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           Introduction 

 Cognitive impairment following stroke is predominantly related to the region of 
destroyed brain tissue, the capacity for accommodating the loss of function that 
results, and the degree of recovery. However, some of the variance in cognitive 
function after stroke is related to the mechanism of stroke. Most strokes result from 
brain ischemia, but up to 15 % may be due to subarachnoid (see Chap.   10    ) or intra-
cerebral hemorrhage (ICH). Among the strokes resulting from brain ischemia, most 
are caused by hypertensive arterial disease, atherosclerotic disease, or cardiac dis-
ease. However, a minority may be caused by a wide range of less common arterial 
or hematologic diseases, including vasculitis, hypercoagulable states, and others. 
In some cases, these diseases may have their own effects on cognitive function 
 independent of the presence of stroke, with their own tempo and characteristics. 
Here, we review the associations between cognitive function and ICH, and cogni-
tive  function and less common causes of ischemic stroke.  
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    Intracerebral Hemorrhage 

    Etiology and Epidemiology 

 ICH results from rupture of blood vessels in the brain (Fig.  11.1 ) [ 1 ].    In some cases 
the blood may extend into the ventricles or, less commonly, the subarachnoid space. 
The annual incidence is 10–30 per 100,000 population, accounting for two million 
(10–15 %) of about 15 million strokes that occur worldwide each year. Although the 
age-specifi c incidence of ICH is stable or decreasing, probably due to better popula-
tion control of hypertension, the absolute number of ICHs is expected to rise in the 
next decades because of aging of the population. Compared to ischemic stroke, the 
case fatality rate of ICH is much higher, with only 38 % of affected patients surviv-
ing the fi rst year. Many survivors are left with signifi cant residual disability. 

 Depending on the underlying cause of bleeding, ICH is classifi ed as either pri-
mary or secondary [ 1 ]. Primary ICH, accounting for 78–88 % of cases, originates 
from the spontaneous rupture of small vessels damaged by chronic hypertension or 
cerebral amyloid angiopathy (CAA). Secondary ICH occurs in a minority of patients 
in association with vascular abnormalities (such as arteriovenous malformations 
and aneurysms), tumors, or impaired coagulation. However, ICH associated with 
anticoagulant medication is typically considered a form of primary ICH; for exam-
ple, evidence suggests that warfarin-related ICH is associated with the same small 
vessel diseases, such as CAA, that cause primary ICH [ 2 ]. There are many potential 
causes of secondary ICH (see Table  11.1 ). Except for vascular malformations as a 
cause of ICH in younger patients, these secondary causes are rare. Younger patients 
with ICH should have angiography to rule out secondary causes.

   The most common locations of ICH are the cerebral lobes (35 %), the basal gan-
glia (30 %), the thalamus (20 %), the brainstem (5 %), and the cerebellum (10 %) 
(Fig.  11.2 ) [ 3 ]. It is useful to discriminate between lobar and non-lobar locations of 

  Fig. 11.1    Acute intracerebral 
hemorrhage (ICH), appearing 
as a hyperdense ( bright ) 
lesion on computed 
tomography (CT) scan       
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primary ICH, because the associated causes and risk factors differ by location. 
Lobar ICH may be caused by either CAA or hypertensive arteriosclerosis, while 
non-lobar primary ICH is almost exclusively caused by hypertensive arteriosclero-
sis. This is because CAA affects the cortical and leptomeningeal arteries but not the 
arteries penetrating into the substance of the brain, while most hypertension-related 
ICHs occur at or near the bifurcation of small penetrating arteries that originate 
from the major branches of the circle of Willis. Accordingly, hypertension is a 
stronger risk factor for non-lobar ICH than lobar ICH, while conversely the pres-
ence of one or more apolipoprotein E epsilon 4 (apoE ε4) alleles, associated with 
the presence of CAA, is a stronger risk factor for lobar ICH than non-lobar ICH [ 4 ,  5 ]. 
Other risk factors for ICH include age, male sex, cigarette smoking, low (not high) 
serum cholesterol levels, and Hispanic, African, or Asian racial origin [ 1 ,  6 ].

  Table 11.1    Primary and 
secondary causes of 
intracerebral hemorrhage 
(ICH)  

  Primary ICH  
 Hypertensive arteriolosclerosis 
 Age-related arteriolosclerosis 
 Cerebral amyloid angiopathy 

  Secondary causes of ICH  
 Vascular malformations 
  Arteriovenous malformation 
  AV dural fi stula 
  Cavernous hemangioma 
 Hemorrhagic transformation of ischemic 

stroke 
  Related to arterial infarction 
  Related to venous infarction 
 Vasculitis 
 Moyamoya disease 
 Coagulopathy 
  Related to anticoagulant use 
  Related to thrombolytic use 
  Thrombocytopenia 
  Decreased synthesis of clotting factors 

(e.g., hemophilia, liver disease) 
  Increased consumption of clotting factors 

(e.g., disseminated intrasvacular 
coagulation) 

 Brain tumor 
 Aneurysm 
  Ruptured saccular aneurysm 
  Ruptured mycotic aneurysm 
 Related to sympathomimetic drug use 
  Amphetamines 
  Cocaine 
  Phenylpropanolamine 
  Ephedrine 
 Trauma 
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       Cognitive Symptoms and Signs in Acute ICH 

 Cognitive symptoms in acute ICH depend on the location of bleeding. ICH may 
cause neurological dysfunction by local destruction of tissue, local mass effect with 
compression of tissue, potential toxic effects of iron or other molecules found in 
coagulating blood, or increased intracranial pressure caused by mass effect or 
obstruction of the ventricular system. 

 Small- to medium-size ICHs that do not increase intracranial pressure typically 
present with focal neurological symptoms refl ecting the site of origin of the ICH. 
These may include hemiparesis, hemiplegia, aphasia (resulting from ICH in the left 
perisylvian cortex), or neglect or visual–spatial diffi culty (most commonly resulting 
from ICH in the parietal cortex). ICH in the thalamus may also present with these 
“cortical” signs of aphasia (left thalamus) or neglect (right thalamus). ICH in the 
basal ganglia is usually associated with more prominent motor signs, such as hemi-
paresis, than cognitive signs; however, survivors of basal ganglia ICH often have 
cognitive defi cits as well (discussed in the subsequent section: “Cognitive 
Consequences of ICH”). 

  Fig. 11.2    Common locations of ICH: ( a ) cerebral lobe (lobar), ( b ) basal ganglia (putamen), 
( c ) thalamus, ( d ) brainstem, ( e ) cerebellum       
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 Larger ICHs that cause increased intracranial pressure, or ICHs in the brainstem 
or thalamus that affect the reticular activating system or its connections in the thala-
mus, often present with depressed level of consciousness in addition to other signs. 
In many cases the level of consciousness is signifi cantly depressed and confounds 
the ability to assess other aspects of cognition. Depressed level of consciousness at 
presentation is more common in ICH than ischemic stroke; however, there are no 
signs or symptoms that reliably distinguish between ICH and ischemic stroke. 

 Delirium is a frequent complication in the fi rst several weeks following ICH. 
Many factors may contribute to the risk of delirium; among them are the size of the 
ICH and the presence of intraventricular hemorrhage. Neurological toxic effects of 
blood break-down products may also contribute. In animal studies, experimental 
ICH is followed by extensive brain infl ammation that worsens cognitive and motor 
function. The signifi cance of post-ICH secondary injury in humans remains unclear, 
although post-ICH edema can be detected using neuroimaging. Patients with ICH 
have as much as a fi vefold increased odds of post-stroke cognitive impairment and 
delirium in the fi rst few weeks compared to patients with ischemic stroke [ 7 ].  

    Cognitive Consequences of ICH 

 ICH is the most severe form of stroke. Most survivors will have residual disabilities, 
and cognitive symptoms are common. 

 Dementia frequently accompanies stroke, both ischemic and hemorrhagic. 
According to a recent systematic review, about one in ten patients have dementia 
before their fi rst stroke and one in ten develop new dementia after their fi rst stroke. 
The risk of post-stroke dementia is higher in ICH than in ischemic stroke, refl ecting 
the greater severity of ICH [ 8 ]. Risk factors for dementia following ICH specifi -
cally, as opposed to stroke in general, have not been well defi ned. Based on studies 
done in consecutive patients with either ischemic stroke or ICH, the expected risk 
factors for dementia post-ICH might be higher initial stroke severity, advanced age, 
left hemisphere origin, aphasia, and prior history of stroke or dementia [ 8 ]. 

 A history of dementia preceding ICH is seen in 15–23 % of patients [ 9 ,  10 ]. 
Preexisting dementia is associated with increasing age, female gender, low educa-
tional level, severity of cerebral or temporal lobe atrophy, previous stroke or tran-
sient ischemic attack, severity of leukoaraiosis, diabetes, atrial fi brillation, and 
arterial hypertension. The high prevalence of pre-ICH dementia suggests that 
dementia may be more common in persons who develop ICH than other similar- 
aged persons, although this has not been proven in an epidemiologic study. Patients 
who develop ICH could be at risk for dementia, independent of the ICH, because of 
shared risk factors. Hypertensive arteriolosclerosis and CAA, the most common 
causes of ICH, also cause brain microscopic infarction and ischemic white matter 
demyelination (also known as leukoaraiosis) that contribute to the risk of dementia. 
Leukoaraiosis is frequently seen in the brains of persons with ICH and is associated 
with pre-ICH dementia (Fig.  11.3 ) [ 10 ,  11 ]. CAA may be accompanied by 
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Alzheimer’s pathology, although fewer than half meet pathological criteria for 
Alzheimer’s disease [ 12 ].

   Milder forms of cognitive impairment are even more common than dementia 
following stroke [ 13 ]. As a screening test for cognitive impairment, the Montreal 
Cognitive Assessment tool (MoCA) is more sensitive at detecting milder forms of 
cognitive impairment than the Mini-Mental State Examination (MMSE) [ 14 ]. 
However, there are very limited data on the prevalence of mild cognitive impairment 
following ICH specifi cally. 

 The pattern of defi cits on neuropsychological testing in ICH patients depends on 
the location and severity of the hemorrhage, the ability of the brain to accommodate 
the cerebral damage (which in turn depends on the overall health of the brain, 
including the degree to which the brain is damaged by other effects of small vessel 
disease such as leukoaraiosis), and the degree of neurological recovery. Therefore, 
the resulting neuropsychological syndrome may refl ect a combination of focal defi -
cits related to the site of origin of the ICH, as well as global defi cits as a conse-
quence of more widespread neuronal injury caused by globally raised intracranial 
pressure, for example. Although it is useful to consider the neuropsychological defi -
cits from ICH in terms of site of origin, it also must be recognized that the ICH may 
have extended from the site of origin to involve neighboring white matter or other 
brain structures. 

 Patients with lobar brain hemorrhages are expected to display abnormalities on 
neuropsychological testing that refl ect a decline in function in the areas affected by 
the hemorrhage. For example, a patient with a left posterior superior temporal ICH 
may show symptoms of Wernicke’s aphasia. 

  Fig. 11.3    Leukoaraiosis appears on CT as periventricular white matter hypodensities in this 
patient with a left parietal lobar ICH ( a ,  arrow ), and on T2-weighted MRI as hyperintensities (dif-
ferent patient) ( b , fl uid attenuated inversion recovery [FLAIR] sequence,  arrow )       
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 Patients with the more common non-lobar brain hemorrhages may display a 
 variety of defi cits. Non-lobar hemorrhages most commonly affect subcortical brain 
regions—the putamen, head of the caudate nucleus, and thalamus—that communi-
cate widely with the frontal lobes via feedback loops to regulate thought and mood. 

 The striatum (caudate nucleus and putamen) is the main input structure of the 
basal ganglia. Given the connections between the striatum and the convergent loops 
related to the major cortical areas of the brain, damage to the striatum may result in 
a multitude of defi cits pertaining to motor, oculomotor, cognitive, associative, and 
limbic functions. Indeed, ICH in the basal ganglia has been associated with poor 
performance in multiple cognitive domains including language, attention, memory, 
visuospatial processing, and executive function abilities, with many patients show-
ing impairment in multiple domains [ 15 ]. 

 Patients with ICH in the putamen may have impairments in executive function, 
visuospatial function (including neglect), apraxia, and aphasia. On the Wisconsin 
Card Sorting Test (WCST), patients with putaminal ICH have been shown to have 
impaired mental set shifting with disrupted concept formation or problem solving 
(the inability to comprehend the possible sorting rules) and perseveration (the 
inability to fl exibly shift attention and response preparation from one set of rules to 
another) [ 16 ]. Unilateral spatial neglect can be detected in up to half of patients [ 17 , 
 18 ]. Motor apraxias may occur in 20–40 % [ 19 ]. Aphasia may occur, and is related, 
at least in part, to extension of the hemorrhage into adjacent white matter pathways 
[ 20 ]. Extension into the deep frontal and anterior periventricular white matter causes 
decreased fl uency, while extension to the deep temporal white matter causes 
impaired word comprehension. Hemorrhage extension into both the anterior and 
posterior periventricular white matter may cause a global aphasia. Extension more 
laterally into the region of the external capsule may cause conduction aphasia [ 21 , 
 22 ]. Buccofacial oral apraxia often accompanies the aphasia [ 23 ]. 

 Patients with ICH in the head of the caudate nucleus may have impairments in 
executive function, short-term and long-term memory, apathy, or aphasia [ 24 – 26 ]. 
Impaired mental set shifting and perseveration may be seen on the WCST [ 24 ]. One 
study suggests that the most prominent impairments are in short-term memory, 
long-term memory, and verbal fl uency [ 24 ]. Aphasia following hemorrhage 
restricted to the caudate is rare, but is not infrequent when the hemorrhage also 
involves the neighboring white matter tracts [ 26 ]. 

 Patients with ICH in the thalamus may have impairments in executive func-
tion, short-term and long-term memory, apraxia, aphasia, or neglect. Thalamic 
aphasia may be seen in lesions located in the dominant hemisphere and is charac-
terized by fl uent speech with paraphasias, perseveration, and lack of spontaneous 
speech but relatively preserved comprehension and repetition. Unilateral spatial 
neglect is more common with right-sided lesions, and often improves clinically 
over time [ 27 ]. 

 In sum, a wide variety of neuropsychological defi cits may be detected in survi-
vors of ICH. Patients with small to moderate-sized lobar ICHs may have focal neu-
ropsychological defi cits related to the site of injury, while patients with larger ICHs 
or ICHs originating in non-lobar subcortical structures typically have defi cits in 

11 Cognitive Dysfunction After Intracerebral Hemorrhage, Vasculitis…



206

multiple domains, including aspects of executive function, visuospatial function, 
aphasia (for dominant hemisphere lesions), and neglect (for nondominant hemi-
sphere lesions). In patients with subcortical ICHs, particularly those originating in 
the putamen and caudate nucleus, the cognitive defi cits may predominantly refl ect 
injury to adjacent structures including white matter pathways, rather than damage to 
the putamen or caudate themselves. The cognitive profi les of ICH are not distinct 
enough to discriminate ICH from ischemic stroke based on neuropsychological test-
ing alone, although patients with ICH have been described to have somewhat more 
prominent problems with higher-level perceptual functions [ 25 ].  

    Diagnosis and Medical Management 

 There are no signs or symptoms that reliably distinguish between ICH and ischemic 
stroke; therefore, neuroimaging is needed to distinguish between the two [ 28 ]. 
Computed tomography (CT) shows similar sensitivity to magnetic resonance imag-
ing (MRI) for acute hemorrhage and is often the initial investigation of choice. 
Medical management includes supportive care, control of excessively high blood 
pressure, lowering intracranial pressure if necessary, provision of hydration and 
nutrition, and prevention and treatment of medical complications such as seizure, 
deep venous thrombosis, and infection [ 28 ]. Severely affected patients may require 
intubation and mechanical ventilation. Limitation of care or palliation may be 
appropriate in severely affected patients with little hope of survival or meaningful 
quality of life [ 29 ,  30 ]. Surgical removal of the hematoma is often performed for 
patients with secondary ICH, cerebellar ICH, or with lobar ICH and clinical deterio-
ration, and less commonly for patients with non-lobar-hypertensive ICH [ 31 ]. 
Expansion of the ICH occurs in up to 40 % of patients within 24 h of hospital pre-
sentation and may be lessened by good blood pressure control [ 32 ]. Trials of hemo-
static therapies have not shown a clinical benefi t despite demonstration of a modest 
reduction in ICH growth [ 33 ]. 

 The risk of recurrent hemorrhage is approximately 2 % per year for non-lobar 
ICH and 5–10 % per year for lobar ICH. Recurrences are more frequent when blood 
pressure is poorly controlled. Among lobar ICH patients, risk factors for recurrence 
include prior symptomatic ICH, a greater number of MRI-defi ned microbleeds, the 
presence of one or more    apoE ε(epsilon)2 or ε(epsilon)4 alleles, and the probable 
presence of underlying CAA. Risk factors for recurrence in patients with proven 
CAA are the same but also include the use of aspirin and the presence of leukoara-
iosis [ 10 ,  34 ,  35 ]. 

 Rational steps to prevent recurrence include blood pressure reduction and cessa-
tion of smoking and alcohol use [ 28 ]. However, these secondary prevention strate-
gies are of unproven benefi t with the exception that data from a randomized trial 
support an effect of blood pressure reduction [ 36 ,  37 ]. 

 Whether better supportive care leads to improved cognitive outcomes is cur-
rently not known. There are no proven therapies for cognitive rehabilitation that are 
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specifi c to ICH. Therefore, cognitive rehabilitation in ICH should follow the same 
principles as for ischemic stroke. This may include pharmacotherapy for depression 
or apathy. In our experience, stimulants such as methylphenidate may be used in 
ICH patients provided that blood pressure is monitored and controlled to avoid the 
risk of hypertension.   

    Brain Microbleeds 

 Microbleeds represent small (usually less than 5 mm) prior asymptomatic brain 
hemorrhages. Histopathologically, they appear as areas of perivascular hemosiderin 
deposition [ 38 ]. The hemosiderin molecule contains iron atoms derived from the 
breakdown of hemoglobin from red blood cells that previously leaked into the tis-
sue. After deposition, the hemosiderin molecules remain in location indefi nitely. 
Therefore the hemosiderin deposits across the brain represent the cumulative distri-
bution of all the small hemorrhages experienced during the patient’s life. These 
hemosiderin deposits are visible pathologically but may be overlooked because of 
their small size (usually 5 mm or less, and often as small as 1–2 mm). The deposits 
cannot be visualized on CT or on conventional MRI sequences but can be seen as 
“microbleeds” on specialized MRI sequences—T2*-weighted gradient-recalled 
echo (GRE) or susceptibility-weighted imaging (SWI)—where they appear as small 
dark round (i.e., hypointense) foci [ 39 ] (Fig.  11.4 ).

   Microbleeds are a common fi nding in asymptomatic elderly, being present in at 
least 5–10 % of persons over the age of 60 [ 40 ]. However, the prevalence is much 
higher in persons with ischemic stroke (20–30 %) or ICHs (50–70 %). Microbleeds 
are a sign of cerebral small vessel disease, and when seen in large numbers, are most 
commonly associated with either poorly controlled hypertension or CAA. When 

  Fig. 11.4    Microbleeds, 
evident as small  black dots  on 
MRI T2*-weighted gradient- 
recalled echo (GRE) 
sequence. The  white arrow  
points to the largest 
microbleed       
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multiple and restricted to the cerebral cortex or subcortical junction, without 
involvement of subcortical structures such as the basal ganglia, they are highly sug-
gestive of the pathological presence of CAA (see also the subsequent section: 
“Cerebral Amyloid Angiopathy”) [ 41 ]. 

 Previously, microbleeds were considered too small to directly affect brain func-
tion. More recently, this assumption has been questioned because of emerging evi-
dence that microbleeds may be associated with cognitive impairment. For example, 
a case–control study done in patients seen in a neurovascular clinic found that 
executive dysfunction was more frequent in 25 patients with microbleeds compared 
to 30 controls without microbleeds, matched for stroke type, stroke location, and 
the extent of MRI white matter lesions [ 42 ]. In this study, executive dysfunction 
was defi ned as poor performance on two or more of the following tests: word fl u-
ency, Stroop, trail making, WCST, or Weigl Sorting Task. The stroke patients with 
executive dysfunction were more likely to have microbleeds in the frontal lobes and 
basal ganglia [ 42 ]. Microbleeds are frequently seen in persons with vascular 
dementia, but are also seen in up to 20 % of patients with mild cognitive impair-
ment or clinically probable Alzheimer’s disease [ 43 – 50 ]. Microbleeds have been 
associated with worse cognitive performance in adults without diagnosed neuro-
logical diseases [ 51 – 53 ]. 

 However, caution is warranted before ascribing cognitive symptoms to the direct 
effects of microbleeds. Microbleeds may be merely a sign of an underlying cerebral 
small vessel disease causing cognitive dysfunction by mechanisms other than bleed-
ing. For example, both hypertensive arteriopathy and CAA are associated with 
microbleeds but also cause microscopic infarctions that, in contrast to microbleeds, 
cannot be detected on MRI. Further studies are needed to clarify whether micro-
bleeds affect brain function directly, or are merely an associated fi nding.  

    Cerebral Amyloid Angiopathy 

 CAA is caused by deposition of amyloid, a protein aggregate, in the media and 
adventitia of small arteries of the brain [ 54 ]. In most cases the amyloid is beta- 
amyloid, derived from the abeta protein. In some rare autosomal dominant heredi-
tary diseases, the amyloid is derived from other proteins including transthyretin (in 
transthyretin amyloidosis), cystatin C (Icelandic familial dementia), or BRI (British 
familial dementia) [ 55 ]. CAA is most commonly clinically recognized as a cause of 
approximately half of lobar ICHs. However, the spectrum of clinical presentations 
of CAA also includes small sulcal subarachnoid hemorrhages, vasculitis, and tran-
sient neurological symptoms, and there is increasing evidence that CAA is a fre-
quent contributor to the risk of dementia. 

 Arteries affected by amyloid deposition have thickened walls, fi brin deposition 
within the wall, and loss of wall integrity including circumferential cracking 
(a “vessel within a vessel” appearance) [ 54 ]. There may be perivascular hemosid-
erin deposits indicating leakage of red blood cells through the arterial wall [ 56 ]. 
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Pathologically, the presence of amyloid may be diagnosed by the characteristic 
apple-green colored birefringence seen when affected arteries are stained with 
Congo red and then viewed under polarized light. An alternate means of pathologi-
cal diagnosis is to identify the amyloid protein using an immunohistochemical stain. 

 Sporadic non-inherited CAA caused by beta-amyloid is a common age- associated 
pathology [ 57 ]. As with Alzheimer’s disease, the prevalence of CAA is highly age- 
dependent and increases exponentially with increasing age. Some degree of CAA is 
seen in more than 40 % of persons over 80 [ 58 ]. In many cases, affected persons 
appear asymptomatic, although increasing evidence suggests that CAA is an impor-
tant under-recognized contributor to the risk of dementia. 

 The common sporadic CAA is caused by aggregation of abeta into beta-amyloid 
with deposition in the vascular media. Abeta is derived from proteolytic processing 
of the amyloid precursor protein by beta-secretase and gamma-secretase. After for-
mation, abeta can have several fates including aggregation into beta-amyloid with 
deposition in the arterial wall or brain parenchyma, proteolytic cleavage by enzymes 
such as neprilysin or insulin-degrading enzyme, or clearance from the brain via a 
perivascular interstitial fl uid drainage pathway [ 59 ]. Aggregation of abeta with 
deposition as beta-amyloid may result from an imbalance between production and 
clearance of abeta [ 60 ]. Vascular beta-amyloid deposits are almost exclusively 
restricted to the leptomeningeal and cortical arteries. 

 The beta-amyloid seen in CAA is the same beta-amyloid that is the main con-
stituent of the neuritic plaques seen in Alzheimer’s disease. Indeed, the frequency 
and severity of Alzheimer’s pathology is higher in the brains of persons with CAA 
than persons without [ 12 ]. CAA and Alzheimer’s pathology may be conceived as 
being situated on the opposite ends of a spectrum, with some patients predomi-
nantly exhibiting vascular amyloid deposition (i.e., CAA) with increased risk of 
lobar ICH, and other patients predominantly exhibiting parenchymal amyloid depo-
sition (i.e., Alzheimer’s pathology) with increased risk of Alzheimer’s type 
dementia. 

 The cause of nonhereditary beta-amyloid CAA is unknown. Other than age, the 
only other known risk factor is the presence of one or more apoE ε(epsilon)4 alleles 
[ 12 ]. Patients with one or more apoE ε(epsilon)2 alleles have more severe vasculo-
pathic changes and may be at increased risk for ICH [ 61 ,  62 ]. Lowering of blood 
pressure and avoidance of antithrombotics and anticoagulants are reasonable steps 
to reduce the risk of recurrence. 

 Clinically, CAA is best recognized as a cause of approximately half of lobar 
ICHs in developed countries where there is good treatment of chronic hypertension. 
The hemorrhages may occur in any brain lobe, but have a predilection for posterior 
brain regions including the occipital lobe and posterior temporal and parietal lobes 
[ 63 ]. In about half of the cases of pathologically proven CAA-associated ICH, the 
lobar ICH is accompanied by one or more lobar microbleeds (Fig.  11.5 ) [ 41 ]. The 
presence of microbleeds in other locations not involved with vascular amyloid, such 
as the thalamus, basal ganglia, or brainstem, is not consistent with CAA and should 
prompt consideration of other causes such as hypertensive arteriolosclerosis. 
Diagnostic criteria for clinical research, termed the Boston criteria, discriminate 
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between  probable  and  possible  CAA based on presentation with lobar ICH and the 
presence or absence of accompanying lobar hemorrhages or microbleeds, without 
identifi able alternate causes (Table  11.2 ) [ 41 ]. Positron emission tomography (PET) 
with Pittsburgh Compound B or other beta-amyloid ligands will identify vascular 
beta-amyloid as well as parenchymal beta-amyloid, and could therefore be useful to 
confi rm beta-amyloid deposition [ 64 ].

  Fig. 11.5    Cerebral amyloid angiopathy (CAA). In this 70-year-old woman with left parietal lobar 
ICH ( a , CT scan), MRI susceptibility-weighted imaging reveals dozens of small hypointensities 
indicating lobar microbleeds ( b ,  arrow ) not apparent on CT scan, consistent with probable CAA       

   Table 11.2    Boston criteria for diagnosis of cerebral amyloid angiopathy (CAA)-related ICH   

 Defi nite CAA  Full postmortem examination showing severe CAA 

 Probable CAA with 
supporting pathology 

 Pathologic tissue (evacuated hematoma or cortical biopsy) showing 
•  Lobar ICH with some degree of CAA 
•  Absence of other diagnostic lesion 

 Probable CAA  Clinical data and MRI or CT demonstrating 
•  Multiple hemorrhages restricted to lobar regions or a single lobar 

hemorrhage with additional evidence of superfi cial siderosis 
•  Age ≥55 years 
•  Absence of other cause of hemorrhage or superfi cial siderosis 

 Possible CAA  Clinical data and MRI or CT demonstrating 
•  Single lobar hemorrhage, or focal or disseminated superfi cial 

siderosis 
•  Age ≥55 years 
•  Absence of other cause of hemorrhage or superfi cial siderosis 

  These criteria were validated against autopsy data [ 41 ] and were recently modifi ed to include 
incorporate evidence of superfi cial siderosis on MRI. Superfi cial siderosis is an MRI fi nding indic-
ative of past bleeding in the subarachnoid space adjacent to the cortex or in the superfi cial cerebral 
cortex [ 65 ]  
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    There are several less common presentations of CAA. Some patients present 
with vasculitis or perivascular infl ammation and signs of patchy focal or multifocal 
edema in the periventricular white matter or juxta-cortical white matter, often 
involving the temporal or parietal lobes [ 66 ]. These patients may have a subacute 
cognitive decline, headaches, seizures, or focal neurological defi cits such as hemi-
paresis. In some cases, the clinical course may be that of a rapidly progressive 
dementia. Neuroimaging shows brain edema, usually without infarction. In contrast 
to chronic white matter lesions, which are also common in CAA, the white matter 
lesions seen in CAA-associated vasculitis are not associated with atrophy but rather 
exhibit swelling and mass effect. When the edema is very focal, it may be mistaken 
for a low-grade tumor. There are usually multiple lobar microbleeds, although we 
have also seen pathologically proven cases without microbleeds. The cerebrospinal 
fl uid often exhibits increased protein and sometimes a lymphocytic pleocytosis, but 
may also be normal. The diagnosis of CAA with vasculitis may be suspected on 
clinical and radiological grounds, but can only be defi nitively proven by biopsy. 
Immunosuppressive therapy, for example with steroids, can produce a dramatic 
clinical and radiological improvement in up to two-thirds of patients. Responders 
may stay in remission for years without need for chronic immunosuppression [ 66 ]. 

 CAA is an important contributor to the risk of dementia, even in the absence of 
lobar ICH and accounting for the effects of accompanying Alzheimer’s pathology. 
In the population-based Medical Research Council-Cognitive Function and Aging 
Study (MRC-CFAS   ) autopsy study, CAA accounted for 7 % of the risk of demen-
tia, controlling for Alzheimer’s disease pathology [ 67 ]. Similarly, another 
population- based study showed that for a given severity of Alzheimer’s pathology, 
a higher degree of CAA was associated with worse performance on a global cogni-
tive test [ 68 ]. 

 The cognitive impairment seen in cerebral amyloid-angiopathy that is indepen-
dent of hemorrhagic stroke is probably caused by brain ischemia. CAA is associated 
with a high burden of periventricular white matter demyelination [ 10 ], presumably 
on an ischemic basis, and small cerebral infarctions. Disturbed blood fl ow regula-
tion with impaired vasodilation might play a role in generating these small infarc-
tions [ 57 ]. 

 There is limited information on the pattern of cognitive defi cits that can be attrib-
uted to CAA, independent of the effects of lobar ICHs and coexisting Alzheimer’s 
pathology. Based on the association between CAA and subcortical white matter 
lesions, defi cits may be expected to include those associated with white matter dis-
ease, including poor performance on timed tests. However, cortical microscopic 
infarctions and microbleeds could produce signs of cortical dysfunction dependent 
on the location and severity of the pathological changes. A prospective cohort study 
with brain autopsy found that more severe CAA was correlated with worse perfor-
mance on the symbol digit modalities test and a test of episodic memory, controlling 
for the amount of Alzheimer’s pathology and in the absence of ICHs [ 69 ]. This poor 
performance on a timed test infl uenced by visual perception may refl ect a combina-
tion of the subcortical ischemic white matter demyelination and predilection for the 
posterior parietal lobe and occipital lobe that are seen in cerebral amyoid 
angiopathy. 
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 In summary, three potential contributing factors must be considered when 
 evaluating cognition in a patient with probable CAA: (1) the effects of lobar ICH, if 
one has occurred; (2) the effects of accompanying Alzheimer’s pathology, which 
may or may not be present; and (3) the effects of CAA independent of either lobar 
ICH or accompanying Alzheimer’s pathology, which are presumably mediated by 
brain ischemia. The neuropsychological evaluation should therefore include tests 
sensitive to the cortical defi cits expected based on the lobar ICH location, tests sen-
sitive to the pattern of impaired memory retrieval seen in Alzheimer’s disease, and 
tests sensitive to the impairments in psychomotor processing speed and executive 
dysfunction that may be seen with subcortical ischemic white matter disease.  

    Other Less Common Causes of Ischemic Stroke 

 The common causes of ischemic stroke are arterial disease related to hypertension 
and atherosclerosis, or cardiac disease related to coronary heart disease or atrial 
fi brillation. A substantial number of ischemic strokes are cryptogenic, which is 
defi ned as having no diagnosable cause. Other determined causes of stroke are rare. 
A comprehensive discussion of all uncommon causes of stroke is outside the scope 
of this chapter. Instead, we will highlight selected less common causes of stroke 
where cognitive impairment may be a prominent feature. 

    Cerebral Autosomal Dominant Arteriopathy with Subcortical 
Ischemic Leukoencephalopathy 

 Cerebral autosomal dominant arteriopathy with subcortical ischemic leukoencepha-
lopathy (CADASIL) is a rare genetic cause of stroke, migraine, and vascular demen-
tia [ 70 ]. The disease is caused by mutations of the NOTCH3 gene, which encodes 
the Notch3 receptor. Small arteries become thickened and fi brosed. Electron micros-
copy shows granular osmiophilic material adjacent to the vascular basement mem-
brane, which is pathognomonic for the disease. Symptoms are limited to the central 
nervous system (CNS), even though arteries outside the brain are affected, in addi-
tion to those within the brain. Neuroimaging reveals multiple lacunar infarcts in the 
basal ganglia, thalamus, and white matter, along with extensive white matter demy-
elination (Fig.  11.6 ). Typically, the disease begins with migraine with aura in the 
victim’s late 20s, lacunar strokes occur in their 40s, and vascular cognitive impair-
ment and dementia occur in their 40s and 50s [ 71 ]. The diagnosis can be made by 
genetic analysis, or by skin or muscle biopsy with electron microscopy to identify 
the characteristic vascular changes with granular osmiophilic material.

   CADASIL is an instructive disease because it is the prototypical example of a 
pure subcortical ischemic dementia. Because CADASIL patients develop dementia 
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at an early age, the cognitive profi le of CADASIL is uncomplicated by other late- 
life pathologies of dementia such as Alzheimer’s disease. In the earlier stages, 
CADASIL patients may display poor performance on neuropsychological tests 
sensitive to executive dysfunction including the Trail Making Test and tests of ver-
bal fl uency [ 72 ,  73 ]. As the disease progresses, more global cognitive impairments 
are seen, including memory. Apathy is a prominent neuropsychiatric symptom [ 74 ]. 
A randomized placebo-controlled trial of the acetylcholinesterase inhibitor done-
pezil showed that treated patients had modest improvements on the Trail Making 
Test but no improvement in the global cognitive endpoint compared to the placebo 
group [ 75 ].  

    Vasculitis 

 CNS vasculitis is caused by vascular or perivascular infl ammation. Pathologically, 
lymphocytic infi ltration of the vascular wall or perivascular tissue is seen, with 
microglial activation. The infl ammation may be idiopathic and isolated to the CNS, 
or may occur in the context of a systemic infl ammatory disorder. CNS infl amma-
tion, of either proven or suspected vascular origin, has been reported in polyarteritis 
nodosa, Churg–Strauss vasculitis, systemic lupus erythematosis (SLE), sarcoidosis, 
Wegener’s granulomatosis, rheumatoid arthritis, Sjögren’s syndrome, Behcet’s 
 disease, temporal arteritis, thromboangiitis obliterans (Buerger’s disease), 
Kawasaki’s syndrome, infections (particularly fungal infections causing basal men-
ingitis), and other conditions. Generally, CNS vasculitis is a rare complication of 

  Fig. 11.6    Cerebral autosomal dominant arteriopathy with subcortical ischemic leukoencepha-
lopathy (CADASIL): a 41-year-old man with CADASIL confi rmed by genetic testing. The MRI 
FLAIR sequence shows extensive white matter T2-hyperintensities ( a – c ,  arrows ), including 
hyperintensities in the anterior temporal white matter ( a ) that are characteristic of CADASIL com-
pared to other white matter diseases, and a lacunar infarct in the right corona radiate ( c ,  double 
arrow )       
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these systemic diseases. Diagnosing CNS vasculitis is challenging because it is rare 
and has many nonspecifi c manifestations. The literature on CNS vasculitis is often 
diffi cult to interpret because of changing perceptions and nomenclatures, with lack 
of  pathological confi rmation in many suspected cases. 

 The most common type of CNS vasculitis is primary angiitis of the CNS, also 
called isolated CNS angiitis [ 76 ]. Because giant cells are sometimes seen pathologi-
cally, this form of vasculitis has also been termed granulomatous angiitis of the 
CNS. In some cases vascular beta-amyloid is also identifi ed and is probably the 
target of the autoimmune attack [ 66 ,  77 ]. 

 Symptoms of CNS vasculitis may include headache, neurological defi cits, and 
confusion [ 78 ]. In contrast to acute stroke, the symptoms are subacute and progres-
sive or waxing and waning, and evolve over days to weeks. Impaired cognition is 
common. There is minimal information on the pattern of cognitive defi cits; a few 
small case series suggest involvement of attention, processing speed, and visual–
spatial functions [ 79 ,  80 ]. Age at onset is usually younger than for typical ischemic 
stroke, but there is wide variation. Neuroimaging may show edema, small infarcts 
or hemorrhages, or may be normal. Lumbar puncture may show increased protein 
and lymphocytic pleocytosis or may be normal. Peripheral markers of infl amma-
tion, such as erythrocyte sedimentation rate or C-reactive protein, are usually nor-
mal in vasculitis isolated to the CNS but may be elevated when CNS vasculitis 
complicates a systemic infl ammatory disorder. Cerebral angiography shows vascu-
lar narrowing when medium-sized arteries are involved, but is usually normal in 
small vessel vasculitis such as that seen in idiopathic CNS vasculitis. Brain biopsy 
is needed to make a defi nitive diagnosis of CNS vasculitis. However, because the 
disease tends to have a patchy distribution across the brain, even brain biopsy may 
be falsely negative if an unaffected area was sampled. Brain tissue at the margin of 
an affected brain region may provide the highest diagnostic yield; however, care 
should be taken not to biopsy the center of an infarct because it would show only 
non-diagnostic tissue destruction. There are no proven therapies for CNS vasculitis. 
Intravenous steroids and immunosuppression are frequently tried, and the disease 
may go into remission.  

    Intravascular Large B Cell Lymphoma 

 Intravascular large B cell lymphoma (also called intravascular lymphomatosis or 
malignant angioendotheliomatosis) is a rare manifestation of lymphoma caused by 
occlusion of capillaries and small venules by lymphoma cells. Affected organs 
include the brain, skin, bone marrow, spleen, and liver. Common neurological mani-
festations include stroke and progressive cognitive impairment, including rapid- 
onset dementia [ 78 ]. Brain MRI may show small infarcts that enhance after 
gadolinium contrast injection. Many of the presenting symptoms and signs mimic 
CNS vasculitis. Biopsy is required to make the diagnosis.  
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    Systemic Lupus Erythematosis 

 SLE is an autoimmune disease of unknown cause that affects multiple organs 
including the brain. Non-neurological manifestations include malar rash, arthritis, 
and anemia. Neuropsychiatric symptoms are relatively common and are part of the 
diagnostic criteria for the disease [ 81 ,  82 ]. Manifestations of the disease may include 
stroke, seizures, CNS infl ammation, psychosis, and mood disorders. Several differ-
ent pathophysiologies may lead to CNS complications in lupus, including vasculi-
tis, noninfl ammatory vasculopathy, hypercoagulability, and autoantibodies reacting 
against various epitopes including neurons [ 83 ]. 

 Stroke may complicate SLE in up to 20 % of persons [ 84 ]. Stroke in SLE may be 
caused by CNS vasculitis, a CNS vasculopathy without frank infl ammation, cardio-
embolism due to nonbacterial valvular vegetations (Libman–Sacks endocarditis), or 
a hypercoagulable state due to the presence of antiphospholipid antibodies [ 85 ]. 

 The neuropsychological syndrome in patients with stroke and SLE will 
depend on the brain regions affected by the stroke. However, cognitive dysfunc-
tion in SLE also occurs independent of stroke. Cognitive defi cits may also be 
identifi ed in the context of concurrent psychiatric illness. Therefore, a combina-
tion of both stroke- related and non-stroke-related neuropsychological defi cits 
may be seen. Some degree of cognitive dysfunction may be seen in 20–50 % of 
stroke-free SLE patients [ 86 – 90 ] and is frequently transitory, with subsequent 
improvement [ 88 ]. Impaired immediate memory and concentration may be seen 
with acute disease activity, while impaired delayed recognition memory may 
represent the sequelae of past CNS involvement [ 91 ]. Even patients without overt 
neurological or psychiatric symptoms may exhibit impairments on tests of verbal 
memory, logical reasoning, visual attention, and working memory [ 92 ]. Cognitive 
outcomes have been proposed as secondary endpoints in trials of disease-modi-
fying therapies [ 93 ].  

    Moyamoya Syndrome 

 The moyamoya syndrome is marked by gradual tapering occlusion of the terminal 
carotid artery or proximal middle cerebral artery with associated development of 
small, fragile arterial collaterals that supply the anterior circulation of the brain [ 94 , 
 95 ]. Most commonly the syndrome is idiopathic, but can also occur as a complica-
tion of sickle cell disease, autoimmune diseases such as SLE, connective tissue 
diseases such as neurofi bromatosis type I, Down’s syndrome, and other diseases. 
Some cases are familial but the causative genes are unknown. The term  moyamoya  
is Japanese and refers to the characteristic appearance of the collateral arteries as a 
“puff of smoke” on conventional angiography (see Fig.  11.7 ) [ 94 ]. These arteries 
are often insuffi cient to maintain cerebral perfusion, leaving the brain in a tenuous, 
chronically hypoperfused state. Fluctuations in brain perfusion may lead to 
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transient ischemia with focal neurological symptoms. Progressive stepwise brain 
infarction over weeks and months may ensue. Alternatively, the fragile collaterals 
may rupture and cause ICH.

   Moyamoya syndrome usually presents in childhood before the age of 10 years. 
Transient focal neurological symptoms are the most common presenting symptoms 
but sometimes cognitive impairment is the dominant symptom [ 96 ]. Poor school 
performance is frequent [ 97 ]. Low IQ scores may be seen and may decline over time 
in some children [ 98 ]. Mental retardation with very low IQ is uncommon at presen-
tation, however [ 99 ]. More severe global cognitive impairments are usually the 
result of multiple ischemic strokes. Neuropsychological studies in adults with moy-
amoya demonstrate impairment in up to a third of patients. Some studies point to 
impaired executive function as the most prominent fi nding [ 100 – 102 ], while others 
have found broader impairments affecting memory as well [ 103 ]. 

 Revascularization procedures that restore normal cerebral blood fl ow may 
improve IQ in affected children [ 104 ,  105 ]. Long-term outcomes after revascu-
larization are uncertain, with some patients demonstrating stable improvement 

  Fig. 11.7    Moyamoya 
disease. Angiography (right 
internal carotid artery 
injection, anterior–posterior 
view) in a 17-year-old 
woman with familial 
moyamoya disease shows 
occlusion of the terminal 
portion of the right internal 
carotid artery ( arrow ) with 
multiple fi ne collateral 
vessels ( arrowheads ) 
supplying blood fl ow to the 
right middle cerebral artery       
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but others still suffering from periodic transient ischemic attacks and with bor-
derline low IQ [ 99 ,  106 ]. In some children, IQ worsens over time in the absence 
of stroke, which may be considered a possible indication for surgical revascular-
ization [ 107 ,  108 ].  

    Sickle Cell Disease 

 Sickle cell disease is caused by a mutation in the HBB gene encoding beta-globin, 
one of the constituents of the hemoglobin molecule. The red blood cells in affected 
patients can assume a characteristic sickle shape, particularly under conditions of 
low oxygen, leading to obstruction of capillaries. Patients may have intermittent 
sickle cell crises, marked by fever, chest pain and diffuse pain, dyspnea, and confu-
sion. Stroke is a common complication and is a leading cause of death [ 109 ]. 
Patients with sickle cell disease are at risk for both ischemic stroke and hemorrhagic 
stroke. Most strokes are ischemic (67 %) and are caused by occlusion of a large 
intracranial artery. Progressive stenosis of intracranial arteries may occur, in some 
cases leading to the moyamoya syndrome. High intracranial arterial blood fl ow 
velocities seen on transcranial Doppler ultrasound identify children at higher risk of 
stroke, and this risk can be reduced by blood transfusions [ 110 ]. “Silent” or mini-
mally symptomatic small infarcts can occur in the cerebral white matter and are 
visible on MRI in 20–30 % of children [ 111 ,  112 ]. Risk factors for ischemic stroke 
include prior transient ischemic attack, prior episodes of chest pain, lower hemoglo-
bin, and higher blood pressure [ 113 ]. Hemorrhagic stroke in sickle cell patients may 
result from bleeding in the subarachnoid space or the brain and usually occurs in 
young adults, not children [ 113 ]. Sickle cell disease may promote aneurysm forma-
tion by causing endothelial dysfunction with secondary changes in the vessel wall. 
The fragile collateral arteries seen in the moyamoya syndrome can be another 
source of bleeding. 

 Cognitive dysfunction in sickle cell disease may be the consequence of symp-
tomatic stroke, or the consequence of “silent” cerebrovascular disease in the absence 
of symptomatic stroke. Up to one-third of children with sickle cell disease have low 
IQ [ 114 ]. Neuropsychological testing reveals executive dysfunction [ 114 ] and lower 
performance on tests of arithmetic, vocabulary, and visual motor speed and coordi-
nation [ 112 ]. Neuropsychological test performance is worse in children with silent 
brain infarcts [ 112 ]. However, neuropsychological defi cits may also be present in 
the absence of silent brain infarction, and are correlated with the severity of anemia, 
microstructural alterations in the cerebral white matter, and lower cerebral blood 
fl ow [ 115 – 117 ]. As with children, about one-third of adults have low IQ (more than 
one standard deviation below the age- and sex-adjusted means) [ 118 ]. Executive 
dysfunction, slower psychomotor processing speed and poor working memory may 
be seen in adults, even in the absence of symptomatic stroke. Cognitive defi cits are 
worse in patients with more severe anemia [ 118 ]. 
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 Exchange transfusion lowers the risk of stroke in susceptible patients with sickle 
cell disease [ 110 ]. However, it is not known whether exchange transfusions prevent 
silent brain infarction or improve cognition. Hydroxyurea is not as effective at pre-
venting strokes as exchange transfusion [ 119 ].  

    Hypercoagulability and Hyperviscosity States 

 Ischemic stroke caused by hypercoagulability or hyperviscosity is not common. 
The most frequently encountered cause of hypercoagulability in ischemic stroke is 
active cancer. Otherwise, ischemic stroke due to hypercoagulability is rare. 
Autoimmune coagulopathies such as the antiphospholipid antibody syndrome may 
cause ischemic stroke with secondary vascular dementia [ 120 ]. Sneddon’s syn-
drome is caused by antiphospholipid antibodies with thrombosis of small arteries 
in the skin and brain. Patients present with livedo reticularis, a lacy purple rash 
usually on the thighs, in conjunction with ischemic stroke. Rarely, patients may 
present with a progressive dementia caused by multiple “silent” brain infarcts 
[ 121 ,  122 ]. Thrombotic thrombocytopenic purpura presents with some combina-
tion of microangiopathic hemolytic anemia, thrombocytopenia, acute delirium, 
acute renal failure, and fever [ 123 ]. The simultaneous presence of all of these 
manifestations is uncommon, however, and the diagnosis can be made based on the 
presence of microangiopathic hemolytic anemia and thrombocytopenia without 
other apparent cause. Neurological manifestations are caused by small arterial 
occlusions due to platelet dysfunction. Headache and confusion are common; 
infarction, coma, and seizures may also occur. A hyperviscosity syndrome may 
occur due to the very high serum protein levels encountered in Waldenstrom’s 
macroglobulinemia or multiple myeloma [ 124 ]. The high blood viscosity impairs 
cerebral blood fl ow and can cause symptoms including headache, dizziness, confu-
sion, vision loss, and coma [ 124 ].  

    Cerebral Venous Thrombosis 

 Thrombosis of cerebral sinuses or veins usually presents subacutely with progres-
sive headache, seizures, or neurological defi cits. The cause may be idiopathic, or 
may be secondary to infection in the mastoid or middle ear, or as a complication of 
neurosurgery. Risk factors include female sex, oral contraceptive use, factor V 
Leiden mutation or prothrombin gene mutation, and smoking [ 125 ]. Occlusion of 
cerebral veins or sinuses prevents outfl ow of blood from the brain that may lead to 
increased intracranial pressure, edema, and venous infarction. Cognitive symptoms 
may include decreased arousal and awareness due to globally increased intracranial 
pressure or focal symptoms due to venous infarction.  
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    Dural Arteriovenous Fistula 

 Dural arteriovenous fi stulas are direct connections between a dural artery and a 
meningeal vein or dural sinus. Exposure of the venous sinus to arterial pressures can 
impair brain venous outfl ow. Rarely, this can lead to an encephalopathy due to 
venous hypertension that mimics a progressive dementia [ 126 ]. In some cases the 
symptoms may be improved after surgical obliteration of the fi stula [ 127 ,  128 ].   

    Summary 

 ICH comprises 10–15 % of stroke but is associated with high mortality and morbid-
ity. There are few specifi c studies of cognitive dysfunction in these patients. Defi cits 
are related to the location and volume of the hemorrhage and will be similar to those 
occurring in patients with ischemic strokes affecting the same brain regions. 
In addition, however, patients with non-lobar ICH usually have chronic hyperten-
sion that can itself produce neurocognitive defi cits. Patients with primary lobar ICH 
usually have CAA. This may also be associated with preexisting, progressive neu-
rocognitive defi cits, and in some cases with Alzheimer’s disease. Treatment of cog-
nitive defi cits after ICH has seldom been investigated.     
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