown in dark gray, the stroke in light gray, and the point of intersection between the stroke and the mask
in white (Pineiro et al. 2000).
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technically demanding to perform, require awake and cooperative subjects and assume that
the normal relationship between metabolism and blood flow is maintained in normal
ageing and after a stroke. In fact, there are age-related decreases in cerebral blood flow
and metabolic rate, and blood flow/metabolism coupling is impaired within ischemic tissue,
although blood flow increases have been reported to occur in the remaining tissue in
response to brain activation (Weiller et al. 1992). However, this does not necessarily
indicate that the blood flow/metabolism coupling is normal in non-infarcted tissue.
Certainly, there are widespread changes in the resting metabolic rate and perfusion of the
brain after stroke, which persist into the chronic phase and may affect areas remote from
the infarct.

Despite the limitations of fMRI outlined above, fMRI studies have shown similar
findings to those of positron emission tomography studies in recovery after stroke
(Yozbatiran and Cramer 2006; Rijntjes 2006). Increased ipsilateral primary sensorimotor
cortical activity with posterior displacement of the ipsilesional focus of activity, bilateral
supplementary motor area activation and premotor cortical activation occurs after stroke
with use of the affected hand in comparison with use of the unaffected hand (Weiller et al.
1992; Cramer et al. 1997; Cao et al. 1998; Pineiro et al. 2001). Specifically, in patients with
capsular or other subcortical stroke, good recovery is related to enhanced recruitment of
the lateral premotor cortex of the lesional hemisphere and lateral premotor and, to a lesser
extent, primary sensorimotor and parietal cortex of the contralateral hemisphere (Gerloff
et al. 2006).

The mechanisms of motor recovery vary according to location of the lesion: cortical
infarcts are associated with activation of the contralateral primary sensorimotor cortex,
whereas subcortical infarcts appear to activate the bilateral primary sensorimotor cortex
(Kwon et al. 2007). Several studies indicate that worse motor performance is related to a
greater amount of contralesional activation (Calautti et al. 2007) and that patients who
activate the ipsilesional primary motor cortex early had a better recovery of hand function
(Loubinoux et al. 2007). Repetitive peripheral magnetic stimulation increases the activation
of the parieto-premotor network and thereby might have a positive conditioning effect for
treatment (Struppler et al. 2007). In addition to changes in the activation pattern of the

Fig. 23.2. Axial T2-weighted image showing location of a spectroscopy voxel over the posterior limb of the internal
capsule of each hemisphere together with the spectra obtained from the right and left internal capsules of a patient
with subcortical stroke (Pendlebury et al. 1999). The N-acetyl aspartate (NAA) peak is reduced on the side of the
affected right hemisphere consistent with damage to the descending motor pathways.
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motor network, different activation patterns were observed in the proprioceptive system,
where the initially observed blood flow increases in sensory areas I and II of the non-
infarcted hemisphere vanished during successful rehabilitation and the normal activation
patterns were restored, indicating an interhemispheric shift of attention associated with
recovery (Thiel et al. 2007).

Contralateral sensorimotor cortical activation is enhanced by active rehabilitation
(Cramer et al. 1997) and fluoxetine (Pariente et al. 2001): two interventions thought to
improve motor recovery. It has been proposed that non-invasive functional imaging may in
the future be used to select patients for specific rehabilitation therapy.

Functional imaging in recovery from aphasia supports the model of three phases of
language recovery: a strongly reduced activation of remaining left language areas in the
acute phase, followed (or substituted) by an upregulation of homologue language zones and
finally a normalization of the activation pattern (Saur et al. 2006; Crinion and Leff 2007).
The pattern of activation and the recruitment of regions during the rehabilitation depend
on the available language-related regions, where restoration of the left hemisphere networks
seems to be more effective, although in some cases right hemisphere areas are integrated
successfully (Winhuisen et al. 2007).
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Section 5
Chapter

24
Secondary prevention
Medical therapies

As shown in Chs. 15 and 19, the early risk after TIA and minor stroke is high, but rapid
treatment of TIA and minor stroke can prevent up to 80% of recurrent strokes (Rothwell
et al. 2007). There is considerable evidence relating to the effectiveness of various treat-
ments to reduce the medium- and long-term risk of vascular events after TIA and stroke,
which is detailed in (Table 24.1).

Antiplatelet therapy
Antiplatelet therapy reduces the risk of recurrent vascular events after TIA and ischemic
stroke, although few trials have distinguished between different etiological subtypes
(Antithrombotic Trialists’ Collaboration 2002). Most trial data concern aspirin, but other
antiplatelet agents such as clopidogrel (CAPRIE Steering Committee 1996) or extended-
release dipyridamole (Sivenius et al. 1991) have also been shown to be effective although
mechanisms of action may differ (Table 24.2).

The combination of aspirin and dipyridamole is more effective than aspirin alone
(Diener et al. 1996; Halkes et al. 2006). The combination results in a relative reduction
in the risk of recurrent stroke of around 30% compared with aspirin alone. In
contrast, the combination of clopidogrel and aspirin was not superior to clopidogrel
alone in secondary prevention after stroke, TIA or other vascular disease in the
Management of Atherothrombosis with Clopidogrel in High-Risk Patients with Recent
Ischemic Attacks or Ischemic Strokes (MATCH) and Clopidogrel for High Athero-
thrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA)
trials (Diener et al. 2004; Bhatt et al. 2007). However, among patients randomized
within the first week after the qualifying event, there was a non-significant trend
towards benefit from combination antiplatelet treatment in the MATCH trial. The risk
of life-threatening hemorrhage was significantly higher in the combination antiplatelet
group at 18 months, but this difference did not become apparent until three to four
months after randomization. Consequently, it is possible that a short course of clopido-
grel, in addition to aspirin, might be effective in the acute phase after TIA and minor
stroke.

Few trials of antiplatelet agents have distinguished between different vascular territories
or mechanisms of stroke, but there are some data on antiplatelet agents in posterior
circulation disease. The Canadian Cooperative Study Group (1978) showed that aspirin
reduced recurrent episodes of cerebral ischemia and death in patients with vertebrobasilar
events. The European Stroke Prevention Study (ESPS; Sivenius et al. 1991) of aspirin and
immediate-release dipyridamole versus placebo appeared to show that patients with poster-
ior circulation TIA benefited more than those with carotid disease, but the numbers of
events were too small to be certain.

285



Anticoagulation
Patients in atrial fibrillation who have a TIA or stroke without other clear etiology
should be given anticoagulation therapy if there are no contraindications (European Atrial
Fibrillation Trial Study Group 1993, 1995). Recent studies have shown that warfarin is as
safe as aspirin in elderly patients with atrial fibrillation (Rash et al. 2007; Mant et al. 2007).
Patients with presumed cardioembolic TIA or stroke secondary to other causes should
certainly receive antithrombotic therapy. Also they may benefit from anticoagulation in
certain circumstances, such as intracardiac mural thrombosis after myocardial infarction,
although there have been no randomized trials in situations other than non-valvular atrial
fibrillation.

Anticoagulation is not effective in secondary prevention of stroke for patients in sinus
rhythm. Warfarin treatment to a target international normalized ratio (INR) of 3–4.5 was
associated with significant harm owing to a large increase in major bleeding complications,
especially intracerebral hemorrhage, in patients with previous TIA or ischemic stroke in the
Stroke Prevention in Reversible Ischemia Trial (SPIRIT) (Algra et al. 1997). The subsequent
Warfarin versus Aspirin in the Secondary Prevention of Stroke (WARSS) trial of aspirin

Table 24.1. Major trials and meta-analyses contributing to the evidence base for medical treatment in secondary
prevention after TIA and ischemic stroke

Drug Trial Treatment

Aspirin CAST Aspirin versus placebo within 48 hours of major ischemic stroke

IST Aspirin versus placebo (and subcutaneous heparin versus
placebo) acutely after major ischemic stroke

Anti-thrombotic
Trialists’ Collaboration

Meta-analysis of trials studying antiplatelet agents in patients at
high risk of occlusive vascular disease

Dipyridamole ESPS II Aspirin and modified-release dipyridamole versus placebo in a
2�2 factorial design started within three months of TIA or
ischemic stroke

ESPRIT Aspirin versus aspirin plus dipyridamole started within six
months of TIA or minor stroke

Clopidogrel MATCH Clopidogrel versus aspirin plus clopidogrel within six months of
ischemic stroke or TIA

CHARISMA Aspirin versus aspirin plus clopidogrel in patients with
cardiovascular disease or multiple risk factors (including ischemic
stroke)

FASTER Aspirin versus aspirin plus clopidogrel in the acute phase after
TIA or minor ischemic stroke

Antihypertensive
drugs

PROGRESS Perindopril � indapamide versus placebo after TIA or ischemic
stroke in patients with or without hypertension

Cholesterol-
lowering drugs

HPS Simvastatin versus placebo in patients with coronary disease or
other occlusive vascular disease (including TIA or stroke)

SPARCL Atorvastatin versus placebo started within one to six months of
TIA or ischemic stroke

Notes:
TIA, transient ischemic attacks, CAST, Chinese Acute Stroke Trial; IST, International Stroke Trial; ESPRIT, European/
Australasian Stroke Prevention in Reversible Ischemia Trial; FASTER, Fast Assessment of Stroke and Transient Ischemic
Attack to Prevent Early Recurrence; see text for other trials.
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versus warfarin for patients in sinus rhythm and without a cardioembolic source or with
> 50% carotid stenosis showed no additional benefit for warfarin at a target INR of 1.4–2.8
(Redman and Allen 2002).

There has been uncertainty as to whether anticoagulation is preferable to antiplatelet
treatment for the secondary prevention of ischemia related to intracranial atherosclerosis.
A retrospective analysis of 68 patients with a variety of symptomatic intracranial arterial
stenoses appeared to show that warfarin was significantly better than aspirin in reducing the
rate of stroke (Chimowitz et al. 1995). However, the subsequent randomized double-blind
Warfarin–Aspirin Symptomatic Intracranial Disease (WASID) trial of warfarin, to a target
INR of 2–3, versus aspirin to 1300 mg per day in patients with 50–99% stenosis of a major
intracranial artery showed no significant benefit for warfarin over aspirin (Chimowitz et al.
2005). In fact, warfarin was associated with a significantly increased rate of adverse events,
including hemorrhage; as a result of this, the study was stopped prematurely. However,
patients receiving warfarin were in the therapeutic range for only about 63% of the time.
Therapeutic INR appeared to be associated with a much reduced incidence of ischemic
stroke and cardiac events, suggesting that anticoagulation may provide increased benefit
over aspirin if therapeutic INR can be maintained consistently.

Blood pressure and cholesterol lowering
There is good evidence from randomized trials to show that both blood pressure and
cholesterol lowering are effective for secondary prevention of stroke. The Perindopril
Protection Against Recurrent Stroke Study (PROGRESS) of perindopril and indapamide
(PROGRESS Collaborative Group 2001) showed that blood pressure reduction with an
angiotensin-converting enzyme inhibitor and diuretic starting several weeks or months
after TIA or stroke reduces the risk of subsequent stroke by about a third. It is likely that
this result can be generalized to most etiological subtypes of TIA and ischemic stroke,
although many physicians are cautious about applying the PROGRESS results to patients
with bilateral severe carotid stenosis or severe basilar or bilateral vertebral artery disease.
Such patients may be at risk of border-zone infarction if their existing poor cerebral blood
flow is further compromised by reduction in systemic blood pressure.

There is a positive association between cholesterol and risk of ischemic stroke. Choles-
terol lowering with statins reduces the risk of stroke in patients with previous stroke,

Table 24.2. Mechanisms of action of commonly used antiplatelet agents

Agent Mechanism of action

Antiplatelet agents in
general

Prevention of propagation of arterial thrombus

Prevent platelet aggregation in the microcirculation

Prevent re-embolization from embolic source

Reduce the release of eicosanoids and other neurotoxic agents

Aspirin Inhibition of cyclooxygenase 1, reducing the breakdown of arachadonic acid to
thromboxane A2 and platelet granule release

Dipyridamole Inhibition of phosphodiesterase, causing elevation of intracellular platelet
cyclicAMP and a consequent reduction in calcium inhibitions; this platelet
activation and granule releases

Clopidogrel and other
thienopyridines

Blockade of platelet membrane ADP receptors, inhibiting ADP-dependent
platelet activation and granule release
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coronary or peripheral vascular disease or diabetes (MRC/BHF Heart Protection Study
2002). However, this Heart Protection Study (HPS) did not show a reduction in risk of
recurrent stroke on statins (Collins et al. 2004), possibly because patients were at low risk of
stroke recurrence since the incident strokes occurred on average 4.6 years before the study
onset. However, the subsequent Stroke Prevention by Aggressive Reduction in Cholesterol
Levels (SPARCL) trial of atorvastatin in patients who had had a stroke or TIA within one to
six months before study entry showed a reduced overall stroke risk (Amarenco et al. 2006).
However, there was a significant concomitant increase in risk of intracerebral hemorrhage
on statin treatment. Interestingly, the same increase in risk of hemorrhagic stroke had been
found in the HPS in the 3280 patients with previous stroke or TIA (Collins et al. 2004).
Statins should not, therefore, be used in patients with previous intracerebral hemorrhage
unless there is a strong indication related to the risk of ischemic events.

Secondary prevention after primary intracerebral hemorrhage
Much less is known about the long-term risk of recurrence after primary intracerebral
hemorrhage than after ischemic stroke. In patients with primary intracerebral hemorrhage,
approximately 25–50% of recurrent strokes are further hemorrhages, depending on the
underlying disease process. The absolute risk also depends on the various underlying
causes, such as arteriovenous malformation, cerebral amyloid angiopathy, poorly controlled
hypertension or coagulopathy. Although patients with primary intracerebral hemorrhage
are at increased risk of ischemic stroke as well as further hemorrhage, most clinicians do not
recommend antiplatelet therapy unless there is a particularly high risk of coronary or other
ischemic vascular events. In contrast, most patients with primary intracerebral hemorrhage
require blood pressure-lowering medication, with the possible exception of those elderly
patients with hemorrhages secondary to amyloid angiography in whom blood pressure is
sometimes already rather low.
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Chapter

25 Carotid endarterectomy

The surgical removal of atheromatous plaque from within the carotid artery is termed
carotid endarterectomy. The operation was first performed in an attempt to improve the
flow of blood to the brain, although no systematic attempt was made to assess the risks and
benefits of the procedure. Subsequently, randomized trials were performed in patients with
a history of recent symptomatic stroke, and also in those with asymptomatic disease, to
determine whether the operation was beneficial and, if so, what the predictors of benefit
would be. As a result of these trials, carotid endarterectomy has been proven to be an
effective treatment for the secondary prevention of stroke in selected patients.

History
Knowledge of the relationship between atheromatous disease of the extracranial carotid and
vertebral arteries and the occurrence of ischemic stroke goes back to the nineteenth century.
In 1856, Virchow described carotid thrombosis in a patient with sudden-onset ipsilateral
visual loss in whom the ophthalmic and retinal arteries were patent (Gurdjian 1979).
In 1888, Penzoldt reported a patient who developed sudden permanent loss of vision in
the right eye and later sustained a left hemiplegia (Penzoldt 1891). At autopsy, the patient
was found to have thrombotic occlusion of the right distal common carotid artery and a
large area of cerebral softening in the right cerebral hemisphere. In 1905, Chiari performed
a number of pathological studies that led him to suggest that emboli could break away from
ulcerated carotid plaques in the neck and cause cerebral infarction. This mechanism of
stroke was re-emphasized 50 years later by Miller Fisher (1951, 1954).

Several operations were developed in the 1950s and 1960s in which the aim of surgery
was to restore the flow of blood to the brain in patients with stenosis or occlusion of the
extracranial carotid or vertebral circulations (Thompson 1996). One of the main contribu-
tions leading up to this was the development of cerebral arteriography by Egas Moniz in
1927 and the subsequent demonstration of stenosis and occlusion of the carotid arteries in
life (Moniz et al. 1937). The subsequent development of extracranial/intracranial bypass
surgery and carotid endarterectomy are described below. Several other surgical techniques
have been tried, although unlike endarterectomy and extracranial/intracranial bypass they
have not been tested in randomized controlled trials. These include various bypass proced-
ures for occlusion of the proximal neck and aortic arch vessels; vertebral artery endarter-
ectomy, reconstruction or bypass; and various arterial transpositions involving anastomosis
of the subclavian and vertebral arteries into the common carotid artery. These procedures
will not be discuss ed furth er here (see Ch. 26).

The first operations on the carotid artery were ligation procedures for trauma or
hemorrhage. The first report was in Benjamin Bell’s Surgery in 1793 (Wood 1857).
However, most early ligations resulted in the death of the patient. The first successful
ligation was performed by a British naval surgeon, David Fleming, in 1803 (Keevil 1949).
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This operation was performed for late carotid rupture following neck trauma in an
attempted suicide. The first successful ligation for carotid aneurysm was performed five
years later in London by Astley Cooper (Cooper 1836). By 1868, Pilz was able to collect 600
recorded cases of carotid ligation for cervical aneurysm or hemorrhage, with an overall
mortality of 43% (Hamby 1952). In 1878, an American surgeon named John Wyeth
reported a 41% mortality in a collected study of 898 common carotid ligations, and
contrasted this with a 4.5% mortality for ligation of the external carotid artery.

There were relatively few developments for the next 70 years. However, in 1946, a
Portuguese surgeon, Cid Dos Santos, introduced thromboendarterectomy for restoration
of flow in peripheral vessels (Dos Santos 1976). The first successful reconstruction of the
carotid artery was performed by Carrea, Molins and Murphy in Buenos Aires in 1951
(Carrea et al. 1955). However, this was not an endarterectomy. Rather they performed an
end-to-end anastomosis of the left external carotid artery and the distal internal carotid
artery (ICA) in a man aged 41 years with a recently symptomatic severe carotid stenosis.

In 1954, Eastcott, Pickering and Rob published a case report detailing a carotid resection
performed in May 1954 on a 66-year-old woman with recurrent left carotid TIAs and a
severe stenosis on angiography. The patient made an uneventful recovery and was relieved
of her TIAs. In 1975, DeBakey reported that he had performed a carotid endarterectomy on
a 53-year-old man in August 1953, but it was the report by Eastcott and colleagues (1954)
that provided the impetus for the further development of carotid surgery. Over the next five
years, there were numerous other reports of the operation being performed, and several
technical improvements were suggested (Thompson 1996). Occlusion of the ICA generally
came to be regarded as inoperable and surgical attempts to correct carotid coils, kinks and
fibromuscular dysplasia were not generally supported.

By the early 1980s there were over 100 000 procedures per year in the USA alone
(Pokras and Dyken 1988; Gillum 1995; Tu et al. 1998). However, other than innumerable
surgical case series and two small inconclusive randomized trials (Fields et al. 1970; Shaw
et al. 1984), there was no good evidence that the operation was of any value. This prompted
several eminent clinicians in the early 1980s to question the widespread use of the operation
(Barnett et al. 1984; Chambers and Norris 1984; Warlow 1984; Jonas 1987; Winslow et al.
1988), which led to a fall in the number of operations being performed and set the scene for
a number of large randomized controlled trials. The first results in patients with symptom-
atic stenosis began to appear in the early 1990s (European Carotid Surgery Trialists’
Collaborative Group 1991; Mayberg et al. 1991; North American Symptomatic Carotid
Endarterectomy Trial Collaborators 1991). Surgery clearly did prevent stroke in patients
with recently symptomatic severe ICA stenosis.

The operation
The carotid bifurcation is exposed, mobilized and slings placed around the internal,
external and common carotid arteries. After applying clamps to these arteries, away from
any atheromatous plaque, the bifurcation is opened through a longitudinal incision, the
entire stenotic lesion cored out, the distal intimal margin secured, the arteriotomy closed
and the clamps released to restore blood flow to the brain. Most patients should already be
taking antiplatelet drugs before surgery and these should be continued afterwards because
the patients are still at high risk of ischemic stroke in the territory of other arteries, and of
coronary events. In addition, most surgeons give patients heparin during the procedure
itself. Controlling systemic blood pressure before, during and after surgery is crucial to
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avoid hypotension, which will make any cerebral ischemia worse, and hypertension, which
may cause cerebral edema or even intracerebral hemorrhage. Operative damage to the nerve
to the carotid sinus, or changes in the carotid sinus itself, may make control of post-
operative blood pressure more of a problem, but in the long term has little if any effect
(Eliasziw et al. 1998).

One particular variation, eversion endarterectomy, is becoming increasingly popular
(Loftus and Quest 1987; Darling et al. 1996; Cao et al. 1998; Brothers 2005). A systematic
review of five randomized controlled trials (2590 operations) compared eversion endarter-
ectomy versus conventional endarterectomy performed either with primary closure or
patch angioplasty (Cao et al. 2004). Overall, there was no significant difference in the rates
of perioperative stroke, stroke or death, and local complication rates, but the absolute risks
were rather low (risk of stroke or death was 1.7% with eversion and 2.6% with conventional
endarterectomy).

Shunting
In theory, it should be possible to prevent low cerebral blood flow during carotid clamping,
and possible ischemic stroke, by inserting a temporary intralumenal shunt from the
common carotid artery to the ICA distal to the operation site. Some surgeons routinely
shunt for this reason, and to allow more time to teach trainees, but there are problems,
including arterial dissection and transmission of emboli from thrombus in the common
carotid artery, as well as an increase in the duration of surgery and possibly in local
operation site complications. A compromise is to use a shunt only in selected patients
who are likely to develop, or who actually are experiencing cerebral ischemia as a result of
low flow. However, efforts to identify the patients who need shunts have been inconclusive
(Ferguson 1986; Ojemann and Heros 1986; Naylor et al. 1992; Belardi et al. 2003) and there
is considerable variation in routine practice (Bond et al. 2002a). Unfortunately, randomized
trials of different shunting policies have been too small and too few to provide reliable
answers (Bond et al. 2002b). As a result, there is no standard policy for either operative
monitoring or the use of shunts.

Restenosis and patch angioplasty
After carotid endarterectomy, the long-term risk of ischemic stroke ipsilateral to the
operated artery is so low (Cunningham et al. 2002) that recurrent stenosis cannot be of
any great clinical concern, in the sense of causing stroke. If stenosis does recur, then a
second endarterectomy is more difficult and more risky (Bond et al. 2003a), and angioplasty
or stenting may be preferable, although there is no randomized evidence for either
procedure in symptomatic or asymptomatic restenosis (Yadav et al. 1996). In fact, the
reported rate of restenosis varies enormously depending on whether the study was pro-
spective or retrospective, the completeness and length of follow-up, the sensitivity and
specificity of the imaging method used, and the definition of restenosis (Frericks et al.
1998). Certainly, recurrent atherothrombotic stenosis can occur, but usually not for some
years, while early restenosis (within a year or so) is more likely to be caused by neointimal
hyperplasia (Hunter et al. 1987). On balance, therefore, there is little point in repeated
clinical or ultrasonographic follow-up to detect asymptomatic restenosis, but if a restenosis
becomes symptomatic then a repeat carotid endarterectomy or stenting is reasonable.

Many surgeons routinely use a patch of autologous vein, or synthetic material, to close
the artery, enlarge the lumen and so reduce the risk of restenosis and, more importantly, of
stroke. Patching increases the surgery time and there are complications, including rupture
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to cause a life-threatening neck hematoma, and infection if synthetic grafts are used.
A meta-analysis of randomized trials of primary closure, vein patch or synthetic patch
included data on 1127 patients undergoing 1307 operations in several small trials (Bond
et al. 2004a). Carotid patch angioplasty was associated with approximately a 60% reduction
in the operative risks of stroke or death during the perioperative period (p¼ 0.007) and
long-term follow-up (p¼ 0.004). Patching was also associated with an 85% reduction in risk
of perioperative arterial occlusion (p¼ 0.00004), and an 80% reduction in risk of restenosis
during long-term follow-up in five trials (p< 0.00001).

Some surgeons who use carotid patching favor using a patch made from an autologous
vein, while others prefer to use synthetic materials. The most recent meta-analysis of
randomized trials of different types of patch included data on 1480 operations (Bond
et al. 2004b). During follow-up for more than one year, no difference was shown between
the two types of patch for the risk of stroke, death or arterial restenosis. However, the
number of events was small. Based on 15 events in 776 patients in four trials, there were
significantly fewer pseudoaneurysms associated with synthetic patches than vein (odds ratio
[OR], 0.09; 95% confidence interval [CI], 0.02–0.49) but the clinical significance of this
finding is uncertain (Bond et al. 2004b). Overall, it is likely that the differences between
different types of patch material are small.

General versus regional anesthesia
Surgery has traditionally been performed under general rather than regional anesthesia,
but surgery under locoregional anesthesia is becoming more widespread. With regional
anesthesia, there is a much lower shunt rate because it is immediately obvious when a shunt
is needed to restore blood flow distal to the carotid clamps; elaborate intraoperative
monitoring is unnecessary, and hospital stay may be shorter. However, some patients will
not tolerate the procedure and a quick change to general anesthesia may be required.
A detailed systematic review and meta-analysis of randomized and non-randomized studies
has provided some useful information (Rerkasem et al. 2004). Seven randomized trials
involving 554 operations, and 41 non-randomized studies involving 25 622 operations were
included. Meta-analysis of the non-randomized studies showed that the use of local
anesthetic was associated with significant reductions in the odds of death (35 studies),
stroke (31 studies), stroke or death (26 studies), myocardial infarction (22 studies) and
pulmonary complications (7 studies) within 30 days of the operation, but these non-
randomized data are potentially unreliable. Meta-analysis of the fewer and generally small
randomized studies showed that the use of local anesthetic was associated with a significant
reduction in local hemorrhage (OR, 0.31; 95% CI, 0.12–0.79) within 30 days of the
operation, but there was only a borderline statistically significant trend towards a reduced
risk of operative death and no evidence of a reduction in risk of operative stroke. A large
European multicenter randomized trial (General Anaesthetic versus Local Anaesthetic for
Carotid Surgery [GALA]) has now randomized over 3000 patients and is expected to report
its findings in 2008 (http://www.dcn.ed.ac.uk/gala).

The risks of carotid endarterectomy
Carotid endarterectomy is associated with a variety of potential complications (Naylor and
Ruckle y 1996 ; Bond et al. 2002c ) (Box 25.1). The most imp ortant of these are stroke and
death.
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Death
Death within a few days of surgery occurs
in approximately 1–2% of patients and is
generally caused by stroke, myocardial
infarction or some other complication of
the frequently associated coronary heart
disease or, rarely, by pulmonary embolism
(Rothwell et al. 1996a). Higher rates can be
found in “administrative datasets” which
may be a more realistic reflection of routine
practice than large randomized trials, but
any comparisons are confounded by vari-
ation in case mix, particularly the propor-
tion of patients with asymptomatic
stenosis, who have a lower case-fatality
(Rothwell et al. 1996b; Wennberg et al.
1998; Bond et al. 2003a, b).

Stroke
The main complication of surgery is peri-
operative stroke (Naylor and Ruckley 1996;
Ferguson et al. 1999; Bond et al. 2002c) (see
Ch. 27 for further discussion). The reported
risk ranges from an implausibly low 1% or
less to an unacceptably high 20% or more
(Bond et al. 2004c). This variation (Camp-
bell 1993; Rothwell et al. 1996b) may be
explained by differences in:

� the definition of stroke
� whether all or only some strokes are included
� the accuracy of stroke diagnosis
� the completeness of the clinical details
� whether the study was retrospective or prospective
� whether the diagnosis of stroke was based on patient observation or just

medical record review
� variation in case mix, surgical and anesthetic skills
� chance variation
� publication bias.
No more than 20% of perioperative strokes are likely to be fatal, and so reports of less than
four times as many non-fatal as fatal strokes suggest undercounting of mild strokes,
a tendency which may well be a result of surgeons reporting their own results without
the “help” of any neurologists (Rothwell and Warlow 1995). Despite the obvious implica-
tions for service planning, it has been all but impossible to sort out whether there really is a
systematic difference in risk between surgeons. This is largely because of problems of
adjusting for case mix, as well as chance effects owing to the inevitably rather small
numbers operated on by each surgeon (Rothwell et al. 1999). One might anticipate that

Box 25.1. Potential complications of
carotid endarterectomy

Death
Perioperative stroke caused by:
� temporary interruption of carotid

blood flow during clamping
� embolism from operative site
Postoperative stroke caused by:
� embolism from residual atheromatous

plaque
� thrombus formation on the endarter-

ectomized surface
� thrombus formation on the on suture

lines
� thrombus formation from an arterial

dissection
Cerebral hyperperfusion injury and cere-
bral hemorrhage
Cardiovascular complications (arrhythmia,
myocardial infarction)
Respiratory complications (pulmonary
embolism, pneumonia)
Cranial and peripheral nerve injuries
Bleeding or infection at wound site
Headache
Facial pain
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surgeons with a high number of cases might have lower operative risks than those with
fewer cases (Kucey et al. 1998, Killeen et al. 2007), but the data are not conclusive.

There are several causes for perioperative stroke, but these are often difficult to identify
when it occurs during general anesthesia, or even afterwards. It is difficult to be sure
whether any stroke is caused by embolism or low flow (Steed et al. 1982; Krul et al. 1989;
Riles et al. 1994; Spencer 1997). Clearly, temporary reduction in ICA blood flow during
carotid clamping may cause ipsilateral ischemic stroke if the collateral supply is inadequate,
particularly if there is already maximal cerebral vasodilatation (i.e. cerebrovascular reserve
is exhausted). However, embolism from the operation site is probably the most common
cause of stroke during surgery. Atherothrombotic debris may be released while the carotid
bifurcation is being mobilized, as the carotid clamps are applied, when any shunt is inserted
and when the clamps are removed. Indeed, air bubbles or particulate emboli during surgery
are very commonly detected by transcranial Doppler ultrasound, although most seem to
be of little clinical consequence (Gaunt et al. 1993; Jansen et al. 1994a).

Postoperative ischemic stroke is usually caused by embolism from residual but dis-
rupted atheromatous plaque; thrombus forming on the endarterectomized surface or on
suture lines, or more probably on a loose distal intimal flap where the lesion has been
carelessly snapped off; thrombus complicating damaged arterial wall as a result of the
clamps; and thrombus complicating arterial dissection starting at a loose intimal flap of
the ICA or as a result of shunt damage to the arterial wall. A high rate of postoperative
microembolic signals on transcranial Doppler monitoring may predict ischemic stroke
(Levi et al. 1997).

Cerebral hemorrhage and hyperperfusion syndrome
Intracranial hemorrhage accounts for approximately 5% of perioperative strokes (Bond
et al. 2002c; Wilson and Ammar 2005). It can occur during surgery or up to about 1 week
later, almost always ipsilateral to the operated artery. It may be a result of the increase in
perfusion pressure and cerebral blood flow that occurs after removal of a severe ICA
stenosis, particularly if cerebral autoregulation is defective as a consequence of a recent
cerebral infarct (Ouriel et al. 1999). Antithrombotic drugs and uncontrolled hypertension
may also play a part (Solomon et al. 1986; Hafner et al. 1987; Piepgras et al. 1988; Jansen
et al. 1994b; Wilson and Ammar 2005).

Transient cerebral hyperperfusion, ipsilateral but sometimes bilateral, lasting some days
is quite common after carotid endarterectomy (Adhiyaman and Alexander 2007), particu-
larly if the lesion is severely stenosing and cerebrovascular reserve is already poor with
impaired autoregulation. This may be the cause of the occasional case of ipsilateral
transhemispheric cerebral edema, intracerebral hemorrhage, focal epileptic seizures and
headache, which can all occur a few days after surgery. Clearly, this syndrome is different
from ischemic stroke caused by low flow or embolism, and it is distinguished by the slower
onset, as well as by brain and arterial imaging (Andrews et al. 1987; Schroeder et al. 1987;
Naylor et al. 1993a; Chambers et al. 1994; Breen et al. 1996; van Mook et al. 2005;
Adhiyaman and Alexander 2007). To complicate matters, a very similar clinical syndrome
has been described as a result of cerebral vasoconstriction (Lopez-Valdes et al. 1997).

Cardiovascular and respiratory complications
Myocardial infarction during, or in the early days after, surgery occurs in 1–2% of patients
(Bond et al. 2002c), more often if there is symptomatic coronary heart disease, and
particularly if myocardial infarction has occurred in the previous few months or if the
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patient has unstable angina. Perioperative myocardial infarction can be painless so clues to
the diagnosis are unexplained hypotension, tachycardia and dysrhythmias. Congestive
cardiac failure, angina and cardiac dysrhythmias are also occasional concerns (Riles et al.
1979; North American Symptomatic Carotid Endarterectomy Trial Collaborators 1991;
Urbinati et al. 1994; Paciaroni et al. 1999; Bond et al. 2002c). Postoperative hypertension
and hypotension may be a problem, perhaps owing to operative interference with the carotid
baroreceptors, but it is transient. Postoperative chest infection occurs in less than 1%.

Cranial and peripheral nerve injuries
Nerve injuries result from traction, pressure or transection and occur in up to 20% of
patients, depending on how hard one looks. However, these injuries seldom have any long-
term consequence (Cunningham et al. 2004). Damage to the recurrent and superior
laryngeal branches of the vagus nerve, or more probably the vagus itself, causes change of
voice quality, hoarseness, difficulty coughing and sometimes dyspnea on exertion owing to
vocal cord paralysis. If a simultaneous or staged bilateral carotid endarterectomy is done,
and causes bilateral vocal cord paralysis, then airway obstruction can occur. Hypoglossal
nerve injury causes ipsilateral weakness of the tongue, which can lead to temporary or even
permanent dysarthria, difficulty with mastication or dysphagia. Again, bilateral damage
causes much more serious speech and swallowing problems, and sometimes even upper
airway obstruction. Therefore, if a patient has symptoms referable to both severely stenosed
carotid arteries, requiring bilateral carotid endarterectomy, it is probably safer to do the
operations a few weeks apart rather than under the same anesthetic, mostly because of the
dangers of bilateral hypoglossal or vagal nerve damage.

Damage to the marginal mandibular branch of the facial nerve causes rather trivial
weakness at the corner of the mouth. Spinal accessory nerve injury is rare and causes pain
and stiffness in the shoulder and neck, along with weakness of the sternomastoid and
trapezius muscles. A high incision can cut the greater auricular nerve to cause numbness
over the ear lobe and angle of the jaw, which may persist and be irritating for the patient.
Damage to the transverse cervical nerves is almost inevitable and causes numbness around
the scar area, which is seldom a problem. Clearly, however, permanent disability from a
nerve injury can be as bad as a mild stroke and needs to be taken into account when
considering the risks and benefits of surgery (Gutrecht and Jones 1988; Maniglia and Han
1991; Sweeney & Wilbourn 1992; Cunningham et al. 2004).

Local wound complications
Local complications are rare and include infection; hematoma or, rarely, major hemor-
rhage, from leakage or rupture of the arteriotomy or patch, which can be life threatening if
it causes tracheal compression; aneurysm formation weeks or years later; and malignant
tumor in the scar (Graver and Mulcare 1986; Martin-Negrier et al. 1996; Bond et al. 2002c).
Although surgeons often notice the hemostatic defect caused by preoperative aspirin,
this probably does not increase the rate of reoperation for bleeding (Lindblad et al. 1993).
Very rarely, the thoracic duct can be damaged and cause a chyle fistula.

Headache and facial pain
Headache ipsilateral to the operation may herald cerebral hyperperfusion (van Mook et al.
2005; Adhiyaman and Alexander 2007), but it may also be due to something akin to cluster
headache and caused by subtle damage to the sympathetic plexus around the carotid artery
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(De Marinis et al. 1991; Ille et al. 1995). Very rarely, focal epileptic seizures occur as well as
headache (Youkey et al. 1984; Naylor et al. 2003). Facial pain ipsilateral to surgery and
related to eating is unusual and may in some way be caused by disturbed innervation of the
parotid gland (Truax 1989).

Potential benefits of carotid endarterectomy
As a result of the large randomized controlled trials, it is now clear that endarterectomy of
recently symptomatic severe carotid stenosis almost completely abolishes the high risk of
ischemic stroke ipsilateral to the operated artery over the subsequent two or three years (see
Ch. 27 for detailed discussion of the selection of patients for surgery). Moreover, this effect
is durable over at least 10 years (European Carotid Surgery Trialists’ Collaborative Group
1991, 1998; Mayberg et al. 1991; North American Symptomatic Carotid Endarterectomy
Trial Collaborators 1991; Barnett et al. 1998; Rothwell et al. 2003). Indeed, the ipsilateral
stroke risk becomes so low that presumably both embolic and low-flow strokes are being
prevented (Fig. 25.1).

On average, there is an advantage to surgery when the symptomatic stenosis exceeds
80% diameter reduction of the arterial lumen using the European Carotid Surgery Trial
(ECST) method, which is about the same as 70% using the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) method (see Ch. 27). The risk of surgery is much
the same at all degrees of stenosis and so, because the unoperated risk of stroke in patients
with less than 60% stenosis (in ECST) is so low, the risk of surgery is not worthwhile for
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them. Because the risk of stroke in patients with moderate stenosis remains low for several
years, there is no point in duplex follow-up to see if the stenosis becomes more severe.
No doubt severe stenosis does sometimes develop, but, unless there are further symptoms,
the stenosis by this time is essentially asymptomatic and carries such a low risk of stroke
that there is no overall advantage for surgery. It is preferable to ask the patient to return
if there are any further cerebrovascular symptoms and then, if the stenosis is 80% (ECST) or
more, it is reasonable to recommend carotid endarterectomy.

Carotid endarterectomy may also improve cognitive performance, perhaps by increas-
ing cerebral blood flow or by reducing the frequency of subclinical emboli, which declines
after surgery (Markus et al. 1995; van Zuilen et al. 1995). However, subtle cognitive
difficulties may complicate the procedure itself (Lloyd et al. 2004; Bossema et al. 2005;
Lal 2007), and there is some evidence that previous carotid endarterectomy is associated
with more rapid cognitive decline in the longer term (Bo et al. 2006). Unfortunately, studies
addressing this issue have been beset with methodological difficulties (Lunn et al. 1999) and
it is difficult to imagine that this balance of cognitive benefit and risk will ever be resolved
because further randomized trials will probably never be done, at least not in patients with
symptomatic stenosis.

It is conceivable that patients with impaired cerebral reactivity and raised oxygen
extraction fraction are at particular risk of stroke without surgery, and that this impair-
ment can be corrected by carotid endarterectomy, but the studies have been too small
to be sure (Schroeder 1988; Naylor et al. 1993b; Yonas et al. 1993; Hartl et al. 1994;
Yamauchi et al. 1996; Visser et al. 1997; Silvestrini et al. 2000; Markus and Cullinane
2001). Also, we do not know what proportion of strokes in patients with recently symp-
tomatic severe carotid stenosis are actually caused by impaired cerebral reactivity, either as
a direct result of low flow or perhaps indirectly as a result of an inadequate collateral
circulation to compensate for acute arterial occlusion if it should occur. Nor do we know
whether the risk of surgery is higher in these patients and so whether, on balance, carotid
endarterectomy will indeed reduce stroke risk any more than in those without impaired
reactivity.
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Chapter

26 Carotid stenting and other
interventions

Endovascular treatment was first used in the limbs in the 1960s and subsequently in the
renal and coronary arteries (Dotter et al. 1967), but it was introduced more cautiously for
treatment of stenosis of the cerebral, carotid and vertebral arteries because of the perception
of a likely high procedural risk of stroke.

Carotid stenting
If endarterectomy of a recently symptomatic severe carotid stenosis largely abolishes the
risk of ipsilateral ischemic stroke (see Chs. 25 and 27), then percutaneous translumenal
balloon angioplasty, particularly with stenting to maintain arterial patency, might be
expected to be similarly effective (Mathur et al. 1998) (Fig. 26.1 and Table 26.1). The
endovascular approach is now widely used when carotid pathology makes endarterectomy
difficult (e.g. high bifurcation or postradiation stenosis), although it is not always feasible
because of contrast allergy, difficult vascular anatomy or lumen thrombus.

Angioplasty and stenting is usually less unpleasant and less invasive than carotid
endarterectomy, and it is generally more convenient and quicker. As it is carried out under
local anesthetic, there may be less perioperative hypertension, although cerebral hemor-
rhage and hyperperfusion have been reported (McCabe et al. 1999; Qureshi et al. 1999). It is
less likely to cause nerve injuries, wound infection, venous thromboembolism or myocar-
dial infarction, and hospital stay may be shorter. However, there are also some potential
disadvantages of stenting. The angioplasty balloon may dislodge atherothrombotic debris,
which then embolizes to the brain or eye, although use of protection devices might help to
reduce the risk of stroke from periprocedural embolization (Reimers et al. 2001). The
procedure may cause arterial wall dissection at the time or afterwards, and late embolization
might occur from thrombus formation on the damaged plaque. The angioplasty balloon
may obstruct carotid blood flow for long enough to cause low-flow ischemic stroke, and
dilatation of the balloon may cause bradycardia or hypotension through carotid sinus
stimulation, or aneurysm formation and even arterial rupture if the arterial wall is over-
distended. Hematoma and aneurysm formation may also occur at the site of arterial
cannulation in the groin. Rarely, the stent may erode through the arterial wall or fracture.
In the longer term, restenosis might be more problematic after stenting than after
endarterectomy.

Data on the complication rates of carotid angioplasty/stenting are available from
published case series and registries but, as was demonstrated for endarterectomy (see
Chs. 25 and 27), such studies tend to underestimate risks. Formal randomized comparisons
of endarterectomy and angioplasty/stenting are, therefore, required for reliable determin-
ation of the overall balance of risks and benefits. Prior to 2006, only five relatively small
randomized controlled trials (1269 patients) had been reported (Naylor et al. 1998; Alberts
2001; Brooks et al. 2001; CAVATAS Investigators 2001; Yadav et al. 2004). The largest of
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these trials suggested that the procedural stroke complication rate of angioplasty and
stenting was similar to that of carotid endarterectomy (albeit with wide confidence intervals
[CI]) and that there are few strokes in the long term (with even wider CI values) (CAVA-
TAS Investigators 2001). Taken together, the five trials suggested that angioplasty/stenting
might have a higher procedural risk of stroke and death than endarterectomy (odds ratio
[OR], 1.33; 95% CI, 0.86–2.04) and a higher rate of restenosis (Coward et al. 2005).

However, improvements in endovascular techniques and cerebral protection might have
reduced the procedural risks (Reimers et al. 2001), and so several larger trials were initiated,

Fig. 26.1. Carotid stenosis
before (a) and after (b) carotid
angioplasty and stenting.

Table 26.1. Potential advantages and disadvantages of carotid stenting compared with carotid endarterectomy

Advantages Disadvantages

Faster, less-invasive procedure Increased risk of embolization of debris
from atherothrombotic plaque

Procedure carried out under local anesthetic with consequent
better neurological monitoring and reduced anesthetic
complications

Risk of arterial wall dissection

Reduced procedural blood pressure variability Carotid sinus stimulation

Reduced local wound complications Local groin injury at arterial cannulation
site

Reduced local nerve damage (Inferior long-term evidence base)

Reduced length of stay in hospital
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two of which reported initial results in 2006. The Stent-supported Percutaneous Angio-
plasty of the Carotid Artery versus Endarterectomy (SPACE) trial (SPACE Collaborative
Group 2006) is the largest trial of carotid stenting versus endarterectomy to date, doubling the
number of randomized patients. It was intended that 1900 patients with 50–99% recently
symptomatic carotid stenosis (as assessed by the North American Symptomatic Carotid
Endarterectomy Trial [NASCET] method) be recruited based on a non-inferiority design,
but randomization was stopped at 1200 patients, partly through a shortage of funding. The
procedural 30-day risk of stroke and death was non-significantly higher in the angioplasty/
stenting group (OR, 1.1; 95% CI, 0.7–1.7; p¼ 0.09), with 37 (6.3%) strokes and deaths among
584 patients (6.3%) randomized to surgery versus 41 (6.8%) in 599 patients randomized to
stenting, and a similar trend for disabling ipsilateral stroke (4.01% versus 2.91%).

The Endarterectomy versus Angioplasty in Patients With Symptomatic Severe Carotid
Stenosis (EVA-3S) trial also reported initial results in 2006 (Mas et al. 2006). This was a
randomized controlled trial of angioplasty/stenting versus endarterectomy for 60–99%
recently symptomatic carotid stenosis (NASCET method). The trial stopped early after a
higher 30-day procedural risk of stroke and death was found after angioplasty/stenting at
a planned interim analysis with 527 randomized patients: 9.6% versus 3.9%, respectively
(relative risk, 2.5; 95% CI, 1.2–5.1; p¼ 0.01). There were also more local complications after
angioplasty/stenting.

In both of these recent trials, participating clinicians had to demonstrate competence and
a good safety record prior to joining, with a quarter of potential centers rejected by SPACE,
and there was no evidence that more experienced interventionists had a lower procedural
risk than average. The results of further follow-up are awaited and other large trials are
currently ongoing (Featherstone et al. 2004; Hobson et al. 2004; CARESS Steering Commit-
tee 2005, Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) 2006).
Another important issue that is currently being addressed in a large randomized controlled
trial (www.galatrial.com) is whether endarterectomy might have a lower operative risk with
local versus general anesthetic, for which there is some evidence (Rerkasem et al. 2004).
Any advantage for local anesthetic would have implications for comparisons with stenting
since existing RCTs have mainly compared with endarterectomy under general anesthetic.

Taking all the currently available randomized evidence from trials comparing carotid
endarterectomy and stenting, stenting appears to be associated with a higher procedural risk
of stroke and death, but there is still sufficient uncertainty to justify continuation of
ongoing trials. Pending the results of these trials, carotid stenting should be confined to
RCTs or to patients for whom endarterectomy is technically difficult. Whichever interven-
tion is used, early intervention and selection of patients based on predicted risk of stroke
without intervention remain the keys to effective stroke prevention.

Surgery, angioplasty and stenting
for vertebrobasilar ischemia
There is no good evidence (i.e. there are no large randomized trials) (Coward et al. 2005)
that surgery improves the prognosis for patients with vertebrobasilar ischemia. There is,
however, no shortage of ingenious, if technically demanding, techniques, which are far from
risk free (Box 26.1).

There are no randomized trials of surgical procedures for posterior circulation disease
and, therefore, data are only available from case series. For proximal vertebral reconstruc-
tion, perioperative mortality in published case series is 0–4%, with rates of stroke and death

Section 5: Secondary prevention

306

www.galatrial.com


of 2.5–25% (Eberhardt et al. 2006). For distal vertebral reconstruction, a 2–8% mortality
rate has been reported.

Several case series have described angioplasty and stenting of symptomatic vertebral and
basilar stenosis (Cloud et al. 2003) (Figs. 26.2 and 26.3; see also Fig. 12.4). A recent review
(Eberhardt et al. 2006) of more than 600 cases published up to 2005 provides useful
information on perioperative complication rates, particularly the difference in complication
rates in treatment of proximal versus distal vertebrobasilar artery lesions. In early studies,
proximal lesions were treated primarily with angioplasty, but this was associated with
restenosis in 15–31% of patients after 15 to 30 months of follow-up. More recently, stenting
has been used for the proximal vertebral system, especially ostial lesions. Several series have
reported low periprocedural or post-interventional stroke rates (Eberhardt et al. 2006).

Box 26.1. Interventional procedures for vertebrobasilar ischemia

Endarterectomy of severe carotid stenosis to improve collateral blood flow, via the circle of
Willis, to the basilar artery distal to vertebral or basilar artery stenosis or occlusion

Resection and anastomosis
Resection and reimplantation
Bypass or endarterectomy of proximal vertebral artery stenosis
Release of the vertebral artery from compressive fibrous bands or osteophytes
Extracranial-to-intracranial procedures to bypass vertebral artery stenosis or occlusion
Angioplasty and stenting of the vertebral and basilar arteries
Sources: From Diaz et al. (1984), Harward et al. (1984), Thevenet and Ruotolo (1984), Hopkins et al.
(1987), Spetzler et al. (1987), Terada et al. (1996), and Malek et al. (1999).

(a) (b)

Fig. 26.2. (a) Cerebral angiogram showing proximal left vertebral stenosis (white arrow) with hypoplastic right
vertebral artery (grey arrow) and poorly perfused posterior circulation owing to absence of posterior communicating
arteries (black arrow). (b) Repeat angiogram after angioplasty and stenting of the left vertebral artery, showing
improved perfusion of the distal posterior circulation territory (arrow).
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Pooling data from 20 reports encompass-
ing 313 patients, there was a perioperative
stroke risk of 1.3% and death rate of 0.3%.
However, the rate of restenosis during a
mean of 14 months of follow-up was
still approximately 25%, albeit usually
asymptomatic.

The complication rate for distal verte-
brobasilar lesions treated with angioplasty
and stenting is higher. In the review by
Eberhardt et al. (2006), data from 170
angioplasties for distal vertebrobasilar dis-
ease were pooled. Peri-interventional com-
plications rates were 7.1% for stroke and
3.7% for death. Data from 45 reports
including 280 patients undergoing stent-
ing, as opposed to angioplasty alone, of
the distal vertebrobasilar arteries were
available. This included information from
the prospective multicenter Stenting of
Symptomatic Atherosclerotic Lesions in
the Vertebral or Intracranial Arteries
(SSYLVIA) study, which included 61 ver-
tebral and intracranial lesions (SSYLVIA
Study Investigators, 2004). The pooled
estimates of periprocedural risk were

3.2% for death and 10.6% for stroke, suggesting that complication rates do not differ much
between angioplasty and stenting in the distal vertebrobasilar system.

One randomized trial of stenting for vertebral artery disease was started (Coward et al.
2005). The Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS)
included both carotid and vertebral stenosis. However, only 16 patients were randomized
between vertebral angioplasty or stenting and best medical treatment. Therefore, there are
no robust data from randomized trials providing data on the safety and efficacy of vertebral
artery stenting.

Subclavian steal syndome
Subclavian (and innominate) steal, although commonly detected with ultrasonography,
very rarely causes neurological symptoms and does not seem to lead on to ischemic stroke.
However, incapacitatingly frequent vertebrobasilar TIAs in the presence of demonstrated
unilateral or bilateral retrograde vertebral artery flow distal to severe subclavian or innom-
inate disease may sometimes be relieved by angioplasty or stenting of the subclavian artery.
Other procedures that have been tried include subclavian endarterectomy, carotid-to-
subclavian or femoral-to-subclavian bypass, transposition of the subclavian artery to the
common carotid artery, transposition of the vertebral artery to the common carotid
artery, and axillary-to-axillary artery bypass grafting. All these procedures probably carry
a significant risk of complications. Irrespective of the neurological situation, some kind of
interventional procedure may be needed if the hand and arm become ischemic distal to
subclavian or innominate artery disease.

Fig. 26.3. A distal right vertebral artery stenosis
(arrow) seen in MR angiography.
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Extracranial-to-intracranial bypass surgery
Approximately 5–10% of patients with carotid territory TIA or minor ischemic stroke have
occlusion of the internal carotid artery, stenosis of the internal carotid artery wall distal to
the bifurcation, or middle cerebral artery occlusion or stenosis. Neither endarterectomy nor
stenting are possible once a vessel has occluded, but many of these lesions can be bypassed
by anastomosing a branch of the external carotid artery (usually the superficial temporal)
via a skull burr hole to a cortical branch of the middle cerebral artery. This “surgical
collateral” aims to improve the blood supply in the distal middle cerebral artery bed and so
reduce the risk of stroke, and to reduce the severity of any stroke that might occur.
However, there are several reasons why the procedure might not work: the artery feeding
the anastomosis can take months to dilate into an effective collateral channel; many patients
have good collateral flow already from orbital collaterals or via the circle of Willis; not all
strokes distal to internal carotid artery/middle cerebral artery occlusion or inaccessible
stenosis are caused by low flow; the risk of stroke in patients with internal carotid artery
occlusion is not that high compared with severe and recently symptomatic internal carotid
artery stenosis (less than 10%/year) and, anyway, not all of these strokes are ipsilateral to the
occlusion; neither resting cerebral blood flow nor cerebral reactivity are necessarily
depressed in these patients; and the risk of surgery may outweigh the benefit (Latchaw
et al. 1979; Hankey and Warlow 1991; Karnik et al. 1992; Klijn et al. 1997; Powers et al. 2000).

The risk–benefit relationship has been evaluated in only one completed randomized
trial and this failed to show any benefit from routine surgery (EC–IC Bypass Study Group
1985). However, it has been argued that patients with impaired cerebrovascular reactivity,
or with maximal oxygen extraction, were not identified and perhaps it is these patients who
might benefit from surgery (Warlow 1986; Derdeyn et al. 2005), but proof of this hypoth-
esis would require a further randomized trial in this specific subgroup (Karnik et al. 1992).

In fact, a trial is now ongoing that will test the hypothesis that superficial temporal
artery–middle cerebral artery anastomosis, when combined with the best medical therapy,
can reduce ipsilateral ischemic stroke by 40% at two years in patients with symptomatic
internal carotid artery occlusion and increased oxygen extraction fraction demonstrated
by position emission tomography (Grubb et al. 2003). The primary endpoint will be all
strokes and death occurring between randomization and the 30-day postoperative cut-off
(with an equivalent period in the non-surgical group), as well as subsequent ipsilateral
ischemic stroke developing within two years. It is estimated that 186 patients will be
required in each group.

Other surgical procedures
Innominate or proximal common carotid artery stenosis or occlusion is quite often seen on
angiograms in symptomatic patients but, unless very severe, does not influence the decision
about endarterectomy for any internal carotid artery stenosis. Although it is possible to
bypass such lesions, it is highly doubtful whether this reduces the risk of stroke unless,
perhaps, several major neck vessels are involved and the patient has low-flow cerebral or
ocular symptoms. This very rare situation can be caused by atheroma, Takayasu’s disease
or aortic dissection. Clearly, close consultation between physicians and vascular surgeons is
needed to sort out, on an individual patient basis, what to do for the best.

Coronary artery bypass surgery (or angioplasty) may, of course, be indicated in patients
presenting with cerebrovascular events who also happen to have cardiac symptoms. How-
ever, because asymptomatic coronary artery disease is so often associated with symptomatic
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cerebrovascular disease, would coronary intervention also be worthwhile even if there
were no cardiac symptoms or signs? Given the high risk of cardiac events, which might
be reduced in the long term, this is a perfectly reasonable question, but one that can only be
answered by a randomized controlled trial, perhaps first in patients who are thought to be at
particularly high risk of coronary events on the basis of clinical features or non-invasive
cardiac investigation.

Aortic arch atheroma is now increasingly diagnosed by transesophageal echocardio-
graphy in patients with TIAs or ischemic stroke, but so far there are no surgical, or indeed
medical, treatment options over and above controlling vascular risk factors and antiplatelet
drugs. One trial of medical treatment has been started, the Aortic Arch Related Cerebral
Hazard (ARCH) trial (MacLeod et al. 2004).
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Chapter

27 Selection of patients for carotid
intervention

Although only a minority of patients with TIA or ischemic stroke are potential candidates
for carotid endarterectomy (CEA) or stenting, the decision to opt for interventional
treatment rather than medical treatment alone can be difficult and is, therefore, given
detailed consideration in this Ch. Most of the discussion relates to CEA because far more
data are available on the risks and benefits of surgery than for stenting. However, most of
the issues discussed are applicable to both procedures.

If the procedural risk of stroke from endarterectomy for symptomatic stenosis is, say,
7% in routine clinical practice rather than the more optimistic estimates of some surgeons;
the unoperated risk of stroke is 20% after two years, which is, on average, the case for
severe stenosis; and successful surgery reduces this risk of stroke to zero, which is not far
from the truth, then doing about 15 operations would cause one stroke and avoid three.
The net gain would be two strokes avoided. In order to reduce the number of patients
who have to undergo surgery to prevent one having a stroke and, therefore, to maximize
cost effectiveness, we need to know who is at highest risk of surgical stroke, and who will
survive to be at highest risk of ipsilateral ischemic stroke if surgery is not done. In other
words, safe surgery should be offered to those patients who have most to gain (those at
highest risk of ipsilateral ischemic stroke without surgery) and who are most likely to
survive for a number of years to enjoy that gain: surgery should be targeted to the small
number of patients who will have a stroke without it, not to the larger number of patients
who might have a stroke, because in the latter group there will be a lot of unnecessary
operations.

The cost of identifying suitable patients for carotid surgery is high, with more than 30%
of the cost attributed to the initial consultation at the neurovascular clinics. The cost of
preventing one stroke by CEA in the UK in 1997–1998 was in the region of £100 000 if all
the costs incurred in the workup of a cohort for potential CEA are included (Benade and
Warlow 2002a). Even excluding the cost of working up the very large number of patients
with TIA and stroke to find the 5–10% or so suitable for surgery, surgery is not cheap:
$4000 and $6000 in a private and university hospital, respectively, in the USA in 1985
(Green and McNamara 1987); US$11 602 in Sweden in 1991 (Terent et al. 1994) and
approximately US$7000 in Canada in 1996 (Smurawska et al. 1998). The cost of surgery
was mainly in the range (US$9500–11 500) in a recent systematic review (Benade and
Warlow 2002b).

Who is at high (or low) risk of surgery?
As well as being related to the skills of the surgeon and anesthetist and aspects of the
surgical technique, the operative risk of stroke and death also depends on patient age and
sex; the nature of the presenting event; coexisting pathology, such as coronary heart disease;
and several other factors (Table 27.1).
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Presenting event
The operative risk of stroke and death
is lower for patients with asymptomatic
stenosis than for those with symptomatic
stenosis (Rothwell et al. 1996; Bond et al.
2003). Not surprisingly, therefore, it also
varies with the nature of the presenting
symptoms. In a systematic review of all
studies published from 1980 to 2000 inclu-
sive that reported the risk of stroke and
death from endartectomy (Bond et al.
2003), 103 of 383 studies stratified risk by
the nature of the presenting symptoms
(Table 27.2). As expected, the operative risk
for symptomatic stenosis overall was higher
than for asymptomatic stenosis (odds ratio
[OR], 1.62; 95% confidence interval [CI],
1.45–1.81; p< 0.00001; 59 studies), but this
depended on the nature of the symptoms,
with the operative risk in patients with

ocular events only tending to be lower than that for asymptomatic stenosis (OR, 0.75;
95% CI, 0.50–1.14; 15 studies). Operative risk was the same for stroke and cerebral TIA
(OR, 1.16; 95% CI, 0.99–1.35; p¼ 0.08; 23 studies) but higher for cerebral TIA than for
ocular events only (OR, 2.31; 95% CI, 1.72–3.12; p< 0.00001; 19 studies). Given that the
operative risk of stroke is so highly dependent on the clinical indication, audits of risk
should be stratified by the nature of any presenting symptoms, and patients should be
informed of the risk that relates to their presenting event.

Age and sex
In the randomized trials of CEA for both symptomatic and asymptomatic carotid stenosis,
benefit was decreased in women (Rothwell et al. 2004a; Rothwell 2004), partly because of a
higher operative risk than in men, but operative risk was independent of age. However,
because these trial-based observations might not be generalizable to routine clinical practice
(Ch. 18), a systematic review of all publications reporting data on the association between
age and/or sex and procedural risk of stroke and/or death from 1980 to 2004 was carried out
(Bond et al. 2005). Females had a higher rate of operative stroke and death (OR, 1.31; 95%
CI, 1.17–1.47; p< 0.001; 25 studies) than males, but no increase in operative mortality
(OR, 1.05; 95% CI, 0.81–0.86; p¼ 0.78; 15 studies). Compared with younger patients,
operative mortality was increased at � 75 years (OR, 1.36; 95% CI, 1.07–1.68; p¼ 0.02;
20 studies), at age � 80 years (OR, 1.80; 95% CI, 1.26–2.45; p< 0.001; 15 studies) and in
older patients overall (OR, 1.50; 95% CI, 1.26–1.78; p< 0.001; 35 studies). In contrast,
however, operative risk of non-fatal stroke alone was not increased: � 75 years (OR, 1.01;
95% CI, 0.8–1.3; p¼ 0.99; 16 studies); � 80 years (OR, 0.95; 95% CI, 0.61–1.20; p¼ 0.43;
15 studies). Consequently, the overall perioperative risk of stroke and death was only
slightly increased at age � 75 years (OR, 1.18; 95% CI, 0.94–1.44; p¼ 0.06; 21 studies), at
age � 80 years (OR, 1.14; 95% CI, 0.92–1.36; p¼ 0.34; 10 studies) and in older patients
overall (OR, 1.17; 95% CI, 1.04–1.31; p¼ 0.01; 36 studies). Therefore, the effects of age and

Table 27.1. Factors predictive of operative risk of
stroke or death at endarterectomy

Related to Factors

Presenting
event

Symptomatic versus
asymptomatic

Transient ischemic attack versus
stroke

Ocular versus cerebral events

Patient Age

Sex

Vascular risk factors: previous
stroke, hypertension, diabetes,
contralateral internal cerebral
artery occlusion, peripheral
vascular disease

Operation Side of surgery

Nature of plaque (ulcerated versus
non-ulcerated)

Timing from event to surgery
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sex on the operative risk in published case series are broadly consistent with those observed
in the trials. Operative risk of stroke is increased in women, and operative mortality but the
risk of stroke is not increased in patients aged � 75 years.

Other patient factors
Only a few serious attempts have been made to sort out which other patient-related factors
affect perioperative stroke risk, and then which factors are independent from each other so
they can be used in combination to predict surgical risk in individuals (Sundt et al. 1975;
McCrory et al. 1993; Goldstein et al. 1994; Riles et al. 1994; Golledge et al. 1996; Kucey et al.
1998; Ferguson et al. 1999). Risk factors almost certainly include hypertension, peripheral

Table 27.2. A systematic review of the studies reporting the operative risks of stroke or death in carotid
endarterectomy according to the nature of the presenting event and stratified according to year of publication

Presenting
event

Time
period

Number of
studies

Number of
operations

Absolute
risk
(% [95% CI])

p value
(heterogeneity)

Symptomatic < 1995 57 17 597 5.0 (4.4–5.5) < 0.001

� 1995 38 18 885 5.1 (4.7–5.6) < 0.001

Total 95 36 482 5.1 (4.6–5.6) < 0.001

Urgent < 1995 9 143 16.8 (8.0–25.5) < 0.001

� 1995 4 65 24.6 (17.6–31.6) < 0.001

Total 13 208 19.2 (10.7–27.8) < 0.001

Stroke < 1995 27 3 071 7.3 (6.1–8.5) < 0.001

� 1995 23 4 563 7.0 (6.2–7.9) < 0.001

Total 50 7 634 7.1 (6.1–8.1) < 0.001

Cerebral TIA < 1995 11 4 279 4.6 (3.9–5.2) < 0.001

� 1995 13 3 648 6.9 (6.2–7.5) < 0.001

Total 24 8 138 5.5 (4.7–6.3) < 0.001

Ocular event < 1995 9 1 050 3.0 (2.5–3.4) 0.9

� 1995 9 734 2.7 (1.9–3.3) < 0.001

Total 18 1 784 2.8 (2.2–3.4) < 0.001

Non-specific < 1995 16 1 275 4.2 (3.2–5.3) < 0.001

� 1995 8 476 4.3 (3.4–5.2) < 0.001

Total 24 1 751 4.2 (3.2–5.2) < 0.001

Asymptomatic < 1995 29 3 197 3.4 (2.5–4.4) < 0.001

� 1995 28 10 088 3.0 (2.5–3.5) < 0.04

Total 57 13 285 2.8 (2.4–3.2) < 0.001

Redo surgery < 1995 3 215 3.8 (2.7–4.9) < 0.001

� 1995 9 699 4.4 (3.1–5.8) 0.9

Total 12 914 4.4 (2.4–6.4) < 0.001

Notes:
CI, confidence interval; TIA, transient ischemic attack.
Source: From Bond et al. (2003).
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vascular disease, contralateral internal carotid occlusion and stenosis of the ipsilateral
external carotid artery and carotid siphon (Rothwell et al. 1997). Operating on the left
carotid artery being more risky than on the right clearly needs confirmation and, if true,
might be to do with the easier detection of verbal than non-verbal cognitive deficits, or with
the surgical feeling that it is more difficult operating on the left side (Barnett et al. 1998;
Kucey et al. 1998; Ferguson et al. 1999). The independent surgical risk factors for patients in
the pooled analysis of data from European Carotid Surgery Trial (ECST) and the North
American Symptomatic Carotid Endarterectomy Trial (NASCET) were female sex, present-
ing event, diabetes, ulcerated plaque and previous stroke (Rothwell et al. 2004a). Other
predictors in the ECST that were not available from NASCET included systolic blood
pressure and peripheral vascular disease (Bond et al. 2002), but the predictive model derived
from the ECST patients must be validated in an independent dataset.

Timing of surgery
The optimal timing of surgery was a highly controversial topic (Pritz 1997; Eckstein et al.
1999). However, it is increasingly clear that surgery should be performed as soon as it is
reasonably safe to do so, given the very high early risk of stroke during the first few days and
weeks after the presenting TIA or stroke in patients with symptomatic carotid stenosis
(Lovett et al. 2004; Fairhead et al. 2005). Any increased operative risk from early surgery
must be balanced against the substantial risk of stroke occurring prior to delayed surgery
(Blaser et al. 2002; Fairhead et al. 2005). If the operative risk is unrelated to the timing of
surgery, then urgent surgery would, of course, be indicated. The pooled analyses of data
from the randomized trials of CEA for symptomatic carotid stenosis showed that benefit
from surgery was greatest in patients randomized within two weeks after their last ischemic
event and fell rapidly with increasing delay (Rothwell et al. 2004a) For patients with � 50%
stenosis, the number needed to undergo surgery (NNT) to prevent one ipsilateral stroke in
five years was five for patients randomized within two weeks after their last ischemic event
versus 125 for patients randomized > 12 weeks. This trend was a result, in part, of the fact
that the operative risk of endarterectomy in the trials was not increased in patients operated
on within a week of their last event (Rothwell et al. 2004a, b).

A systematic review of all published surgical case series that reported data on operative
risk by time since presenting event also found that there was no difference between early
(first three to four weeks) and later surgery in stable patients (OR, 1.13; 95% CI, 0.79–1.62;
p¼ 0.62; 11 studies). For neurologically stable patients with TIA and minor stroke, benefit
from endarterectomy is greatest if performed within a week of the event. However, in the
same systematic review (Bond et al. 2003; Fairhead and Rothwell 2005), emergency CEA for
patients with evolving symptoms (stroke in evolution, crescendo TIA, “urgent cases”) had a
high operative risk of stroke and death (19.2%; 95% CI, 10.7–27.8), which was much greater
than that for surgery in patients with stable symptoms in the same studies (OR, 3.9; 95% CI,
2.7–5.7; p< 0.001; 13 studies). Some uncertainty does exist, therefore, in relation to the
balance of risk and benefit of surgery within perhaps 24–72 hours of the presenting event,
particularly in patients with stroke, and a randomized trial of early versus delayed surgery
during this time scale would be ethical (Welsh et al. 2004; Fairhead and Rothwell 2005;
Rantner et al. 2005). However, delays to surgery in routine clinical practice in many
countries can currently be measured in months (Rodgers et al. 2000; Turnbull et al. 2000;
Pell et al. 2003; Fairhead et al. 2005) and so the question of by how many hours should
surgery be delayed is of somewhat theoretical interest in these healthcare systems.

Chapter 27: Selection of patients for carotid intervention

315



Audit and monitoring of surgical results
It is very difficult to compare surgical morbidity between surgeons or institutions, in the
same place at different times or before and after the introduction of a particular change in
the technique without adjusting adequately for case mix: in other words, for the patient’s
inherent surgical risk. In addition, large enough numbers have to be collected to avoid
random error (Rothwell et al. 1999a). This level of sophistication has never been achieved,
and nor probably have adequate methods of routine data collection to support it, in normal
clinical practice. It is clearly important, however, to have some idea of the risk of surgery in
one’s own hospital in the sort of patients that are usually operated on. Risks reported in the
literature are irrelevant because they are not generalizable to one’s own institution.

Which patients have most to gain from surgery
for symptomatic carotid stenosis?
Not all patients with even extremely severe symptomatic stenosis go on to have an ipsilat-
eral ischemic stroke: in the ECST, although approximately 30% with 90–99% stenosis had a
stroke in three years, 70% did not, and these 70% could only have been harmed by surgery.
Both the ECST and NASCET have shown very clearly the importance of increasing severity
of carotid stenosis ipsilateral to the cerebral or ocular symptoms in the prediction of
ischemic stroke in the same arterial distribution, although even this relationship is not
straightforward in that if the internal carotid artery “collapses” distal to an extreme stenosis
the risk of stroke is substantially reduced (Morgenstern et al. 1997; Rothwell et al. 2000a)
(Fig. 27.1). Angiographically demonstrated “ulceration” or “irregularity” increases the
stroke risk even more, but it is unclear whether this can be translated to the appearances
on ultrasound (Eliasziw et al. 1994; Rothwell et al. 2000b). These and other determinants of
benefit are reviewed below. To complicate matters further, one also must avoid offering
surgery to patients unlikely to survive long enough to enjoy any benefit of stroke prevention
and so for whom the immediate surgical risks would not be worthwhile. These include the
very elderly and patients with advanced cancer. It would also seem sensible to avoid surgery
in patients with severe symptomatic cardiac disease who are likely to die a cardiac death
within a year or two.

Which range of stenosis?
To target CEA appropriately, it is first necessary to determine as precisely as possible
how the overall average benefit from surgery relates to the degree of carotid stenosis.
The analyses of each of the main trials of endarterectomy for symptomatic carotid stenosis
were stratified by the severity of stenosis of the symptomatic carotid artery, but different
methods of measurement of the degree of stenosis on pre-randomization angiograms were
used, the NASCET method underestimating stenosis compared with the ECST method
(Fig. 27.2) (Rothwell et al. 1994). Stenoses reported to be 70–99% in the NASCET were
equivalent to 82–99% by the ECST method, and stenoses reported to be 70–99% by the
ECST were 55–99% by the NASCET method (Rothwell et al. 1994).

In 1998, the ECST (European Carotid Surgery Trialists’ Collaborative Group 1998)
showed that there was no benefit from surgery in patients with 30–49% stenosis or 50–69%
stenosis (defined by their method), but that there was major benefit in patients with 70–99%
stenosis. When the results of the ECST were stratified by decile of stenosis, endarterectomy
was only beneficial in patients with 80–99% stenosis. The 11.6% absolute reduction in risk of
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Fig. 27.1. Selective arterial angiograms of both carotid circulations in a patient with a recently symptomatic
carotid “near occlusion” (lower left), and a mild stenosis at the contralateral carotid bifurcation (lower right).
The near-occluded internal carotid artery (ICA) is markedly narrowed, and flow of contrast into the distal ICA is
delayed. After selective injection of contrast into the contralateral carotid artery, significant collateral flow can be
seen across the anterior communicating arteries with filling of the middle cerebral artery of the symptomatic
hemisphere (top).
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major stroke or death at three years was con-
sistent with the 10.1% reduction in major
stroke or death at two years reported in the
NASCET (Barnett et al. 1998) in patients with
70–99% stenosis, as defined by NASCET.
However, in contrast to the ECST, the
NASCET reported a 6.9% (p¼ 0.03) absolute
reduction in risk of disabling stroke or death
in patients with 50–69% stenosis (equivalent
to 65–82% stenosis in ECST).

Given this apparent disparity between
the results of the trials, the ECST group
reanalyzed their results such that they were
comparable with the results of the NASCET
(Rothwell et al. 2003a). This required that
the original ECST angiograms were remeas-
ured by the method used in the NASCET
and that outcome events were redefined.
Reanalysis of the ECST showed that endar-
terectomy had reduced the five-year risk of
any stroke or surgical death by 5.7% (95% CI,
0–11.6) in patients with 50–69% stenosis as
defined by NASCET (n¼ 646; p¼ 0.05) and
by 21.2% (95% CI, 12.9–29.4) in patients
with NASCET-defined 70–99% stenosis
without “nearocclusion” (n¼ 429;p< 0.0001).
Surgery was harmful in patients with < 30%
stenosis (n¼ 1321; p¼ 0.007) and of no
benefit in patients with 30–49% stenosis
(n¼ 478; p¼ 0.6). Therefore, the results of
the two trials were consistent when analyzed
in the same way. This allowed a pooled
analysis of data from the ECST, NASCET
and the Veterans Affairs Cooperative Study
Program 309 (VA 309) trials (Mayberg et al.
1991), which included over 95% of patients
with symptomatic carotid stenosis ever
randomized to endarterectomy versus med-
ical treatment (Rothwell et al. 2003b).

The pooled analysis showed that there was no statistically significant heterogeneity
between the trials in the effect of the randomized treatment allocation on the relative risks
of any of the main outcomes in any of the stenosis groups. Data were, therefore, merged on
6092 patients with 35 000 patient-years of follow-up (Rothwell et al. 2003b). The overall
operative mortality was 1.1% (95% CI, 0.8–1.5), and the operative risk of stroke and death
was 7.1% (95% CI, 6.3–8.1). The effect of surgery on the risks of the main trial outcomes
is shown by stenosis group in Fig. 27.3. Endarterectomy reduced the five-year absolute risk
of any stroke or death in patients with NASCET-defined 50–69% stenosis (absolute risk
reduction [ARR], 7.8%; 95% CI, 3.1–12.5) and was highly beneficial in patients with

Fig. 27.2. A selective catheter angiogram of the
carotid bifurcation showing a 90% stenosis. To
calculate the degree of stenosis, the lumen diameter
at the point of maximum stenosis (A) was measured
as the numerator in both the European Carotid
Surgery Trial (ECST) method and the North American
Symptomatic Carotid Endarterectomy Trial (NASCET)
method. However, the NASCET used the lumen
diameter of the distal internal carotid artery (B) as the
denominator, whereas the ECST used the estimated
normal lumen diameter (dotted lines) at the point of
maximum stenosis.
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70–99% stenosis (ARR, 15.3%; 95% CI, 9.8–20.7), but was of no benefit in patients with near
occlusion. The CI values around the estimates of treatment effect in the near occlusions
were wide, but the difference in the effect of surgery between this group and patients with
� 70% stenosis without near occlusion was statistically highly significant for each of the
outcomes. Qualitatively similar results were seen for disabling stroke.

The results of these pooled analyses show that, with the exception of near occlusions, the
degree of stenosis above which surgery is beneficial is 50% as defined by NASCET
(equivalent to approximately 65% stenosis as defined by ECST). Given the confusion
generated by the use of different methods of measurement of stenosis in the original trials,
it has been suggested that the NASCET method be adopted as the standard in future
(Rothwell et al. 2003b). There are several arguments in favor of the continued use of
selective arterial angiography in the selection of patients for endarterectomy (Johnston
and Goldstein 2001; Norris and Rothwell 2001). However, if non-invasive techniques are
used to select patients for surgery, then they must be properly validated against catheter
angiography within individual centers (Rothwell et al. 2000c). More work is also required to
assess the accuracy of non-invasive methods of carotid imaging in detecting near occlusion
(Bermann et al. 1995; Ascher et al. 2002).

What about near occlusions?
Near occlusions (Fig. 27.1) as a group were identified in the NASCET because it is not
possible to measure the degree of stenosis using the NASCET method in situations where
the post-stenotic internal carotid artery is narrowed or collapsed as a result of markedly
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Fig. 27.3. The effect of endarterectomy on the five-year risks of each of the main trial outcomes in patients with
varying degrees of stenosis (< 30%, 30–49%, � 70% without near occlusion, and near occlusion) in an analysis of
pooled data from the three main randomized trials of endarterectomy versus medical treatment for recently
symptomatic carotid stenosis (Rothwell et al. 2003b).

Chapter 27: Selection of patients for carotid intervention

319



reduced post-stenotic blood flow. Patients with “abnormal post-stenotic narrowing” of the
internal carotid artery were also identified in the ECST (Rothwell et al. 2000a). In both
trials, these patients had a paradoxically low risk of stroke on medical treatment. The low
risk of stroke most likely reflects the presence of a good collateral circulation, which is
visible on angiography in the vast majority of the patients with narrowing of the internal
carotid artery distal to a severe stenosis. The benefit from surgery in the near occlusion
group in the NASCET had been minimal, and both the reanalysis of the ECST (Rothwell
et al. 2003a) and the pooled analysis (Rothwell et al. 2003b) suggested no benefit at all in
this group in terms of preventing stroke (Fig. 27.3). Some patients with near occlusion may
still wish to undergo surgery, particularly if they experience recurrent TIAs. In the reanaly-
sis of the ECST (Rothwell et al. 2003a), CEA did reduce the risk of recurrent TIA in patients
with near occlusion (ARR, 15%; p¼ 0.007). However, patients should be informed that
endarterectomy does not prevent stroke.

Which subgroups benefit most?
The overall trial results are of only limited help to patients and clinicians in making decisions
about surgery. Although endarterectomy reduces the relative risk of stroke by approximately
30% over the next three years in patients with a recently symptomatic severe stenosis, only
20% of such patients have a stroke on medical treatment alone. The operation is of no value
in the other 80% of patients, who, despite having a symptomatic stenosis, are destined to
remain stroke free without surgery and can only be harmed by it. It would, therefore, be
useful to be able to identify in advance, and operate on, only those patients with a high risk of
stroke on medical treatment alone, but a relatively low operative risk. The degree of stenosis
is a major determinant of benefit from endarterectomy, but there are several other clinical
and angiographic characteristics that might influence the risks and benefits of surgery.

Eleven reports of different univariate subgroup analyses were published by NASCET,
which have been summarized elsewhere (Rothwell 2005). Although interesting, the results
are difficult to interpret because several of the subgroups contain only a few tens of patients,
with some of the estimates of the effect of surgery based on only one or two outcome events
in each treatment group; the 95% CI values around the ARRs in each subgroup have
generally not been given; and there have been no formal tests of the interaction between
the subgroup variable and the treatment effect. It is, therefore, impossible to be certain
whether differences in the effect of surgery between subgroups are real or occur by chance.

Subgroup analyses of pooled data from ECST and NASCET have greater power to
determine subgroup–treatment interactions reliably, and several clinically important inter-
actions have been reported (Rothwell et al. 2004a). Sex (p¼ 0.003), age (p¼ 0.03), and time
from the last symptomatic event to randomization (p¼ 0.009) modify the effectiveness of
surgery (Fig. 27.4). Benefit from surgery was greatest in men, patients aged � 75 years, and
patients randomized within two weeks after their last ischemic event, and it fell rapidly with
increasing delay. For patients with � 50% stenosis, the number of patients needed to
undergo surgery (NNT) to prevent one ipsilateral stroke in five years was 9 for men versus
36 for women, 5 for age � 75 versus 18 for age < 65 years, and 5 for patients randomized
within two weeks after their last ischemic event versus 125 for patients randomized > 12
weeks. The corresponding ARR values are shown separately for patients with 50–69%
stenosis and 70–99% stenosis in Fig. 27.5. These observations were consistent across the
50–69% and � 70% stenosis groups and similar trends were present in both ECST and
NASCET.
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MedicalSurgical

Sex

Sex

Male 65/546 89/489 8.0 3.4 −12.5
Female 36/262 21/205 −2.7 −8.8 to 3.5

< 65 years 44/375 33/270 1.3 −4.0 to 6.7

< 2 weeks 17/158 34/150 14.8 −6.2 −23.4 
2−4 weeks 21/135 20/110 3.3 −6.3 to 13.0
4−12 weeks 36/312 40/280 4.0 −1.7 to 9.7
> 12 weeks 27/203 16/154 −2.9 −10.2 to 4.3

65−74 years 43/329 55/324 5.4 −0.4 to 11.2
75+years 14/104 22/100 10.7 −0.2 to 21.6

Age

Age

Male 47/467 95/384 15.0 9.8 −20.2
Female 27/199 39/166 9.9 1.8 −18.0

< 65 years 42/356 60/280 9.8 3.8 −15.7

< 2 weeks 23/167 54/149 23.0 13.6 −32.4
2−4 weeks 10/133 24/105 15.9 6.6 −25.2
4−12 weeks 27/248 41/218 7.9 1.3 −14.4
> 12 weeks 14/118 15/78 7.4           −3.3 to 18.1

TOTAL 74/666  134/550 13.5 9.1 −17.9

65−74 years 31/272 54/218 13.5 6.5 −20.5
75+years 1/38  20/52 37.2 22.9 −51.5

Time since last event

Time since last event

TOTAL 101/808 110/694 4.7   1.0 −8.4

≥ 70% stenosis group

50−69% stenosis group

Events/patients
Surgical Medical

ARR (%) 95% CI

Events/patients
ARR (%) 95% CI

-10 0 10 20 30

 Absolute risk reduction (% [95% CI])

-10 0 10 20 30 40 50

 Absolute risk reduction (% [95% CI])

Fig. 27.4. Absolute risk reduction (ARR) with surgery in the five-year risk of ipsilateral carotid territory ischemic
stroke and any stroke or death within 30 days after trial surgery according to predefined subgroup variables in an
analysis of pooled data from the two largest randomized trials of endarterectomy versus medical treatment for
recently symptomatic carotid stenosis (Derived form Rothwell et al. 2004b). CI, confidence interval.
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Women had a lower risk of ipsilateral ischemic stroke on medical treatment and a
higher operative risk in comparison with men. For recently symptomatic carotid stenosis,
surgery is very clearly beneficial in women with � 70% stenosis, but not in women with
50–69% stenosis (Fig. 27.4). In contrast, surgery reduced the five-year absolute risk of
stroke by 8.0% (95% CI, 3.4–12.5) in men with 50–69% stenosis. This sex difference was
statistically significant even when the analysis of the interaction was confined to the 50–69%
stenosis group. These same patterns were also shown in both of the large published trials of
CEA for asymptomatic carotid stenosis (Rothwell 2004).

Benefit from CEA increased with age in the pooled analysis of trials in patients with
recently symptomatic stenosis, particularly in patients aged > 75 years (Fig. 27.4). Although
patients randomized in trials generally have a good prognosis and there is some evidence of
an increased operative mortality in elderly patients in routine clinical practice, as discussed
above, a recent systematic review of all published surgical case series reported no increase in
the operative risk of stroke and death in older age groups. There is, therefore, no justifica-
tion for withholding CEA in patients aged > 75 years who are deemed to be medically fit to
undergo surgery. The evidence suggests that benefit is likely to be greatest in this group
because of their high risk of stroke on medical treatment.

Benefit from surgery is probably also greatest in patients with stroke, intermediate in
those with cerebral TIA and lowest in those with retinal events. There was also a trend in the
trials towards greater benefit in patients with irregular plaque than a smooth plaque.

Which individuals benefit most?
There are some clinically useful subgroup observations in the pooled analysis of the
endarterectomy trials, but the results of univariate subgroup analysis are often of only
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Fig. 27.5. Absolute risk
reduction (ARR) with
surgery in the five-year
risk of ipsilateral carotid
territory ischemic stroke
and any stroke or death
within 30 days after trial
surgery in patients with
50–69% stenosis (white
columns) and � 70%
stenosis (black columns)
without near occlusion
stratified by the time
from last symptomatic
event to randomization.
This is an analysis of
pooled data from the
two largest randomized
trials of endarterectomy
versus medical
treatment for recently
symptomatic carotid
stenosis (Rothwell et al.
2004a). The numbers
above the bars indicate
the actual absolute
risk reduction.
CI, confidence interval.
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limited use in clinical practice. Individual patients frequently have several important risk
factors, each of which interacts in a way that cannot be described using univariate subgroup
analysis, and all of which should be taken into account in order to determine the likely
balance of risk and benefit from surgery (Rothwell et al. 1999b). For example, what would
be the likely benefit from surgery in a 78-year-old (increased benefit) female (reduced
benefit) with 70% stenosis who presented within two weeks (increased benefit) of an ocular
ischemic event (reduced benefit) and was found to have an ulcerated carotid plaque
(increased benefit)?

One way in which clinicians can weigh the often-conflicting effects of the important
characteristics of an individual patient on the likely benefit from treatment is to base
decisions on the predicted absolute risks of a poor outcome with each treatment option
using prognostic models (see Ch. 14). A model for prediction of the risk of stroke on
medical treatment in patients with recently symptomatic carotid stenosis has been derived
from the ECST (Rothwell et al. 1999b, 2005) (Table 27.3). The model was validated using
data from the NASCET and showed very good agreement between predicted and observed
medical risk (Mantel–Haenszel w2trend¼ 41.3 [degrees of freedom, 1]; p< 0.0001), reliably
distinguishing between individuals with a 10% risk of ipsilateral ischemic stroke after five
years of follow-up and individuals with a risk of over 40% (Fig. 27.6). Importantly, Fig. 27.6
also shows that the operative risk of stroke and death in patients who were randomized to
surgery in NASCET was unrelated to the medical risk (Mantel–Haenszel w2trend¼ 0.98
[degrees of freedom, 1]; p¼ 0.32). Therefore, when the operative risk and the small
additional residual risk of stroke following successful endarterectomy were taken into
account, benefit from endarterectomy at five years varied significantly across the quintiles
(p¼ 0.001), with no benefit in patients in the lower three quintiles of predicted medical risk
(ARR, 0–2%), moderate benefit in the fourth quintile (ARR, 10.8%; 95% CI, 1.0–20.6) and
substantial benefit in the highest quintile (ARR, 32.0%; 95% CI, 21.9–42.1).

Prediction of risk using models requires a computer, a pocket calculator with an
exponential function or internet-access (the ECST model can be found at www.stroke.
ox.ac.uk). As an alternative, a simplified risk score based on the hazard ratios derived
from the relevant risk model can be derived. Table 27.3 shows a score for the five-year risk
of stroke on medical treatment in patients with recently symptomatic carotid stenosis
derived from the ECST model. As is shown in the example, the total risk score is the
product of the scores for each risk factor. Fig. 27.7 shows a plot of the total risk score
against the five-year predicted risk of ipsilateral carotid territory ischemic stroke derived
from the full model and is used as a nomogram for the conversion of the score into a risk
prediction.

Alternatively, risk tables allow a relatively small number of important variables to be
considered and have the major advantage that they do not require the calculation of any
score by the clinician or patient. Fig. 27.8 shows a risk table for the five-year risk of
ipsilateral ischemic stroke in patients with recently symptomatic carotid stenosis on medical
treatment, derived from the ECST model. The table is based on the five variables that were
both significant predictors of risk in the ECST model (Table 27.3) and yielded clinically
important subgroup–treatment effect interactions in the analysis of pooled data from the
relevant trials (sex, age, time since last symptomatic event, type of presenting event(s) and
carotid plaque surface morphology).

One potential problem with the ECST risk model is that it might overestimate risk in
current patients because of improvements in medical treatment, such as the increased use of
statins. However, such improvements in treatment pose more problems for interpretation
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Table 27.3. A predictive model for five-year risk of ipsilateral ischemic stroke on medical treatment
in patients with recently symptomatic carotid stenosisa

Model Scoring system

Risk factor Hazard ratio
(95% CI)

p value Risk factor Score Example

Stenosis (per 10%) 1.18 (1.10–1.25) < 0.0001 Stenosis (%)

50–59 2.4 2.4

60–69 2.8

70–79 3.3

80–89 3.9

90–99 4.6

Near occlusionb 0.49 (0.19–1.24) 0.1309 Near occlusion 0.5 No

Male sex 1.19 (0.81–1.75) 0.3687 Male sex 1.2 No

Age (per 10 years) 1.12 (0.89–1.39) 0.3343 Age (years)

31–40 1.1

41–50 1.2

51–60 1.3

61–70 1.5 1.5

71–80 1.6

81–90 1.8

Time since last event
(per seven days)

0.96 (0.93–0.99) 0.0039 Time since last event
(days)

0–13 8.7 8.7

14–28 8.0

29–89 6.3

90–365 2.3

Presenting eventc 0.0067 Presenting event

Ocular 1.000 Ocular 1.0

Single TIA 1.41 (0.75–2.66) Single TIA 1.4

Multiple TIAs 2.05 (1.16–3.60) Multiple TIAs 2.0

Minor stroke 1.82 (0.99–3.34) Minor stroke 1.8

Major stroked 2.54 (1.48–4.35) Major stroke 2.5 2.5

Diabetes 1.35 (0.86–2.11) 0.1881 Diabetes 1.4 1.4

Previous MI 1.57 (1.01–2.45) 0.0471 Previous MI 1.6 No

PVD 1.18 (0.78–1.77) 0.4368 PVD 1.2 No

Treated
hypertensione

1.24 (0.88–1.75) 0.2137 Treated hypertension 1.2 1.2
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of the overall trial results than for the risk-modeling approach. For example, it would take
only a relatively modest improvement in the effectiveness of medical treatment to erode the
overall benefit of endarterectomy in patients with 50–69% stenosis. In contrast, very major
improvements in medical treatment would be required in order to significantly reduce the
benefit from surgery in patients in the high predicted-risk quintile in Fig. 27.6. Therefore,
the likelihood that ancillary treatments have improved, and are likely to continue to
improve, is an argument in favor of a risk-based approach to targeting treatment. However,
it would be reasonable in a patient on treatment with a statin, for example, to reduce the
risks derived from the risk model by 20% in relative terms.

Other prognostic tools, such as measurements of cerebral reactivity and emboli load
on transcranial Doppler (Molloy and Markus 1999; MacKinnon et al. 2005; Markus and

Table 27.3. (cont.)

Model Scoring system

Risk factor Hazard ratio
(95% CI)

p value Risk factor Score Example

Irregular/ulcerated
plaque

2.03 (1.31–3.14) 0.0015 Irregular/ulcerated
plaque

2.0 2.0

Total risk score 263

Predicted medical risk using nomogram 37

Notes:
aTIA, transient ischemic attack; MI, myocardial infarction; PVD, peripheral vascular disease; CI, confidence interval.
Hazard ratios derived from the model are used for the scoring system. The score for the 5-year risk of stroke is the
product of the individual scores for each of the risk factors present. The score is converted into a risk using Fig. 27.6.
bIn cases of near occlusion, enter degree of stenosis as 85%.
cPresenting event is coded as the most severe ipsilateral symptomatic event in the last six months
(severity is as ordered above: ocular events are least severe and major stroke is most severe).
dMajor stroke is defined as stroke with symptoms persisting for at least seven days.
eTreated hypertension includes previously treated or newly diagnosed hypertension.
Source: From Rothwell et al. (2005).
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Fig. 27.6. A model derived from the data from
the European Carotid Surgery Trial (ESCT) for the
five-year risk of ipsilateral risk of ischemic stroke
on medical treatment tested on data from the
North American Symptomatic Carotid
Endarterectomy Trial (NASCET). The closed
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treatment group in NASCET, stratified into
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MacKinnon 2005), are not widely used in clinical practice and it is unclear to what extent
they are likely to add to the predictive value of the ECST model.

Patients with multiple potential causes of stroke
Patients often have multiple possible causes for their TIA or stroke. For example, patients
with a lacunar ischemic stroke or TIA may have ipsilateral severe carotid stenosis. The
question then arises whether the stenosis is “symptomatic” (i.e. a small deep lacunar infarct
has, unusually, been caused by artery-to-artery embolism or low flow) or “asymptomatic”
(i.e. the stenosis is a coincidental bystander and the infarct was really caused by intracranial
small vessel disease). Unsurprisingly, the number of such patients in the randomized trials is
very small and there are only limited published data (Boiten et al. 1996; Inzitari et al. 2000),
but pooled analysis of the individual patient data shows that surgery is beneficial for patients
with severe stenosis ipsilateral to a lacunar TIA or stroke (PM Rothwell, unpublished data).
The observational studies mostly show that severe stenosis is about equally rare in the
symptomatic and contralateral carotid arteries, which supports the notion of the stenosis
being coincidental (Mead et al. 2000), but it does not mean that surgery would not still be
beneficial. In practice, most clinicians would recommend surgery, particularly if the stenosis
is very severe, because even if the artery was in truth asymptomatic there is some evidence
that the risk of ipsilateral ischemic stroke is high enough to justify the risk of surgery. The
same arguments probably apply if there is also a major coexisting source of embolism from
the heart (such as non-rheumatic atrial fibrillation), in which case the patient may reason-
ably be offered surgery as well as anticoagulation. With the more widespread use of
diffusion-weighted imaging, it is now often possible to infer the likely etiology of stroke
from the distribution of acute ischemic lesions (see Chs. 10 and 11).
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Fig. 27.7. A plot of the total risk
score derived in the European Carotid
Surgery Trial (ECST; see Table 27.3)
against the five-year predicted risk of
ipsilateral carotid territory ischemic
stroke derived from the full model.
This graph is used to convert the
score from Table 27.3 into a risk
prediction. The finer line on the graph
is the predicted risk if one assumes
a 20% reduction in risk with newer
secondary preventive therapies
compared with those available
when the model was developed.
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Chapter

28 Intervention for asymptomatic
carotid stenosis

Although asymptomatic carotid stenosis can be identified during screening programs of
apparently healthy people (i.e. in a primary prevention setting), it is also often identified in
a secondary prevention setting, such as when a carotid bruit is heard in patients with
angina, claudication or non-focal neurological symptoms; when bilateral carotid imaging is
done in patients with unilateral carotid symptoms (i.e. the patient is symptomatic but one
carotid artery is asymptomatic); and when patients are being assessed for major surgery
below the neck.

When asymptomatic carotid stenosis is discovered, four questions arise.
� What is the risk of operating?
� What is the risk (of stroke) if the stenosis is left unoperated?
� Does surgery reduce the risk of stroke?
� What is the balance of immediate surgical risk versus long-term benefit?
The answers to these questions are different for asymptomatic carotid stenosis than for
symptomatic stenosis, because the risk of stroke on medical treatment alone is lower distal
to an asymptomatic stenosis (Fig. 28.1).

Is there evidence of benefit from sugery?
Whether the benefits of carotid endarterectomy or stenting in patients with asymptomatic
stenosis justify the risks and cost is still unclear (Chaturvedi et al. 2005; Chambers and
Donnan 2005), particularly in an era of improved medical treatments. Until relatively
recently, guidelines on endarterectomy for asymptomatic stenosis were largely based
on the results of the Asymptomatic Carotid Atherosclerosis Study (ACAS) (Executive
Committee for the Asymptomatic Carotid Atherosclerosis Study 1995) and a few other
smaller trials (Chambers and Donnan 2005). The ACAS reported a 47% relative reduction
in the risk of ipsilateral stroke and perioperative death in the surgical arm despite a five-year
risk of ipsilateral stroke without the operation of only 11%. However, even in this optimal
trial environment, the absolute reduction in risk of stroke with endarterectomy was only
about 1% per year. In addition, the very low operative risks in ACAS may not be matched in
routine clinical practice. This study only accepted surgeons with an excellent safety record,
rejecting 40% of initial applicants and subsequently barring from further participation some
surgeons who had adverse operative outcomes during the trial (Moore et al. 1996).

The more pragmatic Medical Research Council Asymptomatic Carotid Surgery Trial
(ACST) has probably produced more widely generalizable results (Halliday et al. 2004).
Between 1993 and 2003, ACST randomized 3120 patients with> 60% mainly asymptomatic
carotid stenosis (12% had symptoms at least six months previously) to immediate endarter-
ectomy plus medical treatment versus medical treatment alone or until the operation
became necessary. Surgeons were required to provide evidence of an operative risk of 6%
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or less for their last 50 patients having an endarterectomy for asymptomatic stenosis, but
none was excluded on the basis of his/her operative risk during the trial. Selection of
patients was based on the “uncertainty principle,” with very few exclusion criteria.

Despite the differences in methods of ACST and ACAS, the absolute reductions in
five-year risk of stroke with surgery were similar: 5.3% (95% confidence interval [CI],
3.0–7.8 and 5.1% (95% CI, 0.9–9.1), respectively. In addition, whereas ACAS had reported
only a non-significant 2.7% reduction (p¼ 0.26) in the absolute risk of disabling or fatal
stroke with surgery, ACST reported a significant 2.5% (95% CI, 0.8–4.3; p¼ 0.004) absolute
reduction, although the number needed to treat to prevent one disabling or fatal stroke after
five years remained about 40. The main differences between the trials were in the 30-day
operative risks of death (0.14% [95% CI, 0–0.4] in ACAS and 1.11% [95% CI, 0.6–1.8] in
ACST; p¼ 0.02) and in the combined operative risk of stroke and death (1.5% [95% CI,
0.6–2.4] in ACAS and 3.0% [95% CI, 2.1–4.0] in ACST; p¼ 0.04).

Selection of patients for endarterectomy
for asymptomatic stenosis
The decision to perform carotid endarterectomy or stenting for asymptomatic stenosis
should not be taken lightly, given the inevitable anxiety and procedural risks faced by the
patient. If the procedural risk of stroke is, say, 4% in routine clinical practice, the risk of
stroke on intensive medical treatment alone is 10% after 5 years, and successful surgery
reduces this risk of stroke to almost zero, then doing about 100 operations would cause
4 strokes and avoid up to 10. To maximize cost effectiveness, it is essential that we know who
is at highest risk of surgical stroke, and who will survive to be at highest risk of ipsilateral
ischemic stroke if surgery is not done. Furthermore, given the high cost of intervention for
symptomatic carotid stenosis (Benade and Warlow 2002a, b), we need to be aware of the
health-economic and public health issues related to intervention for asymptomatic stenosis.

Risk of carotid endarterectomy for asymptomatic
carotid stenosis
There are a large number of case series with very different reported surgical stroke risks,
for the same reasons as in symptomatic carotid stenosis (Ch. 27). Overall, the risk is about
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half that for symptomatic carotid stenosis (Rothwell et al. 1996; Bond et al. 2003a), but the
risk may not necessarily be low in all patients, for example patients with angina whose
carotid stenosis was discovered during preparation for coronary artery surgery, or patients
who have already had an endarterectomy on one side and are at risk of bilateral vagal or
hypoglossal nerve palsies if both sides are operated on.

As for symptomatic stenosis, the risk of surgery cannot be generalized from the
literature to one’s own institution, a risk that should be known locally. For example, ACAS
reported an operative mortality of 0.14% and a risk of stroke and death of 1.5%. However, a
systematic review of all studies published during 1990–2000 inclusive that reported the risks
of stroke and death from endarterectomy for asymptomatic stenosis found much higher
risks (Bond et al. 2003b). The overall risk of stroke and death was 3.0% (95% CI, 2.5–3.5) in
28 studies published post-ACAS (1995–2000). The risk in 12 studies in which outcome was
assessed by a neurologist (4.6%; 95% CI, 3.6–5.7) was three times higher than in ACAS
(odds ratio [OR], 3.1; 95% CI, 1.7–5.6; p¼ 0.0001). Operative mortality during 1995–2000
(1.1% 95% CI, 0.9–1.4) was eight times higher than in ACAS OR, 8.1; 95% CI, 1.3–58;
p¼ 0.01; Fig. 28.2). In studies that reported outcome after endarterectomy for symptomatic
and asymptomatic stenosis in the same institution, operative mortality was no lower for
asymptomatic stenosis (OR, 0.80; 95% CI, 0.6–1.1). The proportion of patients operated
for asymptomatic stenosis in these studies increased from 16% during 1990–1994 to 45%
during 1995–2000. Therefore, published risks of stroke and death from surgery for asymp-
tomatic stenosis are considerably higher than in ACAS, particularly if outcome was assessed
by a neurologist. If operative mortality is eight times higher than in ACAS, then endarter-
ectomy for asymptomatic carotid stenosis in routine clinical practice might even increase
population mortality through stroke. Even after community-wide performance measurement

Death

ACAS 1/724 0.14 0.0–0.4

46 published series 127/11 686 1.11 0.9–1.3

Stroke and death

ACAS 11/724 1.50 0.6–2.4

8 published series 92/2122 4.30 3.5–5.2

Events/pat ients(a)

(b)

Risk  (%) 95% CI

0 1 2

 Risk (% [95% CI])

0 1 2 3 4 5 6 7 8

 Risk (% [95% CI])

Fig. 28.2. The overall results of a meta-analysis of the operative risk of death (a) and stroke and death
(b) from all studies published between 1990 and 2000 inclusive that reported risks from carotid endarterectomy
for asymptomatic stenosis (Bond et al. 2003a) compared with the same risks in the ACAS Trial (Executive Committee
for the Asymptomatic Carotid Atherosclerosis Study 1995). Studies in the analysis of risk of stroke and death are
confined to those in which patients were assessed by neurologists. CI, confidence interval.
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and feedback, the overall risk for stroke or death after endarterectomy performed for asymp-
tomatic stenosis in 10 US states was 3.8% (including 1% mortality) (Kresowik et al. 2004).

Who benefits most from surgery for asymptomatic
carotid stenosis?
Given the surgical risk (which depends on the type of patient under consideration as well
as surgical skill), the added risk of any preceding catheter angiography, and what appears
to be a remarkably low risk of stroke in unoperated patients, there is clearly no reason to
recommend routine carotid endarterectomy for asymptomatic stenosis. It follows that
deliberately screening apparently healthy people for carotid stenosis is unwarranted.
A prognostic model (Ch. 14) is required to identify those very few patients whose asymp-
tomatic stenosis is particularly likely to cause stroke, to whom surgery may be offered.

Which range of stenosis?
Although there is evidence that the risk of ipsilateral ischemic stroke on medical treatment
increases with degree of angiographic asymptomatic carotid stenosis (Fig. 28.1), in contrast
to trials of end arterectom y in patien ts with sympt omatic caro tid stenosi s (Ch. 27), neith er
ACST nor ACAS showed increasing benefit from surgery with increasing degree of stenosis
within the 60–99% range. There are several possible explanations for this.

First, ultrasound may be less accurate than catheter angiography in measuring the
degree of stenosis. In ACAS, only patients randomized to surgery underwent catheter
angiography, and in ACST all imaging was by Doppler ultrasound without any centralized
audit (Halliday et al. 1994). The importance of the precise methods used to measure
stenosis was highlighted in a study of patients randomized to the medical arm of the ECST,
which demonstrated that angiographic measures of stenosis were most reliable in predicting
recurrent stroke when selective carotid contrast injections had been given, biplane views
were available and when the mean of measurements made by two independent observers
was used (Cuffe and Rothwell 2006).

Second, patients with carotid near occlusion, which is not readily detectable on ultra-
sound, were not identified in the randomized trials of endarterectomy for asymptomatic
stenosis. In the European Carotid Surgery Trial (ECST), for example, the proportion of
near occlusions was 0.6% at 60–69% stenosis, 2.3% at 70–79% stenosis, 9.2% at 80–89%
stenosis and 29.5% at 90–99% stenosis (Rothwell et al. 2000), and only when near occlusions
were removed was the increased benefit of endarterectomy with increasing stenosis between
70% and 99% clearly apparent (Rothwell et al. 2003). This issue is further complicated by
the findings of a recent study of 1115 patients with asymptomatic stenosis, in which
increasing stenosis on ultrasound was positively associated with risk of ipsilateral hemi-
spheric ischemic events at a mean of 38 months of follow-up when stenosis was measured
using ECST criteria, but not when North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria were used (Nicolaides et al. 2005a).

Third, the rate of stenosis progression may determine the risk of stroke in patients with
asymptomatic stenosis, which is potentially very important considering the longer time-
frame over which strokes occur in patients with asymptomatic compared with symptomatic
stenosis. In the ECST, a strong association between the risk of ipsilateral stroke and the
degree of carotid stenosis was only seen for strokes that occurred during the first year after
randomization, and no relationship was seen between initial stenosis and strokes occurring
more than two years later (European Carotid Surgery Trialists’ Collaborative Group 1998;
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Rothwell et al. 2000). While this could have been partly a consequence of plaque “healing,”
it is conceivable that in some patients the degree of stenosis had progressed and the rate of
this progression, rather than the degree of stenosis at baseline, was the important determin-
ant of stroke risk.

Which subgroups benefit most?
Although some subgroup analyses were reported in ACAS, the trial had insufficient power
to analyze subgroup–treatment effect interactions reliably. Because of its larger sample size,
ACST had greater power to evaluate subgroups, although no analyses were prespecified in the
trial protocol (Halliday et al. 1994). Although ACST did perform some subgroup analyses,
the trial only reported results separately for the reduction in risk of non-perioperative
stroke (i.e. the benefit) and the perioperative risk (i.e. the harm) (Halliday et al. 2004). The
overall balance of hazard and benefit, which is of most importance to patients and
clinicians, was not reported, although the data could be extracted from the web tables that
accompanied the ACST report (Halliday et al. 2004).

The ACAS reported a statistically borderline sex–treatment effect interaction, with no
benefit from endarterectomy in women (Executive Committee for the Asymptomatic
Carotid Atherosclerosis Study 1995). The same trend was seen in ACST (Halliday et al.
2004). A meta-analysis of the effect of endarterectomy on the five-year risk of any stroke
and perioperative death in ACAS and ACST (Rothwell 2004) (Fig. 28.3) showed that benefit
from surgery was greater in men than in women (pooled interaction, p¼ 0.01), and that it
remained uncertain whether there is any worthwhile benefit in women at five years of
follow-up, although some benefit may accrue with longer follow-up in ACST.

In patients with symptomatic 70–99% carotid stenosis, the surgical complication rate
is higher in the presence of contralateral occlusion, although the evidence still favors
endarterectomy in these patients (Rothwell et al. 2004). However, a post-hoc analysis from

Subgr oup S urgical Medical OR  95% CI

Males

Females

ACST 31/539 34/537 0.90 0.55–1.49

ACAS 15/281 14/287 1.10 0.52–1.82

TOTAL 46/820 48/824 0.96 0.63–1.45

Events/p atients

0 0.5 1 1.5
Odds ratio (95% CI)

ACST 51/1021 97/1023 0.50 0.35–0.72
ACAS 18/544 38/547 0.46 0.26–0.81

TOTAL 69/1565 135/1570 0.49 0.36–0.66

Fig. 28.3. The effect of endarterectomy for asymptomatic carotid stenosis on the risk of any stroke and operative
death by sex (Rothwell 2004) in the Asymptomatic Carotid Surgery Trial (ACST; Halliday et al. 2004) and the ACAS
Trial (Executive Committee for the Asymptomatic Carotid Atherosclerosis Study 1995). CI, confidence interval.
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ACAS found that patients with contralateral occlusion derived no long-term benefit
from endarterectomy, largely because of the lower long-term risk on medical treatment
(Baker et al. 2000), but this analysis was under-powered (163 patients) and there was no
significant heterogeneity according to presence of contralateral occlusion in ACST (Halliday
et al. 2004).

Which individuals benefit most?
Given the small absolute reductions in the risk of stroke with endarterectomy in ACST and
ACAS, there is an urgent need to identify which individual patients are at highest risk of
stroke and which individuals are at such low risk of stroke that the risks of surgery cannot
be justified. A risk-modeling approach similar to that used in symptomatic carotid stenosis
is required (Chs. 14 and 27), perhaps combining patient clinical features with the results
of potentially prognostic investigations, such as transcranial Doppler-detected emboli,
impaired cerebral reactivity, the nature of the stenotic plaque on imaging and the rate of
plaque progression.

Rates of microembolic signals detected on transcranial Doppler ultrasound scanning
might well provide prognostically useful information. A study of 200 patients with recently
symptomatic carotid stenosis� 50% found that microembolic signals detected on a one-hour
transcranial Doppler recording predicted the 90-day risk of recurrent stroke (Markus et al.
2005). In another study of 319 patients with asymptomatic stenosis � 60% (19% had
symptoms > 18 months previously), patients with microembolic signals on two one-hour
transcranial Doppler recordings were more likely to have a stroke within the first year of
follow-up than patients with no such signals (adjustedOR for stroke and TIA combined, 4.72;
(95% CI, 1.99–11.19; p < 0.001) (Spence et al. 2005). However, a multicenter study of 202
patients with asymptomatic stenosis, in which a variable number (mean 4.3) of one-hour
transcranial Doppler recordings were made, found only a non-significant trend for more
ipsilateral events in arteries positive for microembolic signals (Abbott et al. 2005) Further
data will soon be available from the ongoing ACES study (Markus and Cullinane 2000).

Several observational studies have suggested that increased plaque echolucency
(a marker of plaque lipid and hemorrhage content) on ultrasound is associated with higher
risks of stroke and TIA distal to a carotid stenosis. However, most of these studies were in
patients with symptomatic stenosis and included TIA in the primary endpoint. In a recent
analysis of imaging data from a cohort study of 1115 patients with asymptomatic stenosis,
with a mean of 37 months of follow-up, patients were grouped according to the presence of
echolucency on baseline ultrasound (Nicolaides et al. 2005b). The cumulative stroke rate
was 2% per year in patients with plaques that were uniformly or partly echolucent and
0.14% per year in the remaining patients. However, plaque echolucency on ultrasound was
not associated with benefit from endarterectomy in ACST (Halliday et al. 2004) and further
research is required to clarify the significance of plaque lipid content in patients with
asymptomatic stenosis.

Other methods of plaque imaging might also be of prognostic value. In a study of 154
patients with asymptomatic carotid stenosis imaged with multi-contrast-weighted MRI and
followed up for a mean of 38 months, thin or ruptured fibrous cap, intraplaque hemorrhage
and large lipid core on MRI were all associated with ipsilateral TIA and stroke on follow-up
(Takaya et al. 2006). With gadolinium enhancement, the fibrous cap can be visualized
more easily on MRI, which may allow accurate quantification of fibrous cap thickness
(Cai et al. 2005).
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There is also good evidence that inflammation has a causal role in carotid plaque
instability (van der Wal et al. 1994; Redgrave et al. 2006). Visualization of plaque macro-
phages by MRI after their uptake of ultra-small particles of iron oxide is now possible
(Trivedi et al. 2004; Tang et al. 2006). However, large prospective studies are required to
determine whether these imaging characteristics predict the risk of stroke.

Carotid intervention before or during coronary
artery surgery
If patients with recently symptomatic carotid stenosis also have symptomatic coronary
heart disease requiring surgery, it is unclear whether coronary artery bypass (CABG) should
be done before the carotid endarterectomy (and risk a stroke during the procedure), after
the carotid endarterectomy (and risk cardiac complications during carotid endarterectomy)
or simultaneously under the same general anesthetic (and risk both stroke and cardiac
complications all at once) (Graor and Hertzer 1988; Akins 1995; Davenport et al. 1995). The
apparently high risk of the last option may well be unacceptable, although a small quasi-
randomized trial suggests otherwise (Hertzer et al. 1989; Borger et al. 1999).

Although carotid endarterectomy or stenting are increasingly recommended before
coronary surgery, there is little evidence to support this practice. In an attempt to determine
the role of carotid artery disease in the etiology of stroke after CABG, Naylor et al. (2002)
performed a systematic review of published case series. The risk of stroke during the first
few weeks after CABG was approximately 2% and remained unchanged from 1970 to 2000.
Two-thirds of strokes occurred after day one and 23% died. There was no significant carotid
disease in 91% of screened CABG patients. Stroke risk was approximately 3% in predomin-
antly asymptomatic patients with a unilateral 50–99% stenosis, 5% in those with bilateral
50–99% stenoses and 7–11% in patients with carotid occlusion. Significant predictive
factors for post-CABG stroke included carotid bruit (OR, 3.6; 95% CI, 2.8–4.6), prior
stroke/TIA (OR, 3.6; 95% CI, 2.7–4.9) and severe carotid stenosis/occlusion (OR, 4.3;
95% CI, 3.2–5.7). However, the systematic review indicated that 50% of stroke sufferers
did not have significant carotid disease and 60% of territorial infarctions on CT scan/
autopsy could not be attributed to carotid disease alone. Therefore, although carotid disease
is an important etiological factor in the pathophysiology of post-CABG stroke, carotid
endarterectomy could only ever prevent approximately 40% of procedural strokes at most,
even assuming that prophylactic carotid endarterectomy carried no additional risk.

In a subsequent systematic review, Naylor et al. (2003) aimed to determine the overall
cardiovascular risk for patients with coronary and carotid artery disease undergoing
synchronous CABG and carotid endarterectomy, staged endarterectomy then CABG and
reverse staged CABG then endarterectomy. In a systematic review of 97 published studies
following 8972 staged or synchronous operations, mortality was highest in patients under-
going synchronous endarterectomy plus CABG (4.6%; 95% CI, 4.1–5.2). The risk of death
or stroke was also highest in patients undergoing this approach (8.7%; 95% CI, 7.7–9.8) and
lowest following staged endarterectomy then CABG (6.1%; 95% CI, 2.9–9.3). The risk of
death/stroke or myocardial infarction was 11.5% (95% CI, 10.1–12.9) following synchronous
procedures. Therefore, approximately 10–12% of patients undergoing staged or synchronous
procedures suffer death or major cardiovascular morbidity (stroke, myocardial infarction)
within 30 days of surgery.

In summary, the available data suggest that only approximately 40% of strokes compli-
cating CABG could be attributable to ipsilateral carotid artery disease. The rate of death and
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stroke following staged or synchronous carotid surgery in published series is high, but a
large randomized trial is necessary to determine whether a policy of prophylactic carotid
endarterectomy reduces the risk of stroke after cardiac surgery. However, in the absence of
any randomized evidence of benefit, the available data do not support a policy of routine
intervention for carotid stenosis in patients undergoing CABG (Naylor, 2004).
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Section 6
Chapter

29
Miscellaneous disorders
Cerebral venous thrombosis

Thrombosis in the dural sinuses or cerebral veins is much less common than cerebral
arterial thromboembolism. It causes a variety of clinical syndromes, which often do not
resemble stroke (Bousser and Ross Russell 1997). While ischemic arterial stroke and
cerebral venous thrombosis share some causes (Southwick et al. 1986), others are specific
to cerebral venous thrombosis (Table 29.1). A particularly high index of suspicion is
required in women on the oral contraceptive pill (Saadatnia and Tajmirriahi 2007) and in
the puerperium. In the past, cerebral venous thrombosis was strongly associated with otitis
media and mastoiditis, “lateral sinus thrombosis” or “otitic hydrocephalus,” but the most
common causes are now pregnancy and the puerperium, which cause 5–20% of the cerebral
venous thrombosis in the developed world, the oral contraceptive pill, malignancy, dehy-
dration, inflammatory disorders and hereditary coagulation disorders. No cause is found in
around 20% of cases.

Clinical features
In cerebral venous thrombosis, the superior sagittal sinus (Fig. 29.1) and the lateral sinuses are
those most commonly affected. These are followed by the straight sinuses and the cavernous
sinuses (Stam 2005; Girot et al. 2007) (see Fig. 4.4 [p. 44] for anatomy). Thrombosis of the
galenic system or isolated involvement of the cortical veins is infrequent. Cerebral venous
thrombosis causes a rise in venous pressure, leading to venous distension and edema. This
may be accompanied by raised intracranial pressure since the dural sinuses contain most of
the arachnoid villi and granulations in which cerebrospinal fluid absorption takes place.
Occlusion of one of the larger venous sinuses is not likely to cause localized tissue damage
unless there is involvement of cortical veins or the galenic venous system, since alternative
drainage routes will suffice. Thrombosis in cerebral veins, with or without dural sinus
thrombosis, causes multiple “venous” infarcts, which are congested, edematous and often
hemorrhagic. Subarachnoid bleeding may occur. Transient neurological deficits may be
caused by temporary ischemia and edema.

The incidence of cerebral venous thrombosis is uncertain since it has a wide range of
clinical manifestations (Bousser 2000), which may sometimes be obscured by the under-
lying disease process, such as meningitis. It may be asymptomatic, and diagnosis depends
on access to cerebral imaging. Cerebral venous thrombosis should be suspected when a
patient develops signs of raised intracranial pressure with or without focal neurological
deficits, papilloedema and seizures, particularly when the CT brain scan is normal (Box
29.1). Headache, which is often the presenting complaint, is present in 75% of those affected
and has no specific characteristics: it may be acute or chronic, localized or diffuse (Agostoni
2004). Papilloedema occurs in approximately 50%. Focal deficits, seizures and alterations
in conscious level occur in approximately 30%. Isolated cranial nerve palsies have been
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described with transverse sinus thrombosis (Kuehnen et al. 1998). Cerebral venous thrombosis
may be the underlying cause in patients with features suggestive of diffuse encephalopathy,
stroke and, rarely, subarachnoid hemorrhage (de Bruijn et al. 1996), psychosis or migraine
(Jacobs et al. 1996). It should be considered in all cases of apparent idiopathic intracranial
hypertension, particularly when the patient is male or a non-obese female (Tehindrazanarivelo
et al. 1992).

The progression of symptoms and signs in cerebral venous thrombosis is highly
variable, ranging from less than 48 hours to greater than 30 days. A gradual onset over
days or weeks of headache; papilloedema and, less frequently, cranial nerve VI palsy,
tinnitus and transient visual obscuration may occur. The prognosis of cerebral venous
thrombosis is also variable and difficult to predict for an individual patient: a comatose
patient may go on to make a complete recovery whereas a patient with few signs may
gradually deteriorate and die. The current case-fatality rate appears to be 10–20%, with a
further 10–20% surviving with persistent deficits (Bousser 2000; Girot et al. 2007). Inde-
pendent predictors of death in one study were coma, mental disturbance, deep thrombosis,

Table 29.1. Causes of intracranial venous thrombosis

Disorder Examples

Conditions affecting the cerebral veins
and sinuses directly

Head injury (with or without fracture)

Intracranial surgery

Local sepsis (sinuses, ears, mastoids, scalp, nasopharynx)

Subdural empyema

Bacterial meningitis

Dural arteriovenous fistula

Tumor invasion of dural sinus (malignant meningitis, lymphoma,
skull base secondary, etc.)

Catheterization of jugular vein

Lumbar puncture

Systemic disorders Dehydration

Septicemia

Pregnancy and the puerperium

Oral contraceptives/hormone replacement therapy

Hematological disorders

Prothrombotic states

Inflammatory vascular disorders

Homocysteinuria

Congestive cardiac failure

Inflammatory bowel disease

Androgen therapy

Antifibrinolytic drugs

Non-metastatic effect of extracranial malignancy

Nephrotic syndrome
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intracerebral hemorrhage and posterior
fossa lesions (Canhao et al. 2005). In the
International Study on Cerebral Vein and
Dural Sinus Thrombosis (Girot et al. 2007),
independent predictors of a poor outcome,
as defined by death or disability at six
months, were older age, male gender, having
a deep cerebral venous system thrombosis
or a right lateral sinus thrombosis, and
having a motor deficit. The prognosis for
thrombosis of the deep cerebral veins is
particularly poor.

Cavernous sinus thrombosis is a restricted form of cerebral venous thrombosis, usually
associated with sepsis spreading from the veins in the face, nose, orbits or sinuses (Ebright
et al. 2001). In diabetics and immunocompromised hosts, fungal infection can be respon-
sible, particularly mucormycosis. The presentation is with unilateral orbital pain, periorbi-
tal edema, chemosis, proptosis, reduced visual acuity and papilloedema. Cranial nerves III,
IV, VI and the upper two divisions of V may be involved. Thrombus may propagate to the
other cavernous sinus to cause bilateral signs. Septic meningitis and epidural empyema are
occasional complications. The patients are generally severely toxic and ill. The differential
diagnosis includes severe facial and orbital infection, and caroticocavernous fistula.

Fig. 29.1. A CT brain scan from a
young woman with superior sagittal
sinus thrombosis showing the “empty
delta sign” – a triangular pattern of
enhancement surrounding a central
relatively hypodense area of
thrombosis (arrow).

Box 29.1. Clinical features of cerebral
venous thrombosis

Headache
Seizure
Reduced conscious level
Focal neurological deficit
� Cranial nerve palsies
Features of raised intracranial pressure:
� papilloedema
� vomiting
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Diagnosis
Headache, papilloedema and a normal CT scan should raise the possibility of cerebral
venous thrombosis. Often cerebral venous thrombosis is not considered until other diag-
noses have been excluded, particularly when the presentation is atypical. However, it is not a
diagnosis of exclusion – it must be confirmed on imaging.

Although brain CT with contrast is normal in up to 25% of patients with proven
cerebral venous thrombosis, it is an appropriate first-line investigation particularly in sick
patients in whom MRI is difficult to undertake. Hemorrhagic and non-hemorrhagic
infarcts outwith the usual arterial territories, edema and intense contrast enhancement
of the falx and tentorium may be seen. Sometimes there is subarachnoid blood, which is
most unusual following either arterial infarcts or primary intracerebral hemorrhage (Bakac
and Wardlaw 1997). Specific but less-common changes include the “empty delta sign,”
a triangular pattern of enhancement from dilated venous collateral channels surrounding
a central relatively hypodense area of thrombosis, indicating superior sagittal sinus throm-
bosis (Fig. 29.1). Another is the “cord sign” seen on a single slice only on non-contrast-
enhanced CT scans, in which fresh thrombus appears as increased density relative to gray
matter in structures parallel to the scanning plane such as the straight sinus (Fig. 29.2).

Magnetic resonance imaging has greater sensitivity than CT for the changes of cerebral
venous thrombosis (Bousser and Ross Russell 1997; Ferro et al. 2007). In the acute phase,
at less than three to five days, the thrombus is isointense on both T1- and T2-weighted
sequences. Subsequently, the thrombus becomes hyperintense (Fig. 29.3). After two to three
weeks, findings depend on whether or not the sinus remains occluded or whether it is partly
or completely recanalized.

The imaging changes in patients with deep cerebral venous thrombosis are particularly
striking, with bilateral deep hemorrhagic infarction (Fig. 29.4). Magnetic resonance
imaging and venography can now provide a definitive diagnosis in most patients, although
care must be taken to exclude artefacts.

Cerebral angiography with late venous views is the “gold standard” for the diagnosis of
cerebral venous thrombosis. Nowadays, this should only be performed in those cases where
the diagnosis remains in doubt after MRI. There should be total or partial occlusion of

Fig. 29.2. Non-contrast CT brain scans showing fresh thrombus in the straight sinus (“cord sign”) (a; arrow)
and a hemorrhagic left temporal lobe infarct (b).
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at least one dural sinus on two projections. Often, there is also occlusion of cerebral veins,
late venous emptying and evidence of venous collateral circulation. In subacute encephalo-
pathies of uncertain cause, cerebral angiography or MR venography should always be
carried out to exclude cerebral venous thrombosis before resorting to brain biopsy.

Cerebrospinal fluid is often abnormal in cerebral venous thrombosis: the pressure
is usually raised and there may be elevated protein and pleocytosis, especially in patients
with focal signs. Lumbar puncture may be indicated in patients with isolated intracranial
hypertension in order to lower cerebrospinal fluid pressure when vision is threatened and to
exclude meningeal infection.

The electroencephalogram is abnormal in approximately 75% of patients with cerebral
venous thrombosis, but changes are non-specific, with generalized slowing, often asym-
metric, with superimposed epileptic activity.

Fig. 29.3. Saggital T1-weighted MRI
showing hyperintensity in the saggital
sinus indicating subacute thrombosis
(arrows).

Fig. 29.4. Axial CT
(a) and T2-weighted
MR brain (b) slices
in a patient with
deep cerebral
venous thrombosis
with bilateral deep
hemorrhagic
infarction.
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Treatment
The general principles of stroke treatment apply. There is little evidence for specific
treatments in cerebral venous thrombosis. Despite this, most clinicians advocate anticoagu-
lant therapy in line with guidelines for venous thromboembolism. This may prevent
extension of the clot into neighboring sinuses and veins, which is often accompanied by
rapid deterioration (Einhaupl et al. 2006). Heparin has been reported to be safe and to
improve prognosis in one small trial (Einhaupl et al. 1991), but this was not confirmed in
a larger trial (de Bruijn et al. 1999). Anticoagulant therapy is associated with hemorrhage
into venous infarcts, but it is currently not possible to identify patients at high risk of this
complication. Thrombolytic infusion has been used in patients with cerebral venous
thrombosis, but there are no randomized data (Kasner et al. 1998) and it should be reserved
for patients who continue to deteriorate despite anticoagulation and supportive measures.

The European Federation of Neurological Societies guidelines (Einhaupl et al. 2006)
advise as follows

Patients with cerebral venous thrombosis without contraindications to anticoagulation should
be treated either with body weight-adjusted subcutaneous low molecular weight or dose-adjusted
intravenous heparins. Concomitant intracranial hemorrhage related to cerebral venous thrombosis
is not a contraindication for heparin therapy. The optimal duration of oral anticoagulation after
the acute phase is unclear. Oral anticoagulation may be given for 3 months if cerebral venous
thrombosis was secondary to a transient risk factor, for 6–12 months in patients with idiopathic
cerebral venous thrombosis and in those with “mild” hereditary thrombophilia. Indefinite
anticoagulation should be considered in patients with two or more episodes of cerebral
venous thrombosis or in those with one episode of cerebral venous thrombosis and “severe”
hereditary thrombophilia. There is insufficient evidence to support the use of either systemic or local
thrombolysis in patients with cerebral venous thrombosis. If patients deteriorate despite adequate
anticoagulation and other causes of deterioration have been ruled out, thrombolysis may be
a therapeutic option in selected cases, possibly in those without intracranial hemorrhage. There
are no controlled data about the risks and benefits of certain therapeutic measures to reduce an
elevated intracranial pressure with brain displacement in patients with severe cerebral venous
thrombosis. Antioedema treatment, including hyperventilation, osmotic diuretics and craniectomy,
should be used as life saving interventions.

Any underlying cause should be addressed: for example, patients with a definite thrombo-
philia should probably take anticoagulation drugs for life; oral contraceptives should never
be used again, but a further pregnancy may be safe (Preter et al. 1996).
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Chapter

30 Spontaneous subarachnoid
hemorrhage

Subarachnoid hemorrhage (SAH) is a fairly rare condition but it is relatively more common
in younger people than other forms of cerebrovascular disease. Although the prognosis is
grave, there has been a fall in mortality over recent decades, which suggests improvements
in management of the condition. The presentation is usually dramatic, with sudden-onset
severe headache, but diagnostic difficulty may arise in atypical cases or with other condi-
tions that can mimic SAH.

Epidemiology
The incidence of subarachnoid hemorrhage increases with age and is approximately 5–10 per
100 000 population/annum. Nonetheless, half of cases occur in those younger than 55 years
(Linn et al. 1996; Rothwell et al. 2004). Data from the Oxford Community Stroke Project
(OCSP) and Oxford Vascular Study (OXVASC) show that there has been no change in the
incidence of SAH since the late 1980s but there has been a fall in mortality, suggesting
improved management of the condition. Risk factors for SAH include hypertension,
smoking, alcohol, oral contraceptives and possibly coronary heart disease (Feigin et al.
2005a).The overall prognosis is poor: half of patients die and around one-third of survivors
are left dependent (Hop et al. 1997; van Gijn et al. 2007). Coma on admission, old age and a
large amount of blood on the initial CT scan all are associated with a worse prognosis
(Kassell et al. 1990a, b). Focal neurological deficits and, more commonly, cognitive deficits,
behavioral disorders, seizures, anxiety, depression and poor quality of life are frequent long-
term sequelae (Hop et al. 1999). Chronic or repeated subarachnoid bleeding can produce
the rare syndrome of superficial hemosiderosis of the central nervous system (CNS), with
sensorineural deafness, cerebellar ataxia, pyramidal signs, dementia and bladder disturbance
(Fearnley et al. 1995).

Causes
Approximately 85% of spontaneous SAHs are caused by ruptured aneurysm; 10% are
perimesencephalic and the remainder are caused by rare disorders (van Gijn and Rinkel
2001). The pattern of bleeding on CT is a clue to the underlying cause. Blood in the
interhemispheric fissure suggests an anterior communicating artery aneurysm and in
the sylvian fissure suggests internal carotid artery or middle cerebral artery aneurysm
(Fig. 30.1).

Intracranial aneurysms are not congenital but develop over the course of life. Approxi-
mately 10% of aneurysms are familial, and candidate genes identified thus far include
those coding for the extracellular matrix. Saccular aneurysms tend to occur at branching
points on the circle of Willis and proximal cerebral arteries: approximately 40% on the
anterior communicating artery complex, 30% on the posterior communicating artery or
distal internal carotid artery, 20% on the middle cerebral artery and 10% in the posterior
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circulation (Fig. 30.2). Approximately 25% occur at multiple sites. Aneurysms vary from a
few millimeters to several centimeters in diameter, can enlarge with time and are an
incidental finding in about 6% of cerebral angiograms. This is almost certainly an over-
estimate of the true rate, which may be around 2% (Rinkel et al. 1998).

Aneurysms may present with various clinical features:
� most commonly in middle life with subarachnoid hemorrhage
� with primary intracerebral hemorrhage
� with compression of adjacent structures, such as the optic nerve by an anterior

communicating artery aneurysm, III, IV, V cranial nerves by a distal internal carotid
artery or posterior communicating artery aneurysm, or brainstem by a basilar artery
aneurysm

� with seizures
� with TIA or ischemic stroke through embolism of intra-aneurysmal thrombus (Chs. 6, 8

and 9)
� with caroticocavernous fistula from rupture of an intracavernous internal carotid artery

aneurysm (Raps et al. 1993).

Clinical features
Subarachnoid hemorrhage may be provoked by exertion and rarely occurs during sleep
(Ferro and Pinto 1994; Vermeer et al. 1997). The cardinal symptom is sudden severe
headache, usually generalized, but other modes of presentation are possible. It is described
as of instantaneous onset in around 50% of patients but it may develop subacutely over five
minutes or more (Linn et al. 1998), and may persist for weeks (Vermeulen et al. 1992;
Warlow et al. 1996a; Schievink 1997). Headaches preceding SAH, thought to be caused by
so-called “warning leaks” or “sentinel bleeds,” are rare and overestimation of their import-
ance is likely to have resulted from recall bias in hospital studies. Therefore, the presence
or absence of previous headache has no bearing on the diagnosis of SAH. About a quarter
of patients presenting with sudden severe headache will have SAH; a further 40% will have

Fig. 30.1. These CT brain scans from a patient with a burst right middle cerebral artery aneurysm (arrow)
show widespread subarachnoid blood, and rupture into the right cerebral hemisphere and the ventricular system.
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Fig. 30.2. (a, b) Unruptured aneurysm of posterior communicating artery on CT brain imaging (a) and catheter
angiography (b). (c, d) Cerebral angiogram showing a large aneurysm at the origin of the left internal carotid artery.
(e, f) Sagittal T1-weighted MRI showing a large thrombosed aneurysm.
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benign thunderclap headache and about
an eighth have some other serious neuro-
logical disorder. The remainder have other
headache syndromes (Linn et al. 1998).

Headache may be the only symptom
in SAH or there may be accompanying
symptoms that may also be seen with other
causes of sudden-onset headache and so are
not diagnostic. Patients are often irritable
and photophobic. Loss of consciousness
occurs in around half the patients but
may only be brief. Nausea and vomiting
are less common. Partial or generalized
seizures occasionally occur at the onset
period; since these do not occur in perime-
sencephalic hemorrhage or in thunderclap
headache, their presence is a strong indicator
of aneurysmal rupture (Pinto et al. 1996).
Early development of focal symptoms and
signs suggest:
� an associated intracerebral hematoma
� local pressure from an aneurysm, such as

posterior communicating artery
aneurysm causing a third nerve palsy.

Later on, focal symptoms are more likely
to result from delayed cerebral ischemia.
Meningism develops over a few hours, and
pain may radiate down the legs, mimicking
sciatica, but neck stiffness may be absent
in unconscious patients. Preretinal and sub-
hyaloid hemorrhages occur in a seventh of
patients. There may be a mild fever and
raised blood pressure and electrocardio-
graphic changes that may be mistaken for
myocardial infarction. Cardiac arrest occurs
at onset of hemorrhage in approximately 3%
of patients, half of whom survive to inde-
pendent existence with resuscitation (Tous-
saint et al. 2005). Approximately 10% of SAHs results in sudden death and approximately 15%
of patients die before receiving medical attention (Huang and van Gelder 2002). The patient's
state can be graded using the World Federation of Neurological Surgeons Scale (Table 30.1).

Diagnosis
Since no clinical feature is specific to SAH, the diagnosis must be excluded in anyone
presenting with sudden-onset severe headache lasting more than an hour and for which
there is no alternative explanation. However, the differential diagnosis is wide (Table 30.2).

Table 30.1. World Federation of Neurological
Surgeons’ Scale for grading subarachnoid hemorrhage

Grade Glasgow
Coma Scale

Motor or
language deficit

I 15 Absent

II 14–13 Absent

III 14–13 Present

IV 12–7 Present or absent

V 6–3 Present or absent

Table 30.2. Differential diagnosis of sudden
unexpected headache

Neck rigidity Subarachnoid hemorrhage

Acute painful neck conditions

Meningitis/encephalitis

Cerebellar/brainstem stroke

Intraventricular hemorrhage

Recent head injury

Without neck
rigidity

Migraine

Thunderclap headache

Sex headache

Benign exertional headache

Pituitary apoplexy

Pheochromocytoma

Expanding intracranial
aneurysm

Carotid or vertebral artery
dissection

Intracranial venous thrombosis

Occipital neuralgia

Acute obstructive
hydrocephalus
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Brain imaging
Unenhanced CT scan is the quickest, most informative and cost-effective confirmatory
investigation to detect blood in the subarachnoid space (Warlow et al. 1996b). The
sensitivity of CT for detecting subarachnoid blood depends on the amount of subarachnoid
blood, the interval after symptom onset, the resolution of the scanner and the skills of
the radiologist. Scanning with CT misses approximately 2% of SAHs within 12 hours and
this rises to 7% at 24-hours. Blood is almost completely reabsorbed within 10 days, and
probably sooner with very mild SAHs (Brouwers et al. 1992). A false-positive diagnosis of
SAH may be made in diffuse brain swelling when congested subarachnoid blood vessels
cause a hyperdense appearance in the subarachnoid space.

Use of CT provides a baseline for the diagnosis of later rebleeding, reveals any intra-
cerebral, ventricular or subdural hematoma or complicating hydrocephalus and may show
calcification in the rim of an aneurysm. The pattern of bleeding may indicate the culprit
aneurysm if multiple aneurysms are found on later angiography (Adams et al. 1983;
Vermeulen and van Gijn 1990), or it may show benign perimesencephalic hemorrhage
(Rinkel et al. 1991) (Fig. 30.3). Evidence of primary or secondary head injury, including
brain contusion, soft tissue swelling of the scalp and skull fracture, may be present.

Lumbar puncture
All patients with suspected SAH and a normal CT brain require lumbar puncture (van der
Wee et al. 1995). The lumbar puncture should be delayed until at least 12 hours after the
onset of the headache, unless CNS infection is suspected, to allow hemoglobin to degrade

Fig. 30.3. A CT brain scan showing
a perimesencephalic subarachnoid
hemorrhage with blood in the basal
cisterns only (arrow).
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into oxyhemoglobin and bilirubin (van Gijn and Rinkel 2001). Bilirubin signifies SAH since
it is only synthesized in vivo, whereas oxyhemoglobin may result from a traumatic spinal
tap. Acutely, the cerebrospinal fluid (CSF) glucose may be low, and the protein slightly
raised with mild pleocytosis. The presence of “xanthochromia,” the yellow bilirubin pig-
ment present in CSF following SAH, may be seen when the CSF is examined with the naked
eye against a white background (Linn et al. 2005). However samples of CSF should also be
sent for spectrophotometry to detect bilirubin (UK National External Quality Assessment
Scheme for Immunochemistry Working Group 2003). The least blood-stained sample of
CSF should be taken to the laboratory and centrifuged immediately. The sample should be
protected from light to prevent degradation of bilirubin. The estimation of red blood cell
counts in serial samples does not reliably distinguish SAH from traumatic tap (van Gijn and
Rinkel 2001).

Subarachnoid hemorrhage presenting more than
two weeks after onset
If CT and CSF examination are normal within two weeks of headache onset, then SAH has
been excluded. However, since xanthochromia is only detected in 70% of patients after three
weeks and only 40% after four weeks, patients presenting beyond two weeks require
investigation with CT or MR angiography or by catheter angiography.

Angiography
The chosen method of imaging of the cerebral circulation depends on the available
technology. Multislice CT angiography is becoming more widespread because of its speed,
tolerability, safety and potential for three-dimensional reconstructions. The sensitivity of
CT angiography for aneurysms > 3mm diameter is approximately 96% but it is less for
smaller aneurysms. The sensitivity for detecting ruptured aneurysms with conventional
angiography as the gold standard is currently around 95% (Villablanca et al. 2002; Chappell
et al. 2003; Wintermark et al. 2003). Angiography using MR has similar resolution to CT
angiography but is less convenient and easy to use, especially in sick patients. Four-vessel
catheter angiography may be required when non-invasive imaging is negative or unavailable.

Perimesencephalic subarachnoid hemorrhage
Idiopathic perimesencephalic SAH is restricted to the perimesencephalic cistern anterior
to the midbrain (Fig. 30.3) (Schwartz and Solomon 1996). Patients present with acute
headache, which may be more gradual in onset than in aneurysmal rupture (Linn et al.
1998) but loss of consciousness, focal symptoms and seizures are rare. The cause of
perimesencephalic SAH is usually unknown but it has an extremely good prognosis since
rebleeding and vasospasm are unlikely (Rinkel et al. 1993). Aneurysms of the basilar and
vertebral arteries may occasionally cause extravasation of blood into the midbrain cisterns
in 2.5–5% of cases of perimesencephalitic SAH (Pinto et al. 1993). Such aneurysms may be
excluded by performing high-quality CT angiography (Ruigrok et al. 2000).

Angiogram-negative subarachnoid hemorrhage
In up to 20% of CT- or CSF-positive SAH, the cerebral angiogram shows no aneurysm,
so-called “angiogram negative SAH.” It should be noted that a traumatic lumbar puncture
may be misdiagnosed as xanthochromic. Angiogram-negative SAH results when there is
a false-negative angiogram (in 2–23%) or when the SAH was caused by something other
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than an intracerebral aneurysm (Rinkel et al. 1993). The pattern of subarachnoid bleeding is
an important clue as to whether the bleed is likely to have been caused by an underlying
aneurysm. In two-thirds of patients with angiogram-negative SAH, the CT shows perime-
sencephalic blood (Fig. 30.3). Patients with diffuse or anteriorly located blood on CT that
represents an aneurysmal pattern of hemorrhage are at risk of rebleeding, and repeat
angiography should be performed. Repeat angiography is also required where the previous
angiogram was technically inadequate, or if views of the cerebral vasculature were incom-
plete owing to vasospasm or hemorrhage.

Spinal subarachnoid hemorrhage
Spinal subarachnoid hemorrhage is very rare. It is caused by a vascular malformation,
hemostatic failure, coarctation of the aorta, inflammatory vascular disease, mycotic aneur-
ysm or a vascular tumor such as ependymoma. Accumulating hematoma may compress the
spinal cord. Suspicion is aroused if the cerebral angiogram is negative and the patient
develops spinal cord signs.

Treatment
The aims of management are to identify the cause of the SAH, to treat the source of the
bleeding to prevent recurrence, to prevent the general complications of stroke and to
manage the complications of SAH (Vermeulen et al. 1992; Wijdicks 1995). Close monitor-
ing using the Glasgow Coma Score and pupillary responses as well as for the development
of focal deficits is required.

General measures and medical treatment
The patient should be nursed in a quiet, darkened room. As with other stroke types, the
management of raised blood pressure is controversial.

Secondary ischemia is a frequent complication after SAH and is responsible for a
substantial proportion of patients with poor outcome. The cause of secondary ischemia is
unknown, but hypovolemia and fluid restriction are important risk factors. Hypovolemia
should be avoided and intravenous fluids given, at least 3 liters per day, to reduce the
likelihood of delayed ischemia. Indeed, volume expansion therapy is frequently used in
patients with SAH to prevent or treat secondary ischemia. However, the risks and benefits
of volume expansion therapy have been studied properly in only two trials of patients
with aneurysmal SAH, with very small numbers (Rinkel et al. 2004). At present, there is
no good evidence for the use of volume expansion therapy in patients with aneurysmal
SAH.

The risk of delayed cerebral ischemia is also thought to be reduced and the overall
outcome improved by prophylactic calcium blockers, specifically nimodipine, 60mg every
four hours, administered orally or by nasogastric tube for 21 days (Rinkel et al. 2005). If this
causes hypotension, then the dose should be reduced. There is no good evidence to support
intravenous nimodipine, which is particularly likely to cause hypotension. Evidence is
inconclusive for other potentially neuroprotective drugs, such as nicardipine and magne-
sium (Rinkel et al. 2005). There is also no evidence of benefit from corticosteroids in
patients with either SAH or primary intracerebral hemorrhage (Feigin et al. 2005b).

Cardiac arrhythmias are common in the first few days but seldom need treatment
(Andreoli et al. 1987; Brouwers et al. 1989), although electrocardiographic monitoring
is advisable. Neurogenic pulmonary edema is rare but can occur very early, causing
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diagnostic confusion. The mechanism is unclear but intensive cardiovascular monitoring
and treatment are required (Parr et al. 1996). The patient can be mobilized when the
headache has resolved (Warlow et al. 1996b).

Surgical treatments for certain patients
Intracerebral extension of the hemorrhage occurs in at least a third of patients. Patients with
a large hematoma and depressed consciousness might require immediate evacuation of the
hematoma, preferably preceded by occlusion of the aneurysm (Niemann et al. 2003).
Alternatively, extensive craniectomy can be employed to allow expansion of the brain, as
for malignant middle cerebral artery infarction (Smith et al. 2002). Subdural hematomas
are rare but life threatening and should be removed.

Rebleeding risk
Approximately 10% of untreated saccular aneurysms rebleed within hours and another 30%
within a few weeks (Brilstra et al. 2002). Subsequently, the rebleeding rate is approximately
2–3% per annum. Deterioration is usually sudden, with reduced conscious level or fixed
dilatation of the pupils in ventilated patients.

Ruptured arteriovenous malformations have a lower mortality than aneurysmal SAH
and are less likely to rebleed, certainly in the early period after the initial hemorrhage (Mast
et al. 1997). It is unclear how to identify lesions at particularly high risk of bleeding or
epilepsy (Duong et al. 1998).

Endovascular and surgical treatment
The purpose of occluding the source of SAH is to prevent rebleeding. Occlusion may not
be appropriate in severe cases or where there is significant comorbidity. Neurosurgical
“clipping” was used routinely for ruptured saccular aneurysms, but endovascular occlusion
using detachable electrically released thrombogenic platinum coils (“coiling”) is now the
method of choice (Fig. 30.4). For aneurysms suitable for either treatment, the International
Subarachnoid Aneurysm Trial (ISAT) indicated that coiling confers an absolute risk
reduction over clipping of approximately 7%, with 25% relative risk reduction for depend-
ency or death at one year (Molyneux et al. 2002). The risk of rebleeding from the ruptured
aneurysm after one year was 2 per 1276 and 0 per 1081 patient-years for patients allocated
endovascular and neurosurgical treatment, respectively (Molyneux et al. 2002). The risk
of epilepsy was also substantially lower in patients allocated to endovascular treatment
(Molyneux et al. 2005).

The survival benefit in patients randomized to endovascular treatment in ISAT was
still evident after seven years of follow-up. Although the risk of late rebleeding was low, it
was more common after endovascular coiling than after neurosurgical clipping. Further
follow-up is ongoing to determine the long-term risks of rebleeding, but the early benefits
of endovascular treatment have convinced most centers to adopt this approach if feasible.
Patients randomized in the trial were mostly young, had good grades on the World
Federation of Neurology Score and small anterior circulation aneurysms, thus representing
half to three quarters of those with aneurysmal SAH. The configuration of aneurysms of the
middle cerebral artery is often less favorable for coiling. Aneurysm occlusion should be
attempted as soon as practicable, preferably within three to four days after onset of the SAH
to prevent rebleeding.

Treatm ent of arter ioveno us malform ations and cavern omas is discus sed in Ch. 22.
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Complications
Hydrocephalus
Hydrocephalus is caused by blood obstructing CSF flow and it occurs within days of onset
in approximately 20% of patients. It may cause clinical deterioration, including a gradual
reduction in conscious level. Patients with intraventricular blood or with extensive hemor-
rhage in the perimesencephalic cisterns are particularly predisposed to developing
acute hydrocephalus. The diagnosis is confirmed with CT scanning. Temporary external
ventricular drainage may lead to dramatic improvement, but complications may occur,
including ventriculitis, and the risk of rebleeding of an untreated aneurysm may be slightly
increased (Hellingman et al. 2007). Lumbar puncture may be performed in patients without
a space-occupying lesion or gross intraventricular hemorrhage, but this requires certainty
that the site of obstruction is in the subarachnoid space and not the ventricular system. In
addition, it is not clear whether lumbar puncture increases the risk of rebleeding (Ruijs et al.
2005). Months or years after SAH, organized thrombus and fibrosis in the CSF pathways
can lead to the syndrome of normal pressure hydrocephalus.

Fig. 30.4. (a,b) Brain CT images showing a large calcified aneurysm in the frontal region. (c,d) Cerebral angiograms
show a small area of filling within the aneurysm owing to occlusion of a large part of the aneurysm with thrombus,
making the aneurysm appear relatively small (c); this is then completely occluded by endovascular coiling (d).
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Delayed cerebral ischemia
Delayed ischemia secondary to vasospasm appears 4–14 days after onset in approximately
25% of patients and has a bad prognosis. Loss of consciousness at onset, large quantities of
subarachnoid or intraventricular blood on CT, hyponatremia and the use of antifibrinolytic
drugs are all risk factors (Brouwers et al. 1992; Hop et al. 1999). Clinical onset is usually
gradual, with deteriorating conscious level and evolving focal neurological signs.

Hyponatremia
Hyponatremia occurs in approximately a third of patients in the first week or two after
SAH and is related to the severity of the initial presentation. It is not usually caused by
inappropriate antidiuretic hormone secretion but by “salt wasting,” in which there is
excessive loss of salt and water by the kidneys with a decrease in plasma volume. Below a
plasma sodium of approximately 125mmol/l, correction is necessary by plasma volume
expansion (Berendes et al. 1997).

Intracerebral hematoma
Intracerebral hematoma may cause a focal deficit and should be considered for removal if
there is associated coma, clinical deterioration and brain shift.

Long-term complications
Late rebleeding occurs in 2–3% of patients in the first 10 years after clipping of an
aneurysm, half of such bleeds being caused by newly developed aneurysms. After endovas-
cular coiling, the long-term risks are unclear, being recorded at 0.7% between one month
and one year in ISAT (Molyneaux et al. 2005) and at 2–3% in one month to four years in a
Dutch cohort (Sluzewski et al. 2005).

Epilepsy develops in 14–20% of patients, and putative risk factors include subdural
hematoma, cerebral infarction, disability on discharge, ventricular drain insertion and
surgical treatment (Olafsson et al. 2000; Claassen et al. 2003).

Anosmia is a sequela in almost 30% of patients, particularly after surgery and anterior
communicating artery aneurysms.

Cognitive deficits and psychosocial dysfunction are common in the first year in patients
who otherwise make a good recovery. They persist for years. In one study, a quarter of
previously employed patients had stopped working, and another quarter worked shorter
hours or in a position with reduced responsibility (Wermer et al. 2007). Changes in
personality included increased irritability and emotionality. Overall, only 25% of those
living independently reported a complete absence of psychosocial problems.

Unruptured aneurysms
Unruptured aneurysms in patients surviving a SAH should be treated unless they are very
small or difficult to reach. There is an assumed high risk of rupture in such aneurysms,
based on limited data (Wiebers et al. 2003). The adverse psychological impact of untreated
aneurysms in patients who have survived a previous life-threatening aneurismal rupture is
an equally important factor in determining optimal treatment.

Unruptured aneurysms not associated with SAH should normally be clipped or coiled
if they are symptomatic, for instance if there is a third nerve palsy caused by a posterior
communicating artery aneurysm (Fig. 30.2) (Raps et al. 1993). The optimal management
of incidental unruptured asymptomatic aneurysms is unclear because the risk of rupture is

Chapter 30: Spontaneous subarachnoid hemorrhage

357



low: up to 4% per annum if > 10mm in
diameter, and < 1% per annum for smaller
aneurysms (International Study of Unrup-
tured Aneurysm Investigators 1998; Rinkel
et al. 1998; Wermer et al. 2007). The risk
of clipping or coiling is not insignificant
(Raaymakers et al. 1998). The risks of
rupture are higher with older age, female
gender, increasing aneurysm size, posterior
circulation aneurysm and geography, with
patients from Japan and Finland seemingly
at higher risk (Wermer et al. 2007).

Individuals with an affected first-degree
relative have a 5–12 times greater lifetime
risk of SAH than the general population,
representing a lifetime risk of 2–5%. How-
ever, the chances of finding an aneurysm
by screening in an individual with a single
affected relative is only 1.7 times higher
than in the general population. This suggests that familial aneurysms have a higher rupture
rate or grow faster than others. The indications for screening in those perceived to be
at increased risk of SAH are at present unclear (Teasdale et al. 2005). It could be argued
that screening is not effective in those with only one affected relative but should be
considered in those with two or more affected relatives, or those with polycystic kidney
disease (Raaymakers 1999) or some of the other conditions associated with intracranial
aneurysms (Box 30.1). Repeat screening should be discussed since the risk of finding an
aneurysm after five years is around 7% (Wermer et al. 2007). Patients should be referred to
specialist clinics where an informed decision can be made on the basis of that individual's
risks and benefits and their preferences. Screening for new aneurysms in those who have
survived SAH is not thought to be beneficial except in those with multiple aneurysms or
who are very young at presentation.
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Chapter

31 Vascular cognitive impairment:
definitions and clinical
diagnosis

Stroke is associated with a high risk of future dementia. Dementia with an underlying
vascular etiology, “vascular dementia,” may also occur in patients without a history of
clinically eloquent stroke when it is in association with silent large or small vessel disease
and/or widespread white matter disease. Vascular dementia may also coexist with Alzheimer's
disease. The incidence of all types of dementia including vascular dementia rises rapidly
with age and, therefore, cognitive impairment is likely to become an increasing problem
as the numbers of people surviving into old age increases. At present, it is unclear to what
extent aggressive treatment of vascular risk factors will influence the development and
progression of vascular cognitive impairment, but there is much research interest in
defining the predictors and thus possible therapeutic strategies in vascular dementia.

Epidemiology
Vascular dementia is the second most common cause of dementia in later life in white
populations and the most common cause in Far Eastern countries (Jorm 1991; Jorm and
Jolley 1998; Neuropathology Group of the Medical Research Council Cognitive Function
and Ageing Study 2001). The overall incidence of dementia rises exponentially up to the age
of 90 years, with no sign of leveling off, and although the incidence rates for vascular
dementia vary greatly from study to study, the trend is also for an exponential rise with age
(Jorm and Jolley 1998). There is no overall sex difference in dementia incidence, but women
tend to have a higher incidence of Alzheimer's disease in very old age, and men tend to have
a higher incidence of vascular dementia at younger ages. Rates of vascular dementia double
approximately every five years (Alzheimer's disease rates double approximately every four
years) (Jorm et al. 1987; Jorm and Jolley 1998).

Given the high prevalence of stroke and dementia disorders, they will often coexist,
particularly since epidemiological studies have shown an association between stroke and
dementia: individuals with stroke are more likely to be demented and individuals with
dementia are at increased risk of stroke compared with age-matched controls. Population-
based cohort studies have shown that vascular risk factors in midlife, particularly hyperten-
sion but also high cholesterol, are associated with increased risk of the development
of dementia in later life (Skoog et al. 1996; Freitag et al. 2006; Solomon et al. 2007) both
vascular cognitive impairment and Alzheimer's disease. Consistent with this, neuropatho-
logical data show the frequent coexistence of Alzheimer's pathology with cerebrovascular
disease, and it has been proposed that the development of neurofibrillary tangles and
amyloid plaques may, in part, be secondary to ischemia (de la Torre 2002). The overlap
of risk factors and the coexistence of vascular and Alzheimer's type pathology means that
vascular cognitive impairment cannot be considered in isolation and there may be important
synergistic relationships between the two syndromes.
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Studies of the natural history of vascular dementia show a significantly shorter survival
time compared with Alzheimer's disease owing to increased vascular death, but speed of
cognitive progression is much the same (Chui and Gonthier 1999). Similarly, rates of serial
atrophy on MRI over a one-year period in patients with Alzheimer's disease and vascular
dementia are not significantly different (O'Brien et al. 2001). In contrast, patients selected
for clinical trials with probable vascular dementia appear to have a more stable course than
those with Alzheimer's disease (Erkinjuntti et al. 2002, Black et al. 2003; Wilkinson et al.
2003). It is unclear whether the discrepancy between rates of progression of cognitive
impairment seen in trials and in observational studies is because of better control of
vascular risk factors, the selection of stable subjects or other selection bias owing to use
of highly specific clinical criteria.

Definitions and clinical features of vascular
cognitive impairment
There is no universally accepted definition for the clinical diagnosis of dementia, and the
various definitions available (e.g. the International Classification of Diseases, 10th revision
[ICD-10; World Health Organization 1987] and the Diagnostic and Statistical Manual of
Mental Disorders, 3rd edition [DSM-III] and 4th edition [DSM-IV; American Psychiatric
Association 1989, 1994]) use different diagnostic criteria: both DSM-IV and ICD-10 require
the presence of memory impairment together with one or more (DSM-IV) or two or more
(ICD-10) other cognitive domains to be affected. Patients with vascular cognitive impairment
may have severe impairment of cognitive function but relatively well preserved memory, and
will not, therefore, be classified as demented by the DSM-IV and ICD-10 criteria. This is likely
to lead to an underestimate of the true prevalence of vascular cognitive impairment. Further,
it is likely that a number of patients fulfilling the criteria for vascular dementia by criteria
that include memory impairment are likely to have coexistent Alzheimer's disease (i.e. have
mixed dementia), because memory impairment will be more common in this group.

The term vascular cognitive impairment is used here to include both dementia and
cognitive impairment not severe enough to cause dementia (cognitive impairment, no
dementia [CIND]): a syndrome defined as cognitive decline greater than expected for an
individual's age and education level that does not interfere notably with activities of daily
living. Vascular cognitive impairment is a heterogeneous syndrome encompassing cognitive
impairment associated with large cortical infarcts, single strategically sited infarcts, multiple
small infarcts, cerebral hemorrhage, and vasculopathies including cerebral autosomal
dominant arteriopathy with silent infarcts and leukoaraiosis (CADSIL), lipohyalinosis
and cerebral amyloid angiopathy (Table 31.1).

Different subtypes of vascular pathology may coexist in an individual patient.
The earliest attempt to improve the definition of vascular dementia as a distinct subtype
of dementia was made by Hachinski and colleagues (1975), who proposed an ischemic score
derived from the multi-infarct model of dementia. The Hachinski score requires a history of
stroke and the presence of focal neurological signs, and it separates vascular dementia
secondary to multi-infarct dementia from Alzheimer's disease effectively. However, it is
rather insensitive for other subtypes of vascular dementia. Both ICD-10 and DSM-IV
contain diagnostic criteria for vascular dementia, but most clinicians and researchers use
the Neuroepidemiology Branch of the National Institute of Neurological Disorders and
Stroke–Association Internationale pour la Recherche et l'Enseignement en Neurosciences
(NINDS/AIREN) consensus criteria based on ICD-10 (Román et al. 1993).
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The NINDS/AIREN criteria divide cases
into probable and possible vascular demen-
tia along the lines of the NINCDS/ADRDA
criteria for Alzheimer's disease (McKhann
et al. 1984). Probable vascular dementia
requires the presence of dementia, defined
as memory and at least one other cognitive
domain being affected, and the presence of
cerebrovascular disease (focal neurological
signs and evidence of relevant cerebrovascu-
lar disease on brain imaging). The onset of
cognitive impairment must occur within
three months of the cerebrovascular disease
or must be abrupt with a stepwise/fluctuat-
ing course. The less-certain diagnosis of pos-
sible vascular dementia can be made if brain
imaging criteria are not met or if the rela-
tionship between cerebrovascular disease

and dementia is not clear. The NINDS/AIREN criteria were among the first to propose
clear neuroimaging criteria for the diagnosis of vascular dementia, requiring a combination
of topography (lesion location) and severity. These criteria are shown in Table 31.2.

Unlike in Alzheimer's disease, autopsy confirmation of the diagnostic accuracy of the
NINDS/AIREN and other criteria for vascular dementia is not well established. There is no
agreed universal gold standard by which vascular dementia can be diagnosed pathologically
and few prospective neuropathological studies. Neuropathological criteria include the
relative absence of Alzheimer-type pathology and the presence of some vascular change, both
of which are subjective and remain areas of controversy. Despite these drawbacks, initial
validation studies suggest reasonable specificity for the NINDS/AIREN criteria for probable
(sensitivity 20%; specificity 93%) and possible (sensitivity 55%; specificity 84%) vascular
dementia (Gold et al. 2002), although it has also been shown that different criteria sets for

Table 31.2. NINDS/AIREN imaging criteria for
vascular cognitive impairment

Criterion Features

Topography Large vessel strokes

Extensive white matter changes

Lacunes (frontal/basal ganglia)

Bilateral thalamic lesions

Severity Large vessel lesion of dominant
hemisphere

Bilateral strokes

White matter lesion affecting
> 25% white matter

Note:
NINDS/AIREN, Neuroepidemiology Branch of the
National Institute of Neurological Disorders and
Stroke–Association Internationale pour la Recherche
et l'Enseignement en Neurosciences

Table 31.1. Subtypes of vascular cognitive impairment

Type Causes

Multi-infarct dementia (cortical
vascular dementia)

Primarily from cortical infarcts

Small vessel dementia (subcortical
vascular dementia)

Primarily from subcortical lacunes, white and/or deep gray matter
lesions

Strategic infarct dementia Unilateral or bilateral infarction in a strategic area (e.g. thalamus,
hippocampus)

Hypoperfusion dementia Hypoperfusion-induced brain damage, e.g. caused by systemic
hypotension or cardiac arrest

Hemorrhagic dementia Intracerebral hemorrhage

Alzheimer's disease with
cerebrovascular disease (mixed)

Coexistent degenerative and vascular pathology, on the basis of the
clinical picture and brain imaging, both of which contribute to the
dementia

Hereditary vascular dementia
(CADASIL)

Autosomal dominant arteriopathy (with silent infarcts and leukoaraiosis)
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vascular dementia identify different subsets of subjects (Lopez et al. 2005). Diagnostic
criteria have been proposed for subtypes of vascular dementia, including subcortical ische-
mic vascular dementia (Erkinjuntti et al. 2002).

The term cognitive impairment no dementia of the vascular type (CIND-V) has been
used to describe the group of patients with cognitive impairment secondary to cerebrovas-
cular disease not meeting the criteria for dementia. This mirrors the use of the term CIND
to describe patients with mild Alzheimer's type cognitive deficits (principally memory
deficit). Patients with CIND of Alzheimer's type have a high rate of progression to frank
Alzheimer's disease. The prognosis of patients with CIND-V is less clear, although as many
as half may progress to dementia (Wentzel et al. 2001).

Not withstanding the problems in defining vascular cognitive impairment and dementia,
the neuropsychological deficits seen in cognitive impairment associated with cerebrovascular
disease are, in general, qualitatively different from those seen in Alzheimer's disease,
certainly in the early stages. The different underlying pathologies causing vascular cognitive
impairment have different disease mechanisms and cognitive profiles (Bastos-Leite et al.
2007). The cognitive deficits seen in strategic infarct dementia and multi-infarct dementia
are variable, depending to a greater or lesser degree on lesion location. Medial temporal lobe
atrophy and large vessel disease contribute to global cognitive dysfunction, whereas small
vessel disease appears to be more specifically related to deficits predominantly in attentional,
motivational and executive domains (Desmond 2004; Prins et al. 2005; Bastos-Leite et al.
2007). This is in contrast to Alzheimer's disease, in which memory deficits are prominent.

Commonly used screening instruments for dementia such as the Mini-Mental State
Examination (Folstein et al. 1983) and the ADAS-cog (Rosen et al. 1984), which were
primarily developed for assessing cognition in Alzheimer's disease, are relatively insensitive
to executive and attentional function. Additional tests such as verbal fluency, trail making
or maze tests, clock drawing, and reversed digit span are required to document deficits in
fronto-subcortical circuits (Royall and Román 1999) and such tests have been incorporated
into the ADAS-cog to create the VADAS-cog, for use in vascular cognitive impairment
(Mohs et al. 1997). However, the presence of frontal lobe dysfunction on neuropsycho-
logical testing is not diagnostic of vascular cognitive impairment and cannot be used in
isolation to distinguish between Alzheimer's disease and vascular dementia (Reed et al. 2007).

Further support for a distinctive pattern of cognitive deficits in vascular disease comes
from studies of patients with CADASIL (Ch. 3) in which multiple subcortical infarcts occur
at a young age when neurodegenerative changes would not be expected to be important
(Buffon et al. 2006). Patients with CADASIL show early impairment of executive function
that is frequently associated with a decline in attention and memory performance compat-
ible with some degree of dysfunction in subcortico-frontal networks (Buffon et al. 2006).
Later in the course of the disease, there is extension of cognitive deficits to involve multiple
cognitive domains. However, even late in the disease, memory impairment does not involve
the encoding process in that retrieval is significantly improved with cues. This is in stark
contrast to what is seen in Alzheimer's disease, in which early impairment of memory
encoding is characteristic. Cholinergic neuronal impairment occurs in CADASIL and
provides a rationale for therapies to enhance cholinergic function in subcortical vascular
cognitive impairment (Mesulam et al. 2003).

Non-cognitive disturbances are common in patients with vascular cognitive impairment,
with high rates of depression and apathy, particularly in those with small vessel disease. For
example, in the Cache County Study, significantly more participants with vascular dementia
(32%) than Alzheimer's disease (20%) suffered from depression, the reverse being true for
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the presence of delusions (Lyketsos et al. 2000). It has been suggested that the high
depression rate is related to preserved insight, but the location of infarction in the deep
white matter is also likely to be important. Other non-cognitive disturbances such as
agitation, disinhibition, aggression, aberrant motor behavior and hallucinations appear to
be equally frequent in Alzheimer's disease and vascular cognitive impairment (Lyketsos
et al. 2000). In a prospective population-based study, depression was associated with
increased risk of developing CIND (Barnes et al. 2006).

Overlap between vascular cognitive impairment
and Alzheimer's disease
In clinical practice, distinguishing between Alzheimer's disease and vascular cognitive
impairment is often difficult, and many patients are likely to have coexistent pathology. In
a large community-based study of unselected older people who were followed longitudinally
and underwent autopsy, mixed Alzheimer's and vascular pathology was found to be the most
common cause of cognitive impairment (Neuropathology Group of the Medical Research
Council Cognitive Function and Aging Study 2001). This is consistent with other studies
showing mixed pathology to be at least as common as “pure” vascular dementia (Knopman
et al. 2003). There is also poor correlation between clinical diagnosis of dementia subtype and
neuropathological findings: up to 30% of patients diagnosed with Alzheimer's disease have
evidence of vascular pathology at autopsy. Further, there are no defined criteria for the
vascular pathological changes required for a neuropathological diagnosis of vascular or mixed
dementia. Deep white matter lesions can also be demonstrated on MRI in approximately 50%
of those with Alzheimer's disease, with periventricular lesions found in over 90%.

However, despite the problems associated with defining vascular cognitive impairment
and its associated neuropathological changes, it is clear that there is an interaction between
cerebral infarcts and Alzheimer's pathology: patients with Alzheimer's pathology and
cerebrovascular disease have a greater severity of cognitive impairment than those with
similar severity of either pathology (Snowdon et al. 1997; Esiri et al. 1999; Schneider et al.
2007). After controlling for cortical infarcts and Alzheimer's pathology, subcortical infarcts
increase the risk of dementia by almost four times (Schneider et al. 2007). However, the
synergistic effect between cerebrovascular disease and Alzheimer's pathology is only seen in
those with mild neurodegenerative change: in patients with severe neurodegenerative
disease, associated vascular pathology becomes irrelevant.

Vascular mechanismsmay be important in the expression and development of Alzheimer's
pathology. Vascular risk factors are risk factors for Alzheimer's disease, and cerebral
hypoperfusion and microcirculatory changes may precede the neuropathological and clin-
ical changes of Alzheimer's disease, making it, in effect, a vascular disorder (Kalaria 2000; de
la Torre 2002). Further evidence for a vascular mechanism comes from the observation that
biochemical and structural changes occur in cerebral vessel walls in patients with early
Alzheimer's disease, leading to altered vasoreactivity, impaired autoregulation and a greater
degree of arterial pressure transmittal to the capillary circulation, thus predisposing to
microvessel damage (Stopa et al. 2008).

Post-stroke cognitive impairment and dementia
Dementia occurring as a result of stroke is a subtype of vascular dementia.

Most studies of post-stroke dementia are of hospital series and tend to focus on major
strokes; very few include patients with TIA. Prevalence rates in hospital-based series vary from
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30% at three months in those studies that did not exclude pre-stroke dementia (Fig. 31.1), to
10–20% at six months in studies where pre-stroke dementia was excluded (Fig. 31.2) with
overall prevalence rates of 27.8% (95% CI, 24.8–30.7) and 16.9% (95% CI, 13.1–20.6),
respectively (Pendlebury and Rothwell 2008). Dementia rates are lower in population-based
studies probably because of the inclusion of more patients with mild strokes (Fig. 31.3) with
overall prevalence rates of 14.9% (95% CI, 7.3–22.4) when patients with pre-stroke demen-
tia were not excluded (Pendlebury and Rothwell 2008). Factors that increase the risk of
post-stroke dementia include increasing age, prior or recurrent stroke, prior cognitive
impairment and low educational attainment. Vascular risk factors seem not to be important
with the possible exception of diabetes and atrial fibrillation.

The risk of new-incident dementia following stroke is non-linear, being particularly high
within the first six months after stroke. However, the increased risk of dementia persists in
the long term: there was a 10-fold increased risk of dementia with stroke at five years after
stroke onset (Kokmen et al. 1996). Significant numbers of patients presenting with stroke

Mean age (years)
Klimkowivz-Mrowiec et al. 6825.2–37.531.469/220

6823.0–31.427.2118/434Zhou et al.
6924.2–35.529.975/251Barba et al.
7115.3–24.720.056/280Tang et al.
7126.8–36.731.8107/337Pohjasvaara et al.
7222.2–30.326.3119/453Desmond
7523.4–38.631.044/142Hénon et al.

Total

Heterogeneity 

Prevalence (%)Study Demented/total

10 15 20 25 30 35 40
Risk (% [95% CI]) 

95% CI

p = 0.013584

24.8–30.727.8588/2117

Fig. 31.1. Pooled prevalence of rates for post-stroke dementia within three to six months of stroke in
hospital-based studies that did not exclude pre-stroke dementia. CI, confidence interval. Study sources: Klimkowicz-
Mrowiec et al. (2006); Zhou et al. (2004); Barba et al. (2001); Tang et al. (2004a,b); Pohjasvaara et al. (1999);
Desmond (2004); Hénon et al. (1997, 2001).
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49/188
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Lin et al.
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Barba et al.
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Gur et al.
Hénon et al.
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Rasquin et al.

Heterogeneity 

Prevalence (%)Study Demented/total
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377/2237

p = 0.000000

95% CI

Fig. 31.2. Pooled prevalence of rates for post-stroke dementia within three to six months in hospital-based studies
that did exclude pre-stroke dementia. CI, confidence interval. Study sources: Madureira et al. (2001); Lin et al. (2003);
Censori et al. (1996); Zhou et al. (2004); Klimkowicz-Mrowiec et al. (2006); Rasquin et al. (2004, 2005); Barba et al.
(2000); Andersen et al. (1999); Sachdev et al. (2006); Gur et al. (1994); Hénon et al. (1997, 2001).

Chapter 31: Vascular cognitive impairment: definitions and clinical diagnosis

367



have prior dementia, with overall rates of 9.8% (95% CI, 7.3–12.3) and 4.1% (95% CI, 1.9–6.2)
in hospital-based (Fig. 31.4) and population-based studies, respectively (Pendlebury and
Rothwell 2008).Many of these patients haveAlzheimer's disease either alone or in combination
with cerebrovascular disease, and this Alzheimer's disease may be ‘unmasked' by a stroke.

A few studies have looked at cognitive impairment, no dementia (CIND-V) post-stroke
although problems exist regarding varying criteria for diagnosis, and many commonly used
tests of cognitive function, including the Mini-Mental Status Examination, have limited
sensitivity for vascular cognitive impairment. However, it is clear from these studies that
not all patients who show early cognitive impairment after stroke will decline: many
patients improve (del Ser et al. 2005; Rasquin et al. 2005a; Srikanth et al. 2006). There is
a suggestion that diabetic patients are less likely to improve than other patients and that
initial attentional and executive deficits are less likely to get better than memory deficits.
The incidence of CIND-V may be particularly high in those with lacunar infarction. In a
study of 40 patients one month after stroke with lacunar infarction, CIND-V was found in
22 patients (Grau-Olivares et al. 2007). This may even have been an underestimate, since
the diagnosis of CIND-V in this study required the presence of memory impairment.

The exact etiology of post-stroke dementia is unclear. A stroke may cause decompensa-
tion of a brain with pre-existing reduced cognitive reserve, as suggested by the increased
risk of dementia after stroke in those with prior CIND. In addition, factors such as
hypertension that cause the vascular changes predisposing to stroke may also contribute

Srikanth et al.   11/88 12.5 5.6–19.4

House et al.   24/115 20.9 13.4–28.3

Kokmen et al. 107/971 11.0 9.0–13.0

Appelros et al.  67/232 28.9 23.0–34.7

Total 209/1406 14.9 7.3–22.4

Heterogeneity     p = 0.000000

Prevalence (%) 95% CIStudy Demented/total

5 10 15

Prevalence (% [95% CI])

20 25 30 35 40

Fig. 31.3. Pooled prevalence rates for post-stroke dementia within one year in community-based studies not
excluding pre-stroke dementia. CI, confidence interval. Study sources: Srikanth et al. (2003, 2006); House et al. (1990);
Kokmen et al. (1996); Appelros (2005).

Mean Age (years)

Zhou et al. 31/43 7.0 4.7–9.6 6

Klimkowivz-Mrowiec et al. 30/25 12.0 8.0–16.0 6

Barba et al. 25/25 10.0 6.3–13.7 6

Tang et al. 22/28 7.0 4.6–10.7 7

Pohjasvaara et al. 31/33 9.0 6.1–12.3 7

Hénon et al. 33/20 16.0 11.2–21.4 7

Total 172/176                   9.8           7.3–12.3

Heterogeneity p = 0.02033

PrevelenceStudy Demented/total

0 5 1 1 2 2

Risk (% [95% CI])

95% CI 

Fig. 31.4. Pooled prevalence rates for pre-stroke dementia in hospital-based studies. CI, confidence interval. Study
sources: Zhou et al. (2004); Klimkowicz-Mrowiec et al. (2006); Barba et al. (2001); Tang et al. (2004a,b); Pohjasvaara et al.
(1999); Hénon et al. (1997, 2001).
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to neuronal and other cellular abnormalities, resulting in cognitive decline. Lastly, stroke
may combine with the existing degenerative changes of incipient Alzheimer's disease to
cause post-stroke dementia. While both primary and secondary prevention of stroke will
reduce the overall burden of cognitive impairment, it is unclear to what extent treatment of
vascular risk factors in the secondary prevention of stroke will reduce post-stroke cognitive
decline beyond preventing recurrent events. Treatment of vascular dementia as a whole is
discus sed in Ch. 32.
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Chapter

32 Vascular cognitive impairment:
investigation and treatment

For any patient with cognitive impairment, it is important to rule out reversible causes and
to exclude alternative diagnoses that may present with similar symptoms. Once cognitive
impairment is confirmed, the underlying cause should be determined; that is, the subtype of
cognitive impairment should be defined since this will influence prognosis and treatment.

Routine investigations
In elderly patients, depression may mimic dementia, and in the elderly confused patient in
hospital, it may be difficult to distinguish between dementia and delirium in which there is
fluctuating confusion, poor attention and changes in arousal secondary to underlying
physiological disturbance. Factors distinguishing between dementia and delirium are shown
in Table 32.1.

Routine blood tests that should be requested in the investigation of cognitive impair-
ment are shown in Table 32.2. Current UK guidelines state that all patients undergoing
investigation for cognitive impairment should receive structural brain imaging to exclude
pathologies such as space-occupying lesion or subdural hematoma and to aid in dementia
subtype identification. There is a preference for MRI over CT owing to its better special
resolution and sensitivity.

Perfusion hexamethylpropyleneamine oxime (HMPAO) single-photon emission com-
puted tomography (SPECT) or 2-[18F]fluoro-2-deoxy-D-glucose positron emission tomo-
graphy (FDG PET) can be used to help to differentiate between Alzheimer's disease,
vascular dementia and frontotemporal dementia if the diagnosis is in doubt.

Cerebrospinal fluid examination and electroencephalography are not required routinely
in the investigation of dementia. Lumbar puncture is indicated in suspected Creutzfeldt–
Jakob disease or other forms of rapidly progressive dementia. Electroencephalography
should be considered if delirium, frontotemporal dementia or Creutzfeldt–Jakob disease
are possibilities. Electroencephalography may also be required in the assessment of associ-
ated seizure disorder in those with dementia.

Once it has been established that a patient has dementia, it is necessary to try and define
the subtype of dementia in order to enable prognostication and treatment. There is no
diagnostic finding on brain imaging for vascular cognitive impairment but imaging abnor-
malities are used together with clinical features to aid diagnosis. As outlined in Ch. 31, it is
often difficult to distinguish between vascular dementia and Alzheimer's disease. The brain
imaging changes that impact on the understanding of vascular cognitive impairment are
outlined below.

Silent infarcts, white matter changes and microbleeds
As stated in Ch. 31, vascular changes on brain imaging are required for a diagnosis of vascular
dementia using the Neuroepidemiology Branch of the National Institute of Neurological
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Disorders and Stroke–Association Interna-
tionale pour la Recheiche et l'Enseignement
en Neurosciences (NINDS/AIREN) criteria
(Roman et al. 1993). However, uncertain-
ties exist regarding the significance of some
abnormalities and the effect on cognition.
Frequent findings on brain imaging in
patients with cognitive impairment include
silent infarcts, white matter changes and
microbleeds (Chs. 7 and 10) and these are
discussed below.

The exact effect of silent infarcts and
white matter change on cognition is uncer-
tain. Studies of normal elderly people (Smith
et al. 2000) have shown that such lesions
may exist in the presence of normal cogni-
tion. However, clinical, epidemiological and
pathological studies suggest that, in general,
people with white matter change and silent
infarcts are more likely to have cognitive
impairment than those with normal brains
(Frisoni et al. 2007; Vermeer et al. 2007).
Severity of white matter change, brain atro-

phy and the presence of infarction are associated with decline in information-processing
speed and executive function (Prins et al. 2005). Presence of subcortical hyperintensities is
associated with cognitive impairment following clinical stroke secondary to lacunar infarction
(Mok et al. 2005; Grau-Olivares et al. 2007).

The neuropathology of white matter changes seen on brain imaging is variable and
includes partial neuronal loss, axonal loss, demyelination and gliosis (Jagust et al. 2008).
The mechanisms underlying such changes are uncertain but there are associations with age,

Table 32.1. Distinguishing between dementia and delirium

Feature Delirium Dementia

Onset Acute, often at night Insidious

Course Fluctuating, lucid times Stable

Duration Hours/weeks Months/years

Awareness Reduced Clear

Alertness Abnormal (low/high) Usually normal

Attention Impaired, distractible Usually unaffected

Orientation Impaired Impaired in later stages

Short-term memory Always impaired Normal at first

Episodic memory Impaired Impaired

Thinking Disorganized, delusions Impoverished

Perception Illusions/hallucinations Absent early, common later

Sleep cycle Always disrupted Usually normal

Table 32.2. Routine tests for the investigation of
cognitive impairment

Test Comments

Full blood count

Electrolytes,
creatinine

Glucose

Calcium

Liver function

Vitamin B12 Cognitive impairment may
occur in the absence of
other symptoms

Folate

Erythrocyte
sedimentation rate

Temporal arteritis may cause
strokes and cognitive
impairment

Midstream urine If delirium suspected

Syphilis serology Only if clinical picture is
suggestive

Human
immunodeficiency
virus

Only if clinical picture is
suggestive
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hypertension and diabetes. It is not known how white matter changes may contribute to
cognitive impairment, but there is some evidence that interruption of fronto-subcortical
circuits linking the frontal lobes to the striatum, globus pallidus and ventral anterior and
mediodorsal thalamus may be important (Castaigne et al. 1981). Interruption of specific
parts of the fronto-subcortical circuit causes specific deficits: executive dysfunction and
impaired recall (dorsolateral circuit), behavioral and emotional change (orbitofrontal
circuit), and abulia and akinetic mutism (anterior cingulate circuit) (Cummings 1993;
Tekin and Cummings 2002). The extent and location of white matter changes determine
the neuropsychological profile in healthy individuals, patients with stroke and patients with
cognitive impairment and dementia (Delano-Wood et al. 2008; Libon et al. 2008; Swartz
et al. 2008; Wright et al. 2008). Several studies highlight the critical role of the thalamus in
cognitive function: patients with thalamic dysfunction secondary to thalamic lesions or to
subcortical diaschisis perform poorly in cognitive tests involving frontal and temporal lobe
function (Stebbins et al. 2008; Swartz et al. 2008; Wright et al. 2008).

It should be noted that the abnormalities on brain imaging described above are not
exclusive to or diagnostic of vascular cognitive impairment: deep white matter lesions and
periventricular lesions have been shown in 50% and 90%, respectively, of patients with
Alzheimer's disease and are also often present in patients with Lewy body disease (Barber
et al. 1999).

Cerebral microbleeds seen on T2*-weighted MRI (see Ch. 7) are associated with lacunar
infarcts, hemorrhages, white matter changes, hypertension and cognitive impairment.
The number of microbleeds may be independent predictors of cognitive impairment in
multiple domains and severity of dementia (Won Seo et al. 2007). Cerebral microbleeds are
associated with cerebral amyloid angiopathy (Ch. 7) in which there is often coexisting
leukoaraiosis and cognitive impairment.

Brain atrophy and temporal lobe atrophy
Generalized brain atrophy is associated with cognitive impairment in small vessel disease
(Mungas et al. 2001; O'Sullivan et al. 2004; Mok et al. 2005). This may be related to white
matter tract degeneration and disconnection (Fein et al. 2000), a process supported by
recent diffusion tensor imaging studies (O'Sullivan et al. 2005) (see below). However, a
primary mechanism cannot be excluded. Loss of brain volume in the syndrome of cerebral
autosomal dominant arteriopathy with silent infarcts and leukoaraiosis (CADASIL) is
predicted by age, apparent diffusion coefficient and volume of lacunar lesion, suggesting
that brain atrophy is related to both the consequences of lacunar lesions and the widespread
microstructural changes beyond the lacunar lesions (Jouvent et al. 2007).

Temporal lobe atrophy is a well-recognized association of Alzheimer's disease, and early
loss of temporal lobe volume occurs in people who are cognitively intact but who go on to
develop Alzheimer's disease (Jobst et al. 1992; de Leon et al. 1993). Neuropathological
studies have confirmed that the medial temporal lobes are affected very early on in the
course of the disease and the resultant impairment of temporal lobe function causes early
memory loss. Medial temporal lobe atrophy is also associated with vascular cognitive
impairment defined by various different criteria including the Diagnostic and Statistical
Manual of Mental Disorders, 3rd edition (DSM-III) and NINDS/AIREN (Laakso et al. 1996;
O'Brien et al. 2000; Fein et al. 2000; Gainotti et al. 2004; Bastos-Leite et al. 2007;
Grau-Olivares et al. 2007). This may partly be an artefact of the requirement for the
presence of memory impairment in the diagnosis of vascular cognitive impairment.
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However, neuropathological examination in three patients with temporal lobe atrophy and
vascular dementia found no evidence of Alzheimer's type pathology in the cortex (Fein et al.
2000). Therefore, medial temporal lobe atrophy is not specific to Alzheimer's dementia.
However, it may be of some discriminatory value in early disease (Jobst et al. 1998; O'Brien
et al. 2000), although this may be less so in elderly patients in whom medial temporal lobe
atrophy may simply reflect age-related cerebral atrophy.

Medial temporal lobe atrophy is associated with a greater risk of developing post-stroke
dementia in patients who were not demented prior to stroke (Cordoliani-Mackowiak et al.
2003; Firbank et al. 2007). Of the patients who become demented post-stroke, medial
temporal lobe atrophy appears to be a near universal finding in those felt to have Alzhei-
mer's disease but is seen in only half of those with vascular dementia. In a study of delayed
cognitive impairment after stroke, medial temporal lobe atrophy, but not white matter
hyperintensity volume, was associated with delayed (more than three months after stroke)
cognitive decline (Firbank et al. 2007). The authors suggested that this indicated a
greater role for Alzheimer's rather than vascular pathology in delayed post-stroke cognitive
impairment. However, given the lack of specificity of medial temporal lobe atrophy for
Alzheimer's disease this may be oversimplistic.

Diffusion tensor imaging
As stated above, there is poor correlation between lesion volume and cognitive deficit. This
mirrors the poor correlation seen between lesion volume and motor function (Ch. 24) and
is not surprising given the fact that lesion volume alone does not take into account the
importance of lesion location. While the effect of a lesion on well-defined white matter
tracts such as the descending motor pathways can be estimated with some accuracy
(Pendlebury et al. 1999; Pineiro et al. 2000) (Ch. 23), it is almost impossible to do this
for tracts passing through the deep white matter since the anatomy and connections of these
tracts are not well known. Even if the anatomy of the deep white matter tracts was better
understood, it would be impossible to define the exact intersections between multiple
such tracts and multiple white matter lesions, which in any case are neuropathologically
heterogeneous using standard structural imaging.

Recently, diffusion tensor imaging has been used to perform tractography (the imaging
of defined fiber tracts), including of the thalamocortical projections and the limbic network.
Tractography has been used quantitatively to correlate stroke severity and outcome from
lenticulostriate infarcts with damage to the corticospinal tract (Konishi et al. 2005). Studies
of cognitive change and tractography are few, but greater understanding of the anatomy of
the deep white matter tracts may aid in defining the prognosis and response to treatment in
patients with vascular cognitive impairment.

Diffusion tensor imaging may also be used to measure fractional anisotropy, a marker
of the degree of disruption of fiber tracts. Decreased fractional anisotropy has been shown
in leukoaraiosis and also in normal-appearing white matter in patients with leukoraiosis,
the latter correlating with the degree of executive impairment (O'Sullivan et al. 2001).
Reductions in fractional anisotropy have also been reported from elderly people with
normal brain imaging (Taylor et al. 2007). Therefore, fractional anisotropy appears to be
a more sensitive tool for the detection of white matter damage than standard structural
MRI, including FLAIR. Changes in fractional anisotropy correlate with N-acetyl aspartate
measured using MR spectroscopy (Charlton et al. 2006). Since decreased fractional anisot-
ropy is seen in normal-appearing white matter, it may prove useful in identifying those at
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risk of subsequent cognitive decline. Patients with Alzheimer's disease also exhibit reduced
fractional anisotropy, and this correlates with cortical atrophy, lending further support to
the idea that there may be an early vascular component to Alzheimer's disease.

Therapeutic approaches for vascular
cognitive impairment
Therapy can be divided into primary prevention (preventing cerebrovascular disease and its
related cognitive decline), secondary prevention (preventing worsening or recurrence of
cerebrovascular disease), symptomatic treatments and disease-modifying treatments.
Effective primary prevention of vascular disease, particularly of stroke, will reduce vascular
cognitive impairment secondary to stroke. However, the degree to which primary preven-
tion affects vascular change in the absence of clinical stroke, in particular small vessel
disease and white matter lesions, remains unclear. It is likely that prevention of progression
of such lesions will reduce cognitive decline.

Regarding specific primary preventive therapies and prevention of cognitive impair-
ment and dementia, there is some evidence that antihypertensive drugs may influence
cognitive decline: a meta-analysis of four randomized, controlled trials of antihypertensive
drugs included over 20 000 subjects and found a non-significant trend (relative risk, 0.80;
95% confidence interval, 0.63–1.02; p¼ 0.07) towards reduction in cognitive decline with
blood pressure-lowering treatment (Feigin et al. 2005). One observational study of statin
use and cognitive function in the elderly found a slight reduction in cognitive decline in
those using statins that could not be completely explained by the effect of statins on
lowering of serum cholesterol (Bernick et al. 2005). However, no favorable effect of statins
was seen in two large randomized trials (Heart Protection Study Collaborative Group 2002;
Shepherd et al. 2002).

Preventing recurrent stroke is likely to reduce the incidence of dementia, although
dementia might still be related to the common underlying risk factors, such as hyperten-
sion. In the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) of blood
pressure lowering after stroke (PROGRESS Collaborative Group 2001), the incidence of
dementia was less in the treatment group in those who suffered a recurrent stroke than
in the placebo group. Further studies are needed to determine whether the incidence of
dementia post-stroke falls with more aggressive secondary preventive therapy. Data on
the effectiveness of antiplatelet therapy in preventing stroke-associated dementia are also
lacking.

Regarding symptomatic treatment, several randomized, double-blind, placebo-controlled
trials have been undertaken in vascular dementia, although they have been criticized for
using design and outcomes designed for Alzheimer's disease. Early studies concentrated on
agents such as vasodilators and antioxidants but were disappointing. Only one study of
aspirin in 70 people with multi-infarct dementia has been undertaken (Meyer et al. 1989),
which showed that those taking 325mg aspirin (compared with no treatment) had signifi-
cantly higher cognitive performance at the end of three years, although dropout rates were
high (61% by three years).

There have been two studies of memantine, an NMDA receptor antagonist, in vascular
dementia, both of which showed significant effects on cognition compared with placebo
over a six-month period. However, there was no effect on global outcome measure, making
the results of uncertain clinical relevance (Orgogozo et al. 2002; Wilcock et al. 2002).
Similar improvement in cognition without consistent changes in activities of daily living,
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behavior and global assessment were seen in studies of cholinesterase inhibitors:
three studies of donepezil and two of galanthamine, of which two remain unpublished
(Erkinjuntti et al. 2002; Black et al. 2003; Wilkinson et al. 2003). Therefore, the use of
cholinesterase inhibitors in patients with probable vascular dementia is not recommended,
although they may be effective in patients with mixed Alzheimer's disease and vascular
dementia.

As stated above, there is a high incidence of depression in patients with vascular
cognitive impairment, and depression may precede the onset of cognitive change. Treat-
ment of depression may improve function as well as improving the patient's quality of life.
There is no evidence to support the use of any particular type of antidepressant. Behavioral
disturbance is as common in vascular cognitive impairment as it is in Alzheimer's disease
and should be managed with non-pharmacological interventions in the first instance.
Non-pharmacological interventions include stimulating activity, increased carer attention,
cognitive behavioral therapy and nursing in a calm and quiet environment. If drug therapy
is required to alleviate patient distress or for reasons of patient or carer safety, then
benzodiazepines should be used first. If neuroleptic therapy is required, careful assessment
of risks and benefits is needed since such drugs may increase the risk of stroke. Cholines-
terase inhibitors are not recommended for behavioral disturbance in vascular cognitive
impairment but may be used in Lewy body disease and Alzheimer's disease.
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120–1
classification of clinical

syndromes 114–15
cranial nerve effects 121
headache 121
lacunar syndromes 116–18
movement disorders 121
partial anterior circulation

syndrome 115–16, 117
posterior circulation

syndrome 118–20
total anterior circulation

syndrome 114, 115, 116

clinical features of TIA
signs 103
symptoms and ischemic

territory 101–3
transient nature of

symptoms 101

clinical prediction rules,
see prognostic models

clopidogrel 257, 285, 287

cognitive impairment
following stroke see
vascular cognitive
impairment

collateral blood supply to
the brain 42–3

choroidal anastomoses 43
circle of Willis 41, 42
dural anastomoses 43
leptomeningeal

anastomoses 43
muscular branches of the

vertebral artery in
the neck 43

orbital anastomoses 43
parenchymal anastomoses 43
subclavian and external

carotid artery
anastomoses 43

complex small vessel disease,
stroke risk 62

computed tomography see CT

congenital arterial anomalies,
stroke risk 70

congenital carotid loops,
stroke risk 70

connective tissue disorders
(inherited), stroke
risk 33, 34

coronary artery bypass surgery
(or angioplasty) 309–10

carotid stenosis intervention
before or during 337–8

coronary artery
instrumentation, stroke
risk 67

coronary heart disease
risk factors for
blood lipid levels 20
comparison with TIA
and stroke risk
factors 16, 20

risk factor for stroke 63
risk factor for TIA and

stroke 23

CPSS (Cincinatti Pre-hospital
Stroke Scale)
recognition tool 240–1

cranial nerve effects, stroke
lesion localization 121
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Creutzfeldt–Jakob disease,
differential
diagnosis 113

Crohn's disease, stroke risk 80

cryptogenic drop attacks,
TIA differential
diagnosis 110

CT (computed tomography)
brain imaging
advantages/disadvantages
in major stroke
145, 146

advantages/disadvantages
in TIA and minor
stroke 132, 133

hemorrhage imaging
145–7

ischemic changes in the
brain 147–8

to characterize
intracerebral
hemorrhages 267

technical comparison with
MRI 132, 133

CT angiography and perfusion
imaging, in TIA and
stroke 164–5

cytomegalovirus infection, and
stroke risk 22–3

cytotoxic ischemic cerebral
edema 51, 52

death rates
age-standardized rates for

stroke in developed
countries 5

case-fatality of stroke in
older people 5

Dego's disease, stroke risk 74

dehydration, after major
stroke 254

delirium, TIA differential
diagnosis 109

dementia see vascular
cognitive impairment

dental infection, stroke
risk 22–3

depolarization, in acute
cerebral ischemia
49, 50

deprivation (social), effect
on stroke incidence
and outcome 11, 12

diabetes mellitus, risk factor
for TIA and stroke
19, 21

diagnosis of TIA and
minor stroke, role
of brain imaging
138, 139, 140–3;
see also differential
diagnosis of TIA

diaschisis, in acute cerebral
ischemia 52

diet, and stroke risk 21–2

differential diagnosis of
stroke 95, 106, 107–8,
113–14

clues from examination
124–9, 127–9

clues from patient history
122–5, 124–5

site of the stroke lesion
114–21

differential diagnosis of TIA
cryptogenic drop attacks 110
delirium 109
epilepsy 106
intracranial structural

lesions 106–7, 107–8
isolated transient focal

neurological
disturbance of uncertain
significance 110

mechanisms of ischemia 103
migraine with aura 105
motor neuron disease

109–10
multiple sclerosis 109–10
myasthenia gravis 109–10
non-structural neurological

disorders 109–10
psychogenic attacks 110
signs 103
subdural hematoma 106–7
symptoms and ischemic

territory 101–3
syncope and presyncope 109
TIA mimics 101, 104–10
toxic confusional state 109
transient global amnesia

107–8

transient nature of
symptoms 101

tumors 106–7, 107–8
vestibular dysfunction 108–9

diffusion-weighted and
perfusion-weighted
MRI, ischemic
penumbra imaging
150–2

diffusion-weighted MRI in
major stroke 149–50

diffusion-weighted MRI
abnormalities and
short-term prognosis
after TIA and minor
stroke 202–4

digital subtraction
angiography 159, 160

dilating cardiomyopathies,
stroke risk 66

dipyridamole 257, 285, 287

disability after stroke
chronic 3–4
dependency after major

stroke 208, 209–10

disseminated intravascular
coagulation, stroke
risk 77

diurnal variation in
incidence 12

dolichoectasia 57

drugs, indications of cause of
stroke 126

duplex sonography, vascular
imaging in TIA and
stroke 163–4

dural arteriovenous fistulae 270

DWI, see diffusion-weighted
MRI

early mobilization after major
stroke 255

early stroke risk assessment
ABCDscore196–200,201,241
ABCD2 score 200, 201

edema
ischemic cerebral edema

51, 52
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peri-infarct edema after
major stroke 211

Ehlers–Danlos syndrome 70–1

electroencephalography (EEG),
effects of acute cerebral
ischemia 49

embolism
from intra- and extracranial

arterial aneurysms 71
recurrent embolization after

major stroke 211;
see also cardioembolism

encephalitis, differential
diagnosis 113

epidemiology of TIA and
stroke 1–2

age-standardized death
rates in developed
countries 5

burden of stroke 3–4
burden of TIA 4
case-fatality in older people 5
challenges of

epidemiological
research 5

chronic disability caused
by stroke 3–4

definition of minor
stroke 2–3

definition of stroke 1–3
definition of TIA 1–3
diurnal variation in

incidence 12
incidence 3, 4, 5–7, 8, 9
mortality 3, 5
NHS (UK) expenditure on

stroke 3–4
prevalence 7, 9
projected increase in

incidence 4
racial differences in

susceptibility 11–12
seasonal variation in

incidence and
mortality 12

secondary medical
conditions 3–4

social factors in
susceptibility 11, 12

stroke classification 3
stroke incidence by type 3
stroke mimics 2

TIA as precursor to stroke 4
TIA mimics 2
time trends in incidence

7–11
time trends in mortality 7–9

epidermal naevus syndrome,
stroke risk 81

epileptic seizures
after major stroke 211
differential diagnosis of

stroke 123–5
differential diagnosis of

TIA 106

essential thrombocythemia,
stroke risk 76

etiology, indication of cause of
stroke 121–2

examination, indications
of cause of stroke
124–5, 127–9

excitotoxicity, in acute cerebral
ischemia 49–50

exercise, and stroke risk 22

EXPRESS 242–5

extra-to-intracranial bypass
surgery 309

eyes, indications of cause of
stroke 127

Fabry's disease 57
stroke risk 33, 34, 80

familial hypercholesterolemia
34

family history, indications of
cause of stroke 126;
see also genetic causes
of stroke, genetic
component of stroke
risk

FAST (Face, Arm, Speech Test)
recognition tool for
TIA and stroke 240–1

FASTER trial 246–7

fat embolism, stroke risk 81

fever
after major stroke 254
indications of cause of

stroke 129

fibrocartilaginous embolism,
stroke risk 81

fibromuscular dysplasia,
stroke risk 70

fluid imbalance, following
major stroke 252

functional imaging and
recovery after
stroke 279–81

gastric ulceration, following
major stroke 252

gender differences,
atheroma 55

genetic causes of
stroke (inherited
disorders) 32–5

cardiac disorders 35
cerebral autosomal

dominant arteriopathy
with subcortical
infarcts and
leukoencephalopathy
(CADASIL) 33–4

connective tissue
disorders 33, 34

Fabry's disease 33, 34
hematological disorders

33, 35
hereditary dyslipidemias 34
intermediate phenotypes

in genetic studies of
stroke risk 32

mitochondrial disorders 35

genetic component of stroke
risk 30–2

association with
intermediate
phenotypes 32

candidate gene studies 31
linkage studies 31
whole genome association

studies 31, 32

giant cell arteritis, stroke risk 72

gradient-echo MRI, primary
intracerebral
hemorrhage
imaging 149

gradual onset of stoke,
indications of
cause 123
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Guillain–Barré syndrome,
prognostic model
181, 185

head injury and stroke 113–14

headache
indications of cause of

stroke 123
stroke lesion localization 121

Helicobacter pylori, and
stroke risk 22–3

hematocrit, and stroke risk 22

hematological disorders
causes of TIA and ischemic

stroke 75–7
stroke risk of inherited

disorders 33, 35

hemoglobinopathies,
stroke risk 76

hemorrhage imaging
conventional MRI 145–7
CT 145–7

hemorrhage into cerebral
infarcts after major
stroke 210–11

hemorrhagic transformation,
after major stroke
210–11

hemostatic risk factors for TIA
and stroke 22

heparin therapy, for acute
ischemic stroke 258

hereditary dyslipidemias,
stroke risk 34

history
indications of cause of

stroke 122–6, 124–5
medical history 126

HIV infection, thrombosis
risk 79

homocysteinemia, stroke
risk 23

homocystinuria, stroke risk
23, 80

hyaline arteriosclerosis,
stroke risk 62

hypercalcemia, TIA-like
episodes 80

hypercholesterolemia, and
atheroma 55

hyperglycemia, after major
stroke 254

hyperlipidemia (type II and
type IV) 34

hypersensitivity vasculitides,
stroke risk 73

hypertension, and spontaneous
intracranial
hemorrhage 95

hypertensive patients,
cerebral blood
flow 46

hypoglycemia, transient
focal deficits 80

hyponatremia, TIA-like
episodes 80

hypothermia, induced 264–5

hypoxia, after major stroke
253–4

hysteria, differential
diagnosis 113

iatrogenic intracerebral
hemorrhage 271

idiopathic primary
thrombocytosis,
stroke risk 76

imaging of acute stroke 261
0–3 hours after stroke

onset 261
3–6 hours after stroke

onset 261; see also brain
imaging, vascular
imaging

incidence of stroke, see stroke
incidence

incidence of TIA 4

incidence of types of
stroke 3

infections, stroke risk 22–3

infective endocarditis, stroke
risk 63–5

inflammation
in acute cerebral ischemia

49, 50
stroke risk 22–3

inflammatory bowel disease,
stroke risk 80

inherited connective tissue
disorders, stroke
risk 70–1

inherited disorders see genetic
causes of stroke

injury prior to stroke,
indication of cause
of stroke 126

innominate artery steal 167, 308

innominate artery stenosis or
occlusion 309

intermediate phenotypes,
genetic studies of
stroke risk 32

intra-arterial thrombolysis,
for acute ischemic
stroke 261–3

intracerebral hemorrhage
acute, pathophysiology 53
brain imaging in TIA and

minor stroke 135–7, 146
primary 91–2, 93
cause of stroke 3
imaging with gradient-
echo MRI 149

secondary prevention of
stroke 288

rates in TIA and minor
stroke 136–7

intracranial abscess, differential
diagnosis 113

intracranial arterial dissection,
stroke risk 69

intracranial hemorrhage see
spontaneous
intracranial
hemorrhage

intracranial structural lesions,
TIA differential
diagnosis 106–7, 107–8

intracranial tumor, differential
diagnosis 107–8, 113

intracranial vascular
malformations, and
spontaneous
intracranial
hemorrhage 96–8
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intravenous thrombolysis, for
acute ischemic stroke
258–60, 261

intraventricular hemorrhage,
primary 94

iron-deficiency anemia,
stroke risk 76

irradiation, stroke risk 71

ischemic cerebral edema 51, 52

ischemic change imaging
conventional MRI 148–9
CT 147–8

ischemic penumbra 51
diffusion-weighted and

perfusion-weighted
MRI 150–2

ischemic stroke
classification by etiology 3
classification by location 3
incidence 3

isolated transient focal
neurological
disturbance of
uncertain
significance 110

Japanese population, incidence
of stroke 12

lacunar stroke 3

lacunar syndromes 116–18

LAPPS (Los Angeles Pre-
hospital Stroke Scale)
recognition tool 240–1

large artery disease, cause of
ischemic stroke 3

large vessel disease and athero-
thromboembolism,
causes of TIA and
ischemic stroke 39,
55–60, 61

Lemierre's syndrome,
thrombosis risk 79

leptospirosis, thrombosis
risk 79

lesion size and functional
outcome after stroke
278, 279

leukemia, stroke risk 75

leukoaraiosis, cause of TIA
and ischemic stroke
62, 63

lobar hemorrhage from
amyloid angiopathy 270

local infections, acute,
thrombosis risk 79

long-term prognosis
long-term stroke risk after

stroke 215–17
requirement for 213
risk of myocardial infarction

after TIA and stroke
216, 217

risk of non-stroke vascular
death after TIA and
stroke 216, 217

risk prediction in atrial
fibrillation 220–1

risk prediction in specific
circumstances 220–1

risk prediction in
symptomatic carotid
stenosis 220

risk prediction models
217–20

stroke risk after TIA 214–15
time scale 213

lymphadenitis, thrombosis
risk 79

lymphoma, stroke risk 75

magnetic resonance
angiography, see MR
angiography

magnetic resonance imaging,
see MRI

malaise, indications of cause of
stroke 125

malignant angioendotheliosis,
stroke risk 75

malignant atrophic papulosis
(Dego's disease),
stroke risk 74

malignant middle cerebral
artery infarction,
surgical decompression
52, 147, 263, 264

Maori population, incidence
of stroke 12

marantic endocarditis,
stroke risk 65

Marfan's syndrome 70–1

mastoiditis, thrombosis risk 79

mechanical problems,
following major
stroke 252

medical history, indications of
cause of stroke 126

medium-term prognosis
requirement for 213
risk non-stroke vascular

death after TIA and
stroke 216, 217

risk of myocardial infarction
after TIA and stroke
216, 217

risk prediction in atrial
fibrillation 220–1

risk prediction in specific
circumstances 220–1

risk prediction in
symptomatic carotid
stenosis 220

risk prediction models
217–20

stroke risk after stroke
215–17

stroke risk after TIA 213–14
time scale 213

MELAS, see mitochondrial
encephalopathy, lactic
acidosis and stroke-like
episodes

meningitis, chronic, stroke
risk 79

metabolic encephalopathy,
differential diagnosis
113

metabolic syndrome, risk
factor for TIA and
stroke 21

microembolic signals, detection
by transcranial
Doppler 204

microbleeds 92–4, 96
and vascular cognitive

impairment 374
use of brain imaging to

detect 94, 97, 137–8
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middle cerebral artery
malignant infarction,
surgical decompression
52, 147, 263, 264

migraine
and patent foramen ovale 66
stroke risk 78

migraine with aura, TIA
differential
diagnosis 105

minor stroke, definition 2–3

mitochondrial cytopathy 80, 81

mitochondrial disorders
(inherited), stroke
risk 35

mitochondrial encephalopathy,
lactic acidosis and
stroke-like episodes
(MELAS) 80, 81

mitral leaflet prolapse, stroke
risk 65

mitral valve calcification,
stroke risk 65

mobilization after major
stroke 255

modified Rankin Scale (mRS)
score 2–3

mood disorders, following
major stroke 252

mortality after stroke 3, 5, 207,
208, 209

seasonal variation 12
time trends 7–9

motor neuron disease, TIA
differential diagnosis
109–10

movement disorders, stroke
lesion localization 121

moyamoya syndrome
hemorrhage associated

with 270–1
stroke risk 71

MR angiography and perfusion
imaging, in TIA and
stroke 165–6

MRI (magnetic resonance
imaging), technical

comparison with CT
132, 133

MRI brain imaging
advantages/disadvantages in

major stroke 145, 146
advantages/disadvantages

in TIA and minor
stroke 132, 133

hemorrhage imaging 145–7
imaging of ischemic

changes in the
brain 148–9

MR spectroscopy and
functional outcome
after stroke 278–9, 280

multiple sclerosis, differential
diagnosis 109–10, 113

myasthenia gravis, TIA
differential diagnosis
109–10

myocardial infarction,
stroke risk 63

National Institutes of
Health Stroke Score
(NIHSS) 2–3

neglect, rehabilitation after
stroke 277

neurological examination,
indications of cause
of stroke 127

neuroprotective interventions,
acute ischemic stroke
263–5

neurotrichinosis, thrombosis
risk 79

New Zealand, incidence of
stroke 12

NHS (UK) expenditure on
stroke 3–4

NIHSS, see National
Institutes of Health
Stroke Score

non-bacterial thrombotic
endocarditis, stroke
risk 65

non-invasive imaging
versus catheter
angiography 161–3

non-radiological
investigations for TIA
and stroke 173–6

cardiac investigations
174–6, 177

first-line investigations
173, 174–5

second-line investigations
173–4, 175–6

non-rheumatoid atrial
fibrillation, see atrial
fibrillation

non-stroke vascular disease,
and stroke risk 23

non-structural neurological
disorders, TIA
differential diagnosis
109–10

number needed to treat (NNT)
to prevent a poor
outcome 236

nutrition after major
stroke 254

obesity, risk factor for TIA
and stroke 21

occupational therapy,
rehabilitation after
stroke 277

ophthalmic herpes zoster,
thrombosis risk 79

otitis media, thrombosis
risk 79

OXVASC (Oxford Vascular
Study) 5–7, 8,
9, 12, 196, 197,
201, 202

brain imaging in TIA and
minor stroke 134–5,
136, 137 see EXPRESS

oxygen extraction fraction in
the brain 43–4

effects of acute cerebral
ischemia 49

Pacific island populations,
incidence of stroke 12

paradoxical embolism, stroke
risk 65

paraproteinemias, stroke
risk 76
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paroxysmal nocturnal
hemoglobinuria,
stroke risk 76–7

partial anterior circulation
stroke 3

partial anterior circulation
syndrome 115–16, 117

patent foramen ovale, stroke
risk 65, 66

pathophysiological
mechanisms of stroke
121–2

patient benefit from carotid
intervention 316–26

degree of carotid stenosis
316–19

individuals likely to
benefit most 322–6,
324–5, 327

near occlusions 319–20, 321
patients with multiple causes

of stroke 326
subgroups likely to benefit

most 320–2, 325

patient history, indications
of cause of stroke 122–6

patient selection for carotid
intervention see carotid
intervention, patient
selection

perfusion CT, brain imaging
in major stroke 152

peri-infarct edema, after
major stroke 211

perioperative stroke 79

peripheral nerve or root
lesion, differential
diagnosis 113

periventricular
leukoencephalopathy,
stroke risk 62, 63

pharyngitis, thrombosis risk 79

phenotypes, intermediate and
stroke risk 32

physiotherapy, rehabilitation
after stroke 277

plaque activation, stroke risk
58–60, 61

pneumonia, following major
stroke 250

polyarteritis nodosa, stroke
risk 73

polycythemia rubra vera,
stroke risk 76

pontine hemorrhages 270

postseizure hemiparesis,
differential
diagnosis 113

posterior circulation,
imaging in TIA and
stroke 166–7

posterior circulation
stroke 3

posterior circulation syndrome
118–20

precipitating factors,
indications of cause of
stroke 123

pregnancy and puerperium,
stroke risk 77

pressure sores, following major
stroke 251

prevalence of stroke 7, 9

prevention of stroke see
secondary prevention
of stroke

previous strokes and/or TIAs,
indications of cause of
stroke 126

primary intracerebral
hemorrhage,
see intracerebral
hemorrhage, primary

primary intraventricular
hemorrhage 94

primary polycythemia,
stroke risk 76

primary systemic vasculitis,
stroke risk 73

primary vasculitis of the
central nervous system,
stroke risk 74

probability models,
see prognostic models

prognosis determination
absolute risk reduction 179
individual prognosis 179–80
individual risk assessment

179–80; see also
prognostic models

information from prognostic
studies 179

relative risk reduction 179
targeted treatment 179–80;

see also short-term
prognosis, medium-
term prognosis, long-
term prognosis

prognosis in TIA and minor
stroke, role of brain
imaging 138, 139,
140–3

prognostic indexes,
see prognostic models

prognostic models 180–1,
182, 183, 184, 185

ABCD score for early
stroke risk 196–200,
201, 241

ABCD2 score for early
stroke risk 200, 201

developing a prognostic
model 186–8

examples 181, 182, 183,
184, 185

how to derive a simple risk
score 186, 188

how to measure prognosis
181–5, 186

impact of using prognostic
models 181

validation of a prognostic
model or score 180,
188–91

progressive systemic sclerosis,
stroke risk 73

propagating thrombosis after
major stroke 211

prosthetic heart valves,
stroke risk 65

proximal common carotid
artery stenosis or
occlusion 309

pseudoxanthoma elasticum
70–1

Index

389



psychogenic attacks, TIA
differential
diagnosis 110

pure motor stroke (lacunar
syndrome) 117

pure sensory stroke (lacunar
syndrome) 118

racial differences
distribution of atheroma

55, 58
incidence of stroke 11–12

radiotherapy, stoke risk 71

randomized trial
advantages over

non-randomized
comparisons 223,
224, 225

biases in non-randomized
comparisons 223,
224, 225

justification for 223, 224, 225

randomized trial external
validity assessment
227–36

adverse effects assessment
and reporting 235–6

characteristics of the
randomized patients
232–3

clinical relevance of
outcome measures
234–5

composite outcome
measures 235

control treatment
management 233–4

definition of external
validity 227

differences to usual clinical
practice 233–4

explanatory (phase II)
trials 228

follow-up duration 235
importance of external

validity 227–8
nature of the trial

intervention 233–4
non-trial treatments and

limitations 233–4
participating centers

selection criteria
228–30

patient eligibility and
exclusion criteria
230–2

potential determinants of
external validity
228–36, 229–30

pragmatic (phase III)
trials 228

pre-trial management 233–4
reporting of adverse

effects 235–6
setting of the trial 228
short-term trials of

long-term treatments
235

treatment duration 235
trials to measure

effectiveness of
treatment 228

trials to measure
usefulness of
treatment 228

use of a run-in period 232
validity of outcome

scales 235

randomized trial internal
validity assessment
223–7

balance of characteristics
between treatment
groups 224–5

blind treatment allocation
and clinical assessment
226

definition of internal
validity 223–4

intention-to-treat analysis
226–7

method of randomization
224

patients excluded from the
final analysis 227

patients lost to follow-up 227
power of the trial (sample

size) 225, 226, 231
reporting of serious

complications of
treatment 226

sample size and reliability
225, 226, 231

side-effects and serious
complications 226

trial stopped early
225–6, 231

randomized trial results
absolute risk reduction 236
application to individual

treatment decisions
236–7

number needed to treat
(NNT) to prevent a
poor outcome 236

relative risk reduction 236
subgroup analyses 236–7

Rankin Scale, modified
(mRS) 2–3

recanalization and reperfusion,
in acute cerebral
ischemia 51

recombinant factor VIIa 267

recovery after stroke 274
brain imaging information

277–81
functional imaging and

recovery after stroke
279–81

lesion size and functional
outcome 278, 279

MR spectroscopy and
functional outcome
278–9, 280

see prognosis

recreational drugs, stroke risk 79

recurrent embolization after
major stroke 211

rehabilitation after stroke
assessment tools 276
interventions 277
neglect 277
occupational therapy 277
optimum time to start 275
physiotherapy 277
rehabilitation team 277
secondary consequences

of neurological
disability 277

spasticity 277
speech therapy 277
strategies 274–6

relapsing polychondritis,
stroke risk 73

relative risk reduction 179, 236

rheumatoid disease, stroke
risk 73
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risk factors for TIA and
stroke 16–23

age 11, 16
alcohol 22
atrial fibrillation 20–1
blood lipid levels 20
blood pressure

abnormalities 17–19
cardioembolism 21
cigarette smoking 19
comparison with coronary

heart disease risk
factors 16, 20

coronary heart disease
(as risk factor) 23

dental infection 22–3
diabetes mellitus 19, 21
diet 21–2
exercise 22
hemostatic variables 22
homocysteinemia 23
infections 22–3
inflammation 22–3
metabolic syndrome 21
modifiable risk factors

17–23
non-modifiable risk

factors 11, 16–17
non-stroke vascular

disease 23
obesity 21
raised hematocrit 22
sex and sex hormones

16–17, 18

risk scores, see prognostic
models

risk stratification schemes,
see prognostic models

ROSIER score (Recognition
of Stroke in the
Emergency
Department) 240–1

routine monitoring in acute
stroke 250, 251

sarcoid angiitis, stroke risk 74

seasonal variation in
incidence and
mortality 12

secondary medical conditions
associated with
stroke 3–4

secondary prevention of stroke
after primary intracerebral

hemorrhage 288
anticoagulation 286–7
antiplatelet therapy 285, 287
aspirin therapy 285, 286–7
blood pressure lowering

286, 287
cholesterol lowering (statins)

286, 287–8
clopidogrel 285, 287
dipyridamole 285, 287
medical treatments 286, 288
warfarin 286–7; see also

carotid endarterectomy

self-audible bruits, indications
of cause of stroke 126

sensorimotor stroke (lacunar
syndrome) 118

sex and sex hormones, risk
factors for TIA and
stroke 16–17, 18

short-term prognosis after
major stroke 207–12

and stroke subtype 207,
208, 209–10

disability and dependency
208, 209–10

epileptic seizures 211
hemorrhage into cerebral

infarcts 210–11
hemorrhagic transformation

210–11
influential factors 207, 208
mortality 207, 208, 209
neurological causes of early

deterioration
209, 210–11

peri-infarct edema 211
propagating thrombosis 211
recurrent embolization 211
systemic causes of early

deterioration 209,
211–12

short-term prognosis after TIA
and minor stroke

ABCD score for early stroke
risk 196–200, 201

ABCD2 score for early stroke
risk 200, 201

early risk of stroke 195–6,
197, 198

identification of high-risk
patients 196–200, 201

imaging and prognosis
202–4

implications of diffusion-
weighted imaging
abnormalities 202–4

OXVASC study 196, 197,
201, 202

posterior circulation TIAs
201, 203

presence of microembolic
signals on transcranial
Doppler 204

risk by underlying
pathology 202, 203

risk by vascular territory
201, 202

use of simple risk scores
196–200, 201

sickle cell disease, stroke risk 76

simple small vessel disease,
stroke risk 62

simvastatin treatment 20

sinoatrial disease, stroke risk 66

Sjögren's syndrome, stroke
risk 73

skin and nails, indications of
cause of stroke 128, 129

small vessel disease
causes of TIA and ischemic

stroke 3, 60–2
simple disease, stroke risk 62

snake bite, stroke risk 81

Sneddon's syndrome 72

social factors in stroke
incidence and
outcome 11, 12

somatization, differential
diagnosis 113

SOS-TIA Study 245, 246

South Asian populations in
the UK, incidence of
stroke 12

spasticity, rehabilitation after
stroke 277

speech therapy, rehabilitation
after stroke 277
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spontaneous intracranial
hemorrhage

classification 91
causes 91, 92
arteriovenous
malformations 97–8

caroticocavernous
fistula 98

cavernous malformations
(cavernomas) 98

cerebral amyloid
angiopathy 94, 95–6

cerebral microbleeds
92–4, 96

hypertension 95
intracranial vascular
malformations 96–8

primary intracerebral
hemorrhage 91–2, 93

primary intraventricular
hemorrhage 94

subarachnoid hemorrhage
see spontaneous
subarachnoid
hemorrhage

subdural hemorrhage
94–5

telangiectasias 98
venous malformations 98

spontaneous subarachnoid
hemorrhage

causes 348–9, 350
clinical features 349–51
complications 356–7
delayed cerebral
ischemia 357

hydrocephalus 356
hyponatremia 357
intracerebral
hematoma 357

long-term
complications 357

description 348
differential diagnosis

351–4
CT brain scan 352
angiography 353
angiogram-negative
subarachnoid
hemorrhage 352, 353

lumbar puncture 352–3
perimesencephalic
subarachnoid
hemorrhage 352, 353

presentation more than
two weeks after
headache onset 353

spinal subarachnoid
hemorrhage 354**

epidemiology 348
screening of individuals

thought to be at
risk 358

treatment 354–5
aims of management 354
endovascular and
surgical treatment
355, 356
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