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Rapidly progressive cognitive and neurological decline: cerebral
amyloid angiopathy related inflammation
CAA is clearly a direct cause of cognitive impairment in the
uncommon but clinically striking presentation of CAA related
in!ammation (also termed cerebral amyloid angiitis, amyloid
b related angiitis and cerebral amyloid in!ammatory vasculop-
athy).126 CAA related in!ammation typically affects older
adults, who present with acute to subacute cognitive decline,
headache, behavioural change, seizures and focal neurological
de"cits.126 Typical MRI "ndings include patchy or con!uent,
asymmetric T2 weighted or FLAIR white matter hyper-
intensities (with or without mass effect and leptomeningeal or
parenchymal enhancement).126 T2* weighted gradient recalled
echo (T2*-GRE) or susceptibility weighted imaging (SWI) may
reveal previous lobar haemorrhage and/or multiple cortical and
subcortical microbleeds.126 The major differential diagnoses
include infections (in particular progressive multifocal leucoen-
cephalopathy), neurosarcoidosis, immune related conditions (eg,
acute disseminated encephalomyelitis)127 and malignancies.126

De"nite diagnosis requires brain and leptomeningeal biopsy
showing perivascular in!ammation with mononuclear or
multinucleated giant cells associated with Ab laden vessels
and/or frank vasculitis.126 Although the clinical course of
CAA related in!ammation is varied, it is important to recognise
because it may respond well to immunosuppressive treatment
(eg, high dose corticosteroids or cyclophosphamide).126 128

This distinct syndrome has parallels with that observed in
patients with AD who developed meningoencephalitis after
immunisation against human Ab, where postmortem examina-
tion revealed in!ammation and/or vasculitis associated with
CAA.129 130

Transient focal neurological episodes
After ICH, the next most commonly described clinical presen-
tation of sporadic CAA is with transient neurological
episodes,131e133 sometimes termed ‘amyloid spells’. The most
common type of attack involves recurrent, stereotyped episodes
of ‘positive’ spreading sensory symptoms (paraesthesias).131 132

Although there are a number of small case reports and
series,131 132 134 135 no large systematic studies have investigated
the prevalence or semiology of these phenomena. At least two
other types of transient events have been described: partial
motor seizure-like episodes (eg, limb shaking); and visual
disturbances (usually positive visual symptoms similar to
migrainous auras). Spells are typically brief, almost always less
than about 30 min, and usually less than a few minutes. The
attacks seem likely to be related to haemorrhagic components of
CAA: associated neuroimaging "ndings reported include CMBs
and convexity subarachnoid haemorrhage (cSAH) in the cortical
region corresponding to the spell ("gure 4E).131 135 The diagnosis
of these CAA related attacks is of clinical relevance as they seem
to precede serious symptomatic ICH in some patients; anti-
platelet or anticoagulant use following such an attack misdiag-
nosed as a transient ischaemic attack (TIA) could therefore cause
potentially avoidable intracranial bleeding. The underlying
mechanisms of CAA transient spells remain unclear but could
include seizure-like activity (perhaps related to small areas of
bleedingdfor example, microbleeding, cSAH or super"cial side-
rosis); a direct effect of amyloid or bleeding on local cortical
function; or spreading cortical depression.131 The responsiveness
of these attacks to antiepileptic drugs as well as their spreading
nature in many of the reported cases is in favour of a seizure-like
mechanism for their pathophysiology. In a case series by Roth
and colleagues,132 four out of six patients with these transient

attacks responded to anticonvulsants while the other two
patients showed improvement after cessation of antiplatelet
therapy. Typical TIA-like episodes have also been reported in
CAA133 but whether these are genuinely due to ischaemia and
should be treated with antithrombotic agents requires further
study.

NEUROIMAGING (MRI) CORRELATES OF CEREBRAL AMYLOID
ANGIOPATHY
The important MRI correlates of CAA ("gures 4 and 5) include:
< Cerebral microbleeds
< White matter changes (leukoaraiosis)
< Convexity subarachnoid haemorrhage
< Cortical super"cial siderosis
< Silent acute ischaemic lesions

Cerebral microbleeds
The widespread use of T2* weighted MRI sequences in the past
decade or so has led to the increasing detection of CMBs: small,
well demarcated, hypointense, rounded lesions, not detected on
conventional MRI ("gure 4DeG).136 Histopathological studies
show that CMBs correspond to focal accumulations of haemo-
siderin laded macrophages (a blood breakdown product) adja-
cent to abnormal small vessels affected by hypertensive
angiopathy or CAA.137 138 There is increasing evidence that
hypertensive vasculopathy is associated with CMBs in deep
brain regions (basal ganglia, thalamus and brainstem) whereas
CAA is characterised by CMBs in a lobar distribution136 138 with
a predilection for the parietal lobes.104 The Rotterdam scan
study139 140 showed a strong association between strictly lobar
(but not deep) CMBs and ApoE 34, consistent with the well
known relation of this allele with CAA.49 A recent imaging
study in clinically probable CAA, using non-invasive amyloid
imaging with Pittsburgh Compound B (PiB), found that CMBs
correspond to areas with a high concentration of amyloid.141

Moreover, CMBs correlate with the risk of lobar ICH recur-
rence,142 suggesting an important role in prognosis (as well as
diagnosis) in CAA.11

Figure 5 A schematic representation of the spectrum of haemorrhagic
and ischaemic manifestations of sporadic cerebral amyloid angiopathy,
visible on MRI.
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Objectives

• Review the pathophysiology and epidemiology 
of cerebral amyloid angiopathy (CAA).

• Highlight key clinical and neuroimaging 
manifestations of the disease.

• Summarize optimal management of patients 
with CAA and ongoing clinical dilemmas 



Sporadic Cerebral Amyloid Angiopathy
• A common cerebral small vessel disease 

(microangiopathy) characterized by 
progressive beta-amyloid deposition in the 
vessel wall of small to medium sized arterioles 
(max diameter: 2 mm)



Derivation of Ab from the neuropil in the course
of perivascular drainage

This hypothesis proposes that Ab in the blood vessel
walls is of neuronal origin. Brain parenchyma is devoid
of lymphatic vessels, and interstitial fluid has been
shown to drain via perivascular pathways which, by
analogy with other species, are the lymphatic drainage
pathways of the human brain [20, 142, 158]. The
driving force behind that drainage is believed to be, at
least partly, the pulsatile flow of blood in the lumina of
arteries [90]. There is emerging evidence that soluble
Ab, which is constantly produced by neural cells, is
cleared from the brain via several di!erent routes:
perivascular pathways with interstitial fluid drainage,
directly across the blood-brain barrier into the blood-
stream (apparently mediated by LRP-1), and by glia
(microglia, astrocytes) [87, 90, 143]. As indicated by
animal studies (wild-type and APP transgenic mice),
clearance via the perivascular pathway becomes more
significant with age [61, 118]. Weller and colleagues [90,
102, 141, 143, 144] propose that CAA occurs due to
deposition of Ab in the vessel walls in the course of
perivascular drainage. The reason for this deposition

might be both increased production of Ab by neuronal
cells and additional degenerative vascular changes,
which commonly a!ect aged individuals (e.g., athero-
sclerosis, fibrohyalinosis). The latter leads to reduced
elasticity of arterial walls, which in turn might reduce
perivascular drainage by diminishing pulsatile-driving
movements in the perivascular pathway. It has been
shown that thrombosis of a superficial cortical artery
was associated with accumulation of Ab in the walls of
capillaries supplied by that artery [155]. It was further
suggested that impaired clearance of Ab leads to an
increased concentration of soluble Ab, which in turn
results in precipitation of Ab in the form of plaques,
the development of tau pathology, and neuronal and
synaptic loss [90].

In view of the literature and in combining the 2
pathomechanisms outlined above, the present author
hypothesizes the following (Fig. 6): Ab40 is produced by
smooth muscle cells within the vessel walls [30, 84, 146].
For unknown reasons this process is most pronounced
in the occipital lobe [99, 101, 125, 126, 129, 135, 153].
With the onset of AD, cortical Ab load increases. Be-
cause of the highly fibrillogenic nature of Ab42 [54], it
does generally not enter the perivascular drainage

Fig. 6 Hypothetical pathomechanism for CAA: Neuronally derived Ab42 fibrillizes into plaques and is the major constituent of Ab in
capillary CAA, while Ab40 remains soluble and enters the perivascular drainage pathway where it accumulates in blood vessel walls in the
presence of Ab40, which is produced by smooth muscle cells
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consequence of this is that cerebral biopsy may miss patchy
CAA pathology.

PATHOPHYSIOLOGICAL PATHWAYS
Amyloid-b production, clearance and accumulation
Ab is generated by sequential cleavage of amyloid precursor
protein (APP) by b- and g-secretases. Mutations in the gene
encoding the APP account for some rare (usually autosomal
dominant) forms of CAA, including CAA Dutch type.77 Familial
non-Ab forms of CAA include familial British dementia,78 79

familial Danish dementia80 and Icelandic cystatin C mutation.81

In general, hereditary forms of CAA have an earlier onset and
more severe clinical manifestations than sporadic CAA.64 82

Although exceptionally rare, familial CAAs have provided
signi!cant insights on how mutations in the coding region of
the APP contribute to CAA pathogenesis: for example, the Iowa,
Dutch, Italian and Arctic mutations render Ab highly toxic to
vessel wall components83e85 and more resistant to proteolytic
degradation86 or clearance from the brain (!gure 2).55

Factors that initiate or promote Ab peptide deposition in the
much more common sporadic CAA are not as well understood.
Nevertheless, transgenic mouse models of cerebral amyloid
deposition3 have provided the following insights (!gure 2): (1)
the major source of human Ab is neuronal87 88; (2) an increased
ratio of Ab40:Ab42 in the brain results in a shift from brain
parenchyma to the vasculature (perhaps by increasing the
solubility of Ab and thus its diffusion into the vessel wall)53; and
(3) vascular Ab deposition largely results from impaired clear-
ance of Ab (rather than overproduction), especially along
perivascular drainage pathways.3 54 89 Impairment of peri-

vascular drainage pathways has emerged as a key mechanism in
sporadic CAA3 56 90: these ef"ux channels may be conceptualised
as a cerebral ‘lymphatic system’, allowing interstitial "uid and
solutes to drain out of the brain along basement membranes in
the capillary walls, and between smooth muscle cells in the
tunica media of small arteries (in the opposite direction to
arterial blood "ow) (!gure 2).91 This transport system is thought
to be driven by pulsations of the blood vessel wall.91 92 As this
and other clearance mechanisms fail in the ageing brain, or under
other pathological conditions, Ab is increasingly trapped
and deposited in the walls of small arteries (!gure 2).91 Evidence
is emerging that cerebrovascular disease may impede the
drainage along the perivascular pathways, contributing to CAA
pathogenesis.90 93

It has been suggested that Ab deposition could further impair/
block the perivascular drainage, leading to dilation of peri-
vascular spaces (also known as VirchoweRobin spaces), not
only within lobar regions but also in the underlying white
matter that itself is unaffected by CAA.94 95 These enlarged
perivascular spaces can reach several millimetres in diameter and
may be visible on appropriate brain imaging; this requires
further investigation as a potential useful neuroimaging marker
of CAA.95 96

As we have seen, ApoE is a strong genetic risk factor for CAA,
an effect mediated by its important role in Ab metabolism,
aggregation and clearance (!gure 2B).39 54 89 ApoE 34 increases
the Ab40:Ab42 ratio, shifting amyloid deposition to the vessels
instead of brain parenchyma,53 and may reduce the ef!ciency of
ef"ux of Ab along perivascular channels,3 97 in"uencing CAA risk
and age of onset.39 98 ApoE genotype may also interact with

Figure 3 Histopathological features of
cerebral amyloid angiopathy (CAA).
(A1eA3) Morphological changes of the
vessel walls of leptomeningeal
arterioles, as revealed by
haematoxylineeosin staining. In mild
and moderate CAA, only minimal
structural changes can be detected: in
(A2) the arrowhead points to amyloid
deposition in the vessel wall. However,
in advanced CAA, there are significant
structural alterations, the most extreme
of which is double barrelling
(detachment and delamination of the
outer part of the tunica media; bracket
in (A3)). (B1eB3) A similar pathological
range of CAA related changes in
leptomeningeal arterioles using
immunohistochemical detection of Ab.
In mild CAA (B1), there is patchy
deposition of amyloid in the vessels
wall. Moderate CAA shows more dense
amyloid deposition which spans the
entire vessel wall (B2) while severe
CAA shows double balled vessels and
endothelial involvement (B3). (C1eC3)
Pathological findings of CAA in cortical
arterioles. C2 shows moderate CAA
with pan-mural deposition of Ab along
with Ab deposition in the surrounding
brain parenchyma (arrowhead). In (C3),
a double barrel vessel can be seen
although this is less common compared
with leptomeningeal vessels.
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REVIEW

Sporadic cerebral amyloid angiopathy revisited:
recent insights into pathophysiology and
clinical spectrum
Andreas Charidimou, Qiang Gang, David J Werring

ABSTRACT
Sporadic cerebral amyloid angiopathy (CAA) is a common
age related cerebral small vessel disease, characterised by
progressive deposition of amyloid-b (Ab) in the wall of
small to medium sized arteries, arterioles and capillaries of
the cerebral cortex and overlying leptomeninges. Previously
considered to be a rare neurological curiosity, CAA is now
recognised as an important cause of spontaneous
intracerebral haemorrhage and cognitive impairment in the
elderly, two fundamental challenges in the field of
cerebrovascular disease. Our understanding of the
pathophysiology and clinical manifestations of CAA
continues to evolve rapidly, with the use of transgenic
mouse models and advanced structural and/or molecular
neuroimaging techniques. Yet, despite remarkable recent
interest, CAA remains under-recognised by neurologists
and stroke physicians. In this review, a fresh look at key
developments in understanding the complex
pathophysiology, important clinical and radiological features,
diagnostic approaches and prospects for rational therapies
for this enigmatic small vessel disorder is provided.

INTRODUCTION
Sporadic cerebral amyloid angiopathy (CAA) is
a common small vessel disease of the brain, char-
acterised by the progressive deposition of amyloid-
b (Ab) protein in the walls of small to medium
sized arteries (up to about 2 mm in diameter1),
arterioles and capillaries in the cerebral cortex and
overlying leptomeninges.2 3 CAA can also affect
cerebellar vessels but only rarely those in the
brainstem or basal ganglia. Although known to
pathologists for over a century,4 5 CAA was not
linked to clinical disease until as late as the 1960s
when it was suggested to be a rare cause of intra-
cerebral haemorrhage (ICH).6e8 In recent years,
CAA has been ‘rediscovered’ as a common and
important cause of spontaneous ICH, which
remains the most devastating form of stroke, with
a death rate approaching 50% in contrast with
improved outcomes from ischaemic stroke.9 10 An
increased understanding of CAA thus holds promise
for improved prevention and treatment of ICH.
The growing interest in CAA is at least partly

thanks to two !elds of research, which have been
important in de!ning the expanding clinicale
radiological phenotype and the underlying patho-
physiology of the disease: (1) neuroimaging, which
now allows an unprecedented ability to investigate
CAA dynamics in vivo using MRI to reveal complex

patterns of cerebral bleeding (including lobar
microbleeds11) and ischaemia, and an increasing
repertoire of speci!c amyloid binding ligands3 12e16;
and (2) transgenic mouse studies, which have
allowed the experimental alteration of amyloid
peptide expression and molecular structure,
providing signi!cant mechanistic insights. Despite
these advances, CAA remains under-recognised by
neurologists and stroke physicians, making a fresh
look especially timely. In this review (see box 1 for
search strategy), we provide a comprehensive
update, emphasising the widening spectrum of
CAA clinical presentations and neuroimaging
features, including diagnostic approaches to reliably
identify the disease in vivo. Finally, we discuss
improved prospects for rational preventive or
disease modifying therapies for this common and
devastating microangiopathic disorder.

EPIDEMIOLOGY AND RISK FACTORS
Pathologically de!ned CAA is common in the
elderly.17e20 Population based autopsy studies
indicate a CAA prevalence of 20e40% in non-
demented and 50e60% in demented elderly
populations (!gure 1).19 21e24 Furthermore, CAA
pathology may be severe in older individuals
(!gure 1): in the HonolulueAsia Ageing Autopsy
Study, severe CAA was found in 43% of demented
and 24% of non-demented elderly individuals
(mean age at death 85 years).23 In Alzheimer ’s
disease (AD), CAA is almost invariable being found
at autopsy in more than 90% of cases.17 25

However, most of these patients have mild CAA;
severe CAA is found in about 25% of AD brains.26

Advancing age is the strongest known clinical risk
factor for developing CAA.2 In a community based
sample of 100 individuals, the prevalence of cortical
vascular Ab deposition progressively increased from
the seventh to the ninth decades,27 a pattern also
observed in 784 consecutive autopsies, corrected for
over-representation of AD.28 Moreover, patients
with CAA related ICH (suggesting advanced
disease) in large autopsy series were all older than
60 years (and most over 70 years of age).7 29 30

Sporadic CAA is seldom reported before the sixth
decade of life; occasional patients presenting in their
50s have been described.31

In contrast with hypertensive arteriopathydthe
other main form of small vessel disease and cause of
ICH32dthe risk of CAA is not accounted for by
conventional cardiovascular risk factors other than
age.2 Hypertension is not considered a risk factor
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CAA: Pathology

• Predominantly affects leptomeningeal and 
cortical arterioles, capillaries and rarely venules. 

• Very focal, patchy and asymmetric process

• Rarely involves white matter, cerebellum. 

• Almost never involves basal ganglia and 
brainstem.



Cerebral Amyloid Angiopathy: Incidence and 
Complications in the Aging Brain 

II. The Distribution of Amyloid Vascular Changes 
H . V . VINTERS , M . D . , F .R.C.P . (C) ,* AND J.J. GILBERT, M . D . , F .R.C.P.(C) 

SUMMARY Ten histologic sections were sampled from similar cortical regions in each of 84 autopsy 
brains removed from patients aged 60 to 97 years. The sections were stained by the Congo-red method and 
examined under polarized light for the presence of cortical {parenchymal) cerebral amyloid angiopathy 
(CAA). Some degree of CAA was found in 36% of all brains examined, with a higher proportion of patients 
affected in each successive decade of life. Angiopathy was seen most frequently and was of greater severity in 
the parietal and occipital gray matter. Overall, it was often a patchy and asymmetric lesion. There was 
sparing of subcortical white matter and the hippocampi. CAA was most severe in cases of Alzheimer's 
disease, but occurred in the absence of this condition. 

Stroke Vol 14, No 6, 1983 

THE CLINICAL AND PATHOLOGIC FEATURES 
of cerebral hemorrhages related to cerebral amyloid 
angiopathy (CAA) in eleven patients are reported.1 To 
try and understand the pathogenetic mechanism in 
these cases we have asked: How common is CAA in 
the aging human population, and what is the cerebral 
cortical topography of amyloid vascular change? 

Previous studies2"7 addressed but incompletely an-
swered these questions. A survey of the cerebral corti-
cal distribution of CAA as a function of age in a large 
unselected autopsy population has not previously been 
available. 

Material and Methods 
The survey was carried out on 84 post-mortem brain 

examinations in patients over 60 years of age, irrespec-
tive of the clinical diagnosis, taken from consecutive 
complete necropsies carried out in a large general hos-
pital. However, none of the 11 patients described pre-
viously1 were included in this topographic survey. The 
age of the patients at death ranged from 61 to 97 years. 
The total number of brains examined in each age cate-
gory was as follows: 60 -69 years — 2 1 , 70-79 years 
— 28, 80-89 years — 28, and over 90 years — 7. The 
brains were fixed routinely for one to two weeks, after 
which time 1 cm coronal slices of the cerebral hemi-
spheres were cut. In addition to routine blocks taken 
for neuropathologic diagnosis, 10 extra tissue blocks 
of similar size were taken from each brain and submit-
ted for Congo-red staining, method of Stokes and Tri-
chey. 8 These 10 blocks were taken from the same re-
gions in each brain (fig. 1) and were sectioned to 
include leptomeninges (when possible), cortex and 
subcortical white matter from the right and left superi-
or frontal lobe, right and left superior temporal gyrus, 
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right and left parietal lobe, right and left medial occipi-
tal lobe, and both hippocampi at the coronal level of 
the lateral geniculate nuclei. All these sections were 
then examined with and without polarized light, and 
individual vessels within the brain that demonstrated 
any Congo positive material with apple-green birefrin-
gence in their walls were scored as amyloid-containing 
blood vessels. 

The relative severity of CAA in a given section was 
assessed as follows. If one or two vessels were posi-
tive, the involvement was scored as 1 + ; if three to five 
vessels were positive, a score of 2 + was given; if six 
or more vessels were positive, a score of 3 + was 
assigned (fig. 2). A score of 3 + was arbitrarily taken 
to represent a severe degree of CAA. The numbers 
refer only to Congo positive vessels within the brain 
parenchyma. CAA was also assessed in the adjacent 
leptomeninges but the meninges were not present in 
their entirety over the cortex in every section. 

Results 
Except in 3 cases, one in each of the eighth, ninth, 

and tenth decade, whenever there were Congo red 
positive vessels in brain parenchyma there were posi-
tive vessels in the adjacent leptomeningeal vessels. In 
addition, in 4 cases, ages 76 to 82, in which no CAA 
was noted in the brain parenchyma there was the occa-
sional (1 + ) positive vessel in the leptomeninges. 

Incidence 
The incidence of CAA as a function of age is sum-

marized in figure 3 . Of the 21 brains in the 60-69 year 
age category, only one showed CAA. However, it was 
seen in 12 of 28 brains (42.8%) in the eighth decade, 
and in 13 of 28 brains (46.4%) in the ninth decade. 
Over the age of 90 years, it was present in four of seven 
patients (57%). There was no significant difference 
between males and females in either the CAA positive 
or the CAA negative cases (table 1). 

Topographic Distribution 
Table 2 summarizes the data on the location of CAA 

within the brain. The table indicates all areas of the 
brain with one or more Congo positive vessels present, 
irrespective of the total number involved, i.e. it does 
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T A B L E 3 All Areas of Cerebral Cortex with Severe Involvement (3 + ) by CAA 

Ages 
years 

Cases 
with 3 + 

Number 
of cases 

Frontal 
lobes 

Temporal 
lobes 

Parietal 
lobes 

Occipital 
lobes Hippocampus 

R L 

6 0 - 6 9 1/1 1 1 1 1 1 1 1 1 1 1 

7 0 - 7 9 6/12 1 2 1 1 2 3 3 3 0 0 

8 0 - 8 9 6/13 2 2 2 2 3 4 4 3 0 0 

90 + 1/4 1 1 1 

Totals 14/30 4 5 4 4 6 9 9 8 1 1 

L = left; R = right. 

of 82 patients with "varied psychiatric affections." 
All patients with CAA had been demented and old, 
with a mean age of 81.5 years. Multiple areas of cortex 
were examined and when CAA was minimal, it was 
always found in the occipital cortex or overlying lepto-
meninges. White matter was not involved. No correla-
tion between CAA and cerebral arteriosclerosis was 
noted. 

Mandybur5 found CAA in 13 of 15 patients with 
Alzheimer's disease, and commented on the fact that 
CAA rarely or never involved the basal ganglia, cere-
bellum, and brain stem. Qualitatively, the temporal 
and occipital cortex seemed most involved, whereas 
Ammon's horn was spared by the vascular pathologic 
change, a finding that our study strongly re-empha-
sizes. The high incidence of CAA in Alzheimer's dis-
ease has been stressed by others 7 - , 2 - l 3 - 1 7 and one recent 
study1 8 has suggested that specific psychiatric sympto-
matology may be associated with the presence of 
CAA, a premise we find difficult to accept. Some 
authors have considered CAA to be an atypical "vas -
cular" form of Alzheimer's disease, 1 9 but others feel 
CAA is a distinct entity entirely separate from the 
latter. 2 0 

Mountjoy et al 7 compared CAA in 15 patients with 
senile dementia of the Alzheimer type with 30 patients 
who had normal mentation and died with a variety of 
medical conditions. An "amyloid score" was devel-
oped in which assessment was made of plaques and 
CAA-vessels in the cortex and vessels in adjacent men-
inges. The topographic distribution of CAA was not 
studied systematically yet they found CAA in all lobes 
of the brain in both demented and non-demented pa-
tients. The hippocampus per se was not commented 
upon. The authors conclude that there is " s o m e rela-
tionship" between plaques and the presence of amy-
loid in cerebral vessels. However, patients with 
plaques were seen without CAA and some patients 
with CAA had no plaques, a finding which agrees with 
our own. 

The hippocampal formation is a key structure in 
showing the cellular and parenchymal changes that 
underlie Alzheimer's disease. 2 1 An exhaustive mor-
phometric study of hippocampal microvasculature in 
young, old and demented old patients 2 2 has found sig-
nificant changes in capillary and arteriolar diameters 
and densities with aging, and regional changes in these 
parameters that may be important in the pathogenesis 

of senile dementia of the Alzheimer type. The study 
used techniques that did not take into account any 
potential thickening of vascular walls external to the 
endothelium, such as might result from CAA, and so 
did not concern itself with the possible relationship 
between CAA and Alzheimer's disease. Our findings 
indicate that the most severe cases of CAA are noted 
with Alzheimer's disease. However, CAA is found 
(albeit to a mild degree) in a large proportion of elderly 
brains and is least conspicuous in the hippocampi. 

The role of CAA in the pathogenesis of Alzheimer's 
disease, if any, is unknown. 7 - 1 2 Nevertheless, support 
is given for a close association of CAA and the amy-
loid (senile) plaque by the recent demonstration using 
immunoperoxidase techniques of the presence of com-
ponents or fragments of immunoglobulin2 3- 2 4 and the 
presence of neurofilament proteins 2 4 in both structures. 

CAA occurs independently of systemic amyloidosis 
with rare except ions. 2 5 - 2 6 These patients often show far 
more extensive central nervous system amyloid depo-
sition than is the case in pure CAA. For example, 
deposits are frequently identified in the brain stem and 
spinal cord. Extensive nervous system amyloid depo-
sition, often in the form of non-vascular globules, is 
also found in some familial degenerative neurologic 
syndromes associated with CAA. 2 7 " 2 9 

This study shows an obvious and important discrep-
ancy between the location of the most severe degree of 
CAA (parietal and occipital) and the location where 
CAA-related hemorrhage tends to occur, namely the 
frontal or fronto-parietal regions. 1 No specific expla-
nation for this phenomenon can be offered but one can 
speculate that factors other than the severity of angiop-
athy alone must play a part in causing the hemor-
rhages. 

TABLE 4 Relationship Between CAA and Alzheimer's Disease 

Number 
Number Number of cases N o 

Age of Cases of Cases Alzheimer Alzheimer 
year CAA CAA 3 + disease disease 

6 0 - 6 9 1 1 1 0 

7 0 - 7 9 12 6 4 2 

80 -89 13 6 4 2 

90 + 4 1 1 0 

Totals 30 14 10 4 
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• Advancing age is the strongest known 
demographic risk factor

using a polyclonal antibody raised against synthetic amyloid-b 1–
42 and a standard peroxidase–antiperoxidase technique as de-
scribed in a previous study from this laboratory.24 Vascular Ab
was graded on a semi-quantitative scale from 0 to 3 in each block,
separately for leptomeningeal and intracortical vessels, and mean
grades were calculated per brain. Gradings were assigned ac-
cording to the number of positive vessels in 3 randomly se-
lected! 100 microscopic fields in each block: grade 0" no
positive vessels; grade 1" 1–2 vessels; grade 2" 3–5 vessels;
grade 3 "> 5 vessels. Only vessels showing definite Ab staining
of the whole or greater part of the circumference of the vessel
were considered to be positive (Fig. 1). Counts of the number of
Ab parenchymal cortical deposits were also made in 3 randomly
selected! 100 fields using a 0.1 lm graticule. In addition, based
upon the count in the section with the highest number of plaques,
a grading of 0 to 3 was assigned using the CERAD categories:
sparse (grade 1), moderate (grade 2), frequent (grade 3).26 How-
ever, in contrast to the CERAD scoring, both plaques with dense
cores (neuritic plaques) and diffuse plaques were included.

Statistical analysis

Linear regression analysis was used to examine the effects of age,
gender and number of blocks examined on the prevalence of Ab
deposition. The logrank statistic was used to assess the equality of
the Kaplan–Meier distributions for vascular and parenchymal Ab
with age. Pearson coefficients were also calculated for the rela-
tionship between age and vascular and parenchymal Ab grades.
Chi-squared tests were used for inter-group comparisons.

A preliminary analysis of the prevalence of vascular and pa-
renchymal Ab deposition according to the number of cortical
blocks showed that there was no significant difference between
the group of 37 brains in which 5 blocks were examined and the
larger group of brains in which fewer than 5 blocks were exam-
ined (Table 1). The subsequent analyses were therefore performed
on the whole group of 100 brains.

RESULTS

Ab deposition

As shown in Tables 2 and 3, vascular Ab deposition was first
found in the 7th decade and the proportion of brains with vascular
Ab increased to a maximum of 48% in the 9th decade. In 77% of

brains with vascular Ab there was also parenchymal Ab deposi-
tion, while in 23% there was vascular involvement only. Paren-
chymal Ab was first found in the 6th decade and had a higher
prevalence than vascular Ab, the proportion of positive brains
increasing to a maximum of 64% in the 9th decade. Kaplan–Meier
curves for the probability of remaining negative for Ab are shown
in Fig. 2. There was a statistically significant difference between
the parenchymal and vascular Ab curves (logrank" 9.38,
p < 0:01). Linear regression analysis confirmed that there was a
positive correlation between age and the prevalence of both vas-
cular and parenchymal Ab, even after allowing for the effects of
gender and variable block numbers (Table 4). There was also a
positive correlation between age and severity (grade) of vascular
Ab deposition (r " 0:18; p < 0:05) and between age and in-
creasing plaque grade (r " 0:27; p < 0:01).

The prevalence of parenchymal Ab was significantly higher in
males than in females (v2 " 7:2; p < 0:01), but there was no
significant difference in the prevalence of vascular Ab or in the
age at onset of vascular or parenchymal Ab deposition in males
and females. The correlation with age was statistically significant
in males, both for vascular (r " 0:28; p < 0:05) and parenchymal
Ab (r " 0:32; p < 0:05), but not in females.

Prevalence of stroke

The proportion of brains with infarcts was the same (16%) in the
group of brains with and without vascular Ab and the numbers of
different types of infarct were not significantly different in the two
groups (Table 5). There were only 4 intracerebral haemorrhages, all

Fig. 1 Positive Ab immunoreactivity in meningeal and intracortical blood
vessels (!540)

Table 1 Prevalence of vascular and parenchymal Ab positivity according to
the number of cortical blocks examined

Number of blocks Vascular Parenchymal

Leptomeningeal Cortical

5 10/37a 6/37 25/37b

(27%) (16%) (68%)
P4 13/41 9/41 27/41

(32%) (22%) (66%)
P3 16/50 11/50 32/50

(32%) (22%) (64%)
P2 23/73 16/73 43/73

(32%) (22%) (60%)
P1 25/100a 18/100 53/100b

(25%) (18%) (53%)

a v2 " 0:34 #p > 0:05$.
b v2 " 2:48 #p > 0:05$.

Table 2 Prevalence of vascular and parenchymal Ab deposition according
to age in the 100 brains in which 2 or more cortical blocks were examined

Age (years) Vascular Parenchymal

Leptomeningeal Cortical

51–60 0 0 2
(n " 9) (22%)
61–70 4 2 9
(n " 22) (18%) (9%) (41%)
71–80 8 7 19
(n " 35) (23%) (20%) (54%)
81–90 13 9 21
(n " 33) (39%) (27%) (64%)
91–100 0 0 1
(n " 1)
Total 25 18 52
(n " 100) (25%) (18%) (52%)
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Prevalence of cerebral vascular amyloid-b deposition and
stroke in an aging Australian population: a postmortem study

F.L. Mastaglia1,2 MDMD, M.L. Byrnes1 PHDPHD, R.D. Johnsen3
BSCBSC, B.A. Kakulas1,3 MDMD
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Nedlands, WA 6009, Australia, 2Department of Neurology and Clinical Neurophysiology, QEII Medical Centre, Nedlands, WA 6009, Australia, 3Department of

Neuropathology, Royal Perth Hospital, Perth 6000, Australia

Summary Cerebral amyloid angiopathy (CAA) is a putative risk factor for lobar cerebral haemorrhage and infarction in the elderly. However,

the prevalence of stroke in a population with CAA is not known. Amyloid-b immunohistochemistry was used to assess CAA prevalence as a

function of age, and the relationship between CAA and stroke in 100 individuals aged 50–91 years who died unexpectedly and had a Coroner’s

postmortem. Blocks were taken from several cortical areas and from areas of infarction or haemorrhage. Parenchymal Ab was first found in the

6th decade, whereas vascular Ab did not appear until the 7th decade. The prevalence of both vascular and parenchymal Ab increased with age

to a maximum in the 9th decade. The age at onset of vascular Ab deposition was similar to that in an English study of CAA but a decade later

than in Japanese studies. There was no association between the presence of vascular Ab and cerebral haemorrhage or infarction. The findings

indicate differences in the time-course of vascular and parenchymal Ab deposition with age, as well as racial differences. The lack of

association between vascular Ab and cerebral haemorrhage or infarction indicates that, in the present population, CAA was usually asymp-

tomatic.

ª 2003 Elsevier Science Ltd. All rights reserved.

Keywords: vascular amyloid-b, aging, stroke, postmortem study

INTRODUCTION

Cerebral amyloid angiopathy (CAA) is recognised as a cause of
spontaneous lobar haemorrhage in the elderly and as a risk factor
for anticoagulant-induced cerebral haemorrhage.1–6 However, it is
not known what proportion of individuals with CAA suffer a
cerebral haemorrhage. It has also been suggested that CAA is a
risk factor for ischaemic stroke, but the evidence for this is less
conclusive.7;8 Pathological studies have shown that CAA may also
be associated with the development of cerebral microhaemor-
rhages, microinfarcts and leukoencephalopathy.3;8–10 Familial
forms of CAA due to mutations in the b-amyloid precursor protein
and cystatin C genes are associated with recurrent intracerebral
haemorrhage, as well as ischaemic stroke and dementia, with
onset as early as the third decade of life.11–13 Recent studies have
suggested that the apolipoprotein e4 allele is a risk factor for
sporadic CAA,14–17 and that the severity of CAA in the elderly
may be influenced by the presence of an intronic polymorphism in
the presenilin-1 gene.18

Previous autopsy studies have shown that the prevalence of
sporadic CAA, as determined by staining with the Congo-red
technique, is age-dependent and that the prevalence increases
particularly over the age of 70 years.2;4;19;20 However, this increase
has not been found in all studies,21 and the age-adjusted prevalence
has varied in studies from different countries, suggesting that ra-
cial factors may play a part in determining susceptibility to CAA.

Amyloid-b (Ab) is the principal component of vascular amy-
loid and the major protein that accumulates in cerebral blood
vessels and in the brain parenchyma in Alzheimer!s disease and

with aging.22–24 While Ab usually accumulates both in the cerebral
blood vessels and in the brain parenchyma as amyloid plaques, in
some cases there is predominantly vascular Ab deposition and it
has been suggested that such cases may represent a microvascular
variant of Alzheimer!s disease.25 It is not known whether there are
differences in the prevalence and age at onset of vascular and
parenchymal Ab deposition in the cortex with aging.

The aims of the present study were to compare the prevalence
of vascular and parenchymal Ab deposition in the cerebral cortex
at postmortem in an aging Australian population, and to determine
whether, in the population studied, there is an association between
vascular Ab deposition and cerebral haemorrhage or infarction.

MATERIALS AND METHODS

The study group comprised 100 consecutive cases over a 2 year
period from the files of the Department of Neuropathology, of
individuals aged 50–91 years (40 females; mean age 75.1 years)
not known to be demented or to have a neurological disorder, who
died unexpectedly and in whom a Coroner!s postmortem was
performed to establish the cause of death. The major causes of
death were ischaemic heart disease, trauma and suicide. Brains
were examined after formalin fixation and were sectioned using a
standard protocol. The presence of ischaemic lesions and haem-
orrhages in the cerebral hemispheres as well as other brain areas
was recorded. Blocks were taken from all lesions for histological
confirmation, and from 5 standard sites in the left cerebral
hemisphere: superior frontal gyrus (Brodmann!s area 8), inferior
temporal gyrus (areas 36/20), superior parietal lobule (area 7),
parieto-occipital gyrus (area 40), and the parahippocampal gyrus.
In 37 cases all 5 cortical areas were blocked while in the re-
maining brains which had been sectioned previously blocks were
only available from 1–4 areas (mean number of cortical blocks per
brain 3.1).

For Ab immunohistochemistry formalin-fixed paraffin-em-
bedded sections were pre-treated with formic acid and stained
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for developing CAA but may increase the risk of CAA related
ICH. Vinters2din a clinicopathological series of 107 pathologi-
cally proven CAA casesdfound the prevalence of hypertension
to be around 32%, similar to community dwelling elderly
populations,33 while another pathological study reported that
CAA patients with ICH were more frequently hypertensive
(50%) than those without ICH (23%), suggesting that hyper-
tension may contribute to CAA related cerebral bleeding.34 In
a recent multicentre cohort of patients with spontaneous ICH,
we found that the prevalence of hypertension in CAA related
ICH was 62%dsigni!cantly less than in non-CAA related ICH
(85%).35 Whether hypertension in association with CAA confers
a greater risk for ICH compared with CAA alone is an important
clinical question.36e38 Evidence from the PROGRESS trial of
blood pressure lowering after stroke showed that a mean blood
pressure reduction of 9/4 mm Hg reduced the risk of future
CAA related ICH by about 77%, supporting an important causal
role for hypertension.38

Apolipoprotein E (ApoE) alleles are the only known genetic
risk factors for sporadic CAA.39 ApoE is a protein with crucial
roles in lipoprotein complexes, which regulate lipid metabolism
by binding to cell surface receptors and proteins associated with
lipid transfer and lipolysis.39 There are three major poly-
morphisms in the ApoE genednamely, 34, 32 and 33dresulting
in a single amino acid change40 which dramatically alters the

functional properties of ApoE isoforms.41 These alleles have
a strong dose dependent effect on the risk of developing CAA
and its clinical severity. Thus ApoE 34 in both postmortem and
clinical series increases the risk of sporadic CAA related lobar
ICH; moreover, the number of 34 alleles relates to clinical
severity.39 42e44 Individuals carrying the ApoE 32 allele also have
an increased risk of CAA related lobar ICH.44 45 Both of these
risk alleles are also associated with a younger age of !rst ICH,46

greater likelihood of haematoma expansion, poorer clinical
outcome47 48 and a higher risk of recurrence.49 Furthermore, the
two allelic variants interact: patients with both ApoE 32 and 34
alleles have the earliest disease onset and highest risk of
early ICH recurrence.49 50 The 32 and 34 alleles might promote
CAA related haemorrhage through distinct mechanisms: 34
by promoting Ab deposition and 32 by inducing structural
changes in amyloid laden vessels, making them prone to
rupture.47 48 50e52 Other as yet unidenti!ed genetic poly-
morphisms relating to amyloid metabolic pathways (!gure 2A)
may also play a role in sporadic CAA, (eg, presenilin-1, neprilysin
and transforming growth factor b-1),57e59 and are a topic of
ongoing investigation.

NEUROPATHOLOGY
Morphological characteristics, natural history and severity
grading
CAA primarily involves neocortical and leptomeningeal arteri-
oles, to a lesser extent capillaries and, very rarely, venules.3 In
contrast with amyloid plaques found in ADdwhich are
predominantly composed of the 42 amino acid residue fragment
(Ab42)dthe vascular amyloid in CAA is mostly composed of the
more soluble, 40 amino acid fragment (Ab40), suggesting
different pathophysiological mechanisms for pathological
deposition (see below).60e63 Cerebral vessels with moderate to
severe CAA show an acellular wall thickening with a strongly
eosinophilic smudgy appearance on haematoxylineeosin stained
sections.64 Congo red staining, under polarised light, reveals
amyloid deposits as ‘apple green’ birefringence (hence the term
congophilic angiopathy)2 65 although immunological stains for
Ab are highly speci!c and now widely used (!gure 3). The
development of CAA is progressive, with Ab !rst appearing in
the abluminal aspect of the tunica media, surrounding smooth
muscle cells, and in the adventitia (!gure 3).2 At the initial stage,
the vessel wall structure is intact, but as the disease progresses,
there is pan-mural amyloid accumulation and loss of smooth
muscle cells.3 In severe CAA, detachment and delamination of
the outer part of the tunica media result in the so-called ‘double
barrel’ appearance (!gure 3)3; !brinoid necrosis and micro-
aneurysm formation also occur in advanced disease. There may
also be microbleeding with perivascular deposition of erythro-
cytes and blood breakdown products.64 Endothelial cells are
usually preserved even in vessels severely affected by CAA.66

Occasionally Ab is deposited in the surrounding brain paren-
chyma immediately adjacent to an affected vessel (sometimes
called ‘dyshoric CAA’).
CAA is also associated with cerebral ischaemic damage,17 26 67 68

including cortical microinfarcts,69 and white matter pathology
(demyelination and gliosis).8 17 62 Microinfarcts are predominantly
lobar (corticalesubcortical), usually in patients with severe CAA.
One possible mechanism for these ischaemic lesions is occlusion or
reduced perfusion in amyloid laden cortical vessels affected by CAA.
The changes described above provide the basis of neuropath-

ological scoring systems for CAA,34 67 70 each with strengths and
limitations.71 No standardised consensus neuropathological
criteria for rating CAA are available72 but are desirable to allow

Box 1 Search strategy and selection criteria

References were identified through PubMed with the search
terms: ‘cerebral amyloid angiopathy’; ‘microbleed(s) or microh(a)
emorrhage(s) and cerebral amyloid angiopathy’; ‘intracerebral
h(a)emorrhage’; and ‘vascular cognitive impairment’ between
January 1970 and August 2011. The references from identified
articles and the authors’ own files were also searched for relevant
publications. Only papers published in English were reviewed.
The final reference list was chosen on the basis of relevance to
the topics covered in this article.

Figure 1 The frequency of cerebral amyloid angiopathy (CAA) in
demented and non-demented elderly individuals in population based
clinicopathological studies. Note the increased prevalence of CAA, even
if only severe pathology is taken into account. CC75C, Cambridge City
over 75 Cohort21; HAAS, HonolulueAsia Ageing Study23; Vantaa 85+
study24; MRCeCFAS, MRC Cognitive Function and Ageing Study.22
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20 – 40% in non-
demented elderly. 

50 – 60% in 
demented elderly. 

Alzheimer’s 
disease: 90% have 
some degree of 
CAA (25% severe)
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Sporadic cerebral amyloid angiopathy revisited:
recent insights into pathophysiology and
clinical spectrum
Andreas Charidimou, Qiang Gang, David J Werring

ABSTRACT
Sporadic cerebral amyloid angiopathy (CAA) is a common
age related cerebral small vessel disease, characterised by
progressive deposition of amyloid-b (Ab) in the wall of
small to medium sized arteries, arterioles and capillaries of
the cerebral cortex and overlying leptomeninges. Previously
considered to be a rare neurological curiosity, CAA is now
recognised as an important cause of spontaneous
intracerebral haemorrhage and cognitive impairment in the
elderly, two fundamental challenges in the field of
cerebrovascular disease. Our understanding of the
pathophysiology and clinical manifestations of CAA
continues to evolve rapidly, with the use of transgenic
mouse models and advanced structural and/or molecular
neuroimaging techniques. Yet, despite remarkable recent
interest, CAA remains under-recognised by neurologists
and stroke physicians. In this review, a fresh look at key
developments in understanding the complex
pathophysiology, important clinical and radiological features,
diagnostic approaches and prospects for rational therapies
for this enigmatic small vessel disorder is provided.

INTRODUCTION
Sporadic cerebral amyloid angiopathy (CAA) is
a common small vessel disease of the brain, char-
acterised by the progressive deposition of amyloid-
b (Ab) protein in the walls of small to medium
sized arteries (up to about 2 mm in diameter1),
arterioles and capillaries in the cerebral cortex and
overlying leptomeninges.2 3 CAA can also affect
cerebellar vessels but only rarely those in the
brainstem or basal ganglia. Although known to
pathologists for over a century,4 5 CAA was not
linked to clinical disease until as late as the 1960s
when it was suggested to be a rare cause of intra-
cerebral haemorrhage (ICH).6e8 In recent years,
CAA has been ‘rediscovered’ as a common and
important cause of spontaneous ICH, which
remains the most devastating form of stroke, with
a death rate approaching 50% in contrast with
improved outcomes from ischaemic stroke.9 10 An
increased understanding of CAA thus holds promise
for improved prevention and treatment of ICH.
The growing interest in CAA is at least partly

thanks to two !elds of research, which have been
important in de!ning the expanding clinicale
radiological phenotype and the underlying patho-
physiology of the disease: (1) neuroimaging, which
now allows an unprecedented ability to investigate
CAA dynamics in vivo using MRI to reveal complex

patterns of cerebral bleeding (including lobar
microbleeds11) and ischaemia, and an increasing
repertoire of speci!c amyloid binding ligands3 12e16;
and (2) transgenic mouse studies, which have
allowed the experimental alteration of amyloid
peptide expression and molecular structure,
providing signi!cant mechanistic insights. Despite
these advances, CAA remains under-recognised by
neurologists and stroke physicians, making a fresh
look especially timely. In this review (see box 1 for
search strategy), we provide a comprehensive
update, emphasising the widening spectrum of
CAA clinical presentations and neuroimaging
features, including diagnostic approaches to reliably
identify the disease in vivo. Finally, we discuss
improved prospects for rational preventive or
disease modifying therapies for this common and
devastating microangiopathic disorder.

EPIDEMIOLOGY AND RISK FACTORS
Pathologically de!ned CAA is common in the
elderly.17e20 Population based autopsy studies
indicate a CAA prevalence of 20e40% in non-
demented and 50e60% in demented elderly
populations (!gure 1).19 21e24 Furthermore, CAA
pathology may be severe in older individuals
(!gure 1): in the HonolulueAsia Ageing Autopsy
Study, severe CAA was found in 43% of demented
and 24% of non-demented elderly individuals
(mean age at death 85 years).23 In Alzheimer ’s
disease (AD), CAA is almost invariable being found
at autopsy in more than 90% of cases.17 25

However, most of these patients have mild CAA;
severe CAA is found in about 25% of AD brains.26

Advancing age is the strongest known clinical risk
factor for developing CAA.2 In a community based
sample of 100 individuals, the prevalence of cortical
vascular Ab deposition progressively increased from
the seventh to the ninth decades,27 a pattern also
observed in 784 consecutive autopsies, corrected for
over-representation of AD.28 Moreover, patients
with CAA related ICH (suggesting advanced
disease) in large autopsy series were all older than
60 years (and most over 70 years of age).7 29 30

Sporadic CAA is seldom reported before the sixth
decade of life; occasional patients presenting in their
50s have been described.31

In contrast with hypertensive arteriopathydthe
other main form of small vessel disease and cause of
ICH32dthe risk of CAA is not accounted for by
conventional cardiovascular risk factors other than
age.2 Hypertension is not considered a risk factor
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• Strong dose dependent effect on the risk of 
developing CAA and its clinical severity. 

• Associated with: 
– sporadic CAA-related lobar ICH
– younger age of first ICH
– greater likelihood of hematoma expansion
– poorer clinical outcome
– a higher risk of recurrence

REVIEW

Sporadic cerebral amyloid angiopathy revisited:
recent insights into pathophysiology and
clinical spectrum
Andreas Charidimou, Qiang Gang, David J Werring

ABSTRACT
Sporadic cerebral amyloid angiopathy (CAA) is a common
age related cerebral small vessel disease, characterised by
progressive deposition of amyloid-b (Ab) in the wall of
small to medium sized arteries, arterioles and capillaries of
the cerebral cortex and overlying leptomeninges. Previously
considered to be a rare neurological curiosity, CAA is now
recognised as an important cause of spontaneous
intracerebral haemorrhage and cognitive impairment in the
elderly, two fundamental challenges in the field of
cerebrovascular disease. Our understanding of the
pathophysiology and clinical manifestations of CAA
continues to evolve rapidly, with the use of transgenic
mouse models and advanced structural and/or molecular
neuroimaging techniques. Yet, despite remarkable recent
interest, CAA remains under-recognised by neurologists
and stroke physicians. In this review, a fresh look at key
developments in understanding the complex
pathophysiology, important clinical and radiological features,
diagnostic approaches and prospects for rational therapies
for this enigmatic small vessel disorder is provided.

INTRODUCTION
Sporadic cerebral amyloid angiopathy (CAA) is
a common small vessel disease of the brain, char-
acterised by the progressive deposition of amyloid-
b (Ab) protein in the walls of small to medium
sized arteries (up to about 2 mm in diameter1),
arterioles and capillaries in the cerebral cortex and
overlying leptomeninges.2 3 CAA can also affect
cerebellar vessels but only rarely those in the
brainstem or basal ganglia. Although known to
pathologists for over a century,4 5 CAA was not
linked to clinical disease until as late as the 1960s
when it was suggested to be a rare cause of intra-
cerebral haemorrhage (ICH).6e8 In recent years,
CAA has been ‘rediscovered’ as a common and
important cause of spontaneous ICH, which
remains the most devastating form of stroke, with
a death rate approaching 50% in contrast with
improved outcomes from ischaemic stroke.9 10 An
increased understanding of CAA thus holds promise
for improved prevention and treatment of ICH.
The growing interest in CAA is at least partly

thanks to two !elds of research, which have been
important in de!ning the expanding clinicale
radiological phenotype and the underlying patho-
physiology of the disease: (1) neuroimaging, which
now allows an unprecedented ability to investigate
CAA dynamics in vivo using MRI to reveal complex

patterns of cerebral bleeding (including lobar
microbleeds11) and ischaemia, and an increasing
repertoire of speci!c amyloid binding ligands3 12e16;
and (2) transgenic mouse studies, which have
allowed the experimental alteration of amyloid
peptide expression and molecular structure,
providing signi!cant mechanistic insights. Despite
these advances, CAA remains under-recognised by
neurologists and stroke physicians, making a fresh
look especially timely. In this review (see box 1 for
search strategy), we provide a comprehensive
update, emphasising the widening spectrum of
CAA clinical presentations and neuroimaging
features, including diagnostic approaches to reliably
identify the disease in vivo. Finally, we discuss
improved prospects for rational preventive or
disease modifying therapies for this common and
devastating microangiopathic disorder.

EPIDEMIOLOGY AND RISK FACTORS
Pathologically de!ned CAA is common in the
elderly.17e20 Population based autopsy studies
indicate a CAA prevalence of 20e40% in non-
demented and 50e60% in demented elderly
populations (!gure 1).19 21e24 Furthermore, CAA
pathology may be severe in older individuals
(!gure 1): in the HonolulueAsia Ageing Autopsy
Study, severe CAA was found in 43% of demented
and 24% of non-demented elderly individuals
(mean age at death 85 years).23 In Alzheimer ’s
disease (AD), CAA is almost invariable being found
at autopsy in more than 90% of cases.17 25

However, most of these patients have mild CAA;
severe CAA is found in about 25% of AD brains.26

Advancing age is the strongest known clinical risk
factor for developing CAA.2 In a community based
sample of 100 individuals, the prevalence of cortical
vascular Ab deposition progressively increased from
the seventh to the ninth decades,27 a pattern also
observed in 784 consecutive autopsies, corrected for
over-representation of AD.28 Moreover, patients
with CAA related ICH (suggesting advanced
disease) in large autopsy series were all older than
60 years (and most over 70 years of age).7 29 30

Sporadic CAA is seldom reported before the sixth
decade of life; occasional patients presenting in their
50s have been described.31

In contrast with hypertensive arteriopathydthe
other main form of small vessel disease and cause of
ICH32dthe risk of CAA is not accounted for by
conventional cardiovascular risk factors other than
age.2 Hypertension is not considered a risk factor
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pears to be overrepresented rather than underrepre- 
sented in cases of CAA-related hemorrhage, as 
demonstrated first in pathologic specimensz3 and 
subsequently in a clinically defined series.18 This 
striking difference from AD has raised the possibility 
that apoE2 might affect molecular steps specific to 
CAA such as the degenerative changes in the 
amyloid-laden blood vessels. The latter possibility 
leads to a specific and testable prediction: that the ~2 
allele be overrepresented in cases of CAA with vas- 
culopathic changes such as cracking of the vessel 
wall and paravascular leaking of blood, relative to 
brains with extensive vascular amyloid but  without 
these vasculopathic changes. 

Methods. Pathologic and clinical cases of CAA. Post- 
mortem cases were chosen from the Harvard Brain Tissue 
Resource Center (BTRC) at  McLean Hospital (Belmont, 
MA). Brains had been systematically graded for CAA se- 
verity by review of 18 blocks of brain tissue, including 
seven from cerebral cortical regions and one from cerebel- 
lum as described in detail elsewhere.24 Sections were pre- 
pared with Luxol fast blue, hematoxylin and eosin, and 
Congo red and examined with and without polarized light; 
some sections were also immunostained for AP (6F3D, 
DAKO, Carpinteria, CA 1:150) to confirm the identity of 
congophilic material. Cases were graded according to the 
most advanced degree of CAA present among all vessels 
examined, an approach previously shown to correlate with 
risk of hem~rrhage.~ All pathologic grading was performed 
and recorded prior to  determination of genotype. 

To examine specific determinants of the vasculopathic 
changes in CAA, we selected only brains with complete 
amyloid replacement of vessel walls, represented by the 
CAA grades of moderate or ~eve re .~ , ‘~  Moderate CAA de- 
notes complete replacement of the blood vessel media with 
amyloid but without evident vasculopathy (figure lA), 
whereas severe CAA is defined by the additional changes 
of cracking of the vessel wall and at  least one focus of 
paravascular blood leakage (figure 1B). Seventy-five brains 
were selected, including 28 from the set of pathologic cases 
reported previously16 (in which moderate-severe cases were 
analyzed as a single group) and an additional 47 repre- 
senting all other moderate-severe CAA brains received by 
the BTRC between July 1993 and June 1996 with avail- 
able frozen tissue for genotyping. Mean density of neuritic 
plaques was estimated according to Consortium to Estab- 
lish a Registry for Alzheimer’s Disease (CERAD) criteria,2s 
with grade 1 = sparse density, 2 = moderate, and 3 = 
severe. 

Clinical analysis of APOE genotype was performed on 
48 consecutive patients age 250 years with a diagnosis of 
probable or definite CAA-related hemorrhage,I5 27 de- 
scribed previously18 and an additional 21 consecutive pa- 
tients presenting between January, 1996 and February, 
1997. These patients were compared with 49 patients age 
250 with probable hypertensive (HTN) hemorrhage (18 
described previously,18 3 1 consecutive additional patients 
from the above interval), and 87 elderly volunteers without 
cerebral hemorrhage (“no hemorrhage”) presenting for rou- 
tine general examination during this interval. Mean age 
(f SD) of the CAA patients was 77.7 ? 8.1 years, for HTN 
71.8 2 10.9, and for the no-hemorrhage patients 69.0 2 
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Figure. Examples of amyloid-laden cerebral vessels with- 
out (A) and with (B) cerebral amyloid angiopathy-related 
vasculopathic changes. (A) Amyloid-containing cortical 
vessel with moderate involvement. The media is replaced 
and thickened by amyloid, with decreased number of 
smooth muscle cell nuclei. The lumen is patent. The mate- 
rial in the media stains positively with Congo red or with 
antibodies to AP (not shown). Hematoxylin, eosin, and 
luxol fast blue, original magnification 560x. (B) Amyloid- 
containing leptomeningeal vessel with severe involvement. 
The media is replaced by amyloid and forms the homoge- 
neous outer circle, whereas the inner circle is composed 
primarily of the intima. The complete crack in the vessel 
wall creates a “vessel-within-vessel” appearance. The lu- 
men is patent and contains blood. Macrophages with he- 
mosiderin (not distinguishable at this magnification) are 
scattered near the vessel. Hematoxylin, eosin, and luxol 
fast blue, original magnification 350X. 

11.0. All but eight of the studied patients (four black, four 
Hispanic) were white. Clinical and radiographic diagnosis 
was performed as described p r e v i o u ~ l y . ~ ~ , ~ ~  History of prior 
dementia was ascertained by interview with family mem- 
bers. Determination of diagnosis, previous dementia, and 
age at first hemorrhage were recorded before analysis of 
APOE genotype, performed by polymerase chain reaction 
(PCR) as described previ0us1y.l~ This study was performed 
with approval of the institutional review board and in- 
formed consent of participants or family members. 

Allele frequencies (proportion of 
chromosomes in which the allele was present) were com- 
pared using 2 X 2 tables with Fisher’s exact test for signif- 
icance. Ages of first CAA-related hemorrhage were 
normally distributed (Shapiro-Francia test for normality) 

Statistical analysis. 
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Association of apolipoprotein E ~2 
and vasculopathy in cerebral 

amyloid angiopathy 
S.M. Greenberg, MD, PhD; J.-P.G. Vonsattel, MD; A.Z. Segal, MD; R.I. Chiu, BA; A.E. Clatworthy, BA; 

A. Liao, BS; B.T. Hyman, MD, PhD; and G.W. Rebeck, PhD 

Article abstract-Objective: Hemorrhage related to cerebral amyloid angiopathy (CAA) appears to occur through a 
multistep pathway that includes deposition of p-amyloid in cerebral vessels and specific vasculopathic changes in the 
amyloid-laden vessels, such as cracking of the vessel wall. Recent reports suggest a positive association between CAA- 
related hemorrhage and both the apolipoprotein E (APOE) ~4 allele and, unexpectedly, the APOE ~2 allele. Unlike APOE 
~ 4 ,  APOE ~2 does not appear to  act through increased P-amyloid deposition. We therefore sought to determine whether it 
might specifically accelerate the second step in this pathway, that is, development of the vasculopathic changes that lead 
to hemorrhage. Methods: To determine the role of APOE in development of vasculopathic changes, we compared APOE 
genotypes in two groups of postmortem brains: 52 brains with complete amyloid replacement of vessel walls but without 
vasculopathic changes, and 23 brains with complete amyloid replacement of vessels with the accompanying changes of 
cracking of the vessel wall and paravascular leaking of blood. Results: Frequency of APOE ~2 was significantly greater in 
the group with vasculopathy (0.09) than the group without (0.01, p = 0.03). The groups did not differ in mean age or 
extent of neuritic plaques. Analysis of a clinical series of patients with CAA-related hemorrhage confirmed an overrepre- 
sentation of APOE ~2 as well as an association between this allele and earlier age of first hemorrhage. Conclusions: These 
data suggest that APOE ~2 and ~4 might promote CAA-related hemorrhage through separate mechanisms: €4 by enhanc- 
ing amyloid deposition and ~2 by causing amyloid-laden vessels to undergo the vasculopathic changes that lead to rupture. 
NEUROLOGY 1998;50:961-965 

Cerebral amyloid angiopathy progresses to  cerebral 
hemorrhage through a specific series of pathogenic 
events. CAA itself, defined as deposition of congo- 
philic material in the media of cerebral is 
common in the elderly brain. CAA-related cerebral 
hemorrhage, however, occurs only in a relatively 
small subset of cases. Those brains that develop 
hemorrhage demonstrate both extensive vascular 
amyloid and a set of vasculopathic changes that can 
include cracking and fibrinoid necrosis of the vessel 
wall and paravascular leaking of b l o ~ d . ~ - ~  

Amyloid deposited in vessels in CAA, similar to 
amyloid in senile plaques in Alzheimer’s disease 
(AD), is composed largely of the amyloid P-peptide 
(AP). We have previously proposed7 that CAA and 

AD might share some mechanisms and risk factors, 
particularly those related to AP deposition, and 
might differ in other molecular features, such as 
those related to the vasculopathic changes. 

Apolipoprotein E (APOE for gene, apoE for pro- 
tein) has been identified as an  important risk factor 
for AP deposition and AP-related diseases. The ~4 
allele of APOE is associated with increased AP depo- 
sition, increased risk of disease, and earlier onset in 
both ADR-14 and CAA.10J5-18 APOE ~ 2 ,  conversely, ap- 
pears to protect from senile plaques and AD.11J2J9-22 
These results have led to the suggestion that apoE 
might exert both its positive and negative effects on 
AD by regulation of amyloid deposition. 

Surprisingly, however, the ~2 allele of APOE ap- 
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Table 1 Apolipoprotein E allele frequency in  patients with 
intracerebral hemorrhage and controls 

Allele Frequency 
No. of 

patients €2 €3 €4 
-~ 

Definitdprobable 48 0.19” 0.56 0.257 

Probable HTN 49 0.05 0.84 0.11 

CAA hemorrhage 

hemorrhage 

No hemorrhage 87 0.09 0.84 0.07 

* p < 0.005 vs. HTN hemorrhage group, p = 0.03 vs. no hemor- 
rhage group. 
t p = 0.015 vs. HTN hemorrhage group, p < 0.005 vs. no hemor- 
rhage group. 

CAA = cerebral amyloid angiopathy; HTN = hypertension. 

and compared with Student’s t-test or multivariate linear 
regression. All significance tests were two-sided. 

Results. Compared with patients with either HTN hem- 
orrhage or no hemorrhage, those with CAA-related hemor- 
rhage demonstrated significantly increased frequencies of 
both the ~4 and ~2 alleles (table 1). In comparison with the 
~ 3 1 ~ 3  genotype, the presence of one copy of either APOE ~2 
or ~4 increased the odds ratio for CAA-related hemorrhage 
by approximately four-fold. Allele frequencies similar to 
those in the full CAA cohort were seen in the subgroup of 
CAA patients without history of preceding dementia (0.21 
for ~ 2 ,  0.24 for ~ 4 ,  n = 36) and the subgroup of CAA- 
related hemorrhages diagnosed with definite or supporting 
pathologic evidence (15) (0.15 for ~ 2 ,  0.35 for -24, n = 10). 

Within the cohort of patients with definitdprobable CAA, 
those who carried ~2 or ~4 had their first hemorrhage 6 to 7 
years earlier than those with the ~ 3 1 ~ 3  genotype (table 2). 
“he four individuals with the  EYE^ genotype demonstrated 
the earliest age of onset of any genotype (67.3 2 4.0 years, 
p < 0.02 [corrected for multiple comparisons] versus ~ 3 1 ~ 3  
patients). Multivariate analysis demonstrated independent 
and significant effects of APOE E2 and APOE ~4 on earlier 
age of first hemorrhage. Neither allele significantly affected 
age at onset in the HTN hemorrhage group (data not shown). 

Given the specific effect of APOE ~2 on the presence and 
onset of CAA-related hemorrhage and the absence of a 
potentiating effect of APOE ~2 on vascular amyloid deposi- 
tion,15*22 we reasoned that this allele might exert its effect 
by accelerating the formation of the CAA-related vasculo- 
pathic changes that lead to hemorrhage. This hypothesis 
predicted that among brains with extensive vascular amy- 

Table 2 Apolipoprotein E genotype and age in years at first 
CAA-related hemorrhage 

ApoE genotype No. of patients” Age first hemorrhage (tSD) 

€3/€3 16 81.6 5 7.0 

€2 present 15 74.2 f 7.67 
€4 present 21 75.2 f 8.6t 

* €2 and €4 subgroups both include four €21~4 patients. 
i p  < 0.02 vs. €3/€3 group. 

CAA = cerebral amyloid angiopathy. 

Table 3 Association of apolipoprotein E E2 with CAA-related 
vasculopathic changes 

Allele frequency 
No. of 

CAA pathology brains €2 €3 €4 

Replacement of media 52 0.01 0.55 0.44 

Replacement of media 23 0.09* 0.45 0.46 

with amyloid 

with amyloid + 
vasculopathic changes 

* p  = 0.03. 

CAA = cerebral amyloid angiopathy. 

loid, APOE ~2 should be present a t  greater frequency in 
the subset of brains with vasculopathic changes than in 
brains without vasculopathy. 

We therefore compared two groups of postmortem 
brains, each with complete replacement of vessel walls 
with amyloid: one group without evidence of vasculopathy 
(“moderate CAA,” see figure 1A) and one with the CAA- 
related vasculopathic changes, such as cracking of the ves- 
sel wall that  are associated with hemorrhage (“severe 
CAA,” figure 1B). The groups did not significantly differ in 
age a t  death (79.0 5 7.0 without vasculopathy, 78.4 ? 9.9 
with vasculopathy) or density of plaques (mean CERAD 
grades 2.6 +- 0.7 versus 2.650.9). Frequency of APOE ~2 
was significantly greater in the brains with CAA-related 
vasculopathic changes than those without (table 3). APOE 
€4 frequency was high in each group and did not signifi- 
cantly differ between brains with and without vasculo- 
pathic changes. These results are consistent with a role for 
APOE ~2 in promoting vasculopathy in CAA. 

Discussion. The results presented offer several 
lines of evidence to suggest that APOE ~ 2 ,  like APOE 
~ 4 ,  is positively associated with CAA-related hemor- 
rhage: (1) it is overrepresented among CAA cases, 
confirming an independent series”; (2) it correlates 
with age of first CAA-related hemorrhage (not seen 
in a previous smaller, less stringently defined co- 
hortl*); and (3) it is associated with CAA-related vas- 
culopathy. Further series of patients will be required 
before this unexpected association is fully estab- 
lished, as highlighted by the absence of elevated ~2 
frequency in a pathologic series of 13 CAA + AD 
cases.16 Although ~2 may increase the risk of CAA- 
related hemorrhage, it is absent in the majority of 
patients (see table 1) suggesting the existence 
of other factors that can independently promote 
hemorrhage. 

We found the frequency of APOE €2 in the overall 
group of pathologic cases with extensive vascular 
amyloid to be relatively low (see table 3), in keeping 
with this allele’s protective influence on amyloid dep- 
 siti ion.'^,'^,^^ The frequency of 0.09 observed in 
brains with CAA-related vasculopathy was, however, 
significantly greater than the frequency of ~2 seen in 
the cases without vasculopathy, and also above the 
range of allele frequencies (0.005 to 0.04) reported in 
brains with extensive amyloid deposition from Alz- 
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pears to be overrepresented rather than underrepre- 
sented in cases of CAA-related hemorrhage, as 
demonstrated first in pathologic specimensz3 and 
subsequently in a clinically defined series.18 This 
striking difference from AD has raised the possibility 
that apoE2 might affect molecular steps specific to 
CAA such as the degenerative changes in the 
amyloid-laden blood vessels. The latter possibility 
leads to a specific and testable prediction: that the ~2 
allele be overrepresented in cases of CAA with vas- 
culopathic changes such as cracking of the vessel 
wall and paravascular leaking of blood, relative to 
brains with extensive vascular amyloid but  without 
these vasculopathic changes. 

Methods. Pathologic and clinical cases of CAA. Post- 
mortem cases were chosen from the Harvard Brain Tissue 
Resource Center (BTRC) at  McLean Hospital (Belmont, 
MA). Brains had been systematically graded for CAA se- 
verity by review of 18 blocks of brain tissue, including 
seven from cerebral cortical regions and one from cerebel- 
lum as described in detail elsewhere.24 Sections were pre- 
pared with Luxol fast blue, hematoxylin and eosin, and 
Congo red and examined with and without polarized light; 
some sections were also immunostained for AP (6F3D, 
DAKO, Carpinteria, CA 1:150) to confirm the identity of 
congophilic material. Cases were graded according to the 
most advanced degree of CAA present among all vessels 
examined, an approach previously shown to correlate with 
risk of hem~rrhage.~ All pathologic grading was performed 
and recorded prior to  determination of genotype. 

To examine specific determinants of the vasculopathic 
changes in CAA, we selected only brains with complete 
amyloid replacement of vessel walls, represented by the 
CAA grades of moderate or ~eve re .~ , ‘~  Moderate CAA de- 
notes complete replacement of the blood vessel media with 
amyloid but without evident vasculopathy (figure lA), 
whereas severe CAA is defined by the additional changes 
of cracking of the vessel wall and at  least one focus of 
paravascular blood leakage (figure 1B). Seventy-five brains 
were selected, including 28 from the set of pathologic cases 
reported previously16 (in which moderate-severe cases were 
analyzed as a single group) and an additional 47 repre- 
senting all other moderate-severe CAA brains received by 
the BTRC between July 1993 and June 1996 with avail- 
able frozen tissue for genotyping. Mean density of neuritic 
plaques was estimated according to Consortium to Estab- 
lish a Registry for Alzheimer’s Disease (CERAD) criteria,2s 
with grade 1 = sparse density, 2 = moderate, and 3 = 
severe. 

Clinical analysis of APOE genotype was performed on 
48 consecutive patients age 250 years with a diagnosis of 
probable or definite CAA-related hemorrhage,I5 27 de- 
scribed previously18 and an additional 21 consecutive pa- 
tients presenting between January, 1996 and February, 
1997. These patients were compared with 49 patients age 
250 with probable hypertensive (HTN) hemorrhage (18 
described previously,18 3 1 consecutive additional patients 
from the above interval), and 87 elderly volunteers without 
cerebral hemorrhage (“no hemorrhage”) presenting for rou- 
tine general examination during this interval. Mean age 
(f SD) of the CAA patients was 77.7 ? 8.1 years, for HTN 
71.8 2 10.9, and for the no-hemorrhage patients 69.0 2 

962 NEUROLOGY 50 April 1998 

Figure. Examples of amyloid-laden cerebral vessels with- 
out (A) and with (B) cerebral amyloid angiopathy-related 
vasculopathic changes. (A) Amyloid-containing cortical 
vessel with moderate involvement. The media is replaced 
and thickened by amyloid, with decreased number of 
smooth muscle cell nuclei. The lumen is patent. The mate- 
rial in the media stains positively with Congo red or with 
antibodies to AP (not shown). Hematoxylin, eosin, and 
luxol fast blue, original magnification 560x. (B) Amyloid- 
containing leptomeningeal vessel with severe involvement. 
The media is replaced by amyloid and forms the homoge- 
neous outer circle, whereas the inner circle is composed 
primarily of the intima. The complete crack in the vessel 
wall creates a “vessel-within-vessel” appearance. The lu- 
men is patent and contains blood. Macrophages with he- 
mosiderin (not distinguishable at this magnification) are 
scattered near the vessel. Hematoxylin, eosin, and luxol 
fast blue, original magnification 350X. 

11.0. All but eight of the studied patients (four black, four 
Hispanic) were white. Clinical and radiographic diagnosis 
was performed as described p r e v i o u ~ l y . ~ ~ , ~ ~  History of prior 
dementia was ascertained by interview with family mem- 
bers. Determination of diagnosis, previous dementia, and 
age at first hemorrhage were recorded before analysis of 
APOE genotype, performed by polymerase chain reaction 
(PCR) as described previ0us1y.l~ This study was performed 
with approval of the institutional review board and in- 
formed consent of participants or family members. 

Allele frequencies (proportion of 
chromosomes in which the allele was present) were com- 
pared using 2 X 2 tables with Fisher’s exact test for signif- 
icance. Ages of first CAA-related hemorrhage were 
normally distributed (Shapiro-Francia test for normality) 

Statistical analysis. 
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CAA: ICH

• CAA most often recognized in life by the 
incidence of symptomatic, spontaneous, lobar 
ICH. 

• CAA accounts for 5-30% of all ICH
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Summary 

We investigated consecutive 1000 autopsied cases (average age 82.9 years) clinicopathologically in order to reveal the 
significance of cerebral amyloid angiopathy (CAA) as a cause of senile intracranial hemorrhages. We found 101 cases with 
intracerebral hemorrhages, and CAA accounted for 10.9% of them (31.0% of lobar cerebral hemorrhages, and 14.3% of 
cerebellar ones). In contrast to hypertensive hemorrhages, CAA-related ones (1) ruptured into the subarachnoid space without 
exception, (2) often coexisted with dementia of Alzheimer's type. and (3) frequently occurred in the night without elevated blood 
pressure at onset. The cerebrovaseular amytoid was strongly immunoreactive with antibody to/~-protein in all of the cases with 
CAA-retated hemorrhages, and less intensively with antibody to cystatin C in 91% of them. Our data indicate that CAA is an 
tmportant etiological factor of cerebellar hemorrhages, as well as lobar cerebral hemorrhages, in normotensive, aged patients. 

Introduction 

Cerebral amyloid angiopathy (CAA) is known as an 
important etiological factor of intracranial hemor- 
rhages (ICH), especially of lobar cerebral hemorrhages 
in the elderly individuals (Vinters 1987). CAA is re- 
ported to account for 3.8% (Jellinger 1977), 11.7% 
(Ishii et al. 19°o4) of intracerebrat hemorrhages, and for 
20% (Tomonaga 1985) of lobar type hemorrhages. 

We examined ICH clinicopathologieally in a large 
number of autopsy brains of  the elderly patients. Here 
we report that CAA is significant not only in lobar 
cerebral hemorrhages but also in cerebellar ones, and 
that CAA-related hemorrhages have several outstand- 
ing features as compared with hypertensive ones. 

Correspondence to: Yoshinori ttoh, M.D., Department of Internal 
Medicine, Yokufukai Geriatric Hospital, 1-12-1 Takaido-nishi. Sugi- 
nami-ku. Tokyo 168. Japan. Tel.: 03-3332-6511: Fax: 03-3332-7671. 

Materials and methods 

We investigated consecutive 1000 cases autopsied at 
the Yokufukai Geriatric Hospital from May 1979 to 
March 1990. The age of the patients ranged from 59 to 
102 years with an average of 82.9 years (Table 1). 

ICH were examined by routine neuropathological 
methods. In this study, we did not  include peteehial 
bleedings measuring < 1 mm in diameter. For all cases 

TABLE t 
AGE AND SEX DISTRIBUTION OF AUTOPSIED CASES 

Age (years) No. of cases 
< 59 3 

6o- 69 38 
70- 79 274 
80- 89 497 
90- 99 183 

100-102 5 
Total 1000(M/F =369:631) 

136 

TABLE ~ 
INCIDENCE OF INTRACRAN1AL HEMORRHAGES 

Type No. of cases 
lntracerebral 101 
Subdural 92 
Subarachnoid 15 
Epidural 8 

with ICH,  formal  in-fixed, p a r a f f i n - e m b e d d e d  bra in  
sect ions were  s ta ined  with hematoxyl in-eos in ,  Kliiver- 
Barrera ,  Masson ' s  t r i ch rome and m e t h e n a m i n e - B o d i a n .  
For  the cases with lobar ,  ce rebe l l a r  and  b ra ins t em 
hemorrhages ,  Congo- red  stain was also pe r fo rmed .  
Amylo id  depos i t s  were  ident i f ied  by showing con- 
gophi l ia  with green  b i re f r ingence  unde r  po la r i zed  light. 
We ascr ibed  hemor rhages  to C A A  when the vessels 
a round  them were  af fec ted with C A A  to the m o d e r a t e  
( 4 - 7 / 1 0  vessels) or  m a r k e d  ( 8 - 1 0 / 1 0  vessels) degree ,  
and when no o the r  causat ive lesions ( including hyper-  
tensive changes)  exis ted near  the  hema tomas .  

Immunoh i s tochemis t ry  was p e r f o r m e d  in all 11 cases 
with C A A - r e l a t e d  h e m o r r h a g e s  and  in four  cases with 
hyper tens ive  ones  as follows: formal  in-fixed, paraff in-  
e m b e d d e d  sect ions from occipi ta l  lobes  were  cut at 9 
# m  thickness  and immunos t a ined  with an t ibodies  to 
amyloid  /3(A4) p ro te in  ( res idues  1 -24)  ( Y a m a d a  et  al. 
1988) and to cystatin C (a kind gift f rom Dr. A. Grubb )  
( Y a m a d a  et al. 1989). Immunoreac t iv i ty  was demon-  
s t ra ted  by a v i d i n - b i o t i n - p e r o x i d a s e  complex  (ABC)  
me thod  using Vec tas ta in  kits (Vec tor  Lab.,  Burl in-  
bame,  CA). The  perox idase  activity was visual ized with 
0.02% 3 ,3 ' -d i aminobenz id ine  t e t r ahydroch lo r ide .  

R e s u l t s  

ICH were  observed  in 198 out  of  1000 cases, and  
101 cases  among  them showed in t r ace rebra l  hemor-  
rhages  (Tables  2 and 3). 

The  causes  of  lobar ,  ce rebe l l a r  and  b ra ins t em hem- 
o r rhages  were as d e m o n s t r a t e d  in Tab le  4. C A A - r e -  

TABLE 3 
LOCATION OF INTRACEREBRAL HEMORRHAGES 

Site No. of cases No. of 
(rate, %) lesions 

Basal ganglia 37 (36.6) 39 
Thalamus 27 (26.7) 28 
Combined type " 4 (4.0) 4 
Lobar type 29 (28.7) 33 
Cerebellum 14 (13.9) 16 
Brainstem 5 (5.0) 5 

:' Inw)lving both basal ganglia and thalamus. 

TABLE 4 
CAUSES OF LOBAR, CEREBELLAR AND BRAINSTEM HEM- 
ORRHAGES 

Site Cause No. of cases (rate, %) 
Lobar type Hypertension 14 (48.3) 

CAA 9 (31.0) 
Trauma 5 (17.2) 
Unknown 1 (3.4) 

Cerebellum Hypertension 11 (78.6) 
CAA 2 (14.3) 
Unknown I (7.1) 

Brainstem Hypertension 5 (11)(I) 

la ted  hemor rhages  were  observed  in 11 pa t ien t s  (age 
77-90,  mean  81.9; m a l e / f e m a l e  4 : 7 )  with 12 lesions 
( lobar  type 10, ce rebe l lum 2). C A A  accoun ted  for 
10.9% of  in t r ace rebra l  h e m o r r h a g e s  (31.0% of  lobar  
hemor rhages ,  and  14.3% of  ce rebe l l a r  ones).  On  the 

. . . . . . .  ~ . . . . . .  
Fig. 1. Photographs of sagittal section through cerebellum. (A) 
CAA-related hemorrhage in left cerebellar hemisphere. The 
hematoma is located in cortex, and extends into subarachnoid space. 
(B) Hypertensive hemorrhage in left cerebellar hemisphere. The 
hematoma is situated in white matter, and does not reach the surface 

of cortex. 
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CAA may also be a risk factor for ICH after thrombolysis:
spontaneous CAA related and thrombolysis related haemor-
rhages share some features, including a predilection of lobar
brain regions, multiplicity of haemorrhages, age dependency and
an association with dementia and leukoaraiosis.116 In one small
study, two of !ve cases of ICH after thrombolysis for acute
myocardial infarction had severe CAA identi!ed.117

Cognitive impairment and dementia
There is now increasing evidence that CAA is an important
contributor to cognitive impairment72 118 although dissecting its
independent cognitive impact is confounded by the presence of
coexisting AD and other age related pathologies (eg, hyperten-
sive arteriopathy). Nevertheless, in population based clin-
icalepathological studies, the prevalence of CAA is consistently
higher in demented compared with non-demented patients
(!gure 1).19 In the population based Medical Research Councile
Cognitive Function and Ageing Study, CAA was signi!cantly
associated with dementia (OR 9.3, 95% CI 2.7 to 41.0), even
after controlling for age and dementia related neuropathologies
(eg, neuritic and diffuse plaques).22 Similarly, the Honolulue
Asia Ageing Autopsy Study revealed a signi!cantly higher
prevalence of severe CAA in demented versus non-demented
patients (43% vs 24%) (!gure 1).23 CAA may worsen the severity

of cognitive dysfunction in AD: CAA together with AD
pathology has been associated with signi!cantly worse cognitive
performance during life, compared with AD alone, even after
controlling for age, neuro!brillary tangles and amyloid plaques
number, infarctions and ApoE genotype.23 There are few studies
of the speci!c pattern of cognitive impairment associated with
CAA; a recent autopsy series found that moderate to severe CAA
(present in 19% of the study population) was associated with
lower performance in speci!c cognitive domains, notably
perceptual speed and episodic memory, after accounting for AD
pathology and other potential covariates.119 The pathophysio-
logical mechanisms by which CAA could cause cognitive
impairment have not been well established118 but relevant
lesions on brain imaging could include cerebral microbleed,120

microinfarcts35 121 and white matter changes.122

CAA is thus emerging as a potentially important link between
neurodegenerative and cerebrovascular pathology.123 Vascular
cognitive impairment and AD are now conceptualised as
a continuum118 124 125 with complex interactions and shared risk
factors.99 123 CAA seems likely to exacerbate the deleterious
effect of neurodegenerative pathology on the brain, lowering the
threshold for overt dementia.99 118 Unravelling the independent
contribution of CAA to cognitive function is particularly
important as it could lead to new therapeutic strategies.

Figure 4 The spectrum of imaging manifestations of sporadic cerebral amyloid angiopathy (CAA). (A) An acute lobar haematoma on CT scan. Some
extension of the bleeding in the posterior horn of the left ventricle can be seen. (B) CT scan of a patient with a small posterior cortical haematoma.
Acute cortical subarachnoid haemorrhage (cSAH) is evident in two adjacent sulci (arrowheads). (C) A T2 weighted MRI of a patient with probable CAA
showing two lobar foci of recent/subacute intracerebral haemorrhage (ICH): in the medial aspect of the left occipital lobe and in the right inferior frontal
gyrus. There is also a large old lobar haemorrhage involving the right occipital lobe, some scattered corticalesubcortical cerebral microbleeds (CMBs)
in posterior brain regions, as well as confluent white matter hyperintensities in the posterior white matter (leukoaraiosis: arrow). (D) Susceptibility
weighted imaging (SWI) and T2* weighted gradient recalled echo (T2*-GRE) (inset) done on the same day in a patient with a lobar haemorrhage. The
detection of strictly lobar CMBs (better demonstrated on SWI) is consistent with a diagnosis of probable CAA. (EeF) cSAH (linear hypointensities in
the subarachnoid space on T2*-GRE/SWI) and cortical superficial siderosis (hyperintense on T2*-GRE/SWI). The inset in (E) demonstrates the
coexistence of cSAH (arrowhead), focal cortical siderosis in an adjacent sulcus (arrow) and some CMBs (circles). Focal cortical siderosis represents
the chronic lesion following acute cSAH. (G) SWI in a patient presenting with progressive cognitive impairment led to the detection of multiple strictly
lobar microbleeds, characteristic of CAA. Confluent white matter changes (arrow) are also visible. (H) Diffusion weighted imaging (DWI) showing
a small acute ‘silent’ ischaemic lesion in the right parietal lobe (arrow) in a patient with probable CAA.

J Neurol Neurosurg Psychiatry 2012;83:124e137. doi:10.1136/jnnp-2011-301308 129

Cerebrovascular disease

group.bmj.com on January 5, 2015 - Published by http://jnnp.bmj.com/Downloaded from 

Clinical characteristics are shown in Table 1. Those
with SDH had lower Glasgow Coma Scale scores, higher
ICH volumes, and more midline shift. There was a
trend toward fewer lobar microbleeds in those with
SDH, although the proportion with probable or possible
CAA did not differ according to the presence of SDH.
The distribution of the number of microbleeds in pa-
tients with probable or possible CAA was highly right-
skewed, as observed in other studies,15 and ranged from
0 to 136. Presentation with collapse at the onset of stroke
symptoms or being found unresponsive was more com-
mon in those with SDH (Table 1). Fall at the onset of
symptoms or being found unresponsive was no longer
associated with SDH, however, after controlling for ICH
volume (P=.16). A multivariable logistic regression
model, with backward elimination of nonsignificant
variables, showed that the only independent predictor of
SDH was ICH volume. Compared with the reference
group with an ICH volume of 0 to 30 cm3, patients with
an ICH volume of 31 to 60 cm3 had an odds ratio (OR)
for SDH of 1.43 (95% confidence interval [CI], 0.55-
3.74; P=.46) and patients with an ICH volume more

than 60 cm3 had an OR for SDH of 2.69 (95% CI, 1.14-
6.34; P=.02).

Characteristics associated with 30-day mortality are
shown in Table 2. Subdural hematoma was associated
with higher 30-day mortality. Withdrawal of life-
sustaining measures was common in those who died and
was present in all who died with SDH (22 of 22 who died
with SDH had withdrawal of life-sustaining measures,
compared with 43 of 50 who died without SDH; P=.09).
The presence of SDH with more than a 5-mm maximum
thickness (SDH!5 mm) was independently associated
with increased 30-day mortality in a multivariable model
(Table3) (OR, 7.60; 95% CI, 1.86-30.99; P=.005). When
analyzed as the presence or absence of any SDH, which
includes many smaller SDHs, there was no longer an in-
dependent relationship (OR, 1.74; 95% CI, 0.73-4.13;
P=.21). Model interaction terms between SDH and ICH
volume categories were significant (P" .05), indicating
that the effect of SDH on mortality differed according to
ICH volume, however. Further analysis showed that SDH
was associated with an increased risk of mortality in those
with an ICH volume lower than 30 cm3 (OR, 12.85; 95%

A B C

Figure. Example of primary lobar intracerebral hemorrhage (ICH) with concurrent subdural hematoma (SDH). An 87-year-old woman was hospitalized for
depression. Magnetic resonance fluid-attenuated inversion recovery images obtained the day prior to ICH showed extensive white matter hyperintensity and no
evidence of subdural collections (A). The following morning, a routine nursing check found her in bed with aphasia and a right hemiparesis; there was no evidence
of a fall or trauma. Head computed tomography showed a large temporal ICH (B, top panel) with an adjacent SDH that extended superiorly over the hemisphere
(B, bottom panel). The patient died; an autopsy showed eosinophilic thickening of the media of small arteries and arterioles of the cortex and leptomeninges
(C, top panel). Immunostaining for #-amyloid was positive in the affected vessels (C, bottom panel).
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Recurrent brain hemorrhage is more
frequent than ischemic stroke after

intracranial hemorrhage
Renee D. Bailey, MD; Robert G. Hart, MD; Oscar Benavente, MD; and Lesly A. Pearce, MS

Article abstract—Objective: To characterize the rates of recurrent intracranial hemorrhage (ICH), ischemic stroke, and
death in survivors of primary ICH. Methods: Systematic review of studies reporting recurrent stroke in survivors of
primary ICH, identified at index ICH and followed forward. Studies were identified by computerized search of the
literature and review of reference lists. Results: Ten studies published between 1982 and 2000 reporting 1,880 survivors of
ICH, followed for a total of 6,326 patient-years (mean follow-up, 3.4 patient-years), were included. The aggregate rate of
all stroke from five studies was 4.3% per patient-year (95% CI, 3.5% to 5.4%). The rate in the three population-based
studies was higher than in the two hospital-based studies, 6.2% versus 4.0% per patient-year (p ! 0.04). About three
fourths of recurrent strokes were ICH. Considering all 10 studies, a total of 147 patients had a recurrent ICH, an
aggregate rate of 2.3% per patient-year (95% CI, 1.9% to 2.7%). Based on data from four studies, patients with a primary
lobar ICH had a higher rate of recurrent ICH than those with a deep, hemispheric ICH (4.4% versus 2.1% per patient-
year; p ! 0.002). The aggregate rates of subsequent ischemic stroke and mortality were 1.1% per patient-year (95% CI,
0.8% to 1.7%) and 8.8% per patient-year (95% CI, 5.2% to 11.0%). Conclusions: Recurrent stroke among survivors of
primary ICH occurs at a rate of about 4% per patient-year, and most are recurrent ICH. Survivors of ICH have a higher
risk of recurrent ICH than of ischemic stroke, and this has implications for the use of antithrombotic agents in these
patients.
NEUROLOGY 2001;56:773–777

Intracranial hemorrhage (ICH) accounts for 10% to
15% of all strokes and carries substantial associated
mortality and often permanent disability for those
affected.1 For the estimated 50,000 Americans who
survive ICH each year, the risk of recurrent stroke
and death are unclear. We undertook a systematic
review of this issue, seeking to characterize the oc-
currence of recurrent ICH, ischemic stroke and
death among survivors of primary ICH, as well as to
identify predictors of recurrent stroke. We hypothe-
sized a priori that recurrence of ICH would be infre-
quent and that subsequent stroke more often would
be ischemic than hemorrhagic.

Methods. Types of studies. Studies of patients identi-
fied at the time of a primary ICH, followed longitudinally,
and evaluated for recurrent stroke were considered for in-
clusion. Minimum average follow-up required for a study
to be included was 3 months.

Types of participants. We included studies of patients
of any age or gender surviving a primary ICH for at least
30 days. When possible, the studies confirmed ICH by CT
or MRI and excluded those due to vascular malformation,
coagulopathy, trauma, or neoplasm.

Types of interventions. There were no restrictions as to
the type of intervention.

Types of outcome measures. The primary outcomes
evaluated were recurrent intracranial hemorrhage (any
hemorrhage confirmed by CT, MRI, or autopsy and exclud-
ing those related to vascular malformation, coagulopathy,
trauma, or neoplasm), ischemic stroke (evaluated by CT,
MRI, or autopsy), all stroke (ICH, ischemic, plus those of
unknown type), and death. Outcomes (except death) in
patients with ICH who survived 30 days were counted
from the time of the index hemorrhage whenever possible.

Search strategy for identification of studies. Studies
following the natural history after primary ICH and pub-
lished in any language were identified using an electronic
search of MEDLINE from 1 January 1966 to 31 January
2000. Intracranial hemorrhage and hypertension were the
primary keywords and textwords employed. Following the
electronic searches, the reference lists of the articles col-
lected were reviewed. Contact with other authors in the
field was made in order to identify additional studies.

Methods of the review. Selection of studies and data
collection. The results of the searches were evaluated and
data abstracted by two reviewers (R.D.B. and R.G.H.), and
then crosschecked; disagreements were resolved by con-
sensus. Extracted information included age, gender, coex-
istent vascular disease and vascular risk factors, mean
follow-up, use of antithrombotic therapy, ethnicity, out-
comes of hemorrhagic and ischemic stroke, and death.

Assessment of methodological quality. Two reviewers
evaluated the methodological quality of each selected
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Recurrent intracranial hemorrhage. Based on results
from all 10 studies, 147 patients had a confirmed recurrent
ICH during a mean follow-up of 3.4 years. Excluding re-
sults from three studies in which the total 13 strokes of an
unknown type occurred, the aggregate rate of recurrent
ICH was 2.3% per patient-year (95% CI, 1.9% to 2.7%).2,3,8

Including all studies and assuming that three fourths of 13
unknown strokes were ICH (n ! 10), the aggregate rate of
recurrent ICH was similar at 2.4% per patient-year (95%
CI, 2.0% to 2.8%).

Continuing to consider three fourths of unknown
strokes as ICH, the aggregate rate of recurrent ICH in the
three population-based studies was 3.7% per patient-year,
(95% CI, 2.3% to 5.9%) compared with 2.3% (95% CI, 2.0%
to 2.8%) in the hospital-based studies (p ! 0.1; rate ratio
1.6). Recurrent ICH was 2.3% per patient-year (95% CI,
1.7% to 3.3%) for the four highest-rated studies, compared
with 2.4% per patient-year in the remainder (95% CI, 2.0%
to 2.8%). The aggregate rate of recurrent ICH from the five
European studies was 2.9% per patient-year (95% CI, 2.2%
to 3.9%).

Three studies provided information about the rate of
recurrent stroke over time, but the results were difficult to
interpret.3,6,9 The rate of recurrent ICH was higher during
the initial year following the index ICH in one study.9

Ischemic stroke. Again considering only the five stud-
ies that followed patients for all strokes, a total of 21
confirmed ischemic strokes occurred. Counting these plus
one fourth of the unknown strokes in these studies as
ischemic (n ! 3), the aggregate rate was 1.1% per patient-
year (95% CI, 0.8% to 1.7%) during a mean follow-up of 3.2
years per patient.

Deaths. Four studies involving 229 survivors of ICH
reported late mortality rates (30 days or more after the
index ICH).3,4,10,11 Aggregate mortality rate was 8.8% per
patient-year (95% CI, 6.6% to 11.8%) during a mean
follow-up of 2.1 years per patient. In each study and in aggre-
gate, deaths (n ! 45) exceeded recurrent stroke (n ! 19).

Predictors of recurrent ICH. Patient features associ-
ated with recurrent ICH were assessed in two studies.3,7

No trends relating recurrence to age or gender were appar-

ent. Diabetes was associated with recurrent ICH by uni-
variate analysis in one study.2

Lobar location of the index ICH appeared to confer a
higher risk of recurrent ICH compared with deep, hemi-
spheric ICH (table 3; rate ratio 2.2; p ! 0.002) based on
data from four studies.6,8,9,11 The aggregate rate of recur-
rent ICH in the 192 patients with initial lobar ICH was
4.4% per patient-year (95% CI, 3.1% to 6.3%) versus 2.1%
per patient-year (95% CI, 1.6% to 2.7%) among the 823
patients whose index event was a deep, hemispheric ICH.

Table 2 Outcomes of included studies*

Location
Participants,

n

Total
follow-up,

y

All
stroke,

n
Hemorrhagic

stroke, n
Ischemic
stroke, n Deaths, n

Australia2 36 140 10 3 ("3)* 3 ("1) —

United Kingdom3 32 100 8 2 ("3) 2 ("1) 11

Finland4 78 211 11 6 5 23

Canada5 172 654 — 15 — —

South Korea6 670 2092 — 53 — —

Mexico7 359 1616 — 31 — —

Portugal8 302 550 21 11 ("4) 5 ("1) —

Siena, Italy9 112 784 32 26 6 —

Rome, Italy10 77 77 — 0 — 4

United States11 42 102 — 0 — 7

Aggregate 1880 6326 — 147 ("10) — —

* Unknown strokes are reported in parentheses, where three fourths of unknown strokes are considered hemorrhagic and one fourth
ischemic, based on the weighted ratio.

Table 3 Site of initial bleed versus recurrent ICH

Location
Participants,

n

Total
follow-up,

y

Recurrent ICH,
n (% per

patient–year)

Lobar ICH

South Korea6 77 235 10 (4.3)

Portugal8 60 109 4 (3.7)

Siena, Italy9 42 294 16 (5.4)

Jackson, MS,
USA11

13 31 0 (0.0)

Boston, MA, USA12 71 141 19 (13.5)

Aggregate 263 810 49*

Deep hemispheric
ICH

South Korea6 493 1541 37 (2.4)

Portugal8 242 441 7 (1.6)

Siena, Italy9 61 427 8 (1.9)

Jackson, MS,
USA11

27 65 0 (0.0)

Aggregate 823 2474 52 (2.1)†

* Including all five studies: 5.4% (95% CI, 4.1–7.1); excluding
Boston12: 4.4% (95% CI, 3.1–6.3).

† 95% CI 1.6–2.1.

ICH ! intracranial hemorrhage.
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bar ICH. Given the limitations of our BP capture strategies, these
findings are likely to reflect associations between educa-
tional achievements and unmeasured BP control via factors
such as health literacy and lack of access to, or affordability
of, health care because of socioeconomic status. Although clini-
cal trials of aggressive vs conservative BP management in ICH
survivors should be planned, more proactive management of
BP for ICH survivors according to existing guidelines would
substantially reduce the risk of ICH recurrence (and its asso-
ciated toll in terms of mortality and disability).

Our study has several limitations. Because of its single-
center observational nature, selection and severity bias may
be reflected in the characteristics of our study population; our

findings will therefore require replication in future studies, as
well as extension to different health care settings. The non-
standardized data capture procedures in this study (ie, rely-
ing primarily on BP measurements obtained during routine de-
livery of care) also represent an important limitation. However,
lack of standardization likely introduced additional impreci-
sion in the BP exposure data, thus biasing findings toward the
null hypothesis rather than risking generation of false-
positive findings. Owing to the observational design of this
study, BP management was determined by each patient’s in-
dividual physician and did not follow prespecified or stan-
dardized protocols. We are therefore limited to describing as-
sociations between observed BP control and recurrent ICH,

Figure 2. Estimated Yearly Risk of Recurrent ICH Based on Mean Blood Pressure Measurements During Follow-up
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Box upper and lower margins indicate 25th and 75th percentiles of risk
distributions, respectively; heavy horizontal lines in boxes indicate median risk
values; error bars indicate maximum and minimum estimated risk values in each
distribution. Vertical lines in blue indicate currently recommended blood
pressure (BP) control goals among survivors of intracerebral hemorrhage (ICH)
without diabetes, based on American Heart Association/American Stroke
Association guidelines for post-ICH secondary prevention (lines are added for
illustrative purposes only and have no direct impact on risk estimation results).
A, Estimated yearly risk of recurrent lobar ICH based on systolic and diastolic BP

measurements during follow-up. Estimated risk calculated adjusting for other
factors associated with recurrence of lobar ICH (see main text and eMethods in
the Supplement). B, Estimated yearly risk of recurrent nonlobar ICH based on
systolic and diastolic BP measurements during follow-up. Risk is calculated
assuming mean systolic and diastolic BP measurements as indicated on the
horizontal axes and is expressed as % recurrent rate/y among survivors of
nonlobar ICH. Estimated risk calculated adjusting for other factors associated
with recurrence of nonlobar ICH (see main text and eTable 2 in the
Supplement).
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Association Between Blood Pressure Control and Risk
of Recurrent Intracerebral Hemorrhage
Alessandro Biffi, MD; Christopher D. Anderson, MD, MMSc; Thomas W. K. Battey, BS; Alison M. Ayres, BA;
Steven M. Greenberg, MD, PhD; Anand Viswanathan, MD, PhD; Jonathan Rosand, MD, MSc

IMPORTANCE Intracerebral hemorrhage (ICH) is the most severe form of stroke. Survivors are
at high risk of recurrence, death, and worsening functional disability.

OBJECTIVE To investigate the association between blood pressure (BP) after index ICH and
risk of recurrent ICH.

DESIGN, SETTING, AND PARTICIPANTS Single-site, tertiary care referral center observational
study of 1145 of 2197 consecutive patients with ICH presenting from July 1994 to December
2013. A total of 1145 patients with ICH survived at least 90 days and were followed up
through December 2013 (median follow-up of 36.8 months [minimum, 9.8 months]).

EXPOSURES Blood pressure measurements at 3, 6, 9, and 12 months, and every 6 months
thereafter, obtained from medical personnel (inpatient hospital or outpatient clinic medical or
nursing staff) or via patient self-report. Exposure was characterized in 3 ways: (1) recorded
systolic and diastolic measurements; (2) classification as adequate or inadequate BP control
based on American Heart Association/American Stroke Association recommendations; and
(3) stage of hypertension based on Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure 7 criteria.

MAIN OUTCOMES AND MEASURES Recurrent ICH and its location within the brain
(lobar vs nonlobar).

RESULTS There were 102 recurrent ICH events among 505 survivors of lobar ICH and 44
recurrent ICH events among 640 survivors of nonlobar ICH. During follow-up adequate BP
control was achieved on at least 1 measurement by 625 patients (54.6% of total [range,
49.2%-58.7%]) and consistently (ie, at all available time points) by 495 patients (43.2% of
total [range, 34.5%-51.0%]). The event rate for lobar ICH was 84 per 1000 person-years
among patients with inadequate BP control compared with 49 per 1000 person-years among
patients with adequate BP control. For nonlobar ICH the event rate was 52 per 1000
person-years with inadequate BP control compared with 27 per 1000 person-years for
patients with adequate BP control. In analyses modeling BP control as a time-varying variable,
inadequate BP control was associated with higher risk of recurrence of both lobar ICH (hazard
ratio [HR], 3.53 [95% CI, 1.65-7.54]) and nonlobar ICH (HR, 4.23 [95% CI, 1.02-17.52]). Systolic
BP during follow-up was associated with increased risk of both lobar ICH recurrence (HR, 1.33
per 10-mm Hg increase [95% CI, 1.02-1.76]) and nonlobar ICH recurrence (HR, 1.54 [95% CI,
1.03-2.30]). Diastolic BP was associated with increased risk of nonlobar ICH recurrence
(HR, 1.21 per 10-mm Hg increase [95% CI, 1.01-1.47]) but not with lobar ICH recurrence
(HR, 1.36 [95% CI, 0.90-2.10]).

CONCLUSIONS AND RELEVANCE In this observational single-center cohort study of ICH
survivors, reported BP measurements suggesting inadequate BP control during follow-up
were associated with higher risk of both lobar and nonlobar ICH recurrence. These data
suggest that randomized clinical trials are needed to address the benefits and risks of stricter
BP control in ICH survivors.
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Risk Factor PAR

History of hypertension or
BP≥140/90 56%

Lack of regular physical 
activity 35%

Unhealthy diet 25%

Psychosocial stress 25%

Elevated waist-to-hip ratio 13%

Current alcohol intake 10%

Current smoking 4%

Total: 87%

Risk Factors for Primary ICH

Lancet 2016; 388: 761–75

N= 3059 first ever ICH from 32 countries



Effects of Perindopril-Based Lowering of Blood Pressure on
Intracerebral Hemorrhage Related to Amyloid Angiopathy

The PROGRESS Trial

Hisatomi Arima, MD; Christophe Tzourio, MD; Craig Anderson, MD; Mark Woodward, PhD;
Marie-Germaine Bousser, MD; Stephen MacMahon, PhD; Bruce Neal, MD; John Chalmers, MD;

for the PROGRESS Collaborative Group

Background and Purpose—Patients with cerebral amyloid angiopathy (CAA) are at high risk for intracerebral hemorrhage
(ICH), but no effective prevention strategies have been established. The objective is to determine whether lowering of
blood pressure (BP) provides protection for this high-risk patient group.

Methods—This study is a subsidiary analysis of the PROGRESS trial—a randomized, placebo-controlled trial that
established the beneficial effects of BP lowering in patients with cerebrovascular disease; 6105 patients were
randomly assigned to either active treatment (perindopril for all participants plus indapamide for those with neither
an indication for nor a contraindication to a diuretic) or matching placebo. Outcomes were probable CAA-related
ICH as defined by the Boston criteria, probable hypertension-related ICH, and unclassified ICH.

Results—Over a mean follow-up of 3.9 years, 16 probable CAA-related ICH, 51 probable hypertension-related ICH, and
44 unclassified ICH occurred. Active treatment reduced the risk of CAA-related ICH by 77% (95% CI, 19%–93%), that
of hypertension-related ICH by 46% (95% CI, 4%–69%), and that of unclassified ICH by 43% (95% CI, !5%–69%).
There was no evidence of differences in the magnitude of the effects of treatment among different types of ICH (P
homogeneity"0.4).

Conclusions—BP-lowering treatment is likely to provide protection against all types of ICH. (Stroke. 2010;41:394-396.)

Key Words: blood pressure ! cerebral amyloid angiopathy ! intracerebral hemorrhage
! randomized controlled trials

Intracerebral hemorrhage (ICH) is estimated to affect #1
million people worldwide each year, most of whom

either die or are left seriously disabled.1 The most common
type of ICH is hypertension (HT)-related ICH, which is
related to degenerative changes in the small penetrating
arteries of the deep part of the brain.2 The other type of
ICH is associated with cerebral amyloid angiopathy
(CAA), which is defined by the deposition of congophilic
material, preferentially in vessels of the cortex and lepto-
meninges.3 CAA-related ICH is characterized by multiple
occurrence of ICH over time, a cortical localization of the
hematoma, and an increasing incidence with age.4 Despite
this high rate of ICH, no effective prevention strategies
have been established. The objective of the present anal-
ysis is to determine whether blood pressure (BP) lowering
provides protection against probable CAA-related ICH.

Materials and Methods

Study Design
The PROGRESS trial was a randomized, placebo-controlled trial
that investigated the effects of BP lowering among patients with
cerebrovascular disease.5 The design of PROGRESS has been
described in detail elsewhere.5 Briefly, 6105 participants with
cerebrovascular disease who had no clear indication for, or contra-
indication to, an angiotensin-converting enzyme inhibitor were
randomly assigned to active treatment (2–4 mg perindopril for all
participants plus 2–2.5 mg indapamide for those with neither an
indication for nor a contraindication to a diuretic) or matching
placebo. The institutional ethics committee of each collaborating
center approved the trial, and all participants provided written
informed consent.

Outcomes
For patients with possible stroke, a detailed history was taken and
neurological and morphological (CT/MRI) examinations were con-
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ducted. Stroke was defined according to standard criteria6 and
subclassified into ICH (ICD-9 code 431) or ischemic stroke (ICD-9
codes 433, 434).5 The diagnosis of ICH and exclusion of secondary
causes were confirmed using CT/MRI. ICH was classified into lobar
hemorrhage or nonlobar hemorrhage(basal ganglia, thalamus, brain
stem, or cerebellum) according to the originated location based on
investigation reports and supporting documentation (medical charts
and CT/MRI reports) independently by 2 investigators (! coeffi-
cient!0.84), as described previously.7 Probable CAA-related ICH
was defined according to the Boston Criteria8 as follows: lobar
hemorrhage with evidence of multiple ICH (recurrence of ICH
among patients with preexisting ICH or incidence of multiple ICH
during follow-up) and age at onset 55 years or older. Probable
HT-related ICH was defined as follows: ICH with no evidence of
multiple ICH and presence of HT at baseline (BP "140/90 mm Hg
or use of antihypertensive agents). Only the first ICH event during
follow-up was included in the analysis.

Statistical Analysis
The effects of randomized treatment on events were calculated using
univariate Cox proportional hazards models, according to the prin-
ciple of intention-to-treat. The constancy of treatment effects was
tested using a #2 test of homogeneity.

Results
There were no important differences in characteristics be-
tween randomized groups (Table).5 Over a mean follow-up of
3.9 years, 16 probable CAA-related ICH, 51 probable HT-
related ICH, and 44 unclassified ICH occurred. Subjects with
ICH were more likely to be Asian (65%) than those without
ICH (38%). Mean BP levels at baseline were slightly higher
among patient with ICH (150/88 mm Hg) than among those
without (147/86 mm Hg). Frequency of preexisting ICH was
higher among patients with ICH (46%) than among those
without (10%). Mean BP levels at baseline were lower among
patients with CAA-related ICH (137/81 mm Hg) than among
those with HT-related ICH (157/88 mm Hg). Fifty-six per-
cent of patients with CAA-related ICH had HT at baseline
and 13% of those had HT newly diagnosed during follow-up.
Whereas 88% of patients with CAA-related ICH had preex-
isting ICH, 84% of those with HT-related ICH had preexist-
ing ischemic stroke.

During follow-up, mean BP difference between random-
ized groups was 9/4 mm Hg. Active treatment reduced the
risk of CAA-related ICH by 77% (95% CI, 19%–93%), that
of HT-related ICH by 46% (95% CI, 4%–69%), and that of
unclassified ICH by 43% (95% CI, "5%–69%; Figure).
There was no evidence of differences in the magnitude of the
effects of treatment among different types of ICH (P homo-
geneity!0.4). There were also comparable benefits from
active treatment on CAA-related ICH with and without
baseline HT (P homogeneity!0.4) or baseline and newly
diagnosed HT (P homogeneity!0.2).

Discussion
The main results from the PROGRESS trial showed that
routine BP-lowering treatment reduced the risk of ICH by
50% among patients with cerebrovascular disease.5 The
analyses reported here expand on this earlier report and
suggest that BP lowering is likely to reduce the risks of
CAA-related ICH and other forms of ICH.

Few studies have investigated the effects of BP on the risks
of CAA-related ICH. A study of autopsy cases has demon-
strated that definite CAA patients with ICH were more
frequently hypertensive (50%) than those without ICH
(23%).9 This finding suggests that HT is likely to have an
important role in development of ICH among patients with
CAA and is consistent with our hypothesis that BP lowering
has potential to reduce ICH among patients with CAA.

Table. Baseline Characteristics of Randomized Participants

Active, n!3051 Placebo, n!3054

Demographic

Mean age, years (SD) 64 (10) 64 (10)

Women, % 30 30

Asian, % 39 39

Cerebrovascular disease history, %

Ischemic stroke 71 71

ICH 11 11

Stroke of unknown type 4 5

Transient ischemic attack 22 22

Other medical history, %

Current smoker 20 20

Diabetes 13 12

Coronary heart disease 16 16

BP

Mean systolic BP, mm Hg (SD) 147 (19) 147 (19)

Mean diastolic BP, mm Hg (SD) 86 (11) 86 (11)

Reprinted from Randomised trial of a perindopril-based blood pressure lowering
regimen among 6105 individuals with previous stroke or transient ischaemic
attack. Lancet. 2001;358:1033–1041, with permission from Elsevier.

Figure. Effects of randomized treatment on the risks of different types of ICH. Solid boxes indicate estimates of treatment effect on the
risks of ICH types; horizontal lines, 95% CI; diamond, the estimate and 95% CI for overall effect. Areas of the boxes are proportional to
the event number.
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Mean BP levels were lower in CAA-related ICH 137/81 vs. 157/88 mmHG

Mean reduction of 9/4 mm Hg
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APOE e variants increase risk of
warfarin-related intracerebral hemorrhage

ABSTRACT

Objective: We aimed to assess the effect of APOE e variants on warfarin-related intracerebral
hemorrhage (wICH), evaluated their predictive power, and tested for interaction with warfarin in
causing wICH.

Methods: This was a prospective, 2-stage (discovery and replication), case-control study. wICH
was classified as lobar or nonlobar based on the location of the hematoma. Controls were sam-
pled from ambulatory clinics (discovery) and random digit dialing (replication). APOE e variants
were directly genotyped. A case-control design and logistic regression analysis were utilized to
test for association between APOE e and wICH. A case-only design and logistic regression anal-
ysis were utilized to test for interaction between APOE e and warfarin. Receiver operating char-
acteristic curves were implemented to evaluate predictive power.

Results: The discovery stage included 319 wICHs (44% lobar) and 355 controls. APOE e2 was
associated with lobar (odds ratio [OR] 2.46; p , 0.001) and nonlobar wICH (OR 1.67; p 5 0.04),
whereas e4 was associated with lobar (OR 2.09; p , 0.001) but not nonlobar wICH (p 5 0.35).
The replication stage (63 wICHs and 1,030 controls) confirmed the association with e2 (p50.03)
and e4 (p 5 0.003) for lobar but not for nonlobar wICH (p . 0.20). Genotyping information on
APOE e variants significantly improved case/control discrimination of lobar wICH (C statistic
0.80). No statistical interaction between warfarin and APOE was found (p . 0.20).

Conclusions: APOE e variants constitute strong risk factors for lobar wICH.APOE exerts its effect
independently of warfarin, although power limitations render this absence of interaction prelim-
inary. Evaluation of the predictive ability of APOE in cohort studies is warranted. Neurology®

2014;83:1139–1146

GLOSSARY
CAA 5 cerebral amyloid angiopathy; CI 5 confidence interval; GERFHS 5 Genetic and Environmental Risk Factors for
Hemorrhagic Stroke; GOCHA 5 Genetics of Cerebral Hemorrhage on Anticoagulation; ICH 5 intracerebral hemorrhage;
INR 5 international normalized ratio; OR 5 odds ratio; sICH 5 spontaneous intracerebral hemorrhage; wICH 5 warfarin-
related intracerebral hemorrhage.

While reducing the risk of ischemic stroke in the setting of atrial fibrillation,1–3 anticoagulation
with warfarin is associated with increased risk of intracerebral hemorrhage (ICH).4 Given the
small therapeutic margin of warfarin,5 new insights into the mechanisms of warfarin-related
ICH (wICH) may assist clinicians in determining the risk-to-benefit ratio of this therapeutic
strategy in a given patient.

An important genetic risk factor for lobar spontaneous ICH (sICH) is the e variants within the
APOE gene.6 This association is mediated by the effect of APOE e variants on cerebral amyloid
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cases (24%) had definite/probable CAA (44% female,
mean age 77 years): 7 (5%) were autopsy-confirmed, 4
(3%) had supporting pathology (brain biopsy), and 23
(16%) presented several lobar hemorrhages in
neuroimaging. Despite the limited sample size and
consequent widening in CIs, associations for e2 and
e4 remained significant with increases in calculated
point estimates for ORs. Each additional e2 allele was
associated with a 2.5-fold increase in risk of CAA-
associated lobar wICH (OR 2.44, 95% CI 1.20–
5.83; p 5 0.045), whereas each additional e4 allele
was associated with a 3-fold increase in the same risk
(OR 2.90, 95% CI 1.48–5.67; p 5 0.002).

Nonlobar wICH. For nonlobar wICH, only e2 was
nominally associated with risk in the discovery stage
(table 2), but this association could not be reproduced
in replication (table 3). After adjusting for age, sex, and
hypertension, each additional e2 allele was associated
with a 67% increase in risk of nonlobar wICH (OR
1.67, 95% CI 1.01–2.76; p , 0.05). These results

remained unchanged when adjusting for several other
covariates (table e-1). In this secondary analysis, age (p5
0.003), hypertension (p 5 0.008), and diabetes (p 5
0.03) were also associated with increased risk of non-
lobar wICH.

Replication results for e2 were consistent in the
direction of the effect estimate but statistically nonsig-
nificant (OR 1.41, 95% CI 0.64–3.07; p5 0.45). Sim-
ilar results were obtained when restricting the replication
sample to subjects older than 55 years (e2 p 5 0.37).
Meta-analysis results trended toward the Bonferroni-
corrected threshold for significance (OR 1.59, 95%
CI 0.04–2.43; p 5 0.03; Q p 5 0.72, I2 0%). As for
lobar wICH, statistical modeling using additive genetics
effects offered superior fit to the data when compared
with recessive or dominant models (all p , 0.001).

Population stratification. Association results were reas-
sessed after accounting for population structure.
Genome-wide data were available in 190 cases and
189 controls included in the discovery stage. In this

Figure 1 INR distribution by case/control status

ICH 5 intracerebral hemorrhage; INR 5 international normalized ratio.

Table 2 Discovery phase: Multivariable logistic regression dependent variable—wICH

Variable

Lobar ICH (wICH cases 5 141,
controls 5 355)

Nonlobar ICH (wICH cases 5 178,
controls 5 355)

OR (95% CI) p OR (95% CI) p

Age 1.04 (1.01–1.07) 0.003 1.04 (1.01–1.06) 0.003

Male sex 0.78 (0.51–1.19) 0.24 1.22 (0.83–1.80) 0.32

Hypertension 2.04 (1.17–3.57) 0.012 1.97 (1.21–3.20) 0.007

APOE e2 2.46 (1.47–4.12) 0.0006 1.67 (1.01–2.76) 0.05

APOE e4 2.09 (1.42–3.01) 0.0002 1.22 (0.81–1.84) 0.35

Abbreviations: CI 5 confidence interval; ICH 5 intracerebral hemorrhage; OR 5 odds ratio; wICH 5 warfarin-related ICH.
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that the risk of ICH is increased by an age-related disorder of small
brain blood vessels. Anticoagulant use per se should not cause ICH
if cerebral vessels are intact, but the presence of microangiopathy,
rendering small vessels brittle and fragile, is a plausible causal or
aggravating factor for such hemorrhage. Indeed, some risk stratifi-
cation scores (e.g., HAS-BLED; Pisters et al., 2010) includes clinical
elements that may correlate with small vessel disease (e.g., age and
hypertension).

Cerebral small vessel disease is one of the most prevalent brain
conditions described, especially as people live longer (Greenberg,
2006; Pantoni, 2010). The common sporadic forms are: (a) hyper-
tensive arteriopathy (including lipohyalinosis and arterioloscle-
rosis), which typically affects the small perforating end-arteries
of the deep gray nuclei and deep white matter, and as the name
implies is related to hypertension and other traditional cardio-
vascular risk factors (Pantoni, 2010); and (b) CAA, a common
age-related condition characterized by the progressive deposi-
tion of amyloid-b in the media and adventitia of small arteries,
arterioles, and capillaries in the cerebral cortex, overlying lep-
tomeninges, and gray–white matter junction (Charidimou et al.,
2012; Figure 3). The rupture of small arteries affected by these
two disease processes underlies the majority of ICHs (>75%) in
the elderly, classified as spontaneous ICH (sometimes also termed
primary or non-traumatic).

Cerebral amyloid angiopathy is most often recognized in life by
symptomatic, spontaneous, lobar ICH in elderly patients (Charidi-
mou et al., 2012). Evidence supporting a link between CAA and
anticoagulation-associated ICH includes the demonstration of
CAA in 7 of 11 lobar ICHs occurring on warfarin in the largest
consecutive pathological series reported (Rosand et al., 2000). In
addition, the apolipoprotein E e2 allele, a known genetic risk
factor of CAA-related lobar ICH (Nicoll et al., 1997; Biffi et al.,
2010b), is more common in warfarin-associated ICH than in con-
trol patients on warfarin without ICH, supporting a role for CAA
(Rosand et al., 2000). There are also individual cases of ICH fol-
lowing anticoagulation or coronary thrombolysis, which demon-
strated advanced CAA on autopsy (Melo et al., 1993; McCarron
and Nicoll, 2004). However, the mechanisms of spontaneous
and anticoagulation-associated ICH are complex and involve a
dynamic interplay between underlying bleeding-prone small ves-
sel diseases, genetic factors, cardiovascular risk factors, and the use
of oral anticoagulation treatments (Figure 4).

Modern MRI allows an unprecedented ability to identify cere-
bral small vessel disease in vivo. Leukoaraiosis has been recognized
for many years as a characteristic MRI manifestation of small ves-
sel disease. Some studies suggest that the presence of leukoaraiosis
is associated with an increased the risk of oral anticoagulant-
associated ICH (Gorter, 1999; Smith et al., 2002). However,

FIGURE 3 |The distribution of sporadic small vessel disease in the
brain and the topography of cerebral microbleeds (CMBs). (A) Cerebral
amyloid angiopathy (CAA) preferentially affects the small arteries and
arterioles of the cerebral cortex and gray–white matter junction by the
deposition of amyloid-b in the vessel walls (purple); (B) hypertensive
arteriopathy typically affects small deep arterial perforators (black). CMBs
are a marker for the severity and type of small vessel disease; their

anatomic distribution is meant to reflect the underlying pathological vessel
damage. Hence, CMBs (dark, rounded lesions) located in
cortical-subcortical regions are presumably caused by CAA (A), whereas
CMBs located in deep brain regions mainly result from hypertensive
arteriopathy (B). (A) is an axial susceptibility-weighted imaging (SWI)
which is currently the most sensitive means to image CMBs. (B) is an axial
T2*-weighted gradient-recalled echo (T2*-GRE) MRI.
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NEW ORAL ANTICOAGULANTS
There has been an intense interest in recently developed oral
anticoagulants that are equally efficacious but overcome the well-
known limitations of warfarin, including numerous interactions
with other drugs, the need for regular blood monitoring and dose
adjustments and also have lower risks of intracranial bleeding
(Ahrens et al., 2011; Mega, 2011; Lip, 2012). The new oral antico-
agulants fall into two major categories: (a) the oral direct thrombin
inhibitors (e.g., dabigatran) and (b) the oral factor Xa inhibitors
(the – xabans, including rivaroxaban and apixaban). Of these
agents, dabigatran was recently approved for use for stroke pre-
vention in patients with AF, while rivaroxaban has been approved
by the FDA and the European Union and apixaban is in advanced
phase of clinical development.

Although the reduced risk of ICH reported with the use of
newer anticoagulants is potentially a major advance in safety,
some factors in the study designs merit further consideration
to determine whether this reduced risk will fully translate to the
real world practice of secondary stroke prevention. The landmark
phase III clinical trials for these new agents, the RE-LY (dabi-
gatran; Connolly et al., 2009), AVERROES (apixaban; Connolly
et al., 2011), ARISTOTLE (apixaban; Granger et al., 2011), and
ROCKET-AF (rivaroxaban; Patel et al., 2011) trials, are also sub-
jected to similar criticisms and debates over their designs and
study populations as discussed for warfarin RCTs (Ahrens et al.,
2011). RE-LY (Randomized Evaluation of Long-term Anticoag-
ulation Therapy) study was a non-inferiority trial of dabigatran
versus warfarin (unlike earlier trials that established the superi-
ority of warfarin over placebo); while the ICH rate was around
50–70% lower compared to warfarin, it is worth remembering
that 50% of the participants were already taking warfarin (“war-
farin survivors”) and patients with a recent ischemic stroke or TIA
(within 14 days of randomization) were excluded (Connolly et al.,
2009). These factors might have had an effect on the lower risk of
anticoagulation-associated ICH observed.

In a predefined subgroup analysis of patients who had a history
of stroke or TIA before enrollment in the RE-LY trial (3623/18113,
i.e., 20% of the patients), there was also significant reduction in
ICH with dabigatran (110 and 150 mg twice daily) compared with
warfarin (150 mg RR 0.27, 95% CI: 0.10–0.72; 110 mg RR 0.11,
95% CI: 0.03–0.47; Diener et al., 2010). However, these patients
with a previous history of ischemic stroke or TIA were slightly
younger [mean age (SD): 70.2 (9.4) vs. 71.7 (8.4), p < 0.0001; 70.8
(10.1) vs. 71.7 (8.5), p = 0.008; 70.4 (9.5) vs. 71.9 (8.3), p < 0.0001,
for 110 mg dabigatran, 150 mg dabigatran and warfarin respec-
tively] and more likely to have received warfarin therapy before
enrollment than those without a previous history of stroke or
TIA (51.4% vs. 43·9%, p < 0·0001; 51.3% vs. 44%, p < 0·0001;
52.7% vs. 45.8%, p < 0·0001, for 110 mg dabigatran, 150 mg dabi-
gatran and warfarin respectively; Diener et al., 2010; Lane and Lip,
2010). Similarly, the relative treatment effects (efficacy and safety)
of rivaroxaban (Hankey et al., 2012) and apixaban (Easton et al.,
2012) compared with warfarin were also consistent in subgroup
analyses between patients who had a previous stroke or TIA and
those who had no previous stroke or TIA.

Apart from potential differences in patient characteristics, the
exact mechanisms for the lower rate of ICH with dabigatran

and other new oral anticoagulants compared to warfarin are not
yet known, but might be related to more stable anticoagulation.
Indeed in the RE-LY study, an individual patient level analysis
showed that those with optimal INR control (time of INR within
therapeutic range: 64%) on warfarin had similar rates of hem-
orrhage to dabigatran. Recently, Hart et al. (2012) retrospectively
analyzed the characteristics of 154 intracranial hemorrhages (46%
intracerebral, 45% subdural, and 8% subarachnoid) in 18113 par-
ticipants of the RE-LY trial. They found that the clinical spectrum
of intracranial hemorrhages was similar for patients given war-
farin and dabigatran, but with lower absolute rates of all sites
of intracranial hemorrhage and fatal intracranial hemorrhages
with dabigatran. Here we focus on spontaneous ICH in this sub-
analysis. Independent predictors of spontaneous ICH (n = 63)
overall were: assignment to warfarin (RR: 4.1; p < 0.001), previ-
ous ischemic stroke/TIA (RR: 2.7; p < 0.001), aspirin use (RR: 1.8;
p < 0.02), and age (RR: 1.04 per year; p < 0.02; Hart et al., 2012).
Aspirin use and previous ischemic stroke/TIA predicted ICH in
42 warfarin-assigned patients (i.e., 0.36% per year), but there were
no significant predictors for the 21 events in patients taking dabi-
gatran (i.e., 0.09% per year). Of note, spontaneous ICH occurred
in more warfarin-treated patients with prior ischemic stroke/TIA
than in patients without; however, in patients taking dabigatran,
there was no significant difference (Hart et al., 2012). It could be
argued that patients in the warfarin groups perhaps had a higher
prevalence of bleeding-prone microangiopathies, hence the differ-
ence. Importantly, the mortality associated with spontaneous ICH
averaged 52%, with no significant differences between treatment
arms (Hart et al., 2012). Another interesting point is that patients
with hemorrhagic transformation of their infarcts were excluded
from this evaluation (Hart et al., 2012). Another recent sub-
analysis of the RE-LY trial assessed the risk of bleeding with dabi-
gatran compared with warfarin in older and younger patients with
AF (Eikelboom et al., 2011): they reported that the risk of bleeding
is age dependent, being higher in patients �75 years of age (espe-
cially for extracranial bleeding). Oldgren et al. (2011) also reported
that higher CHADS2 scores were associated with increased risks
for stroke or systemic embolism, bleeding, and death in patients
with AF receiving oral anticoagulants in the RE-LY.

With the availability of these new oral anticoagulants (Diener
et al., 2010) it is likely that even more acute cardioembolic stroke
patients will be using oral anticoagulation for secondary stroke
prevention. Although bleeding risks may be lower, therapeutic
reversal options remain limited. At present, there are few outcome
data on these agents outside RCTs (Harper et al., 2012), so natural
history studies and better understanding of the mechanisms and
risk factors of anticoagulation-related ICH will be very important
to allow clinicians to make informed decisions.

MRI PREDICTORS OF ANTICOAGULATION-ASSOCIATED ICH
CEREBRAL SMALL VESSEL DISEASE, CAA, AND CEREBRAL
MICROBLEEDS
Because oral anticoagulant-associated ICH is associated with
increased age and previous stroke, and often occurs with anti-
coagulation intensity within the therapeutic range (Rosand et al.,
2004), it is likely that at least some of the risk is related to individual
patient factors: one hypothesis compatible with available data is
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Appendix
Boston Criteria for Diagnosis of CAA-Related Hemorrhage*

1. Definite CAA
Full postmortem examination demonstrating:
• Lobar, cortical, or corticosubcortical hemorrhage
• Severe CAA with vasculopathy†
• Absence of other diagnostic lesion

2. Probable CAA with supporting pathology
Clinical data and pathologic tissue (evacuated hematoma or
cortical biopsy) demonstrating:
• Lobar, cortical, or corticosubcortical hemorrhage
• Some degree of CAA in specimen
• Absence of other diagnostic lesion

3. Probable CAA
Clinical data and MRI or CT demonstrating:
• Multiple hemorrhages restricted to lobar, cortical, or cor-

ticosubcortical regions (cerebellar hemorrhage allowed)
• Age !55 years
• Absence of other cause of hemorrhage‡

4. Possible CAA
Clinical data and MRI or CT demonstrating:
• Single lobar, cortical, or corticosubcortical hemorrhage
• Age !55 years
• Absence of other cause of hemorrhage‡

*Criteria established by the Boston Cerebral Amyloid Angiop-
athy Group: Steven M. Greenberg, MD, PhD, Daniel S. Kanter,
MD, Carlos S. Kase, MD, and Michael S. Pessin, MD.

†As defined in: Von sattel JP, Myers RH, Hedley–Whyte ET,
Ropper AH, Bird ED, Richardson EP Jr. Cerebral amyloid angiop-
athy without and with cerebral hemorrhages: a comparative histo-
logical study. Ann Neurol 1991;30: 637–649.

‡Other causes of intracerebral hemorrhage: excessive warfarin
(INR!3.0); antecedent head trauma or ischemic stroke; CNS tu-
mor, vascular malformation, or vasculitis; and blood dyscrasia or

coagulopathy. (INR!3.0 or other nonspecific laboratory abnormal-
ities permitted for diagnosis of possible CAA.)

References
1. Greenberg SM, Briggs ME, Hyman BT, et al. Apolipoprotein E

e4 is associated with the presence and earlier onset of hemor-
rhage in cerebral amyloid angiopathy. Stroke 1996;27:1333–
1337.

2. Vinters HV. Cerebral amyloid angiopathy. A critical review.
Stroke 1987;18:311–324.

3. Greenberg SM. Cerebral amyloid angiopathy. Prospects for
clinical diagnosis and treatment. Neurology 1998;51:690–694.

4. Greenberg SM, Vonsattel J-PG. Diagnosis of cerebral amyloid
angiopathy. Sensitivity and specificity of cortical biopsy.
Stroke 1997;28:1418–1422.

5. Greenberg SM, Finklestein SP, Schaefer PW. Petechial hemor-
rhages accompanying lobar hemorrhages: Detection by gradient-
echo MRI. Neurology 1996;46:1751–1754.

6. Offenbacher H, Fazekas F, Schmidt R, Koch M, Fazekas G,
Kapeller P. MR of cerebral abnormalities concomitant with
primary intracerebral hematomas. AJNR Am J Neuroradiol
1996;17:573–578.

7. Itoh Y, Yamada M, Hayakawa M, Otomo E, Miyatake T. Cere-
bral amyloid angiopathy: a significant cause of cerebellar as
well as lobar cerebral hemorrhage in the elderly. J Neurol Sci
1993;116:135–41.

8. Premkumar DR, Cohen DL, Hedera P, Friedland RP, Kalaria
RN. Apolipoprotein E-epsilon4 alleles in cerebral amyloid an-
giopathy and cerebrovascular pathology associated with Alz-
heimer’s disease. Am J Pathol 1996;148:2083–2095.

9. Nicoll JA, Burnett C, Love S, et al. High frequency of apoli-
poprotein E epsilon 2 allele in hemorrhage due to cerebral
amyloid angiopathy. Ann Neurol 1997;41:716–721.

10. O’Donnell HC, Rosand J, Knudsen KA, et al. Apolipoprotein E
genotype and the risk of recurrent lobar intracerebral hemor-
rhage. N Engl J Med 2000;342:240–245.

February (2 of 2) 2001 NEUROLOGY 56 539

clinical characteristics of those patients with and without
CAA are shown in table 2. Each of the 10 lobar ICH pa-
tients without CAA had one or more clinical risk factors for
ICH: hypertension, use of warfarin, or use of an antiplate-
let agent. Though the prevalence of each of these factors
was higher in the group without CAA, none of the differ-
ences was significant.

Discussion. Although neuropathologic examina-
tion remains the definitive diagnostic approach to
CAA, our data suggest that a reliable diagnosis can
be reached from clinical and radiographic informa-
tion alone. Though the criteria are unlikely to re-
main perfectly accurate in future studies, the data
suggest that their specificity will be at least compar-
able to clinical criteria used for other CNS diseases.

A second notable finding was the overall high
prevalence of CAA (29/39, 74%) as the cause of lobar
ICH. The prevalence was substantially greater than
that seen (9/24, 38%) in a pathologic series of non-
traumatic lobar ICH in Japanese patients between
1979 and 1990,7 perhaps reflecting a lower rate of
hypertensive ICH in the western population or secu-
lar improvements in blood pressure control. The high

rate of CAA in our study highlights its important
role as a cause of primary lobar ICH in the elderly.

The alternative approach of validating the Boston
criteria by comparing APOE genotypes among pa-
tients with clinically and pathologically diagnosed
CAA also supported their accuracy.3 The idea under-
lying this approach was that if the diagnosis of prob-
able CAA was accurate, then a group of patients
with this clinical diagnosis should show similar ele-
vations in frequency of the APOE !2 and !4 alleles1,8,9

as a group with pathologically proved CAA. Among
50 patients with a diagnosis of probable CAA, the
allele frequencies for APOE !2 (0.18) and !4 (0.20)
corresponded closely to the frequencies in 68 pub-
lished cases of pathologically diagnosed CAA (0.17
and 0.26, respectively) and were significantly greater
than those in populations of elderly controls or pa-
tients with hypertensive hemorrhage.3

Although APOE genotype is a risk factor for the
presence and progression of CAA,1,8-10 it appears in-
sufficiently specific or sensitive on its own to diag-
nose this disorder in individual patients. In the
current study, for example, eight of 24 (33%) pa-
tients with pathologically diagnosed CAA with avail-
able DNA samples carried neither of the APOE
alleles (!2 or !4) associated with the disease. Larger
validation studies will determine whether the Boston
criteria should be modified to incorporate informa-
tion on APOE genotype.

The sensitivity of the “probable CAA” diagnosis in
this series was underestimated by the fact that most
patients (23 of 39) did not have gradient-echo MRI
scanning, generally because of the severity of the
hemorrhagic strokes. Gradient-echo MRI is a sensi-
tive, noninvasive technique for identifying small
chronic hemorrhagic lesions in patients with lobar
ICH,5,6 and is thus expected to offer the greatest
chance for detecting the additional lobar hemor-
rhages required for the diagnosis of probable CAA.
Analysis of those patients who did undergo gradient-
echo MRI supports its sensitivity for detection of
CAA. Of the 11 patients with pathologically diag-
nosed CAA who had a gradient echo study, eight
(73%) demonstrated the pattern of multiple hemor-
rhagic lesions diagnostic of probable CAA. CT or con-
ventional MRI alone, conversely, reached the diagnosis
of probable CAA in only five of the remaining 18 pa-
tients (28%) with pathologically diagnosed CAA.

Diagnosis of CAA may contribute to decision mak-
ing in certain clinical situations, particularly when
treatments such as anticoagulation or thrombolysis
are under consideration. The proposed diagnostic cri-
teria for CAA may also provide a foundation for iden-
tifying potential research subjects for the spectrum
of antiamyloid treatment strategies likely to enter
clinical trials in future years.
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Table 2 Clinical characteristics of patients positive or negative
for cerebral amyloid angiopathy (CAA)

Characteristics
All patients

(n " 39)

Pathologic diagnosis

#CAA
(n " 29)

$CAA
(n " 10)

Age, y, mean % SD 73.9 % 8.1 74.1 % 8.6 70.7 % 6.4

Sex, M/F 13/26 8/21 5/5

Warfarin use, n (%) 15 (38) 9 (31) 6 (60)

Antiplatelet drug use, n (%) 9 (23) 6 (21) 3 (30)

Hypertension, n (%) 23 (59) 16 (57) 7 (70)

Preceding dementia, n (%) 9 (23) 7 (25) 2 (20)

Table 1 Clinicopathologic correlation in the diagnosis of cerebral
amyloid angiopathy (CAA)

Clinical diagnosis
Source of pathologic

specimen n

Pathologic
diagnosis

#CAA $CAA

Probable CAA All 13 13 0

Postmortem brain 6 6 0

Evacuated hematoma 5* 5 0

Cortical biopsy 2 2 0

Possible CAA All 26 16 10

Postmortem brain 8 4 4

Evacuated hematoma 16* 11 5

Cortical biopsy 2 1 1

Total 39 29 10

* Three hematoma specimens (two probable CAA and one possi-
ble CAA) did not contain vessels and were not counted in these
figures.
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Clinical diagnosis of
cerebral amyloid

angiopathy: Validation
of the Boston Criteria

Article abstract—The authors performed clinical–pathologic correlation to
assess the validity of the Boston diagnostic criteria for cerebral amyloid
angiopathy (CAA). Thirteen subjects were diagnosed clinically with probable
CAA from among 39 patients with available pathologic tissue in a prospective
cohort of subjects aged !55 years with primary lobar hemorrhage. All 13
individuals were confirmed neuropathologically as having CAA. This small
pathologic series indicates that the diagnosis of probable CAA can be made
during life with high accuracy.
NEUROLOGY 2001;56:537–539

Katherine A. Knudsen, BA; Jonathan Rosand, MD; Diane Karluk, MD; and Steven M. Greenberg, MD, PhD

Cerebral amyloid angiopathy (CAA) has generally
been diagnosed by postmortem examination. Al-
though this disorder can also be identified during life
by the examination of an evacuated hematoma or
brain biopsy specimen, tissue samples from living
patients are typically unavailable. A reliable, nonin-
vasive method for diagnosing CAA would facilitate
both clinical decision making and future clinical
drug trials for this untreatable disorder.

With these goals in view, a group of stroke neurol-
ogists in the Boston area1 proposed criteria for the
diagnosis of CAA (see the Appendix). The criteria
were based on the tendency for CAA-related hemor-
rhages to be multiple and to occur primarily in corti-
cal and corticosubcortical (or lobar) brain regions.2
According to these criteria, the diagnosis of probable
CAA could be reached in elderly patients with at
least two acute or chronic lobar hemorrhagic lesions
and without other definite cause of intracerebral
hemorrhage (ICH).

The validity of the Boston criteria has previously
been supported by studies comparing the frequencies
of the APOE !2 and !4 alleles in groups of patients
with clinically diagnosed and pathologically diagnosed
CAA.3 We now present the more direct approach of
clinical–pathologic correlation for validating these
criteria.

Methods. We identified all available brain tissue speci-
mens from our prospective cohort of patients aged !55
years with primary lobar ICH admitted or referred to the
Massachusetts General Hospital (MGH) or Spaulding Re-
habilitation Hospital (SRH) between July 1994 and March
2000. To avoid a systematic bias, we excluded patients who
had a pathologic diagnosis of CAA at the time of referral to
MGH or SRH. Of 233 eligible patients, 39 (17%) were

determined to have available pathologic samples contain-
ing cerebral vessels.

Each of these primary lobar ICH patients was diag-
nosed on clinical and radiographic grounds with probable
or possible CAA according to the Boston criteria (see the
Appendix). The diagnostic radiographic studies consisted
of gradient-echo MRI scans in 15 patients, MRI without
gradient echo in seven, and CT scans alone in 17. All
images were obtained prior to or within 1 week of the
acquisition of the neuropathologic sample, and all were
evaluated for this study by a stroke neurologist (J.R.) with-
out knowledge of the pathologic diagnosis. Four patients
taking warfarin with an international normalized ratio
(INR) "3.0 were diagnosed with probable CAA, whereas
an additional four patients were instead diagnosed with
possible CAA because of an INR "3.0.

Neuropathologic specimens were obtained from patients
by postmortem brain examination (n # 14), hematoma
evacuation (n # 21), or cortical biopsy (n # 4). All samples
were stained by conventional methods including Congo red
and examined in random order by a neuropathologist
(D.K.) blinded to clinical diagnosis. CAA was diagnosed as
the cause of ICH in postmortem brains by the complete
replacement of blood vessel walls with amyloid, cracking of
the vessel wall (creating a “vessel-in-vessel” appearance),
and at least one focus of paravascular blood leakage, with-
out other definite source of hemorrhage. CAA was diag-
nosed in hematoma or biopsy samples by complete
replacement of a vessel wall with amyloid, an approach
previously shown to correlate with CAA-related ICH with
high specificity.4

Results. Of 39 primary lobar ICH patients with neuro-
pathologic samples containing vessels, 13 met criteria for
probable CAA (see the Appendix). The multiple hemor-
rhagic lesions in these patients were demonstrated by CT
or MRI scans performed at the time of each hemorrhage
(n # 5) or by gradient-echo MRI sequences (n # 8) sensi-
tive to old as well as recent hemorrhagic lesions.5,6

All 13 patients (100%) diagnosed clinically with proba-
ble CAA demonstrated CAA pathologically (table 1). Of the
remaining 26 patients with possible CAA, 16 (62%) were
pathologically diagnosed with CAA. No alternative patho-
logic cause of hemorrhage was found in the 10 samples
without CAA (including four full postmortem brain exami-
nations). None of the pathologic specimens showed severe
hypertensive vascular changes, vascular malformations, or
saccular aneurysms.

The overall prevalence of CAA was 29/39 (74%). The
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assess the validity of the Boston diagnostic criteria for cerebral amyloid
angiopathy (CAA). Thirteen subjects were diagnosed clinically with probable
CAA from among 39 patients with available pathologic tissue in a prospective
cohort of subjects aged !55 years with primary lobar hemorrhage. All 13
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brain biopsy specimen, tissue samples from living
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MGH or SRH. Of 233 eligible patients, 39 (17%) were

determined to have available pathologic samples contain-
ing cerebral vessels.

Each of these primary lobar ICH patients was diag-
nosed on clinical and radiographic grounds with probable
or possible CAA according to the Boston criteria (see the
Appendix). The diagnostic radiographic studies consisted
of gradient-echo MRI scans in 15 patients, MRI without
gradient echo in seven, and CT scans alone in 17. All
images were obtained prior to or within 1 week of the
acquisition of the neuropathologic sample, and all were
evaluated for this study by a stroke neurologist (J.R.) with-
out knowledge of the pathologic diagnosis. Four patients
taking warfarin with an international normalized ratio
(INR) "3.0 were diagnosed with probable CAA, whereas
an additional four patients were instead diagnosed with
possible CAA because of an INR "3.0.

Neuropathologic specimens were obtained from patients
by postmortem brain examination (n # 14), hematoma
evacuation (n # 21), or cortical biopsy (n # 4). All samples
were stained by conventional methods including Congo red
and examined in random order by a neuropathologist
(D.K.) blinded to clinical diagnosis. CAA was diagnosed as
the cause of ICH in postmortem brains by the complete
replacement of blood vessel walls with amyloid, cracking of
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and at least one focus of paravascular blood leakage, with-
out other definite source of hemorrhage. CAA was diag-
nosed in hematoma or biopsy samples by complete
replacement of a vessel wall with amyloid, an approach
previously shown to correlate with CAA-related ICH with
high specificity.4

Results. Of 39 primary lobar ICH patients with neuro-
pathologic samples containing vessels, 13 met criteria for
probable CAA (see the Appendix). The multiple hemor-
rhagic lesions in these patients were demonstrated by CT
or MRI scans performed at the time of each hemorrhage
(n # 5) or by gradient-echo MRI sequences (n # 8) sensi-
tive to old as well as recent hemorrhagic lesions.5,6

All 13 patients (100%) diagnosed clinically with proba-
ble CAA demonstrated CAA pathologically (table 1). Of the
remaining 26 patients with possible CAA, 16 (62%) were
pathologically diagnosed with CAA. No alternative patho-
logic cause of hemorrhage was found in the 10 samples
without CAA (including four full postmortem brain exami-
nations). None of the pathologic specimens showed severe
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Abstract Background: The Boston criteria are the basis for a noninvasive diagnosis of cerebral amyloid an-
giopathy (CAA) in the setting of lobar intracerebral hemorrhage (ICH). We assessed the accuracy of
these criteria in individuals with lobar microbleeds (MBs) without ICH.
Methods: We identified individuals aged.55 years having brain magnetic resonance imaging (MRI)
and pathological assessment of CAA in a single academic hospital and a community-based population
(Framingham Heart Study [FHS]). We determined the positive predictive value (PPV) of the Boston
criteria for CAA in both cohorts, using lobar MBs as the only hemorrhagic lesion to fulfill the criteria.
Results: We included 102 individuals: 55 from the hospital-based cohort and 47 from FHS (mean
age at MRI 74.76 8.5 and 83.46 10.9 years; CAA prevalence 60% and 46.8%; cases with any lobar
MB 49% and 21.3%; and cases with !2 strictly lobar MBs 29.1% and 8.5%, respectively). PPVof
“probable CAA” (!2 strictly lobar MBs) was 87.5% (95% confidence interval [CI], 60.4–97.8)
and 25% (95% CI, 13.2–78) in hospital and general populations, respectively.
Conclusions: Strictly lobar MBs strongly predict CAA in non-ICH individuals when found in a hos-
pital context. However, their diagnostic accuracy in the general population appears limited.
! 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Cerebral amyloid angiopathy (CAA) is caused by the
accumulation of b-amyloid protein in the walls of cortical
and leptomeningeal arteries [1–3]. It represents a common
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etiology of lobar intracerebral hemorrhage (ICH) in the
elderly [4,5]. Lobar microbleeds (MBs) are a hallmark of
the disease when seen in patients with lobar ICH [6].
Although frequently associated with Alzheimer’s disease
(AD), CAA also independently contributes to cognitive
impairment [7]. Indeed, lobar MBs are often identified in pa-
tients followed in memory clinics [8–10], where they may
potentially serve as markers of CAA. However, lobar MBs
are also found in the absence of any of the known above-
described clinical features of the disease. Up to 19% of
community-based healthy elderly subjects exhibit lobar
MBs and they are strictly lobar in 58.4% of these cases
[11]. Understanding the true diagnostic value of lobar
MBs, both as clinical and incidental findings, could help
improve our ability to detect CAA in its early stages, before
dementia or devastating ICH.

The Boston criteria are a set of clinical radiological
criteria that were developed as a means of diagnosing CAA
in a noninvasive way [12]. According to these criteria, the
detection of multiple (!2) strictly lobar hemorrhages (large
or small, symptomatic or asymptomatic) without known un-
derlying cause in individuals aged .55 years is highly spe-
cific of the disease [4]. However, validation studies of these
criteria have been mostly based on patients admitted because
of lobar ICH [4,13,14], precluding the study of the diagnostic
value of lobar MBs without symptomatic ICH. At a
community level, the Rotterdam and Framingham studies
have shown that healthy elderly individuals with strictly
lobar MBs have an increased frequency of the APOE-!4
allele (compared with patients with MBs not strictly
confined to lobar regions) [11,15], which is in agreement
with increased APOE-!4 frequencies seen in patients with
“probable CAA” [16]. Also, strictly lobar MBs do not corre-
late with classic vascular risk factors [11,15], which further
reinforces their possible association with CAA. However,
pathological data supporting the suspected link between
lobar MBs and CAA in individuals without lobar ICH are
currently lacking.

Using pathological assessment of CAA as a gold standard,
we aimed to determine the positive predictive value (PPV)
and negative predictive value (NPV) of the Boston criteria
for CAA applied toMB-only subjects, in two highly different
settings: a hospital-based cohort and a population-based
cohort from the Framingham Heart Study (FHS).

2. Methods

2.1. Study cohorts

2.1.1. Hospital-based cohort
We searched across data sets of the Massachusetts Gen-

eral Hospital (MGH) for patients aged .55 years having
both brain magnetic resonance imaging (MRI) and either
brain biopsy or brain autopsy. Data search covered patients
seen at the hospital during the period 1997–2012. On
.3200 cases initially retrieved, we applied a multistep

exclusion algorithm (Fig. 1). We excluded all individuals
with lobar ICH at, or before, baseline MRI as lobar ICH
has been shown to be strongly associated with CAA [4]
and could confound the interpretation of the results.

2.1.2. Population-based cohort
This second cohort of individuals came from the FHS.

Original [17] and offspring cohort [18] participants were
invited to undergo MRI brain imaging beginning in March
1999. T2*-weighted MRI protocols were added in
December 2000. Details onMRI protocol and subject enroll-
ment have been described elsewhere [15]. In 1997, the FHS
began a postmortem brain tissue donation program in collab-
oration with the Boston University Alzheimer’s Disease
Center’s Neuropathology Core. Details of the enrollment
process are available elsewhere [19]. As of June 2009,
16% of surviving original cohort participants (n 5 35) and
11% of surviving offspring cohort participants (n 5 398)
were enrolled as potential brain donors. After 12 years since
the program began, a total of 1804 original and offspring
cohort participants had died, 10% of whom (n 5 186)
were registered brain donors. Of the latter, 139 brains
(74%) were received and detailed neuropathology reports
were available for all cases. Fifty-eight percent of the brains
analyzed were deemed pathologically normal. The present
study sample was obtained from the original and offspring
cohort participants with available brain MRI and neuropath-
ological data, including explicit CAA assessment. All these
individuals were aged .55 years.

2.2. Standard protocol approvals, registrations, and
patient consents

The local Institutional Review Boards at Massachusetts
General Hospital and Boston University Medical Center
approved the study protocol. Informed consent was obtained
from all subjects in the FHS.

2.3. Imaging

MGH and FHS protocols were similar regarding the
acquisition parameters of T2*-gradient echo sequences
(GRE). Some MGH cases had susceptibility-weighted im-
age (SWI) studies, which are recognized as more sensitive
for hemosiderin detection than GRE [20]. Table 1 shows
the MRI protocols used in each institution.

Detection of MBs was performed on either GRE or SWI
sequences as previously described [20,21]. Briefly, MBs
were defined as focal round or ovoid areas of marked signal
loss, different from vascular flow voids, calcifications,
cavernous malformations, and basal ganglia mineralization.

MBs were rated and labeled by a stroke neurologist
(M.E.G.) for the MGH cohort and a trained neurologist
(J.-R.R.) for the FHS cohort, both blind to the subjects’
demographics, clinical characteristics, and neuropatho-
logical findings. MB rating was assisted by image processing
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etiology of lobar intracerebral hemorrhage (ICH) in the
elderly [4,5]. Lobar microbleeds (MBs) are a hallmark of
the disease when seen in patients with lobar ICH [6].
Although frequently associated with Alzheimer’s disease
(AD), CAA also independently contributes to cognitive
impairment [7]. Indeed, lobar MBs are often identified in pa-
tients followed in memory clinics [8–10], where they may
potentially serve as markers of CAA. However, lobar MBs
are also found in the absence of any of the known above-
described clinical features of the disease. Up to 19% of
community-based healthy elderly subjects exhibit lobar
MBs and they are strictly lobar in 58.4% of these cases
[11]. Understanding the true diagnostic value of lobar
MBs, both as clinical and incidental findings, could help
improve our ability to detect CAA in its early stages, before
dementia or devastating ICH.

The Boston criteria are a set of clinical radiological
criteria that were developed as a means of diagnosing CAA
in a noninvasive way [12]. According to these criteria, the
detection of multiple (!2) strictly lobar hemorrhages (large
or small, symptomatic or asymptomatic) without known un-
derlying cause in individuals aged .55 years is highly spe-
cific of the disease [4]. However, validation studies of these
criteria have been mostly based on patients admitted because
of lobar ICH [4,13,14], precluding the study of the diagnostic
value of lobar MBs without symptomatic ICH. At a
community level, the Rotterdam and Framingham studies
have shown that healthy elderly individuals with strictly
lobar MBs have an increased frequency of the APOE-!4
allele (compared with patients with MBs not strictly
confined to lobar regions) [11,15], which is in agreement
with increased APOE-!4 frequencies seen in patients with
“probable CAA” [16]. Also, strictly lobar MBs do not corre-
late with classic vascular risk factors [11,15], which further
reinforces their possible association with CAA. However,
pathological data supporting the suspected link between
lobar MBs and CAA in individuals without lobar ICH are
currently lacking.

Using pathological assessment of CAA as a gold standard,
we aimed to determine the positive predictive value (PPV)
and negative predictive value (NPV) of the Boston criteria
for CAA applied toMB-only subjects, in two highly different
settings: a hospital-based cohort and a population-based
cohort from the Framingham Heart Study (FHS).

2. Methods

2.1. Study cohorts

2.1.1. Hospital-based cohort
We searched across data sets of the Massachusetts Gen-

eral Hospital (MGH) for patients aged .55 years having
both brain magnetic resonance imaging (MRI) and either
brain biopsy or brain autopsy. Data search covered patients
seen at the hospital during the period 1997–2012. On
.3200 cases initially retrieved, we applied a multistep

exclusion algorithm (Fig. 1). We excluded all individuals
with lobar ICH at, or before, baseline MRI as lobar ICH
has been shown to be strongly associated with CAA [4]
and could confound the interpretation of the results.

2.1.2. Population-based cohort
This second cohort of individuals came from the FHS.

Original [17] and offspring cohort [18] participants were
invited to undergo MRI brain imaging beginning in March
1999. T2*-weighted MRI protocols were added in
December 2000. Details onMRI protocol and subject enroll-
ment have been described elsewhere [15]. In 1997, the FHS
began a postmortem brain tissue donation program in collab-
oration with the Boston University Alzheimer’s Disease
Center’s Neuropathology Core. Details of the enrollment
process are available elsewhere [19]. As of June 2009,
16% of surviving original cohort participants (n 5 35) and
11% of surviving offspring cohort participants (n 5 398)
were enrolled as potential brain donors. After 12 years since
the program began, a total of 1804 original and offspring
cohort participants had died, 10% of whom (n 5 186)
were registered brain donors. Of the latter, 139 brains
(74%) were received and detailed neuropathology reports
were available for all cases. Fifty-eight percent of the brains
analyzed were deemed pathologically normal. The present
study sample was obtained from the original and offspring
cohort participants with available brain MRI and neuropath-
ological data, including explicit CAA assessment. All these
individuals were aged .55 years.

2.2. Standard protocol approvals, registrations, and
patient consents

The local Institutional Review Boards at Massachusetts
General Hospital and Boston University Medical Center
approved the study protocol. Informed consent was obtained
from all subjects in the FHS.

2.3. Imaging

MGH and FHS protocols were similar regarding the
acquisition parameters of T2*-gradient echo sequences
(GRE). Some MGH cases had susceptibility-weighted im-
age (SWI) studies, which are recognized as more sensitive
for hemosiderin detection than GRE [20]. Table 1 shows
the MRI protocols used in each institution.

Detection of MBs was performed on either GRE or SWI
sequences as previously described [20,21]. Briefly, MBs
were defined as focal round or ovoid areas of marked signal
loss, different from vascular flow voids, calcifications,
cavernous malformations, and basal ganglia mineralization.

MBs were rated and labeled by a stroke neurologist
(M.E.G.) for the MGH cohort and a trained neurologist
(J.-R.R.) for the FHS cohort, both blind to the subjects’
demographics, clinical characteristics, and neuropatho-
logical findings. MB rating was assisted by image processing
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than 3 sulci. dSS was spatially related to sequels of 14 lobar 
haematomas and 11 cerebral infarcts, while fSS was connect-
ed to 19 microbleeds and 39 micro-infarcts (p < 0.001). Com-
parison of the 15 CAA to the 30 non-CAA brains showed that 
dSS was due to an old lobar haematoma in 53% of the former 
group compared to 3% of the latter group (p = 0.003). fSS 
was due to a microbleed in 7% of the CAA brains and to 40% 
of the non-CAA brains (p = 0.03).  Conclusions:  SS is associ-
ated with both haemorrhagic and ischaemic underlying le-
sions. It is frequently observed on T2 ȗ -weighted 7.0-tesla 
MRI, and two types of SS may be described. Clinicians should 
keep in mind that SS may be found in other settings than 
CAA.  © 2013 S. Karger AG, Basel 

 Introduction 

  Superficial siderosis (SS) of the central nervous system 
is a rare condition, observed on gradient echo T2 ȗ -
weighted magnetic resonance imaging (MRI) as a typical 
signal hypo-intensity outlining the brain surface  [1] . It is 
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angiopathy · Neurodegenerative diseases · Intracerebral 
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 Abstract 
  Background:  Superficial siderosis (SS) is a rare finding on 
T2 ȗ -weighted magnetic resonance imaging (MRI), regarded 
as a radiological marker of cerebral amyloid angiopathy 
(CAA). The present study investigates with 7.0-tesla MRI the 
prevalence of SS and its underlying pathological substrate in 
a consecutive series of post-mortem brains of elderly pa-
tients with various neurodegenerative and cerebrovascular 
lesions.  Materials and Methods:  The prevalence of SS and 
associated lesions was screened using 7.0-tesla MRI and their 
neuropathological correlates in 120 post-mortem brains of 
patients with various neurodegenerative and cerebrovascu-
lar diseases.  Results:  Eighty-three separate zones of SS were 
detected in 45 brains (37.5%), including 25 areas of dissemi-
nated SS (dSS) and 58 areas of focal SS (fSS), restricted to less 
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than 3 sulci. dSS was spatially related to sequels of 14 lobar 
haematomas and 11 cerebral infarcts, while fSS was connect-
ed to 19 microbleeds and 39 micro-infarcts (p < 0.001). Com-
parison of the 15 CAA to the 30 non-CAA brains showed that 
dSS was due to an old lobar haematoma in 53% of the former 
group compared to 3% of the latter group (p = 0.003). fSS 
was due to a microbleed in 7% of the CAA brains and to 40% 
of the non-CAA brains (p = 0.03).  Conclusions:  SS is associ-
ated with both haemorrhagic and ischaemic underlying le-
sions. It is frequently observed on T2 ȗ -weighted 7.0-tesla 
MRI, and two types of SS may be described. Clinicians should 
keep in mind that SS may be found in other settings than 
CAA.  © 2013 S. Karger AG, Basel 

 Introduction 

  Superficial siderosis (SS) of the central nervous system 
is a rare condition, observed on gradient echo T2 ȗ -
weighted magnetic resonance imaging (MRI) as a typical 
signal hypo-intensity outlining the brain surface  [1] . It is 

 Key Words 
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 Abstract 
  Background:  Superficial siderosis (SS) is a rare finding on 
T2 ȗ -weighted magnetic resonance imaging (MRI), regarded 
as a radiological marker of cerebral amyloid angiopathy 
(CAA). The present study investigates with 7.0-tesla MRI the 
prevalence of SS and its underlying pathological substrate in 
a consecutive series of post-mortem brains of elderly pa-
tients with various neurodegenerative and cerebrovascular 
lesions.  Materials and Methods:  The prevalence of SS and 
associated lesions was screened using 7.0-tesla MRI and their 
neuropathological correlates in 120 post-mortem brains of 
patients with various neurodegenerative and cerebrovascu-
lar diseases.  Results:  Eighty-three separate zones of SS were 
detected in 45 brains (37.5%), including 25 areas of dissemi-
nated SS (dSS) and 58 areas of focal SS (fSS), restricted to less 
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atherosclerosis, and 22 displayed widespread micro-angi-
opathy consisting of lipohyalinosis and arteriolosclerosis. 
The prevalence of vascular risk factors and the use of an-
tithrombotic agents are provided in  table!2 .

  MRI Findings 
 Twenty-five separate zones of dSS were observed in 17 

brains. Fifty-eight areas of fSS were found in 32 brains. In 
4 of these brains, both areas of dSS and fSS were co-exist-
ing. Among the 25 areas of dSS, 14 were spatially related 
to an old lobar haematoma and 11 to an underlying corti-
cal infarct (p = 0.64;  fig.!1 ). Among 58 areas of fSS, 19 were 
spatially related to a cortical microbleed and 39 to a corti-
cal micro-infarct (p < 0.001;  fig.!2 ). Five brains, 1 with and 
4 without CAA, displayed an area of fSS in the cerebellum 
due to an underlying small superficial infarct ( fig.!3 ). All 
of these lesions were confirmed by the neuropathological 
examination.

  Out of the series of the 120 brains, 22 displayed sig-
nificant CAA consisting of 5 territorial infarcts (23%), 9 
lobar haematomas (41%), 15 cortical micro-infarcts 
(68%) and 5 cortical microbleeds (23%). Additionally, fif-
teen of them had some areas of SS. Although the preva-
lence of the cerebrovascular lesions between the CAA 
brains with and without SS was statistically not different, 

Table 1.  Neuropathological diagnosis in the 45 brains with SS

CAA 15
Alzheimer features 7
Lewy body features 1

Frontotemporal lobar degeneration 10
Alzheimer dementia 9
Vascular dementia 3
Lewy body dementia 3
Progressive supranuclear palsy 2
Corticobasal degeneration 1
Asymptomatic cerebral infarcts 2

Values represent n.

Table 2.  Vascular risk factors and the use of antithrombotic agents 
in 43 out of the total population of 45 patients with SS

Arterial hypertension 40
Hypercholesterolaemia 38
Diabetes 11
Smoking 13
Antithrombotic agents 40

 Numbers represent percentages.

D E

  Fig. 1.   a  7.0-tesla MRI T2 and T2 ȗ  sequences of a coronal section 
of a cerebral hemisphere at distance from an old lobar haematoma 
of a patient with CAA. There is an extensive leptomeningeal hypo-
intensity signal on the T2 ȗ -weighted image representing diffuse SS 

(arrows). Note the ‘blooming’ effect in the post-mortem thrombi 
of leptomeningeal vessels (white circles within the vessel).  b  His-
tological correlate of subpial haemosiderin deposits at distance 
from the lobar haematoma [haematoxylin-eosin stain (HE)]. 
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ABSTRACT

Background: Cerebral amyloid angiopathy (CAA) typically presents with lobar intracerebral mac-
rohemorrhages (ICH) or microbleeds (MBs). Several case reports also found superficial siderosis
(SS) in patients with CAA. We aimed to assess the value of SS for the in vivo diagnosis of CAA,
and tested whether the inclusion of SS as a criterion alters the sensitivity and specificity of the
Boston criteria for CAA-related hemorrhage.

Methods: We retrospectively analyzed the T2*-weighted MRIs of 38 patients with histopatholog-
ically proven CAA and of 22 control patients with histopathologically proven non-CAA ICHs re-
garding the presence of ICHs, MBs, and SS. We compared the sensitivity and specificity of the
classic Boston criteria to that of modified criteria, which included SS as a criterion.

Results: ICHs were present in 71% of the patients with CAA, and in all control patients. MBs were
found in 47.4% of patients with CAA and in 22.7% of controls. SS was detected in 60.5% of
patients with CAA, but in none of the controls. The classic criteria had a sensitivity of 89.5% for
CAA-related hemorrhage, while inclusion of SS increased their sensitivity to 94.7% (not signifi-
cant). On the contrary, the specificity of the Boston criteria was 81.2% both for the classic and
for the modified criteria.

Conclusions: Superficial siderosis (SS) occurs with high prevalence in cerebral amyloid angiopa-
thy (CAA) and is rare in non-CAA forms of intracerebral hemorrhages. Thus, we propose that
inclusion of SS in the Boston criteria might enhance their sensitivity for CAA-related hemorrhage
without loss of specificity. Neurology® 2010;74:1346 –1350

GLOSSARY
CAA ! cerebral amyloid angiopathy; ICH ! intracerebral macrohemorrhages; MB ! microbleed; PDw ! proton density–
weighted; SAH ! subarachnoid hemorrhage; SS ! superficial siderosis; T2*w ! T2*-weighted.

Cerebral amyloid angiopathy (CAA) is defined as the deposition of !-amyloid in the walls of the
cortical and leptomeningeal vessels. Intracerebral macrohemorrhages (ICH) are the most important
clinical presentation, and cerebral microbleeds (MBs) are a common magnetic resonance sign of
CAA.1

The Boston criteria for CAA-related hemorrhage can be used to attribute an ICH with
increasing certainty to CAA by using clinical data, imaging signs, and—if available—his-
topathologic findings. The definite diagnosis requires a full postmortem examination.2

Recently, superficial siderosis (SS) has been described as a potential magnetic resonance
marker of CAA,3-5 but systematic studies on the value of this sign are lacking. Thus, the aims of
our study were to assess the prevalence of SS in histologically proven CAA and non-CAA forms
of ICH, and to test whether the addition of SS as a criterion alters the sensitivity and specificity
of the Boston criteria.

METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by our
institutional ethical standard committees on human experimentation, and written informed consent for research was obtained
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ABSTRACT

Objective: We investigated the prevalence and clinical-radiologic associations of cortical superficial
siderosis (cSS) in patients with probable cerebral amyloid angiopathy (CAA) compared to those with
intracerebral hemorrhage (ICH) not attributed to CAA.

Methods: We conducted a retrospective multicenter cohort study of 120 patients with probable
CAA and 2 comparison groups: 67 patients with either single lobar ICH or mixed (deep and lobar)
hemorrhages; and 22 patients with strictly deep hemorrhages. We rated cSS, ICH, white matter
changes, and cerebral microbleeds.

Results: cSSwas detected in 48 of 120 (40%; 95% confidence interval [CI]: 31.2%–49.3%) patients
with probable CAA, 10 of 67 (14.9%; 95% CI: 7.4%–25.7%) with single lobar ICH or mixed hemor-
rhages, and1of 22 (4.6%;95%CI: 0.1%–22.8%) patientswith strictly deep hemorrhages (p, 0.001
for trend). Disseminated cSS was present in 29 of 120 (24%; 95% CI: 16.8%–32.8%) patients with
probable CAA, but none of the other patients with ICH (p , 0.001). In probable CAA, age (odds ratio
[OR]: 1.09; 95% CI: 1.03–1.15; p 5 0.002), chronic lobar ICH (OR: 3.94; 95% CI: 1.54–10.08; p 5

0.004), and a history of transient focal neurologic episodes (OR: 11.08; 95% CI: 3.49–35.19; p ,

0.001) were independently associated with cSS. However, cSS occurred in 17 of 48 patients with
probable CAA (35.4%; 95% CI: 22.2%–50.5%) without chronic lobar ICH.

Conclusions: cSS (particularly if disseminated) is a commonand characteristic feature ofCAA.Chronic
lobar ICH is an independent risk factor for cSS, but the causal direction and mechanism of association
are uncertain. Hemorrhage into the subarachnoid space, independent of previous (chronic) lobar ICH,
must also contribute to cSS in CAA. Transient focal neurologic episodes are the strongest clinical
marker of cSS. Neurology! 2013;81:626–632

GLOSSARY
CAA 5 cerebral amyloid angiopathy; CI 5 confidence interval; CMB 5 cerebral microbleed; cSAH 5 convexity subarachnoid
hemorrhage; cSS 5 cortical superficial siderosis; FLAIR 5 fluid-attenuated inversion recovery; ICH 5 intracerebral hemor-
rhage; OR 5 odds ratio; T2*-GRE 5 T2*-weighted gradient recalled echo.

Sporadic cerebral amyloid angiopathy (CAA) is a common age-related small-vessel disease
caused by progressive deposition of amyloid-b in the walls of small arteries, arterioles, and
capillaries in the cerebral cortex and overlying leptomeninges.1 CAA is most often recognized
in life by symptomatic lobar intracerebral hemorrhage (ICH) in elderly patients.1–3 CAA is also
associated with characteristic MRI findings including lobar cerebral microbleeds (CMBs) and
white matter hyperintensities (leukoaraiosis).1,4

Recent studies have identified cortical superficial siderosis (cSS) as another manifestation of
CAA.5–8 In CAA, cSS has a characteristic predilection for the cerebral convexities, reflecting linear
blood residues in the superficial layers of the cerebral cortex or in the subarachnoid space.8–10 cSS
may have clinical relevance as an important cause of transient focal neurologic episodes (sometimes
called “amyloid spells”),11,12 and a potential “warning sign” for future symptomatic ICH.13
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haematomas and 11 cerebral infarcts, while fSS was connect-
ed to 19 microbleeds and 39 micro-infarcts (p < 0.001). Com-
parison of the 15 CAA to the 30 non-CAA brains showed that 
dSS was due to an old lobar haematoma in 53% of the former 
group compared to 3% of the latter group (p = 0.003). fSS 
was due to a microbleed in 7% of the CAA brains and to 40% 
of the non-CAA brains (p = 0.03).  Conclusions:  SS is associ-
ated with both haemorrhagic and ischaemic underlying le-
sions. It is frequently observed on T2 ȗ -weighted 7.0-tesla 
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than 3 sulci. dSS was spatially related to sequels of 14 lobar 
haematomas and 11 cerebral infarcts, while fSS was connect-
ed to 19 microbleeds and 39 micro-infarcts (p < 0.001). Com-
parison of the 15 CAA to the 30 non-CAA brains showed that 
dSS was due to an old lobar haematoma in 53% of the former 
group compared to 3% of the latter group (p = 0.003). fSS 
was due to a microbleed in 7% of the CAA brains and to 40% 
of the non-CAA brains (p = 0.03).  Conclusions:  SS is associ-
ated with both haemorrhagic and ischaemic underlying le-
sions. It is frequently observed on T2 ȗ -weighted 7.0-tesla 
MRI, and two types of SS may be described. Clinicians should 
keep in mind that SS may be found in other settings than 
CAA.  © 2013 S. Karger AG, Basel 

 Introduction 

  Superficial siderosis (SS) of the central nervous system 
is a rare condition, observed on gradient echo T2 ȗ -
weighted magnetic resonance imaging (MRI) as a typical 
signal hypo-intensity outlining the brain surface  [1] . It is 
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 Abstract 
  Background:  Superficial siderosis (SS) is a rare finding on 
T2 ȗ -weighted magnetic resonance imaging (MRI), regarded 
as a radiological marker of cerebral amyloid angiopathy 
(CAA). The present study investigates with 7.0-tesla MRI the 
prevalence of SS and its underlying pathological substrate in 
a consecutive series of post-mortem brains of elderly pa-
tients with various neurodegenerative and cerebrovascular 
lesions.  Materials and Methods:  The prevalence of SS and 
associated lesions was screened using 7.0-tesla MRI and their 
neuropathological correlates in 120 post-mortem brains of 
patients with various neurodegenerative and cerebrovascu-
lar diseases.  Results:  Eighty-three separate zones of SS were 
detected in 45 brains (37.5%), including 25 areas of dissemi-
nated SS (dSS) and 58 areas of focal SS (fSS), restricted to less 
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ABSTRACT

Objective: To investigate whether cortical superficial siderosis (cSS) on MRI, especially if dissem-
inated (involving more than 3 sulci), increases the risk of future symptomatic lobar intracerebral
hemorrhage (ICH) in cerebral amyloid angiopathy (CAA).

Methods: European multicenter cohort study of 118 patients with CAA (104 with baseline symp-
tomatic lobar ICH) diagnosed according to the Boston criteria. We obtained baseline clinical, MRI,
and follow-up data on symptomatic lobar ICH. Using Kaplan-Meier and Cox regression analyses,
we investigated cSS and ICH risk, adjusting for known confounders.

Results: During a median follow-up time of 24 months (interquartile range 9–44 months), 23 of
118 patients (19.5%, 95% confidence interval [CI]: 12.8%–27.8%) experienced symptomatic
lobar ICH. Any cSS and disseminated cSS were predictors of time until first or recurrent ICH (log-
rank test: p 5 0.0045 and p 5 0.0009, respectively). ICH risk at 4 years was 25% (95% CI:
7.6%–28.3%) for patients without siderosis; 28.9% (95% CI: 7.7%–76.7%) for patients with
focal siderosis; and 74% (95% CI: 44.1%–95.7%) for patients with disseminated cSS (log-rank
test: p 5 0.0031). In Cox regression models, any cSS and disseminated cSS were both indepen-
dently associated with increased lobar ICH risk, after adjusting for $2 microbleeds and age
(hazard ratio: 2.53; 95% CI: 1.05–6.15; p 5 0.040 and hazard ratio: 3.16; 95% CI: 1.35–
7.43; p 5 0.008, respectively). These results remained consistent in sensitivity analyses includ-
ing only patients with symptomatic lobar ICH at baseline.

Conclusions: Our findings indicate that cSS, particularly if disseminated, is associated with an
increased risk of symptomatic lobar ICH in CAA. cSS may help stratify future bleeding risk in
CAA, with implications for prognosis and treatment. Neurology® 2013;81:1666–1673

GLOSSARY
CAA 5 cerebral amyloid angiopathy; CI 5 confidence interval; CMB 5 cerebral microbleed; cSS 5 cortical superficial sid-
erosis; FLAIR 5 fluid-attenuated inversion recovery; GRE 5 gradient-recalled echo; HR 5 hazard ratio; ICH 5 intracerebral
hemorrhage.

Sporadic cerebral amyloid angiopathy (CAA) is a highly prevalent, age-related small-vessel dis-
ease1 caused by amyloid-b deposition in cortical and leptomeningeal vessel walls.2 CAA is a
major cause of lobar intracerebral hemorrhage (ICH), particularly in elderly patients.2–5 Spon-
taneous ICH is one of the most catastrophic forms of stroke, with a high risk of recurrence6–8;
CAA-related lobar ICH may carry a greater risk than deep ICH presumed to be due to hyper-
tensive arteriopathy,8,9 but this is currently difficult to predict.

Predisposing factors for lobar ICH and lobar ICH recurrence in CAA include APOE e4 and
e2 alleles,10 hemorrhagic neuroimaging markers of CAA such as lobar cerebral microbleeds
(CMBs),11 and anticoagulant or antiplatelet use.12 Little is known about cortical superficial
siderosis (cSS), a recently identified neuroimaging marker of CAA,13 and the risk of subsequent
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Risk of ICH at 4 years (n=118): 25% without SS, 30% with 
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ABSTRACT

Background: Cerebral amyloid angiopathy (CAA) typically presents with lobar intracerebral mac-
rohemorrhages (ICH) or microbleeds (MBs). Several case reports also found superficial siderosis
(SS) in patients with CAA. We aimed to assess the value of SS for the in vivo diagnosis of CAA,
and tested whether the inclusion of SS as a criterion alters the sensitivity and specificity of the
Boston criteria for CAA-related hemorrhage.

Methods: We retrospectively analyzed the T2*-weighted MRIs of 38 patients with histopatholog-
ically proven CAA and of 22 control patients with histopathologically proven non-CAA ICHs re-
garding the presence of ICHs, MBs, and SS. We compared the sensitivity and specificity of the
classic Boston criteria to that of modified criteria, which included SS as a criterion.

Results: ICHs were present in 71% of the patients with CAA, and in all control patients. MBs were
found in 47.4% of patients with CAA and in 22.7% of controls. SS was detected in 60.5% of
patients with CAA, but in none of the controls. The classic criteria had a sensitivity of 89.5% for
CAA-related hemorrhage, while inclusion of SS increased their sensitivity to 94.7% (not signifi-
cant). On the contrary, the specificity of the Boston criteria was 81.2% both for the classic and
for the modified criteria.

Conclusions: Superficial siderosis (SS) occurs with high prevalence in cerebral amyloid angiopa-
thy (CAA) and is rare in non-CAA forms of intracerebral hemorrhages. Thus, we propose that
inclusion of SS in the Boston criteria might enhance their sensitivity for CAA-related hemorrhage
without loss of specificity. Neurology® 2010;74:1346 –1350

GLOSSARY
CAA ! cerebral amyloid angiopathy; ICH ! intracerebral macrohemorrhages; MB ! microbleed; PDw ! proton density–
weighted; SAH ! subarachnoid hemorrhage; SS ! superficial siderosis; T2*w ! T2*-weighted.

Cerebral amyloid angiopathy (CAA) is defined as the deposition of !-amyloid in the walls of the
cortical and leptomeningeal vessels. Intracerebral macrohemorrhages (ICH) are the most important
clinical presentation, and cerebral microbleeds (MBs) are a common magnetic resonance sign of
CAA.1

The Boston criteria for CAA-related hemorrhage can be used to attribute an ICH with
increasing certainty to CAA by using clinical data, imaging signs, and—if available—his-
topathologic findings. The definite diagnosis requires a full postmortem examination.2

Recently, superficial siderosis (SS) has been described as a potential magnetic resonance
marker of CAA,3-5 but systematic studies on the value of this sign are lacking. Thus, the aims of
our study were to assess the prevalence of SS in histologically proven CAA and non-CAA forms
of ICH, and to test whether the addition of SS as a criterion alters the sensitivity and specificity
of the Boston criteria.

METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by our
institutional ethical standard committees on human experimentation, and written informed consent for research was obtained
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their pathogeneses. APOE e2 is linked to vascular break-
down of amyloid-laden vessels and ICH11,12,15,17–19 as
well as to histologic type 2 CAA tending to spare cor-
tical capillaries.20 APOE e4, conversely, appears associ-
ated with increasing vascular amyloid burden10 and
histologic type 1 CAA that prominently affects cortical
capillaries.20 The current findings thus raise the possi-
bility that the APOE e2–associated vasculopathic
changes that give rise to ICH are also fundamental to

cSS. This link is particularly intriguing in light of
reports that cSS may predict future ICH.8,9 Increasing
burdens of vascular (particularly capillary) amyloid asso-
ciated with APOE e4 may instead favor CMB in
preference to cSS (figure). In our sample, it was
predominantly participants without ICH, with very
high degrees of CMB burden, who drove the inverse
relationship between increasing severity of cSS and
CMB counts, suggesting a possible distinct CAA

Table 4 Multinomial logistic regression of relationships among APOE genotype, severity of cSS, and CMB count

Focal cSS Disseminated cSS CMB count (2nd tertile) CMB count (3rd tertile)

ORa 95% CI p Value ORa 95% CI p Value ORb 95% CI p Value ORb 95% CI p Value

APOE e2

Unadjusted 5.3 1.5–19.1 0.01c 9.0 2.5–31.5 0.001c 2.0 0.7–5.9 .0.2 0.8 0.2–2.8 .0.2

Adjusted for age and sex 7.0 1.7–29.3 0.008c 11.5 2.8–46.2 0.001c 2.0 0.7–6.0 .0.2 0.8 0.3–2.8 .0.2

APOE e4

Unadjusted 0.5 0.2–1.1 0.07 0.5 0.3–1.1 0.10 1.6 0.7–3.5 .0.2d 3.0 1.4–6.4 0.006d

Adjusted for age and sex 0.5 0.2–1.1 0.10d 0.6 0.3–1.2 0.16d 1.8 0.8–3.9 0.15d 3.0 1.4–6.6 0.006d

Abbreviations: CI 5 confidence interval; CMB 5 cerebral microbleed; cSS 5 cortical superficial siderosis; OR 5 odds ratio.
aMultinomial logistic regression: OR per each additional allele in comparison to participants without cSS.
bMultinomial logistic regression: OR per each additional allele in comparison to participants within the lowest tertile.
cGlobal likelihood ratio test (assessing whether predictor has an effect on any of the categories of outcome) p , 0.01.
dGlobal likelihood ratio test (assessing whether predictor has an effect on any of the categories of outcome) p 5 0.01–0.05.

Figure Representative cases of cerebral microbleed and cortical superficial siderosis predominant cerebral
amyloid angiopathy phenotypes

Axial T2*-weighted gradient echo images in 2 participants, with the first (A–C) showing a high degree of lobar cerebral
microbleed burden without cortical superficial siderosis, and the second (D–F) with disseminated cortical superficial sider-
osis and minimal cerebral microbleed burden.
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ABSTRACT

Objective: We sought to explore the mechanisms leading to cerebral amyloid angiopathy
(CAA)-related cortical superficial siderosis (cSS) by examining its neuroimaging and genetic
association with cerebral microbleeds (CMBs).

Methods: MRI scans of 84 subjects with probable or definite CAA participating in a longitu-
dinal research study were graded for cSS presence and severity (focal, restricted to #3 sulci
vs disseminated, $4 sulci), and CMB count. APOE e variants were directly genotyped.
We performed cross-sectional analysis comparing CMB counts and APOE e2 and e4 allele
frequency between subjects with no, focal, or disseminated cSS.

Results: cSS was present in 48% (n 5 40) of the population. APOE e2 was overrepresented
among participants with focal (odds ratio [OR] 7.0, 95% confidence interval [CI] 1.7–29.3,
p5 0.008) and disseminated (OR 11.5, 95%CI 2.8–46.2, p5 0.001) cSS relative to individuals
without cSS. CMB counts decreased with increasing severity of cSS (median: 41, 38, and 15
for no cSS, focal cSS, and disseminated cSS, respectively, p 5 0.09). The highest CMB count
tertile was associated with APOE e4 (OR 3.0, 95% CI 1.4–6.6, p 5 0.006) relative to the
lowest tertile.

Conclusions: Among individuals with advanced CAA, cSS tends to occur in individuals with
relatively lower CMB counts and with a distinct pattern of APOE genotypes. These results sug-
gest that CAA-related cSS and CMBs may arise from distinct vasculopathic mechanisms.
Neurology® 2014;83:1–6

GLOSSARY
CAA 5 cerebral amyloid angiopathy; CI 5 confidence interval; CMB 5 cerebral microbleed; cSS 5 cortical superficial sid-
erosis; GRE 5 gradient echo; ICH 5 intracerebral hemorrhage; IQR 5 interquartile range; OR 5 odds ratio.

Cerebral amyloid angiopathy (CAA), representing deposition of b-amyloid in the walls
of cerebral small vessels, is an important cause of both symptomatic intracerebral hemorrhages
(ICHs) and small, typically asymptomatic cerebral microbleeds (CMBs). Neuropathologic
analysis has shown substantially greater thickening of amyloid-laden vessel walls in CAA brains
with many CMBs relative to those with ICH and few CMBs,1 suggesting that these 2 types
of hemorrhagic lesions may arise from different vessel pathologies in advanced CAA.

Recent attention has focused on a third type of CAA-related hemorrhagic lesion: linear
hemosiderin deposits along the subpial space and underlying cortical convexities, defined as
cortical superficial siderosis (cSS).2,3 cSS is frequently visualized on MRIs of individuals with
CAA at prevalence rates ranging from 40% to 70% in comparison to 0.7% in the general
population,2,4–6 making it a promising neuroimaging marker for the disease.4 cSS may also have
important clinical implications as a trigger for CAA-related transient focal neurologic episodes7

and a potential indicator of increased risk of future ICH.8,9

We sought to explore the mechanisms leading to CAA-related cSS by examining its
neuroimaging association with CMBs and genetic association with APOE. The genetic analysis
focused on the APOE e4 and e2 alleles, which have been shown to promote different types of
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of the microbleeds occurred in putamen. The microbleeds
occurred in vessels without amyloid deposition and microb-
leeds occurred in presence and in absence of hypertension.
Moreover, blood–brain barrier pericytes in addition to brain
macrophages appeared to have a role in microbleeds.

Iron uptake into brain is complex and may occur as a
consequence of hemorrhage and by receptor-mediated endo-
cytosis of transferrin-bound iron.10,11 The latter occurs at
endothelial cells of the blood–brain barrier and results in
tissue iron distribution principally in oligodendrocytes.10,11

This is a well-described and age-related process that does not,
however, include phagocytosis or inflammation.10–13

The neurovascular unit of the blood–brain barrier consists of
endothelial cells in close approximation to pericytes, separated
only by basement membrane.14–16 In addition, macrophages are
known to be found adjacent to neurovascular unit, either in

residence or as cells migrating to that site.17 It is therefore not
surprising that both cell types appear to have a role in microb-
leeds. Erythrophagocytosis is a well-described feature of mac-
rophages,18 and Prussian blue stains of hemosiderin iron show
punctuate staining similar to what was observed in the current
study19 (Figure 1). Previous work has shown macrophage
involvement in cerebral microbleeds.4,6 Pericytes are also known
to have phagocytic function,14,20 and erythrophagocytosis has
been observed in systemic pericytes.21,22

Red blood cells may pass through endothelial junctions in
systemic capillaries, resulting in petechial hemorrhages.23

This is common in thrombocytopenia, along with other
hemorrhagic diatheses. It is noteworthy that brain hemor-
rhage is rare in thrombocytopenia,24 and this is likely attrib-
utable to structural and functional properties of the blood–
brain barrier that can prevent local hemorrhage. Presence of
tight endothelial junctions in the neurovascular unit is one
likely component of the brain’s armamentarium against
hemorrhage. Opening of the endothelial junctions to allow
passage of red blood cells might represent age-related
changes in barrier function; the latter has been described in
cerebral white matter disease of aging with downregulation of
blood–brain barrier efflux transporter p-glycoprotein.25

Pericytes are known to be preferentially located adjacent to
tight junctions of the blood–brain barrier and have been
localized adjacent to histamine-induced gaps between endo-
thelial cells.14 This location is ideally suited for a “gate-
keeper” function of pericytes, in which these cells scavenge
and phagocytose red cells that are able to pass the barrier
between adjacent endothelial cells. In this scenario, macro-
phages adjacent to the neurovascular unit would be able to act
as secondary scavengers for those red blood cells that are able
to bypass pericytes and enter brain parenchyma (Figure 4).

Our study is not designed to provide pathological correla-
tions to MRI findings of cerebral microbleeds. This repre-
sents a limitation of the present study because our findings
indicate microbleeds primarily in basal ganglia location,
whereas MRI studies show microbleeds more frequently in
lobar site compared to deep brain regions.1 MRI is known to
overestimate the size of microbleeds (the “blooming effect”),
with MRI diameter on average !150% of pathological
lesions;4 nevertheless, MRI may not be sensitive to the

Table. Cerebral Microbleeds: Clinical and
Pathological Characteristics

Patient Age Gender HTN BP MB
Braak
Score

MB
Score

1 86 F Y 130/70 N … …
2 79 F Y 124/70 N … …
3 71 F Y 153/70 N … …
4 73 F Y 134/82 N … …
5 72 M Y 131/86 N … …
6 80 F Y 134/63 Y … …
7 78 M Y 132/82 N … …
8 71 F Y 127/82 N … …
9 77 F Y 166/87 Y … …
10 87 F N 111/72 N … …
11 80 F N 107/43 N … …
12 84 M N 140/70 N … …
13 84 F N 129/86 Y V 159
14 77 F N UNK Y VI 44
15 77 F UNK 132/80 Y VI 26
16 100 F Y 105/60 Y II 152
17 104 F N 124/65 Y V 159
18 83 F N 120/70 Y V 111
19 102 F Y 138/64 Y III 89
20 94 F N 130/55 Y VI 244
21 88 M Y 118/70 Y VI 85
22 96 F Y 135/70 Y VI 130
23 91 F Y 160/76 Y IV 81
24 79 M UNK UNK Y VI 30
25 91 F Y UNK Y II 111
26 97 M Y 145/80 Y II 448
27 102 F Y 129/74 Y II 56
28 94 M Y 150/90 N I 0
29 105 F N 120/60 Y I 152
30 103 F Y 80/50 Y II 67
31 99 F Y 158/64 Y II 322
32 96 F Y 110/70 Y II 89
33 100 F Y 198/78 Y II 193

BP indicates blood pressure; F, female; HTN, hypertension; M, male; MB,
microbleeds; N, no; UNK, unknown; Y, yes.

Initial study: patients 1–12; follow-up study: patients 13–33.

Figure 3. Pericapillary deposition of hemosiderin (brown) within
macrophage (red) in putamen, using CD68 immunostain. Origi-
nal magnification "600.
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Figure 4.
Proposed mechanism for extravasation of red blood cells from brain capillaries. Opening of
tight junction allows for pericyte erythrophagocytosis, with adjacent macrophage available
as alternative or secondary site for phagocytosis.
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assessed visually by ordinal rating scales or by volumetric 
methods, which are usually semi-automated. Progression 
of white matter hyperintensities between scans (fi gure 1C) 
can be measured by qualitative scales33 or quantitative 
methods.34 Findings from a study35 in 26 patients (mean 
age 69·1 years) with probable or possible cerebral amyloid 
angiopathy scanned 1–2 years apart showed a median 
growth in white matter hyperintensities of 0·5 mL per year 
(IQR 0·1–2·8 mL per year). This pace of progression is 
rapid relative to population-based estimates in people with 
healthy ageing36 and similar to that in the subset of 

individuals with early confl uent or confl uent white matter 
hyperintensities at baseline in the population-based 
Austrian Stroke Prevention Study.37

The association between white matter hyperintensities 
and cognitive impairment before stroke in cerebral 
amyloid angiopathy,38 and the presence of cognitive 
impairment, disability, and future decline in other groups 
of patients,39–43 suggest that assessment of white matter 
hyperintensities could be a means to measure a clinically 
meaningful aspect of small-vessel-related brain injury. 
However, large follow-up studies in cerebral amyloid 

Figure !: Examples of MRI markers
(A) 74-year-old man with six strictly lobar microbleeds on baseline T2*-weighted MRI (left-hand image shows one of these) and fi ve incident strictly lobar 
microbleeds on follow-up done 3·4 years later (right-hand image shows three of the incident lesions, arrows). (B) Superfi cial siderosis on T2*-weighted MRI in a 
69-year-old man with probable cerebral amyloid angiopathy and predominantly left hemispheric siderosis at baseline (left) and incident right superior frontal 
siderosis on follow-up 1·5 years later (right, arrows). (C) Growth of white matter hyperintensities on FLAIR images between baseline (left) and follow-up at 5 years 
(right) in an 89-year-old man with probable cerebral amyloid angiopathy, old right occipital intracerebral haemorrhage, and progressive impairment of executive 
function but no intracerebral haemorrhage during the inter-scan interval. Volumes of white matter hyperintensities in the left (non-intracerebral haemorrhage) 
hemisphere were 18·5 mL at baseline and 23·9 mL at follow-up. (D) Left frontal cortex focus of restricted di! usion (di! usion-weighted image on left, absolute 
di! usion coe"  cient map on right) consistent with a small acute infarct in a 74-year-old man with probable cerebral amyloid angiopathy and no other known vascular 
disease. (E) Sagittal FLAIR (left) and T1 (right) images obtained by 7 T MRI15 of a 62-year-old man with mild cognitive impairment. The lesions suggestive of cortical 
microinfarcts are hyperintense on FLAIR and hypointense on T1 (arrows and insets for enlargement). FLAIR=fl uid-attenuated inversion recovery.
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Outcome markers for clinical trials in cerebral amyloid 
angiopathy
Steven M Greenberg, Rustam Al-Shahi Salman, Geert Jan Biessels, Mark van Buchem, Charlotte Cordonnier, Jin-Moo Lee, Joan Montaner, 
Julie A Schneider, Eric E Smith, Meike Vernooij, David J Werring

E! orts are underway for early-phase trials of candidate treatments for cerebral amyloid angiopathy, an untreatable 
cause of haemorrhagic stroke and vascular cognitive impairment. A major barrier to these trials is the absence of 
consensus on measurement of treatment e! ectiveness. A range of potential outcome markers for cerebral amyloid 
angiopathy can be measured against the ideal criteria of being clinically meaningful, closely representative of biological 
progression, e"  cient for small or short trials, reliably measurable, and cost e! ective. In practice, outcomes tend either 
to have high clinical salience but low statistical e"  ciency, and thus more applicability for late-phase studies, or greater 
statistical e"  ciency but more limited clinical meaning. The most statistically e"  cient markers might be those that are 
potentially reversible with treatment, although their clinical signifi cance remains unproven. Many of the candidate 
outcomes for cerebral amyloid angiopathy trials are probably applicable also to other small-vessel brain diseases.

Introduction
Cerebrovascular deposition of amyloid (cerebral amyloid 
angiopathy) is a major cause of spontaneous intracerebral 
haemorrhage in elderly people and an important 
contributor to age-related cognitive decline.1 Cerebral 
amyloid angiopathy is increasingly diagnosed during life 
by detection of vascular amyloid in pathological samples 
or detection of lobar haemorrhagic lesions by neuro-
imaging according to the validated Boston criteria.2 There 
are many plausible approaches to prevention or treatment 
of cerebral amyloid angiopathy (eg, inhibition of !-amyloid 
peptide production, enhancement of !-amyloid clearance, 
or protection of vessels from the toxic e" ects of !-amyloid), 
and a phase 2 monoclonal antibody study (NCT01821118) 
has been recently initiated, but as yet there are no large-
scale clinical trials.

A barrier to cerebral amyloid angiopathy trials is the 
absence of consensus regarding outcome markers for 
measurement of treatment e" ectiveness. An ideal 
cerebral amyloid angiopathy marker would be one that is 
clinically meaningful, closely representative of the 
disease’s underlying biological progression, e#  cient at 
detecting changes in response to treatment, reliably and 
reproducibly measurable, and easily generalisable across 
many trial sites. In practice, no one marker will have all 
these desired features, resulting in trade-o" s between 
e#  cient surrogate markers useful for early-phase studies 
aimed at identifi cation of promising candidate treatments 
and clinically meaningful markers for pivotal studies to 
establish those treatments for medical use.

In this Review, which emerged from proceedings of the 
International Cerebral Amyloid Angiopathy Conference, 
Leiden, Netherlands, Oct 24–26, 2012, we discuss 
potential markers for clinical cerebral amyloid angiopathy 
trials on the basis of present understanding of the 
underlying biology and neurological e" ect of the disease. 
Emerging data suggest that advanced cerebral amyloid 
angiopathy can be measured by a wide range of markers, 
including clinical events (eg, symptomatic intracerebral 
haemorrhage or cognitive decline), structural brain 

lesions (eg, microbleeds, white matter hyperintensities, 
or microinfarcts), alterations of vascular physiology, and 
direct visualisation with amyloid radioligands. Each 
marker comes with particular drawbacks, such as the 
non-specifi city of structural brain lesions for cerebral 
amyloid angiopathy (vs other small-vessel diseases) or of 
amyloid radioligands for vascular !-amyloid (vs senile 
plaques). Nonetheless, rapidly accumulating data on in-
vivo detection of the pathogenic steps involved in cerebral 
amyloid angiopathy o" ers substantial promise for future 
trials aimed at identifying disease-modifying treatments 
for this largely untreatable disease.

Candidate outcome markers
International consensus standards for describing, 
analysing, and reporting many of the lesion types 
described herein have been published recently3 and 
should facilitate cross-study comparisons and enhance 
generalisability of fi ndings.

Haemorrhagic markers
Symptomatic intracerebral haemorrhage is an appealing 
outcome for clinical trials because of its relation to the 
severity and pathophysiology of the underlying cerebral 
amyloid angiopathy,4 apparent ease of detection, and 
clinical prominence. However, intracerebral haemor-
rhage is rare.5 It is somewhat more common in selected 
groups, such as individuals with several microbleeds,6,7 
and is most common as a recurrent event in survivors of 
lobar intracerebral haemorrhage, with incidence 
estimates ranging from 2·5% to 14·3% per year.8 
Although detection of macroscopic intracerebral 
haemorrhage by CT scan is technically straightforward, 
the presentation of intracerebral haemorrhage is 
sometimes too mild or non-specifi c to trigger a timely 
CT scan, or alternatively is, in some cases, rapidly fatal, 
thus precluding brain imaging.

These caveats notwithstanding, symptomatic intra-
cerebral haemorrhage remains a reliable and clinically 
meaningful trial outcome in view of the high burden of 
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impairment during the period prior to the subjects’
index ICH. Our data support the hypothesis that an
underlying vasculopathy is present in lobar ICH pa-
tients that may be associated with white matter le-
sions and cognitive impairment.

Methods. Patient selection and follow-up. Subjects were
drawn from an ongoing longitudinal cohort study of primary lobar
hemorrhage as described.3 Subjects were recruited from consecu-
tive patients age ! 55 years admitted to the Massachusetts Gen-
eral Hospital from July 1994 to July 2001 for lobar ICH. Subjects
were excluded for the presence of hemorrhages in deep hemi-
spheric regions such as basal ganglia or thalamus or secondary
causes of ICH. All patients who had CT scanning were considered
eligible for analysis. Of 203 potentially eligible patients, 11 were
excluded because the CT scan could not be located and 10 because
only MRI was performed.

Baseline clinical information was obtained as described3

blinded to radiographic or genetic results. Cognitive status prior
to ICH was systematically assessed by asking informants to com-
pare the subject’s ability to perform a list of daily cognitive tasks
involving memory, praxis, calculation, or reasoning with his or her
baseline 10 years prior to the index event. Cognitive impairment
was defined as the presence of deficits in memory or other cogni-
tive areas sufficient to interfere with tasks of daily living. Ques-
tions on functional status were used to assign a modified Rankin
Scale score,22 with a score of !3 considered to represent inability
to live independently. DNA samples for APOE genotype assay23

were available from 129 patients (71%); subjects without DNA
samples either refused consent or died before blood could be
obtained.

Follow-up clinical data were obtained on consenting survivors
by systematic telephone interview3 performed at 6-month inter-
vals through June 2003 for a mean follow-up period of 32 ! 24
months. Information collected included the appearance of new
neurologic symptoms, recurrent ICH, incident cognitive impair-
ment or loss of independent functional status, and date of death.
All reports of recurrent hemorrhagic stroke were confirmed by
direct review of pertinent medical records, CT films, and available
pathologic specimens by a study investigator.

This study was performed with approval and in accord with
the guidelines of the institutional review boards of MGH and with
informed consent of all participating subjects or family members.

Radiologic data. The admission CT scan was graded for white
matter hypodensity (CT-WMH) as in a prior study.14 In brief, an
experienced rater (E.E.S.) blinded to clinical and genetic data
graded the amount of white matter hypodensity according to
whether it was restricted to the region adjoining the ventricles
(grade 1) or extended from the lateral ventricle to the cortex
(grade 2); the total score (range 0 to 4) was derived from the sum
of the anterior and posterior brain regions.24 Our group has previ-
ously shown a high inter-rater reproducibility of this method
(weighted " # 0.89).14

Cortical atrophy was graded on CT on a 0 to 3 scale in the
frontal, parietal, temporal, occipital, and insular regions according
to standardized templates25; it could not be assessed in 14 patients
(8%) because of distortion of brain structures by the hemorrhage
or accompanying brain edema. Two independent readers (E.E.S.,
M.E.G.) graded each scan and determined a final score by consen-
sus; the inter-rater agreement was moderate (weighted " # 0.59).
The presence or absence of brain infarcts, including asymptomatic
infarcts, was recorded.

MRI was performed within 90 days of the index event in 95
patients; 82 scans (45%) were of sufficient quality for assessment
of white matter damage. White matter hyperintensities on MRI
were evaluated according to the methods used in the Rotterdam
Scan Study,26 preferentially using the FLAIR sequence. White
matter hyperintensities were graded separately as subcortical
(SWMH) or periventricular (PVH) (figure 1). Each subcortical hy-
perintensity was assigned a category according to its greatest
diameter ("3 mm, 3 to 10 mm, and !10 mm) and SWMH volume
approximated by assuming each hyperintensity to be a sphere
with diameter of 2, 6, or 12 mm according to size category. Be-
cause some hemorrhages were large and obscured the underlying
brain parenchyma, we analyzed SWMH in the hemisphere with-
out ICH. PVH was graded on a scale of 0 to 3 (0 none, 1 pencil-

thin ribbon, 2 smooth halo, 3 large confluent) separately for the
frontal, lateral, and occipital regions. The films were reviewed
independently by two raters (E.E.S., M.E.G.) blinded to clinical
data who determined the final score by consensus. Inter-rater
agreement was good for PVH (weighted " # 0.81) and SWMH
(intraclass correlation coefficient # 0.86). MRI with axial
gradient-echo images (repetition time 750/echo time 50/5 to 6 mm
slice thickness/1 mm interslice gap) was used to count the total
number of hemorrhagic lesions (MRI-hemorrhages)27; 77 scans
had technically adequate gradient-echo images.

Statistical methods. Total CT-WMH, PVH, SWMH, and MRI-
hemorrhages were calculated by summing the individual scores
for each brain region. Because of non-normal distributions, testing
for the association of these variables with pre-ICH cognitive im-
pairment and other dichotomous variables was by Wilcoxon’s rank
sum test. APOE genotype was analyzed as a categorical variable
according to the presence or absence of the $2 or $4 alleles, with
the $3/$3 genotype serving as reference. The comparison of CT-
WMH, PVH, and SWMH with continuous variables (age, cortical
atrophy score, and number of MRI-hemorrhages) was by Spear-
man correlation coefficient. Within-patient comparisons of white
matter damage by brain region were by Wilcoxon sign-rank test.
The relationships between pre-ICH cognitive impairment and
other categorical variables were analyzed by 2 % 2 tables with
Fisher’s exact test. All p values were two-tailed; the criterion for
significance was p & 0.05.

Multivariable linear regression models were used to find the
predictors of CT-WMH, PVH, and SWMH; candidate covariables
were those associated with the outcome in univariate analysis
(p & 0.10) as well as covariables of presumed clinical significance.
Clinically important covariables for all analyses included age, sex,
APOE genotype, hypertension, diabetes mellitus, history of ische-
mic stroke, history of previous ICH, and, for MRI analyses, the
number of MRI-hemorrhages. MRI-hemorrhages were categorized
using cut-points (1, 2, 3 to 5, or !6 hemorrhages) defined in a
previous study18 and analyzed for trend across categories. The
final model variables were selected by backward elimination fol-

Figure 1. Example of periventricular hyperintensity
(PVH, single white arrow) and subcortical white matter
hyperintensities (SWMH, white arrowheads) in a lobar
ICH patient (MRI FLAIR sequence). Acute intracerebral
hemorrhage is seen in the left occipital lobe (double white
arrows). To remove confounding by the acute ICH, all hy-
perintensities were graded in the contralateral hemisphere
(in this case the right hemisphere).
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Abstract
Objective—In addition to its role in hemorrhagic stroke, advanced cerebral amyloid angiopathy
(CAA) is also associated with ischemic lesions and vascular cognitive impairment. We used
functional MRI techniques to identify CAA-associated vascular dysfunction.

Methods—Functional MRI was performed on 25 nondemented subjects with probable CAA
(mean ± standard deviation age 70.2±7.8) and 12 healthy elderly controls (age 75.3±6.2).
Parameters measured were reactivity to visual stimulation (quantified as blood oxygen level-
dependent [BOLD] response amplitude, time to peak response, and time to return to baseline after
stimulus cessation) and resting absolute cerebral blood flow in the visually activated region
(measured by arterial spin labeling).

Results—CAA subjects demonstrated reduced response amplitude (percent change in BOLD
signal 0.65±0.28 vs 0.89±0.14, p<0.01), prolonged time to peak (11.1±5.1 vs 6.4±1.8 sec,
p<0.001) and prolonged time to baseline (16.5±6.7 vs 11.6±3.1 sec, p<0.001) relative to controls.
These differences were independent of age, sex, and hypertension in multivariable analysis and
were also present in secondary analyses excluding nonresponsive voxels or voxels containing
chronic blood products. Within the CAA group, longer time to peak correlated with overall
volume of white matter T2 hyperintensity (Pearson correlation 0.53, p=0.007). Absolute resting
blood flow in visual cortex, in contrast, was essentially identical between the groups (44.0±12.6 vs
45.0±10.0 ml/100g/min, p=0.8).

Interpretation—Functional MRI identifies robust differences in both amplitude and timing of
the response to visual stimulation in advanced CAA. These findings point to potentially powerful
approaches for identifying the mechanistic links between vascular amyloid deposits, vascular
dysfunction, and CAA-related brain injury.

In addition to its role as a major cause of primary intracerebral hemorrhage, cerebrovascular
deposition of the ß-amyloid peptide (cerebral amyloid angiopathy, CAA) also appears to
cause ischemic brain injury. Advanced CAA is associated with various neuropathological or
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Figure 2.
BOLD response within the functional region of interest. Figure 2a shows average group
block responses relative to baseline (set at 0%) for the CAA (blue) and control (red) subjects
in the functional ROI. The shaded area denotes the duration of the visual stimulus “on”
period for the first 20 seconds of each block. Figure 2b illustrates the trapezoid fits of the
representative control (left) and CAA (right) subjects also shown in Figure 1b. Using these
fits to measure amplitude, time-to-peak (TTP) response, and time-to-baseline (TTB)
response, we found that the CAA subjects had reduced amplitude, prolonged time to peak,
and prolonged time to baseline (Table 2).
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Figure 1.
Visually activated region of interest. Figure 1a shows the functional ROI on the left
hemisphere inflated mid-gray cortical surface (darker grayscale values represent sulci).
Figure 1b shows functional activation on the inflated mid-gray surface of the left
hemispheres of a representative control (left) and CAA (right) subject. The color scale
denotes the Z-statistic for activation using the canonical hemodynamic response function
(see Methods); Z>3.1 corresponds to the level of significance (p<0.001) used to create the
functional ROI. There is apparent decreased strength of activation of the CAA subject
compared to the control.
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White matter perivascular spaces
AnMRI marker in pathology-proven cerebral amyloid angiopathy?

ABSTRACT

Objective: We investigated whether severe, MRI-visible perivascular spaces (PVS) in the cerebral
hemisphere white matter (centrum semiovale) are more common in patients with pathology-
proven cerebral amyloid angiopathy (CAA) than in those with pathology-proven non–CAA-related
intracerebral hemorrhage (ICH).

Methods: Using a validated 4-point scale on axial T2-weighted MRI, we compared PVS in patients
with pathology-proven CAA to PVS in those with spontaneous ICH but no histopathologic evi-
dence of CAA. In a preliminary analysis restricted to patients with T2*-weighted gradient-recalled
echo MRI, we also investigated whether including severe centrum semiovale PVS increases the
sensitivity of existing diagnostic criteria for probable CAA.

Results: Fourteen patients with CAA and 10 patients with non–CAA-related ICH were included.
Eight of the patients with CAAwere admitted for symptomatic, spontaneous lobar ICH, 1 because
of ischemic stroke, 1 with transient focal neurologic episodes, and 4 due to cognitive decline.
Severe (.20) centrum semiovale PVS were more frequent in patients with CAA compared to
controls (12/14 [85.7%; 95%confidence interval (CI): 57.2%–98.2%] vs 0/10 [1-sided 95%CI:
0%–30.8%], p , 0.0005); this was robust to adjustment for age. The original Boston criteria for
probable CAA showed a sensitivity of 76.9% (95%CI: 46.2%–95%), which increased to 92.3%
(95% CI: 64%–99.8%), without loss of specificity, after including severe centrum semiovale PVS.

Conclusions: Severe centrum semiovale PVS on MRI may be a promising new neuroimaging marker
for the in vivo diagnosis of CAA. However, our findings are preliminary and require confirmation and
external validation in larger cohorts of pathology-proven CAA. Neurology® 2014;82:57–62

GLOSSARY
AD5 Alzheimer disease; CAA5 cerebral amyloid angiopathy; CI5 confidence interval;GRE5 gradient-recalled echo; ICH5
intracerebral hemorrhage; PVS 5 perivascular spaces.

Sporadic cerebral amyloid angiopathy (CAA),1 caused by progressive vascular amyloid-b depo-
sition in small cortical and leptomeningeal vessels, is a major and increasingly frequent cause of
lobar intracerebral hemorrhage (ICH) and cognitive impairment in older patients.2–4 CAA is
associated with neuroimaging markers, including lobar ICH and strictly lobar cerebral micro-
bleeds, which allow its clinical-radiologic diagnosis using the Boston criteria.2,5,6 However, these
criteria have limited sensitivity in some studies; new noninvasive diagnostic markers of CAA are
therefore needed, particularly to identify early disease.2,3

Recently, perivascular spaces (PVS) have emerged as a potential MRI marker of the presence
and severity of cerebral small-vessel disease.7–12 PVS are interstitial fluid-filled cavities surround-
ing small penetrating vessels, which function to allow interstitial fluid and solute efflux from the
brain.13–15 CAA almost invariably accompanies Alzheimer disease (AD), and in this setting
vascular amyloid-b is associated with enlargement of PVS.16–19 However, whether PVS are
associated with sporadic CAA is not known. We hypothesized that progressive amyloid-b
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drainage could then further exacerbate vascular and
perivascular amyloid-b deposition, creating a “feed-
forward loop.”10,15 Consistent with this hypothesis, a
postmortem study of AD found that amyloid-b
blocks perivascular drainage pathways in CAA associ-
ated with AD, and the degree of enlargement of white
matter PVS correlates with CAA severity.16 Moreover,

a recent MRI study in ICH patients reported that
very severe centrum semiovale PVS were associated
with CAA defined according to clinical-radiologic cri-
teria.7 However, more studies are needed to defini-
tively determine the pathologic basis of MRI-visible
PVS.

We found no increased prevalence of basal gan-
glia PVS in CAA, consistent with deep perforating
arteries being largely spared by amyloid-b deposi-
tion.4 Previous studies report that neuroimaging
markers of hypertensive arteriopathy (lacunes, deep
cerebral microbleeds, and white matter changes) are
more strongly linked to basal ganglia than centrum
semiovale PVS, also suggesting that the distribution
of PVS may reflect the underlying arteriopathy.7,9–11

Since lobar ICHs are more likely to be surgically
evacuated, our sample of non-CAA ICH is biased
toward lobar ICH, which may contribute to the lack
of severe basal ganglia PVS in the non-CAA group.
However, non-CAA ICH cases more often had
milder (1–10) centrum semiovale PVS compared
to CAA cases.

Limitations of our study include the small cohort
and selection bias due to the requirement for T2-
weighted MRI. Because we included routinely col-
lected hematoma evacuation samples, which may be
suboptimal in comparison to postmortem examina-
tions, it was not possible to definitively assess whether
vessels were parenchymal or leptomeningeal in all pa-
tients. Due to limited tissue sampling, it is possible
that some non-CAA ICH patients might have had
undetected CAA. Moreover, the amount of available
tissue (and number of assessable cortical and leptome-
ningeal vessels) was generally higher in the CAA
group, which could have led to a greater chance of
sampling error in the non-CAA group. However, mis-
classification and small sample size would tend to bias
toward a null result. Although CAA patients were
older than non-CAA patients, the difference in severe
centrum semiovale PVS was robust to adjustment for
age; furthermore, the CAA group had a higher prev-
alence of PVS only in the centrum semiovale: con-
founding by age would be expected to increase PVS
severity in both the centrum semiovale and the basal
ganglia.7,10,23 Finally, although the PVS raters were
blinded to clinical and histopathologic information
as well as microbleeds status, it was impossible to
blind them to ICH presence.

Our findings are preliminary and hypothesis-
generating, requiring external validation in larger
independent cohorts with pathologic verification of
CAA. Nevertheless, if confirmed, PVS in the centrum
semiovale may help improve the sensitivity of MRI
for in vivo diagnosis of sporadic CAA in an appropri-
ate clinical context. Further studies are also needed to
determine whether centrum semiovale PVS precede

Figure MRI-visible white matter perivascular spaces in CAA and non-CAA ICH

Perivascular spaces (PVS) are defined as small sharply delineated structures of (or close to)
CSF intensity measuring ,3 mm and following the course of perforating or medullary ves-
sels in basal ganglia and centrum semiovale. In (A) and (B), the left panels show dot-like
hyperintensities (florid PVS) on representative axial T2-weighted MRI at 1.5T in the centrum
semiovale in patients with histopathologically confirmed cerebral amyloid angiopathy (CAA);
the right panels show the corresponding pathology (immunostaining for amyloid-b), with
dense amyloid deposition spanning the entire vessel wall of a cortical (A, right panel) and a
leptomeningeal arteriole (B, right panel). (C) and (D) show axial T2-weightedMRI from 2 of the
non-CAA cases, showing a paucity of centrum semiovale PVS. ICH 5 intracerebral
hemorrhage.
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toward a null result. Although CAA patients were
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age; furthermore, the CAA group had a higher prev-
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ganglia.7,10,23 Finally, although the PVS raters were
blinded to clinical and histopathologic information
as well as microbleeds status, it was impossible to
blind them to ICH presence.

Our findings are preliminary and hypothesis-
generating, requiring external validation in larger
independent cohorts with pathologic verification of
CAA. Nevertheless, if confirmed, PVS in the centrum
semiovale may help improve the sensitivity of MRI
for in vivo diagnosis of sporadic CAA in an appropri-
ate clinical context. Further studies are also needed to
determine whether centrum semiovale PVS precede
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ABSTRACT

Objective: We investigated whether severe, MRI-visible perivascular spaces (PVS) in the cerebral
hemisphere white matter (centrum semiovale) are more common in patients with pathology-
proven cerebral amyloid angiopathy (CAA) than in those with pathology-proven non–CAA-related
intracerebral hemorrhage (ICH).

Methods: Using a validated 4-point scale on axial T2-weighted MRI, we compared PVS in patients
with pathology-proven CAA to PVS in those with spontaneous ICH but no histopathologic evi-
dence of CAA. In a preliminary analysis restricted to patients with T2*-weighted gradient-recalled
echo MRI, we also investigated whether including severe centrum semiovale PVS increases the
sensitivity of existing diagnostic criteria for probable CAA.

Results: Fourteen patients with CAA and 10 patients with non–CAA-related ICH were included.
Eight of the patients with CAAwere admitted for symptomatic, spontaneous lobar ICH, 1 because
of ischemic stroke, 1 with transient focal neurologic episodes, and 4 due to cognitive decline.
Severe (.20) centrum semiovale PVS were more frequent in patients with CAA compared to
controls (12/14 [85.7%; 95%confidence interval (CI): 57.2%–98.2%] vs 0/10 [1-sided 95%CI:
0%–30.8%], p , 0.0005); this was robust to adjustment for age. The original Boston criteria for
probable CAA showed a sensitivity of 76.9% (95%CI: 46.2%–95%), which increased to 92.3%
(95% CI: 64%–99.8%), without loss of specificity, after including severe centrum semiovale PVS.

Conclusions: Severe centrum semiovale PVS on MRI may be a promising new neuroimaging marker
for the in vivo diagnosis of CAA. However, our findings are preliminary and require confirmation and
external validation in larger cohorts of pathology-proven CAA. Neurology® 2014;82:57–62
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AD5 Alzheimer disease; CAA5 cerebral amyloid angiopathy; CI5 confidence interval;GRE5 gradient-recalled echo; ICH5
intracerebral hemorrhage; PVS 5 perivascular spaces.

Sporadic cerebral amyloid angiopathy (CAA),1 caused by progressive vascular amyloid-b depo-
sition in small cortical and leptomeningeal vessels, is a major and increasingly frequent cause of
lobar intracerebral hemorrhage (ICH) and cognitive impairment in older patients.2–4 CAA is
associated with neuroimaging markers, including lobar ICH and strictly lobar cerebral micro-
bleeds, which allow its clinical-radiologic diagnosis using the Boston criteria.2,5,6 However, these
criteria have limited sensitivity in some studies; new noninvasive diagnostic markers of CAA are
therefore needed, particularly to identify early disease.2,3

Recently, perivascular spaces (PVS) have emerged as a potential MRI marker of the presence
and severity of cerebral small-vessel disease.7–12 PVS are interstitial fluid-filled cavities surround-
ing small penetrating vessels, which function to allow interstitial fluid and solute efflux from the
brain.13–15 CAA almost invariably accompanies Alzheimer disease (AD), and in this setting
vascular amyloid-b is associated with enlargement of PVS.16–19 However, whether PVS are
associated with sporadic CAA is not known. We hypothesized that progressive amyloid-b
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CAA: Pittsburgh compound B  PET 
imaging

was significantly different in CAA compared with AD
patients. Frontal/global was 0.99 ! 0.06 in CAA ver-
sus 1.05 ! 0.04 in AD (p " 0.076); lateral temporal/
global was 0.97 ! 0.03 in CAA versus 0.96 ! 0.05 in
AD (p " 0.52). This finding was confirmed by a vi-
sual inspection of the pattern of PIB retention among
CAA subjects (see Fig 1). Relative occipital retention
was also significantly greater in the subset of PiB-
positive NC subjects (n " 6) than in AD patients (oc-
cipital/global: 0.98 ! 0.06 in PiB-positive NC sub-
jects; p " 0.003) and lower in frontal regions (frontal/
global: 0.98 ! 0.03; p " 0.005) with no difference in
lateral temporal retention (0.99 ! 0.03; p " 0.22).

We performed control procedures to exclude two po-
tential sources of biased PiB measurements that specifi-
cally related to CAA. Although CAA can affect cerebel-
lum,35 we found that cerebellar SUVs did not differ
between groups (0.82 ! 0.10 in CAA, 0.83 ! 0.17 in
NC, and 0.79 ! 0.13 in AD subjects) and furthermore
that the use of the SUVRpons in place of the DVR to
assess specific PiB retention produced essentially no dif-
ference in results. In addition, we calculated PiB reten-
tion in all analyses after excluding brain regions with
structural changes caused by intracerebral hemorrhage,
hematoma evacuation, or brain biopsy from the analyses.

Discussion
This report presents the PiB-PET imaging appearance of
nondemented patients diagnosed with advanced CAA.
The CAA subjects demonstrated increased global PiB re-
tention relative to older control subjects and decreased

retention relative to AD. The data also supported the a
priori hypothesis that CAA would have a greater propor-
tion of PiB retention in occipital cortex relative to AD.

The association of CAA with increased PiB retention
in an occipital-predominant pattern suggests that PiB-
PET may detect vascular as well as plaque A#. This
possibility is made plausible by studies of vascular PiB
labeling in transgenic mice9 and a single autopsied hu-
man patient with advanced CAA and only moderate
senile plaques.10 It is also notable that the overall
amount of vascular A# in brains with advanced CAA
appears to be comparable with the amount of plaque
A# in AD brains,36 suggesting that PiB retention by
these two types of brain amyloid might also be com-
parable. We nonetheless cannot exclude substantial
contributions from coexistent plaques, which are com-
mon in advanced CAA.1,2 To minimize the effect of
accompanying AD pathology, we selected subjects for
this study who were not demented. Several subjects
showed degrees of cognitive impairment (see Table 1),
likely reflecting the effects of CAA and CAA-related
stroke,37 as well as any accompanying AD pathology.

The relative occipital predominance of PiB retention
in these cases raises the possibility that the spatial pat-
tern of PiB-PET signal might help tease apart the rel-
ative amounts of vascular and plaque A# in an indi-
vidual. In previous reports, occipital cortex has
demonstrated lower PiB retention than prefrontal, tem-
poral, and precuneus cortex in patients with AD8 and
PiB-positive elderly control subjects,28 presumably re-
flecting the relatively low burden of neuritic plaques in

Fig 1. Representative Pittsburgh Compound B (PiB)-positron emission tomographic (PET) images at two transaxial levels from nor-
mal control (NC) (PiB-negative), Alzheimer’s disease (AD), and cerebral amyloid angiopathy (CAA; Subject 4; see Table 2) sub-
jects. Compared with AD and NC, CAA subjects had an intermediate level of global PiB retention (shown quantitatively in Fig
2), but compared with AD, had relatively increased occipital retention (see Fig 3). Microbleeds seen in this patient, shown in coreg-
istered gradient echo magnetic resonance images, at times appear proximal to foci of amyloid deposition (small arrows).
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Objective: Cerebrovascular deposition of !-amyloid (cerebral amyloid angiopathy [CAA]) is a major cause of hemorrhagic stroke
and a likely contributor to vascular cognitive impairment. We evaluated positron emission tomographic imaging with the !-amy-
loid–binding compound Pittsburgh Compound B (PiB) as a potential noninvasive method for detection of CAA. We hypothesized
that amyloid deposition would be observed with PiB in CAA, and based on the occipital predilection of CAA pathology and
associated hemorrhages, that specific PiB retention would be disproportionately greater in occipital lobes.
Methods: We compared specific cortical PiB retention in 6 nondemented subjects diagnosed with probable CAA with 15
healthy control subjects and 9 patients with probable Alzheimer’s disease (AD).
Results: All CAA and AD subjects were PiB-positive, both by distribution volume ratio measurements and by visual inspection
of positron emission tomographic images. Global cortical PiB retention was significantly increased in CAA (distribution volume
ratio 1.18 " 0.06) relative to healthy control subjects (1.04 " 0.10; p # 0.0009), but was lower in CAA than in AD subjects
(1.41 " 0.17; p # 0.002). The occipital-to-global PiB ratio, however, was significantly greater in CAA than in AD subjects
(0.99 " 0.07 vs 0.86 " 0.05; p # 0.003).
Interpretation: We conclude that PiB-positron emission tomography can detect cerebrovascular !-amyloid and may serve as a
method for identifying the extent of CAA in living subjects.

Ann Neurol 2007;62:229–234

Age-associated deposition of !-amyloid (A!) in cere-
bral blood vessels (cerebral amyloid angiopathy [CAA])
is a common process, occurring in approximately 10 to
40% of all elderly brains and 80% or more of those
with concomitant Alzheimer’s disease (AD).1 A grow-
ing body of evidence implicates CAA as an important
contributor to both spontaneous hemorrhagic stroke
and vascular cognitive impairment.2,3 CAA may also be
an underlying cause of some adverse responses to
vaccine-based treatments of AD.4–6 Research in hu-
man CAA has been hampered by an inability to detect
vascular A! in living subjects; instead, it has relied,
when biopsy material is not available, on indirect mea-
sures such as microbleeds and white matter lesions seen
on magnetic resonance imaging (MRI).
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CAA: Management

• Secondary CAA-related ICH prevention
– Blood pressure control (target SBP < 130 mmHg)

– Lifestyle modification (exercise, smoking, alcohol, 
stress management)

• Cognitive dysfunction
– Screen and follow for cognitive decline and depression

– Treatment with cognitive enhancing rx (donepezil, 
galantamine or memantine) and antidepressants as 
indicated. 



Concomitant indications for antithrombotic and statin 
therapy?
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Comorbid Atrial Fibrillation in Cerebral Amyloid Angiopathy-
related Intracerebral Hemorrhage: Between a Rock and a Hard

Place

Ashkan Shoamanesh, MD,* Andreas Charidimou, MD, PhD,† and
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Atrial !brillation (AF) and intracerebral hemorrhage
(ICH), including cerebral amyloid angiopathy (CAA)-
related ICH, are age-related conditions that additionally
share hypertension as a common risk factor. A Spanish
population-based study reported a 50% increase in the
prevalence of AF in ICH patients between 2003 (10.5%)
and 2012 (15.5%).1 The prevalence of AF and ICH, and
their ensuing comorbidity, are expected to continue
increasing with global aging demographics.
In this issue of the Journal of Stroke and Cerebrovascular

Diseases, Kaiser et al, report a »26% prevalence of AF in
74 patients with CAA-related ICH (mean age 71, 57%
female) admitted to a single center (University of Regens-
burg Hospital) neurosurgical ward between 2002 and
2016. Some misclassi!cation of ICH subtype is likely pres-
ent in their cohort, as 20% of probable CAA (without sup-
porting pathology) patients and 80% of possible CAA
patients did not have MRI available to con!dently
exclude deep/brainstem hemorrhagic lesions or alternate
causes, and 14 cases classi!ed as CAA-related ICH had
concurrent deep hemorrhagic lesions (microbleeds) on
MRI, which would prohibit a diagnosis of possible/
probable CAA according to the modi!ed Boston Criteria.2

Among patients with a diagnosis of probable CAA sup-
ported by pathology however, the reported prevalence of
AF was even greater (33%).
In their discussion, the authors suggest the intriguing

possibility of a direct biological link between brain
derived b-amyloid and AF to account for the high

prevalence of AF in CAA-related ICH. Although this is a
novel hypothesis in need of further exploration, there has
yet to be any compelling data to suggest that the high
prevalence of AF in CAA-related ICH is independent of
shared vascular risk factors, or that AF is more common
in CAA-related ICH relative to ICH resulting from hyper-
tensive arteriopathy.
Kaiser et al’s timely manuscript highlight a growing

challenging clinical dilemma regarding optimal stroke
prevention in ICH patients with competing thromboem-
bolic/occlusive diseases that indicate antithrombotic ther-
apy. CAA-related ICH has baseline recurrence rate of
»7%/year.3 In clinical practice, about 25% of CAA-ICH
patients with AF receive resumption of oral anticoagula-
tion after the index ICH. The net bene!t analysis of antico-
agulant therapy requires balancing the established 67%
relative risk reduction in AF-related ischemic strokes with
anticoagulation, against the potential for increasing the
risk of recurrent CAA-related ICH. The potential for
larger recurrent ICH volumes and worse clinical out-
comes, and conversely smaller breakthrough infarcts,
while on anticoagulation need to additionally be consid-
ered. As prior ICH was an exclusion criterion from all ran-
domized trials investigating the bene!t of anticoagulation
or left atrial appendage closure in AF patients, current
guidelines do not provide !rm recommendations.
Historically, the prevalent dogma has been that CAA-

related ICH contraindicates further use of anticoagula-
tion.4 However, the signi!cant greater safety pro!les of
direct oral anticoagulants (DOAC), which halve the risk
of incident ICH compared to warfarin—with absolute
rates of ICH that are similar to aspirin—without
compromising ef!cacy, and recent observational data
have begun to challenge this notion.5

A recent survey of academic stroke neurologists, neuro-
surgeons and thrombosis experts demonstrated broad
community equipoise on the matter, with two out of three
and one out of three of respondents indicating that they
would restart anticoagulation after lobar and CAA-
related ICH, respectively.6 Individual-level pooled analy-
sis of three observational cohorts reported a »70% RR in
1-year mortality and »3-fold increased likelihood of a
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~20-25% of CAA-lobar ICH patients have AF
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Spectrum of Transient Focal Neurological Episodes in
Cerebral Amyloid Angiopathy

Multicentre Magnetic Resonance Imaging Cohort Study
and Meta-Analysis

Andreas Charidimou, MSc; Andre Peeters, Zoe Fox, PhD; Simone M. Gregoire, MD;
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Background and Purpose—Transient focal neurological episodes (TFNE) are recognized in cerebral amyloid angiopathy
(CAA) and may herald a high risk of intracerebral hemorrhage (ICH). We aimed to determine their prevalence, clinical
neuroimaging spectrum, and future ICH risk.

Methods—This was a multicenter retrospective cohort study of 172 CAA patients. Clinical, imaging, and follow-up data
were collected. We classified TFNE into: predominantly positive symptoms (“aura-like” spreading paraesthesias/
positive visual phenomena or limb jerking) and predominantly negative symptoms (“transient ischemic attack–like”
sudden-onset limb weakness, dysphasia, or visual loss). We pooled our results with all published cases identified in a
systematic review.

Results—In our multicenter cohort, 25 patients (14.5%; 95% confidence interval, 9.6%–20.7%) had TFNE. Positive and
negative symptoms were equally common (52% vs 48%, respectively). The commonest neuroimaging features were
leukoaraiosis (84%), lobar ICH (76%), multiple lobar cerebral microbleeds (58%), and superficial cortical siderosis/
convexity subarachnoid hemorrhage (54%). The CAA patients with TFNE more often had superficial cortical
siderosis/convexity subarachnoid hemorrhage (but not other magnetic resonance imaging features) compared with those
without TFNE (50% vs 19%; P!0.001). Over a median period of 14 months, 50% of TFNE patients had symptomatic
lobar ICH. The meta-analysis showed a risk of symptomatic ICH after TFNE of 24.5% (95% confidence interval,
15.8%–36.9%) at 8 weeks, related neither to clinical features nor to previous symptomatic ICH.

Conclusions—TFNE are common in CAA, include both positive and negative neurological symptoms, and may be caused
by superficial cortical siderosis/convexity subarachnoid hemorrhage. TFNE predict a high early risk of symptomatic
ICH (which may be amenable to prevention). Blood-sensitive magnetic resonance imaging sequences are important in
the investigation of such episodes. (Stroke. 2012;43:2324-2330.)

Key Words: cerebral amyloid angiopathy ! cerebral microbleeds ! intracerebral hemorrhage
! superficial cortical siderosis

Sporadic cerebral amyloid angiopathy (CAA) is a common
age-related cerebral small vessel disease characterized by

the progressive deposition of amyloid-! in the wall of cortical
and leptomeningeal small arteries.1 CAA is a common cause
of spontaneous lobar intracerebral hemorrhage (ICH) and
cognitive impairment in the elderly.1

Another characteristic clinical presentation associated
with CAA is with transient focal neurological episodes
(TFNE), sometimes termed “amyloid spells.”2– 4 Most

published cases describe recurrent, stereotyped, spreading
paraesthesias, usually lasting several minutes.2,3 The rec-
ognition of TFNE is of clinical importance because they
may have diagnostic value as the most common clinical
presentation of CAA other than ICH and may precede
symptomatic ICH,5 a risk that could be reduced by
avoiding antithrombotic use after misdiagnosis as a tran-
sient ischemic attack. The available evidence on TFNE in
CAA consists of only case reports and small case series
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UK; CHU UCL Mont-Godinne (Y.V., P.L.), Université Catholique de Louvain, Louvain-la-Neuve, Belgium; Lysholm Department of Neuroradiology
(H.R.J.), National Hospital for Neurology and Neurosurgery, London, UK; Department of Clinical Neurosciences (J.C.B.), University of Cambridge,
Addenbrooke’s Hospital, Cambridge, UK; UMR 894 INSERM-Université Paris 5 (J.C.B.), Sorbonne Paris Cité, Paris, France.
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- 25 of 172 CAA patients (15%) had TFNE
- 70% multiple stereotyped episodes lasting 10 – 30 mins

duration
- 50% positive symptoms/50% negative symptoms (TIA-

like)
- 32% marching parasthesias
- 28% dysphasia
- 16% focal weakness
- 16% limb jerking
- 16% visual (mostly positive)
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The online-only Data Supplement is available at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.112.657759/-/DC1.
Correspondence to Dr David J. Werring, Clinical Senior Lecturer in Neurology, National Hospital for Neurology and Neurosurgery, Box 6, Queen

Square, London WC1N 3BG, United Kingdom. E-mail d.werring@ucl.ac.uk
© 2012 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STROKEAHA.112.657759

2324

Spectrum of Transient Focal Neurological Episodes in
Cerebral Amyloid Angiopathy

Multicentre Magnetic Resonance Imaging Cohort Study
and Meta-Analysis

Andreas Charidimou, MSc; Andre Peeters, Zoe Fox, PhD; Simone M. Gregoire, MD;
Yves Vandermeeren, PhD; Patrice Laloux, PhD; Hans R. Jäger, PhD;
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Sporadic cerebral amyloid angiopathy (CAA) is a common
age-related cerebral small vessel disease characterized by

the progressive deposition of amyloid-! in the wall of cortical
and leptomeningeal small arteries.1 CAA is a common cause
of spontaneous lobar intracerebral hemorrhage (ICH) and
cognitive impairment in the elderly.1

Another characteristic clinical presentation associated
with CAA is with transient focal neurological episodes
(TFNE), sometimes termed “amyloid spells.”2– 4 Most

published cases describe recurrent, stereotyped, spreading
paraesthesias, usually lasting several minutes.2,3 The rec-
ognition of TFNE is of clinical importance because they
may have diagnostic value as the most common clinical
presentation of CAA other than ICH and may precede
symptomatic ICH,5 a risk that could be reduced by
avoiding antithrombotic use after misdiagnosis as a tran-
sient ischemic attack. The available evidence on TFNE in
CAA consists of only case reports and small case series
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- Superficial siderosis:  50% of CAA patients with TFNE vs. 
19% in patients without (p=0.001)
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Jean-Claude Baron, PhD; David J. Werring, PhD

Background and Purpose—Transient focal neurological episodes (TFNE) are recognized in cerebral amyloid angiopathy
(CAA) and may herald a high risk of intracerebral hemorrhage (ICH). We aimed to determine their prevalence, clinical
neuroimaging spectrum, and future ICH risk.

Methods—This was a multicenter retrospective cohort study of 172 CAA patients. Clinical, imaging, and follow-up data
were collected. We classified TFNE into: predominantly positive symptoms (“aura-like” spreading paraesthesias/
positive visual phenomena or limb jerking) and predominantly negative symptoms (“transient ischemic attack–like”
sudden-onset limb weakness, dysphasia, or visual loss). We pooled our results with all published cases identified in a
systematic review.

Results—In our multicenter cohort, 25 patients (14.5%; 95% confidence interval, 9.6%–20.7%) had TFNE. Positive and
negative symptoms were equally common (52% vs 48%, respectively). The commonest neuroimaging features were
leukoaraiosis (84%), lobar ICH (76%), multiple lobar cerebral microbleeds (58%), and superficial cortical siderosis/
convexity subarachnoid hemorrhage (54%). The CAA patients with TFNE more often had superficial cortical
siderosis/convexity subarachnoid hemorrhage (but not other magnetic resonance imaging features) compared with those
without TFNE (50% vs 19%; P!0.001). Over a median period of 14 months, 50% of TFNE patients had symptomatic
lobar ICH. The meta-analysis showed a risk of symptomatic ICH after TFNE of 24.5% (95% confidence interval,
15.8%–36.9%) at 8 weeks, related neither to clinical features nor to previous symptomatic ICH.

Conclusions—TFNE are common in CAA, include both positive and negative neurological symptoms, and may be caused
by superficial cortical siderosis/convexity subarachnoid hemorrhage. TFNE predict a high early risk of symptomatic
ICH (which may be amenable to prevention). Blood-sensitive magnetic resonance imaging sequences are important in
the investigation of such episodes. (Stroke. 2012;43:2324-2330.)

Key Words: cerebral amyloid angiopathy ! cerebral microbleeds ! intracerebral hemorrhage
! superficial cortical siderosis

Sporadic cerebral amyloid angiopathy (CAA) is a common
age-related cerebral small vessel disease characterized by

the progressive deposition of amyloid-! in the wall of cortical
and leptomeningeal small arteries.1 CAA is a common cause
of spontaneous lobar intracerebral hemorrhage (ICH) and
cognitive impairment in the elderly.1

Another characteristic clinical presentation associated
with CAA is with transient focal neurological episodes
(TFNE), sometimes termed “amyloid spells.”2– 4 Most

published cases describe recurrent, stereotyped, spreading
paraesthesias, usually lasting several minutes.2,3 The rec-
ognition of TFNE is of clinical importance because they
may have diagnostic value as the most common clinical
presentation of CAA other than ICH and may precede
symptomatic ICH,5 a risk that could be reduced by
avoiding antithrombotic use after misdiagnosis as a tran-
sient ischemic attack. The available evidence on TFNE in
CAA consists of only case reports and small case series

Received March 16, 2012; accepted June 13, 2012.
From the Stroke Research Group (A.C., S.M.G., D.J.W.), UCL Institute of Neurology and The National Hospital for Neurology and Neurosurgery,

London, UK; Department of Neurology (A.P.), Cliniques Universitaires UCL Saint Luc, Brussels, Belgium; Biomedical Research Centre (Z.F.), UCL,
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- 2 month risk of ICH: 38%

- Risk equal between positive and negative symptoms.  

- 0nly 1 patient had an ischemic stroke over mean follow 
up of 14 months. 



TFNE: Management

• AED effective for cortical spreading depression 
(Topamax, valproic acid, gabapentin)

• Taper off after 3 months



CAA-related inflammation:

97% Specificity
82% Sensitivity 



CTA: negative
MRI post Gad: negative/mild leptomeningeal
enhancement
LP: elevated protein
APOE genotyping: APOE ε4

Rx: IV methylprednisolone x 3-5 days followed 
by rapid prednisone taper
Full remission: 2/3
Relapse: 1/3



Conclusions
• Sporadic CAA is a common age-related disease that will 

be an increasingly important health care challenge as 
our population ages further

• CAA is an important contributor to neurologic 
functional decline in the elderly and lobar ICH

• In vivo diagnostic criteria for CAA are continually 
evolving and will likely expand to include other 
biomarkers of disease. 

• Evidence-based treatment is lacking, highlighting need 
to include CAA patients in targeted randomized trials. 



Questions?

• ashkan.shoamanesh@phri.ca


