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Summary

Cerebral amyloid angiopathy (CAA) is an important cause of lobar intracere-
bral haemorrhage (ICH) in the elderly, but has other clinico-radiological mani-
festations. In the last two decades, certain magnetic resonance imaging (MRI)
sequences, namely gradient-recalled echo imaging and the newer and more
sensitive susceptibility-weighted imaging, have been utilised to detect suscep-
tibility-sensitive lesions such as cerebral microbleeds and cortical superficial
siderosis. These can be utilised sensitively and specifically by the Modified
Boston Criteria to make a diagnosis of CAA without the need for ‘gold-stan-
dard’ histopathology from biopsy. However, recently, other promising MRI
biomarkers of CAA have been described which may further increase precision
of radiological diagnosis, namely chronic white matter ischaemia, cerebral
microinfarcts and lobar lacunes, cortical atrophy, and increased dilated
perivascular spaces in the centrum semiovale. However, the radiological mani-
festations of CAA, as well as their clinical correlates, may have other aetiolo-
gies and mimics. It is important for the radiologist to be aware of these
clinico-radiological features and mimics to accurately diagnose CAA. This is
increasingly important in a patient demographic that has a high prevalence for
use of antiplatelet and antithrombotic medications for other comorbidities
which inherently carries an increased risk of ICH in patients with CAA.

Key words: cerebral amyloid angiopathy; intracranial haemorrhage; magnetic
resonance imaging; stroke.

Introduction

Cerebral amyloid angiopathy (CAA) was first described
by Oppenheim in 1909,1,2 and is characterised by the
deposition of beta-amyloid proteins in cortical and lep-
tomeningeal vessels.3 CAA is being increasingly recog-
nised as an important cause of intracerebral
haemorrhage (ICH) in the elderly, accounting for up to
one-fifth of all spontaneous ICH in this demographic,2

however, CAA has numerous additional clinico-radiologi-
cal features that are important to recognise for its early
diagnosis. This review will provide a brief overview of the
pathophysiology of sporadic CAA and will subsequently
detail the resultant clinico-radiological manifestations as
well as their mimics.

Overview of pathophysiology

The amyloid-b in CAA is predominantly a soluble 40-
amino-acid-long form (Ab1–40, henceforth ‘Ab’); this is in
contrast to the parenchymal amyloid-b in senile plaques
of Alzheimer disease (AD) which is predominantly a
longer and less soluble 42-amino-acid-long form (Ab1–
42).

4 These amyloid proteins are derived from a larger
amyloid precursor protein (APP), encoded by the APP
gene on chromosome 21.5 APP is produced in many
areas of the body, but is expressed and metabolised into
Ab in especially high levels by neurons in the brain.6–8

The leading hypothesis addressing why intravascular
Ab deposition occurs in CAA considers the condition to be
a ‘protein elimination failure angiopathy’,9 whereby there
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is a defect in the central nervous system (CNS) clearance
mechanism of interstitial fluid (ISF), and thus, also the
Ab produced by neurons.6,10 ISF drainage is primarily
thought to occur via ‘perivascular drainage’, whereby the
tunica adventitia of arterioles is continuous with the sub-
arachnoid space and cerebrospinous fluid (CSF) in
regions known as ‘perivascular spaces’ (PVS), and that
these spaces carry ISF, and hence Ab, in a retrograde
fashion to the cervical lymphatic system.9,11 Impairment
of this pathway can be caused by arteriosclerosis with
aging, microinfarction or microtrauma, and can lead to
Ab deposition in the outer layers of these vessels.4,12,13

Neuropathologically, in the early stages, Ab deposition
is limited to the tunica adventitia resulting in thickening
of the vessel.14,15 However, with progression, the tunica
adventitia becomes saturated resulting in further Ab
deposition in the smooth muscle of the tunica media and
further thickening of the vessel wall, leading to loss of
normal vascular reactivity.16 Due to cytotoxic effects of
Ab, there is subsequent degeneration and eventual loss
of the smooth muscle, resulting in thinning and fragility
of the vessel wall.14–17 During advanced stages, Ab
weakens the extracellular matrix resulting in the separa-
tion of the tunica intima from the tunica media.14,18,19

Cerebral amyloid angiopathy topographically preferen-
tially affects cortical and leptomeningeal vessels, instead
of vessels in the cerebellum, brainstem and basal gan-
glia, in a characteristic patchy manner, whereby foci of
advanced CAA may be adjacent to normal unaffected
vasculature.15 CAA also has a predilection for the poste-
rior brain, especially the occipital lobe,20–24 potentially
because occipital vessels are inherently thicker and can
therefore accommodate more Ab deposition when com-
pared to vessels from other regions of the brain.22

Although not associated with other systemic amyloi-
doses,10 sporadic CAA has known genetic risk factors in
apolipoprotein E (APOE) alleles, whereby APOE is an
important lipoprotein involved in ISF drainage path-
ways.15 The two alleles thought to be implicated in
increasing risk of developing sporadic CAA are APOE e2
and APOE e4, where APOE e2 induces vessel fragility,
whereas APOE e4 promotes Ab intravascular deposi-
tion.25,26 Another common genetic risk factor is Down
syndrome or trisomy 21, presumably because there is
increased expression of APP, and thus Ab, because the
APP gene is located on chromosome 21.5 It is thought
that additional genetic risk factors are likely to exist and
this is a focus of on-going research.15 Importantly, CAA
is considered to be a distinct, yet highly associated,
entity to AD, with up to 90% of those with AD having
pathologically determined CAA, but only 25% of patients
with advanced CAA having AD.27

Lobar intracerebral haemorrhage

Spontaneous ICH is the most disabling manifestation of
the rupture of thin and fragile Ab-laden vessels in CAA,

and accounts for up to 74% of all spontaneous ICH in
the normotensive elderly population.28,29 Due to Ab
deposition having a predilection for cortical and lep-
tomeningeal vessels, CAA-related ICH tends to therefore
occur in peripheral cortical and subcortical ‘lobar’ loca-
tions.29,30

The characteristic lobar location of CAA-related ICH is
important because it is a key differentiating factor from
causes of ICH in ‘deep’ locations, such as chronic hyper-
tensive arteriopathy, which tends to preferentially affect
the basal ganglia and pons in a similar elderly demo-
graphic.31 ICH in the cerebellum may be due to either
CAA or chronic hypertensive arteriopathy, and recently it
has been described that haemorrhages that are more
‘superficial’ in the cerebellum, such as those restricted to
the cerebellar cortex and vermis, are more likely due to
CAA compared to those that are ‘deep’ in the cerebellum,
such as near the dentate nuclei, which are more likely
due to chronic hypertensive arteriopathy.32

Clinical manifestations of lobar ICH vary depending on
the location and size of the haemorrhage,30 but include
headache, focal neurological deficits, focal seizures, nau-
sea and vomiting, and depressed conscious state.13,33

Radiologically, lobar ICH is commonly initially rapidly
evaluated by computed tomography (CT) in the emer-
gency department, where the acute haemorrhage is
hyperdense with surrounding hypodense peri-
haematomal oedema and evidence of mass-effect
(Fig. 1).33 Furthermore, the ICH can extend into the
overlying convexity subarachnoid space, the lateral ven-
tricles or subdural space.30

Fig. 1. Acute CAA-related frontal lobar ICH (white arrowhead) on axial CT

as a rounded hyperdense lesion with hypodense perihaematomal oedema.
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Cerebral amyloid angiopathy-related lobar ICH tends
to be recurrent in nature, with recurrence rates of up to
30% per year having been reported.34 Having a personal
history of ICH recurrence or possession of the APOE e2
and APOE e4 alleles have all been shown to indepen-
dently increase the risk of future CAA-related lobar ICH
recurrence.25,35 Furthermore, presence of other clinico-
radiological features or use of antiplatelet or anticoagu-
lant therapies may also increase the risk of CAA-related
ICH and its recurrence.36,37

Other clinico-radiological features of
CAA and the Modified Boston Criteria

The diagnosis of CAA before ICH manifests is paramount,
especially given the high prevalence of antiplatelet and
anticoagulant therapies in elderly patients for other
comorbidities that can increase the risk of this conse-
quence.36,37 Thus, accurate recognition, by radiologists
and referring clinicians, of other clinico-radiological fea-
tures of CAA that may precede ICH is important. Clini-
cally, patients can also develop transient focal
neurological symptoms (TFNS) from convexity subarach-
noid haemorrhage (cSAH), or cognitive impairment.16

However, as approximately 50% of patients with CAA
aged over 80 years report no clinical manifestations, the
role of the radiologist in recognition of CAA’s radiological
features is vital in its early diagnosis.13

Magnetic resonance imaging (MRI) sequences that
are sensitive to the chronic blood break-down product
hemosiderin, namely gradient-recalled echo (GRE) and
the newer and more sensitive susceptibility-weighted
imaging (SWI),38,39 can be used to detect cerebral
microbleeds (CMBs) and cortical superficial siderosis
(cSS) that are associated with CAA.24 These are not
only markers of CAA, but have also each been shown to
be independent risk factors for lobar ICH and its recur-
rence.40–43

Cerebral microbleeds and cSS have been incorporated
into the Modified Boston Criteria (Table 1) which allows
for reliable diagnosis of CAA without the need for
histopathology.44 These criteria expand on earlier work
by Greenberg et al. who created the original Boston Cri-
teria in 1995,45 and the diagnosis of ‘probable CAA’ has a
sensitivity of 95% and specificity of 81% in a validation
study using GRE.44 This sensitivity and specificity may
be even higher if SWI was used instead.44

In addition to CMBs and cSS, chronic white matter
ischaemia (WMI), cerebral microinfarcts and lobar
lacunes, cortical atrophy, and increased dilated perivas-
cular spaces in the centrum semiovale (CSO-DPVS) have
each been recently described as promising MRI biomark-
ers of CAA that may have potential to become additions
to future diagnostic criteria.46–48 Furthermore, an
autoimmune response to Ab, ‘CAA-related inflammation’
(CAA-ri), is another manifestation of CAA that is impor-
tant to recognise.

Cerebral microbleeds

Cerebral microbleeds, or ‘microhaemorrhages’, refer to
small 2–10 millimetre, round or ovoid, low-signal areas
that are evident on susceptibility-sensitive MRI
(Fig. 2).49 Histologically, they represent small areas of
blood extravasation into the PVS.50 Similar to CAA-
related ICH, CMBs in CAA also have a lobar distribution,
while those associated with chronic hypertensive arteri-
opathy tend to instead be located in deep regions of the
brain.51 In addition to CAA and chronic hypertensive
arteriopathy, there are numerous other aetiologies of
CMBs (Table 2) as well as many radiological mimics
(Table 3) to be aware of.

Interestingly, the sizes of haemorrhages in CAA fit a
bimodal distribution, with the implication being that
there are two distinct sizes for haemorrhages in CAA:
CMBs (‘microhaemorrhages’) and lobar ICH (‘macro-
haemorrhage’).72 Reasons for this bimodal distribution
may be revealed by a theory proposed by Miller Fisher in
1971.73 He proposed that a vessel could rupture and
then either disrupt adjacent vessels through shear forces
resulting in ‘avalanche-like’ expansion of the bleed into
an ICH, or not cause these shear forces and remain a
CMB.73 A recent study utilising computer-based simula-
tion techniques supports this theory by also demonstrat-
ing this bimodal distribution.74

Although lobar CMBs were initially thought to be
asymptomatic lesions, there is growing evidence that
they are a contributor to cognitive decline,30 with an

Table 1. Modified Boston Criteria for diagnosis of CAA44

Classification Modified Boston Criteria

Definite CAA Full post-mortem examination demonstrating:

• Lobar, cortical, or corticosubcortical haemorrhage

• Severe CAA with vasculopathy

• Absence of other diagnostic lesion

Probable CAA with

supporting

pathology

Clinical data and pathological tissue (evacuated

haematoma or cortical biopsy) demonstrating:

• Lobar, cortical or corticosubcortical haemorrhage

• Some degree of CAA in specimen

• Absence of other diagnostic lesion

Probable CAA Clinical data and MRI or CT demonstrating:

• Multiple haemorrhages restricted to lobar,

cortical or corticosubcortical regions

(cerebellar haemorrhage allowed)

• Single lobar, cortical or corticosubcortical

haemorrhage and focal or disseminated cSS

• Age ≥ 55 years

• Absence of other cause of haemorrhage or cSS

Possible CAA Clinical data and MRI or CT demonstrating:

• Single lobar, cortical or corticosubcortical

haemorrhage

• Focal or disseminated cSS

• Age ≥ 55 years

• Absence of other cause of haemorrhage or cSS
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analysis of The Rotterdam Scan Study showing that the
presence of numerous lobar CMBs was independently
associated with decreased cognitive function, and in par-
ticular, executive function.75 However, this is only
thought to be one factor contributing to cognitive impair-
ment in CAA, as discussed later in this review.

Convexity subarachnoid haemorrhage,
cortical superficial siderosis, and
transient focal neurological symptoms

Convexity subarachnoid haemorrhage (cSAH) is a non-
aneurysmal SAH, characterised by bleeding localised to
one or more adjacent cortical sulci at the convexity of
the brain, without spread to the basal cisterns, the Syl-
vian fissure, the interhemispheric fissure or the ventri-
cles.76 This particular spatial localisation differentiates it
from aneurysmal or perimesencephalic SAH, which tend
to have predilections for those other areas.77 Although
cSAH can uncommonly result from a primary lobar ICH
that simply extends secondarily into the subarachnoid
space as it grows, pathological and radiological studies
have found that the vast majority of cSAH in CAA

Fig. 2. Lobar CMBs visible on axial SWI MRI as small round regions of low

signal (numerous, but examples marked with white arrowheads).

Table 2. Causes of CMBs other than CAA and chronic hypertensive arteriopathy

Cause of CMB Brief description

Diffuse axonal injury Traumatic brain injury causing shearing of axons and adjacent capillaries resulting in numerous CMBs.52

Cerebral vasculitis Inflammation of blood vessels in the CNS can compromise affected blood vessels leading to CMBs.52

Cerebral cavernous

malformations

Vascular malformations that can be multiple and part of familial syndromes such as multiple

cavernoma syndrome.52 Zabramski classification Type IV cavernous malformations are CMBs described as

‘punctate hypointense foci’ on GRE.53

Haemorrhagic metastases Some cerebral metastases, such as melanoma or renal cell carcinoma, can be haemorrhagic and can produce CMBs.52

Infection (e.g. infective

endocarditis, malaria)

Rupture of cerebral mycotic aneurysms can result in CMBs,54 whereas cerebral septic embolisation can also

result in petechial CMBs.55,56

Cerebral fat embolism Sequela of long bone trauma or orthopaedic surgery resulting in CMBs in a ‘starry sky’ pattern from fat embolisation.57

Radiotherapy Rupture of radiation-induced vascular malformations.58

Hypoxaemia (e.g. acute

respiratory distress

syndrome,

high-altitude exposure)

Potentially due to hypoxia-induced hydrostatic or chemical effects on the blood–brain barrier resulting in CMBs.59,60

Moyamoya Rupture of small collateral vessels, especially in patients of Asian descent.61

Cerebral autosomal dominant

arteriopathy

with subcortical infarcts

and leukoencephalopathy

Rare autosomal dominant condition with an underlying defect affecting smooth muscle cells of small

cerebral blood vessels;39,52 Although ischaemia is predominant, CMBs can occur in up to 69% of patients.62

Posterior reversible

encephalopathy

syndrome (PRES)

A condition with an unclear aetiology, but often associated with hypertension or immunosuppressive therapy,

that is radiologically characterised by symmetrical white matter vasogenic oedema in the posterior

cerebral hemispheres; CMBs are known to occur in up to 65% of patients.63

COL4A1 small-vessel arteriopathy Rare autosomal dominant condition with an underlying defect affecting type IV collagen, associated with

subcortical CMBs in up to 53% of patients, as well as ischaemia.64

Acute haemorrhagic

leukoencephalitis

(Weston–Hurst syndrome)

Fulminant variant of acute disseminated encephalomyelitis characterised by gross cerebral oedema, tumefactive lesions

and development of CMBs.65

Thrombotic microangiopathies Spectrum of disorders characterised by microvascular occlusions resulting in focal regions of infarction and CMBs.66

Intravascular lymphoma Rare lymphoma characterised by intravascular tumour cell proliferation leading to focal regions of infarction and CMBs.67

Progressive facial hemiatrophy

(Parry–Romberg syndrome)

Rare neurovascular disorder where CMBs can manifest in the brain ipsilateral to the facial hemiatrophy.52
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actually occurs due to rupture of fragile Ab-laden convex-
ity leptomeningeal vessels.42,44,78,79

Although cSAH can present with the ‘thunderclap
headache’ that is classically associated with SAH, the
headache in cSAH tends to either be very mild or does
not occur at all.76 Instead, the presentation may be with
transient focal neurological symptoms (TFNS) or ‘amyloid
spells’.76 TFNS are characteristically described as recur-
rent, stereotyped, spreading paraesthesias lasting sev-
eral minutes,80,81 but a range of both positive (e.g.
visual symptoms) and negative (e.g. paresis, dysphagia)
transient symptoms have been described.82 TFNS, espe-
cially manifesting with spreading paraesthesias, are
more likely to occur when the cSAH is localised to the
central sulcus, which is in close proximity to the primary
motor and sensory cortices.83,84 The precise pathophysi-
ology of TFNS is uncertain; however, the leading hypoth-
esis considers cortical spreading depression as the
primary mechanism, whereby products released during
the breakdown of cSAH blood induce a spreading wave
of depolarisation in the adjacent cortex.82,85

It is imperative to make a distinction between TFNS
and sensory transient ischaemic attacks, which may be
instead included in the referral note, but will tend to only

have negative symptoms without migration.81 This dis-
tinction is important to be aware of because misdiagnosis
and subsequent initiation or escalation of antiplatelet and
anticoagulant therapy in these patients who actually
have CAA unnecessarily increases their risk of lobar
ICH.86 Other clinical mimics of TFNS that a referring clin-
ician may be querying include migrainous aura, where
symptoms may also evolve over a period of minutes in a
usually younger demographic,86 and focal Jacksonian
epileptic seizures, where symptoms evolve over a period
of seconds.30

Radiologically and acutely, cSAH can be detected by
both CT and MRI. On CT, cSAH may appear as a subtle
curvilinear hyperdensity localised to one or more adja-
cent sulci.87 However, T2 FLAIR MRI sequences are more
sensitive, where the haemorrhage will acutely appear as
high signal.87,88 Sub-acutely and chronically, susceptibil-
ity-sensitive MRI sequences can be used to detect the
low-signal hemosiderin residues that are left after cSAH
resolution, known as cortical superficial siderosis (cSS)
(Fig. 3).44

Notably, a retrospective study analysing MRI data from
patients who presented with acute cSAH, in the form of
TFNS in 80% of cases, found that over 90% of the

Table 3. Cerebral microbleeds mimics on GRE and SWI MRI

CMB mimic Differentiating characteristics

Flow voids of cortical veins Curvilinear lesions in subarachnoid space that may traverse through multiple axial slices and drain into

flow voids of other vessels, also often visible on T2.39,68

Calcification (e.g. neurocysticercosis) Hyperdense on CT although SWI filtered phase imaging may also be useful.39,68–70

Cerebral cavernous malformations Usually larger, except Zabramski classification Type IV lesions, that are visible on T1 and T2 and

may have a characteristic hemosiderin rim.39,53

Air (e.g. air–bone interfaces,

postoperative pneumocephalus)

Obvious from location (e.g. air–bone interfaces) or clinical history of recent neurosurgery or trauma.39,68,71

Metal (e.g. metallic emboli) Hyperdense on CT and should have clues on clinical history.71

Fig. 3. Appearance of cSAH (white arrowheads) of the same patient on (a) axial CT showing a curvilinear hyperdensity and (b) axial T2 FLAIR MRI also show-

ing a curvilinear region of high signal, and early appearance of cSS on (c) axial SWI MRI as a curvilinear region of low signal (note that other sulci remote to

the acute bleed are already affected by cSS).
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patients already had evidence of cSS, despite not neces-
sarily having had previous presentations of cSAH.89

Hence, it is thought that detection of cSS by the radiolo-
gist can be utilised as proof of not only symptomatic
cSAH, but also prior silent cSAH.89

Although CAA is likely the most common cause of cSS
and cSAH in those aged 65 years or more, there are
other aetiologies to consider (Table 4). Furthermore, it is
important to not confuse cSS with the similarly named
‘superficial siderosis of the CNS’, which is a rare condition
unrelated to CAA and of unknown aetiology, charac-
terised by infratentorial superficial siderosis resulting in
sensorineural deafness, cerebellar ataxia and pyramidal
signs.90 Additionally, cSS also has a number of radiologi-
cal mimics (Table 5).

White matter ischaemia, cerebral
microinfarcts and lobar lacunes, and
cortical atrophy

Not only can CAA result in haemorrhage, but it is also
thought to be implicated in ischaemia and infarction.16

White matter (WM) primarily consists of myelinated
axons that connect different areas of grey matter, such
as the cortex and basal ganglia.98 In the cerebral hemi-
spheres, the WM receives its blood supply exclusively
from small penetrating arterioles that arise from lep-
tomeningeal arteries and then traverse through the cor-
tex before supplying the underlying WM.46,98 These
penetrating arterioles are end arteries and tend not to
anastomose with each other distally.98 Hence, hemi-
spheric WM deep to the cortex, such as periventricular

WM, is particularly vulnerable to ischaemia if there is dis-
ease, such as CAA, of these penetrating vessels.46

The loss of vascular smooth muscle in moderate-
severe stages of CAA results in impairment of normal
cerebrovascular autoregulation mechanisms, and thus
these vessels do not react normally to stimuli such as
focal hypoxia.16,46,99,100 This results in not only chronic
ischaemia to their supplied WM, but also episodic
instances of cerebral microinfarction and development of
WM ‘lobar lacunes’.16,46,99,100 Furthermore, recently this
vascular dysfunction has also been found to contribute to
grey matter disease, leading to cortical atrophy, espe-
cially of the posterolateral cortices.48,101

Radiologically, WMI can be detected on both CT and
MRI. On CT, areas of WMI appear as hypodense, while
on FLAIR MRI the same areas have high signal and
spare the subcortical U fibres.33 Subcortical U fibres are
short white matter connections that are immediately
deep to the cortex, and tend to be spared in this
ischaemic process because they are more likely to have
dual supply from other adjacent perforating arteri-
oles.102 Furthermore, in addition to having a predilec-
tion for periventricular regions, chronic WMI in CAA
also tends to be distributed posteriorly,103 as shown in
Figure 4.

Microinfarcts and larger 3–15 millimetre lobar
lacunes,100 unlike chronic WMI, are acute lesions which
are often not appreciable on CT but can be detected by
MRI where they exhibit classic radiological features of
acute infarction, such as high diffusion signal on diffu-
sion-weighted imaging (Fig. 5) with corresponding low
apparent diffusion coefficient values.46 Unfortunately,

Table 4. Other causes of spontaneous supratentorial cSAH and cSS

Cause of cSAH and cSS Brief description

Reversible cerebral

vasoconstriction

syndrome (RCVS)

A condition that is more prevalent in a younger demographic, RCVS is characterised by an acute severe

‘thunderclap headache’, vasoconstriction demonstrated on angiography, and reversibility of said vasoconstriction

within 3 months.91,92

Cerebral vasculitis Inflammation of leptomeningeal blood vessels in the CNS can compromise affected blood vessels leading to haemorrhage.92,93

Cerebral venous thrombosis Thrombosis of cerebral veins can cause cSAH through unknown mechanisms, possibly due to haemorrhage

of a ‘venous infarct’.94

Infective endocarditis Rupture of peripheral leptomeningeal mycotic aneurysms can result in cSAH.54

Moyamoya Tends to present in a younger demographic and an angiogram will show collateral fillings.95

PRES cSAH is known to occur in up to 17% of patients.92,96

Dural ectasia (e.g. due to

neurofibromatosis type 1)

Friable vessels at the site of ectatic dura may rupture and bleed into the subarachnoid space; there is likely to be

superficial siderosis infratentorially too.90,97

Table 5. Supratentorial cSS mimics on GRE and SWI MRI

cSS mimic Differentiating characteristics

Flow voids of cortical veins Will not consistently run parallel to the sulci, and can be followed to drain into other vessels.93

Calcification (e.g. Sturge–Weber syndrome) Visible as hyperintense on CT although phase contrast SWI images may also be useful.93

Haemorrhages within area of infarction Usually associated with deeper parenchymal damage deep to the cortex.93

Clusters of CMBs Will appear irregular, rather than smooth and curvilinear.93

Thrombosed cortical vessel Thrombus may have susceptibility artefact but will not consistently run parallel to the sulci.93
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cortical atrophy, having only been recently described in
the literature, requires specialised three-dimensional
cortical surface reconstructions to properly appreciate,
and thus, is not yet a clinically viable biomarker for
CAA.48

Chronic WMI has been found to be an independent risk
factor for lobar ICH and increased CMB burden,104 which
is unsurprising given that the favoured theory regarding
WMI in CAA is that it is related to moderate-severe stage
CAA. Furthermore, there is increasing evidence that
chronic WMI and cerebral microinfarcts are also contribu-
tors, along with CMBs, to cognitive impairment that is
independent of AD.105,106 It is not yet clear what contri-
bution, if any, cortical atrophy makes to cognitive decline
or other clinical features of CAA.

Cognitive impairment

Cerebral microbleeds, chronic WMI, cerebral microin-
farcts and lobar lacunes are all thought to be indepen-
dent contributors to cognitive and functional decline
independent of AD in patients with CAA.30 It has been
postulated that these lesions cause gradual cognitive
impairment by either disrupting neuronal circuits or
occurring in strategic locations that could alter
cognition.107 This hypothesis was recently tested by
comparing reconstructed structural brain networks in
non-demented patients with probable CAA and aged
control participants, where it was found that there was
lower global efficiency of the networks in the group with
probable CAA, and that this correlated with increased

Fig. 4. Appearance of WMI of the same patient on (a) axial CT (white arrowheads) and (b) axial T2 FLAIR MRI (white arrowheads) with a characteristic poste-

rior and periventricular predominance, whereas the (c) axial SWI MRI shows lobar CMBs (numerous, but examples marked with thick white arrows) character-

istic of CAA on the same axial level.

Fig. 5. Appearance of a clinically silent microinfarct of the same patient on (a) axial diffusion-weighted imaging MRI (thin white arrow), whereas the (b) axial

SWI MRI shows lobar CMBs (white arrowheads) characteristic of CAA on the same axial level. Notably, no other cause for infarction was found in this

patient.
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number of CMBs and increased volume of WM ischaemia
and infarction.108 Moreover, upon cognitive testing, this
study demonstrated that lower global efficiency was also
associated with worse performance on tests regarding
executive function,108 a finding that is consistent with
that of the large Rotterdam Scan Study.75

In addition to gradual chronic cognitive decline,
patients with CAA can also experience acute stepwise
decline in cognitive function after lobar ICH,30 or may
present with a rapidly progressing cognitive decline
caused by CAA-ri,109 which will be discussed later in this
review. Furthermore, not only can CAA independently
lead to impaired cognition, it can also lower the threshold
for clinically overt dementia in patients with AD.16,30 It
has been shown in numerous studies, including the Hon-
olulu-Asia Aging Study, that patients with both CAA and
AD tend to either have more severe cognitive

impairment, or require less AD pathology to produce the
same amount of cognitive impairment, when compared
to someone with AD without CAA.6,110,111

Centrum semiovale dilated perivascular
spaces

Cerebral WM, or ‘centrum semiovale’, dilated perivascu-
lar spaces (CSO-DPVS) have recently been described as
another potential manifestation of CAA. PVS are the
major route for the drainage of ISF, including Ab, from
the brain.9,11 It has been proposed that as vessel walls
become saturated with Ab, potentially due to prior dam-
age to the perivascular drainage, this results in retro-
grade dilation of these PVS, and actually causes further
impairment to perivascular drainage.47 This impaired
drainage leads to further Ab deposition, resulting in a

Fig. 6. Appearance of CSO-PDVS of the same patient on (a) axial T2 MRI (numerous, but examples marked with white arrowheads), whereas the (b) axial

SWI MRI shows other radiological features of CAA such as lobar CMBs (numerous, but examples marked with thick white arrows) and cSS (numerous, but

examples marked with thin white arrows) on the same axial level.

Fig. 7. Appearance of CAA-ri of the same patient on (a) axial CT showing a subtle hypodensity in the postcentral gyrus (white arrowheads), (b) axial T2

FLAIR MRI showing that same area as high signal (white arrowheads) involving subcortical U fibres, and (c) axial SWI showing a supporting lobar CMB (thick

white arrow) and subtle cSS (thin white arrow) on the same axial level.
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‘vicious cycle’.47 Indeed, a higher number of MRI-visible
CSO-DPVS has been found to correlate with a higher
histopathological severity of CAA, and also correlates
with the increased presence of CMBs and cSS.112–114 In
comparison, MRI-visible dilated PVS in the basal ganglia
are highly associated with chronic hypertensive arteri-
opathy instead.115

The CSO-DPVS are not appreciable with CT, but on T2
MRI can be seen in the cerebral white matter as either
small round or ovoid high-signal regions when imaged
perpendicular to the course of their draining vessel, or as
thin linear high-signal structures when imaged parallel to
the course of their draining vessel (Fig. 6).112 It is uncer-
tain whether CSO-DPVS contribute to any of the afore-
mentioned clinical features observed in CAA or if their
presence indicates a higher risk of lobar ICH and its
recurrence.

Cerebral amyloid angiopathy-related
inflammation

Cerebral amyloid angiopathy-related inflammation (CAA-
ri) is an uncommon autoimmune response to vascular
Ab. Histopathologically, it represents a spectrum of dis-
ease, ranging from perivascular inflammation consisting
of lymphocytes, macrophages and multinucleated giant
cells, to an inflammatory process consisting of granu-
loma formation and inflammation confined to the Ab-
laden vessel wall itself.116,117 It has not been fully eluci-
dated how these inflammatory processes begin, but it
has been postulated that in some individuals with CAA,
potentially linked to the APOE e4 allele, Ab deposition
triggers inflammatory cascades and leads to this presen-
tation.116–118

Clinically, CAA-ri can present with subacute or rapidly
progressive cognitive decline, headache, hallucinations,
focal neurological signs, focal seizures or decreased con-
sciousness.109,117 On CT, CAA-ri manifests as asymmet-
ric hypodense subcortical lesions, while on T2 FLAIR
MRI, these lesions have high signal and involve the sub-
cortical U fibres,33,119 as appreciable in Figure 7.

However, the clinico-radiological features of CAA-ri are
common to many different CNS vasculitides and other
conditions such as PRES.109 Hence, to diagnose CAA-ri in
the absence of biopsy, susceptibility-sensitive MRI has a
role to detect radiological evidence for underlying CAA,
such as lobar ICH, CMBs, cSS, and potentially CSO-
DPVS, and WM ischaemia and infarcts, which could then
strengthen the likelihood of CAA-ri being the diagno-
sis.109 This is reflected in a recently proposed diagnostic
criteria.109

Conclusion

Sporadic CAA is common in the elderly and has many
clinico-radiological features that can now be detected
before the manifestation of lobar ICH. While only two

decades ago, histopathology and CT were the only tools
available for its diagnosis, the relatively recent advent
of susceptibility-sensitive MRI has revolutionised the
diagnosis of this condition and highlighted the key role
that radiologists play. However, it is important for radiol-
ogists to be aware of the large variety of clinical mani-
festations that may be included in a referral note, the
many mimics and other aetiologies of CMBs and cSS
that are part of the Modified Boston Criteria, as well as
the other more recently described radiological associa-
tions, to accurately diagnose CAA and to contribute to
safely managing a demographic that has a high preva-
lence of use of medications that can increase their risk
of ICH.

Acknowledgements

No other persons or organisations have made substantial
contributions to this manuscript. This research did not
receive any specific grant from funding agencies in the
public, commercial or not-for-profit sectors.

References

1. Oppenheim G. €Uber, “drusige Nekrosen” in der
Grosshirnrinde. Neurol Centralbl 1909; 28: 410–3.

2. Biffi A, Greenberg SM. Cerebral amyloid angiopathy: a
systematic review. J Clin Neurol 2011; 7: 1–9.

3. Vinters HV. Cerebral amyloid angiopathy. In:
Pardridge WM (ed). Introduction to the Blood-Brain
Barrier: Methodology, Biology and Pathology,
Cambridge University Press, New York, 2006; 379–
85.

4. Hawkes CA, Jayakody N, Johnston DA, Bechmann I,
Carare RO. Failure of perivascular drainage of b-
amyloid in cerebral amyloid angiopathy. Brain Pathol
2014; 24: 396–403.

5. Mccarron MO, Nicoll JA, Graham DI. A quartet of
Down’s syndrome, Alzheimer’s disease, cerebral
amyloid angiopathy, and cerebral haemorrhage:
interacting genetic risk factors. J Neurol Neurosurg
Psychiatry 1998; 65: 405–6.

6. Viswanathan A, Greenberg SM. Cerebral amyloid
angiopathy in the elderly. Ann Neurol 2011; 70: 871–
80.

7. O’Brien RJ, Wong PC. Amyloid precursor protein
processing and Alzheimer’s disease. Annu Rev
Neurosci 2011; 34: 185–204.

8. Burgermeister P, Calhoun ME, Winkler DT, Jucker M.
Mechanisms of cerebrovascular amyloid deposition.
Lessons from mouse models. Ann N Y Acad Sci 2000;
903: 307–16.

9. Carare R, Hawkes C, Jeffrey M, Kalaria R, Weller R.
Review: cerebral amyloid angiopathy, prion
angiopathy, CADASIL and the spectrum of protein
elimination failure angiopathies (PEFA) in
neurodegenerative disease with a focus on therapy.
Neuropathol Appl Neurobiol 2013; 39: 593–611.

© 2018 The Royal Australian and New Zealand College of Radiologists

CAA: clinico-radiological review

459



10. Auriel E, Greenberg SM. The pathophysiology and
clinical presentation of cerebral amyloid angiopathy.
Curr Atheroscler Rep 2012; 14: 343–50.

11. Morrone CD, Liu M, Black SE, McLaurin J. Interaction
between therapeutic interventions for
Alzheimer’s disease and physiological Ab clearance
mechanisms. Front Aging Neurosci 2015; 7: 64.

12. Tarasoff-Conway JM, Carare RO, Osorio RS, et al.
Clearance systems in the brain – implications for
Alzheimer disease. Nat Rev Neurol 2015; 11: 457–70.

13. Pontes-Neto OM, Auriel E, Greenberg SM. Advances in
our understanding of the pathophysiology, detection
and management of cerebral amyloid angiopathy.
Euro Neurol Rev 2012; 7: 134.

14. Revesz T, Holton JL, Lashley T, et al. Sporadic and
familial cerebral amyloid angiopathies. Brain Pathol
2002; 12: 343–57.

15. Charidimou A, Gang Q, Werring DJ. Sporadic cerebral
amyloid angiopathy revisited: recent insights into
pathophysiology and clinical spectrum. J Neurol
Neurosurg Psychiatry 2012; 83: 124–37.

16. Attems J, Jellinger K, Thal DR, Van Nostrand W.
Review: sporadic cerebral amyloid angiopathy.
Neuropathol Appl Neurobiol 2011; 37: 75–93.

17. Davis-Salinas J, Saporito-Irwin SM, Cotman CW, Van
Nostrand WE. Amyloid b-protein induces its own
production in cultured degenerating cerebrovascular
smooth muscle cells. J Neurochem 1995; 65: 931–4.

18. Zipfel GJ, Han H, Ford AL, Lee J-M. Cerebral amyloid
angiopathy progressive disruption of the neurovascular
unit. Stroke 2009; 40(3 suppl 1): S16–9.

19. Vonsattel JPG, Myers RH, Tessa Hedley-Whyte E,
Ropper AH, Bird ED, Richardson EP. Cerebral amyloid
angiopathy without and with cerebral hemorrhages: a
comparative histological study. Ann Neurol 1991; 30:
637–49.

20. Rosand J, Muzikansky A, Kumar A, et al. Spatial
clustering of hemorrhages in probable cerebral
amyloid angiopathy. Ann Neurol 2005; 58: 459–62.

21. Weller RO, Nicoll JA. Cerebral amyloid angiopathy:
both viper and maggot in the brain. Ann Neurol 2005;
58: 348–50.

22. Tian J, Shi J, Smallman R, Iwatsubo T, Mann D.
Relationships in Alzheimer’s disease between the
extent of Ab deposition in cerebral blood vessel walls,
as cerebral amyloid angiopathy, and the amount of
cerebrovascular smooth muscle cells and collagen.
Neuropathol Appl Neurobiol 2006; 32: 332–40.

23. Vinters H, Gilbert J. Cerebral amyloid angiopathy:
incidence and complications in the aging brain. II. The
distribution of amyloid vascular changes. Stroke
1983; 14: 924–8.

24. Yamada M, Tsukagoshi H, Otomo E, Hayakawa M.
Cerebral amyloid angiopathy in the aged. J Neurol
1987; 234: 371–6.

25. Greenberg S, Vonsattel J-P, Segal A, et al. Association
of apolipoprotein E ε2 and vasculopathy in cerebral amyloid

angiopathy. Neurology 1998; 50: 961–5.

26. Charidimou A, Martinez-Ramirez S, Shoamanesh A,
et al. Cerebral amyloid angiopathy with and without
hemorrhage. Evidence for different disease
phenotypes. Neurology 2015; 84: 1206–12.

27. Ellis R, Olichney J, Thal L, et al. Cerebral amyloid
angiopathy in the brains of patients with Alzheimer’s
disease. The CERAD experience, part XV. Neurology
1996; 46: 1592–6.

28. Knudsen KA, Rosand J, Karluk D, Greenberg SM.
Clinical diagnosis of cerebral amyloid angiopathy:
validation of the Boston criteria. Neurology 2001; 56:
537–9.

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

30. Maia LF, Mackenzie IR, Feldman HH. Clinical
phenotypes of cerebral amyloid angiopathy. J Neurol
Sci 2007; 257: 23–30.

31. Norrving B. Oxford Textbook of Stroke and
Cerebrovascular Disease. Oxford University Press,
New York, 2014.

32. Pasi M, Marini S, Morotti A, et al. Cerebellar
hematoma location: Implications for the underlying
microangiopathy. Stroke. 2018; 49: 207–10.

33. Chao CP, Kotsenas AL, Broderick DF. Cerebral amyloid
angiopathy: CT and MR imaging findings 1.
Radiographics 2006; 26: 1517–31.

34. Greenberg SM. Cerebral amyloid angiopathy:
prospects for clinical diagnosis and treatment.
Neurology 1998; 51: 690–4.

35. O’Donnell HC, Rosand J, Knudsen KA, et al.
Apolipoprotein E genotype and the risk of recurrent
lobar intracerebral hemorrhage. N Engl J Med 2000;
342: 240–5.

36. McCarron MO, Nicoll JA. Cerebral amyloid angiopathy
and thrombolysis-related intracerebral haemorrhage.
Lancet Neurol 2004; 3: 484–92.

37. Biffi A, Halpin A, Towfighi A, et al. Aspirin and
recurrent intracerebral hemorrhage in cerebral
amyloid angiopathy. Neurology 2010; 75: 693–8.

38. Cheng A-L, Batool S, McCreary CR, et al.
Susceptibility-weighted imaging is more reliable than
T2*-weighted gradient-recalled echo MRI for
detecting microbleeds. Stroke 2013; 44:
2782–6.

39. Greenberg SM, Vernooij MW, Cordonnier C, et al.
Cerebral microbleeds: a guide to detection and
interpretation. Lancet Neurol 2009; 8: 165–74.

40. van Etten ES, Auriel E, Haley KE, et al. Incidence of
symptomatic hemorrhage in patients with lobar
microbleeds. Stroke 2014; 45: 2280–5.

41. Greenberg SM, Eng JA, Ning M, Smith EE, Rosand J.
Hemorrhage burden predicts recurrent intracerebral
hemorrhage after lobar hemorrhage. Stroke 2004;
35: 1415–20.

42. Charidimou A, Peeters AP, J€ager R, et al. Cortical
superficial siderosis and intracerebral hemorrhage risk

© 2018 The Royal Australian and New Zealand College of Radiologists

R Sharma et al.

460



in cerebral amyloid angiopathy. Neurology 2013; 81:
1666–73.

43. Charidimou A, Boulouis G, Xiong L, et al. Cortical
superficial siderosis and first-ever cerebral
hemorrhage in cerebral amyloid angiopathy.
Neurology 2017; 88: 1607–14.

44. Linn J, Halpin A, Demaerel P, et al. Prevalence of
superficial siderosis in patients with cerebral amyloid
angiopathy. Neurology 2010; 74: 1346–50.

45. Greenberg SM, William Rebeck G, Vonsattel JPG,
Gomez-Isla T, Hyman BT. Apolipoprotein E ε4 and
cerebral hemorrhage associated with amyloid
angiopathy. Ann Neurol 1995; 38: 254–9.

46. Kimberly W, Gilson A, Rost N, et al. Silent ischemic
infarcts are associated with hemorrhage burden in
cerebral amyloid angiopathy. Neurology 2009; 72:
1230–5.

47. Charidimou A, Jaunmuktane Z, Baron J-C, et al. White
matter perivascular spaces An MRI marker in
pathology-proven cerebral amyloid angiopathy?
Neurology 2014; 82: 57–62.

48. Fotiadis P, van Rooden S, van der Grond J, et al.
Cortical atrophy in patients with cerebral amyloid
angiopathy: a case-control study. Lancet Neurol
2016; 15: 811–9.

49. Yates PA, Villemagne VL, Ellis KA, Desmond PM,
Masters CL, Rowe CC. Cerebral microbleeds: a review
of clinical, genetic, and neuroimaging associations.
Front Neurol. 2014;4:3389.

50. Fazekas F, Kleinert R, Roob G, et al. Histopathologic
analysis of foci of signal loss on gradient-echo T2*-
weighted MR images in patients with spontaneous
intracerebral hemorrhage: evidence of
microangiopathy-related microbleeds. Am J
Neuroradiol 1999; 20: 637–42.

51. Vernooij M, van der Lugt A, Ikram MA, et al.
Prevalence and risk factors of cerebral microbleeds:
The Rotterdam Scan Study. Neurology 2008; 70:
1208–14.

52. Blitstein MK, Tung GA. MRI of cerebral
microhemorrhages. Am J Roentgenol 2007; 189:
720–5.

53. Zabramski JM, Wascher TM, Spetzler RF, et al. The
natural history of familial cavernous malformations:
results of an ongoing study. J Neurosurg 1994; 80:
422–32.

54. Kumar S, Goddeau R, Selim M, et al. Atraumatic
convexal subarachnoid hemorrhage: clinical
presentation, imaging patterns, and etiologies.
Neurology 2010; 74: 893–9.

55. Nandigam K, Scully MA. SWAN MRI revealing
multiple microhemorrhages secondary to septic
emboli from mucormycosis. Neurology 2013; 81:
199–200.

56. Nickerson J, Tong K, Raghavan R. Imaging cerebral
malaria with a susceptibility-weighted MR sequence.
Am J Neuroradiol 2009; 30: e85–6.

57. Kuo K-H, Pan Y-J, Lai Y-J, Cheung W-K, Chang F-C,
Jarosz J. Dynamic MR imaging patterns of cerebral fat

embolism: a systematic review with illustrative cases.
Am J Neuroradiol 2014; 35: 1052–7.

58. Chan M, Roebuck D, Yuen M-P, Li C-K, Chan Y-L. MR
imaging of the brain in patients cured of acute
lymphoblastic leukemia—the value of gradient echo
imaging. Am J Neuroradiol 2006; 27: 548–52.

59. Riech S, Kallenberg K, Moerer O, et al. The pattern of
brain microhemorrhages after severe lung failure
resembles the one seen in high-altitude cerebral
edema. Crit Care Med 2015; 43: e386–9.

60. Fanou EM, Coutinho JM, Shannon P, et al. Critical
illness–associated cerebral microbleeds. Stroke 2017;
48: 1085–7.

61. Wenz H, Wenz R, Maros M, et al. Incidence, locations,
and longitudinal course of cerebral microbleeds in
European Moyamoya. Stroke 2017; 48: 307–13.

62. Viswanathan A, Chabriat H. Cerebral
microhemorrhage. Stroke 2006; 37: 550–5.

63. McKinneyAM,SarikayaB,GustafsonC,TruwitCL.
Detectionofmicrohemorrhageinposterior reversible
encephalopathysyndromeusingsusceptibility-
weighted imaging.AmJNeuroradiol2012;33:896–903.

64. Lanfranconi S, Markus HS. COL4A1 mutations as a
monogenic cause of cerebral small vessel disease.
Stroke 2010; 41: e513–8.

65. Lee HY, Chang K-H, Kim JH, et al. Serial MR imaging
findings of acute hemorrhagic leukoencephalitis: a
case report. Am J Neuroradiol 2005; 26: 1996–9.

66. Ellchuk T, Shah L, Hewlett R, Osborn A. Suspicious
neuroimaging pattern of thrombotic microangiopathy.
Am J Neuroradiol 2011; 32: 734–8.

67. Yamamoto A, Kikuchi Y, Homma K, O’uchi T, Furui S.
Characteristics of intravascular large B-cell lymphoma
on cerebral MR imaging. Am J Neuroradiol 2012; 33:
292–6.

68. Gregoire S, Chaudhary U, Brown M, et al. The
Microbleed Anatomical Rating Scale (MARS) Reliability
of a tool to map brain microbleeds. Neurology 2009;
73: 1759–66.

69. Del Brutto OH, Lama J, Zambrano M, Del Brutto VJ.
Neurocysticercosis is a neglected microbleed mimic. A
cautionary note for stroke neurologists. Eur Neurol
2014; 72: 306–8.

70. Wu Z, Mittal S, Kish K, Yu Y, Hu J, Haacke EM.
Identification of calcification with MRI using
susceptibility-weighted imaging: a case study. J
Magnet Reson Imaging 2009; 291: 177–82.

71. Tsushima Y, Endo K. Hypointensities in the brain on
T2*-weighted gradient-echo magnetic resonance
imaging. Curr Prob Diagnost Radiol 2006; 35: 140–
50.

72. Greenberg SM, Nandigam RK, Delgado P, et al.
Microbleeds versus macrobleeds evidence for distinct
entities. Stroke 2009; 40: 2382–6.

73. Fisher CM. Pathological observations in hypertensive
cerebral hemorrhage. J Neuropathol Exp Neurol 1971;
30: 536–50.

74. Greenberg CH, Frosch MP, Goldstein JN, Rosand J,
Greenberg SM. Modeling intracerebral hemorrhage

© 2018 The Royal Australian and New Zealand College of Radiologists

CAA: clinico-radiological review

461



growth and response to anticoagulation. PLoS ONE
2012; 7: e48458.

75. Poels M, Ikram M, van der Lugt A, et al. Cerebral
microbleeds are associated with worse cognitive
function: The Rotterdam Scan Study. Neurology 2012;
78: 326–33.

76. Beitzke M, Gattringer T, Enzinger C, Wagner G,
Niederkorn K, Fazekas F. Clinical presentation,
etiology, and long-term prognosis in patients with
nontraumatic convexal subarachnoid hemorrhage.
Stroke 2011; 42: 3055–60.

77. Naidich TP, Castillo M, Cha S, Smirniotopoulos JG.
Imaging of the Brain: Expert Radiology Series.
Elsevier Health Sciences, Philadelphia, PA, 2012.

78. Greenberg SM, Vonsattel J, Stakes J, Gruber M,
Finklestein S. The clinical spectrum of
cerebral amyloid angiopathy: presentations
without lobar hemorrhage. Neurology 1993; 43:
2073–9.

79. Takeda S, Yamazaki K, Miyakawa T, et al. Subcortical
hematoma caused by cerebral amyloid angiopathy:
does the first evidence of hemorrhage occur in the
subarachnoid space? Neuropathology 2003; 23: 254–
61.

80. Charidimou A, Peeters A, Fox Z, et al. Spectrum of
transient focal neurological episodes in cerebral
amyloid angiopathy multicentre magnetic resonance
imaging cohort study and meta-analysis. Stroke
2012; 43: 2324–30.

81. Charidimou A, Baron JC, Werring DJ. Transient focal
neurological episodes, cerebral amyloid angiopathy,
and intracerebral hemorrhage risk: looking beyond
TIAs. Int J Stroke 2013; 8: 105–8.

82. Charidimou A, Baron J-C, Werring DJ. Cerebral
amyloid angiopathy and transient focal neurological
episodes. Cerebrovas Dis 2013; 36: 245–6.

83. Ni J, Auriel E, Jindal J, Ayres A, et al. The
characteristics of superficial siderosis and convexity
subarachnoid hemorrhage and clinical relevance in
suspected cerebral amyloid angiopathy. Cerebrovas
Dis 2015; 39: 278–86.

84. Lummel N, Wollenweber FA, Demaerel P, et al. Clinical
spectrum, underlying etiologies and radiological
characteristics of cortical superficial siderosis. J Neurol
2015; 262: 1455–62.

85. Dreier JP, Woitzik J, Fabricius M, et al. Delayed
ischaemic neurological deficits after subarachnoid
haemorrhage are associated with clusters of
spreading depolarizations. Brain 2006; 129: 3224–
37.

86. Izenberg A, Aviv RI, Demaerschalk BM, et al.
Crescendo transient aura attacks: a transient ischemic
attack mimic caused by focal subarachnoid
hemorrhage. Stroke 2009; 40: 3725–9.

87. Patel KC, Finelli PF. Nonaneurysmal convexity
subarachnoid hemorrhage. Neurocrit Care 2006; 4:
229–33.

88. Verma RK, Kottke R, Andereggen L, et al. Detecting
subarachnoid hemorrhage: comparison of combined

FLAIR/SWI versus CT. Europ J Radiol 2013; 82:
1539–45.

89. Calviere L, Cuvinciuc V, Raposo N, et al. Acute
convexity subarachnoid hemorrhage related to
cerebral amyloid angiopathy: clinicoradiological
features and outcome. J Stroke Cerebrovasc Dis
2016; 25: 1009–16.

90. Kumar N, Cohen-Gadol A, Wright R, Miller G, Piepgras
D, Ahlskog J. Superficial siderosis. Neurology 2006;
66: 1144–52.

91. Ducros A. Reversible cerebral vasoconstriction
syndrome. Lancet Neurol 2012; 11: 906–17.

92. Refai D, Botros JA, Strom RG, Derdeyn CP, Sharma A,
Zipfel GJ. Spontaneous isolated convexity
subarachnoid hemorrhage: presentation, radiological
findings, differential diagnosis, and clinical course:
Clinical article. J Neurosurg 2008; 109: 1034–41.

93. Charidimou A, Linn J, Vernooij MW, et al. Cortical
superficial siderosis: detection and clinical significance
in cerebral amyloid angiopathy and related conditions.
Brain 2015; 138: 2126–39.

94. Oppenheim C, Domigo V, Gauvrit J-Y, et al.
Subarachnoid hemorrhage as the initial presentation
of dural sinus thrombosis. Am J Neuroradiol 2005;
26: 614–7.

95. Marder CP, Narla V, Fink JR, Tozer Fink KR.
Subarachnoid hemorrhage: beyond aneurysms. Am J
Roentgenol 2014; 202: 25–37.

96. Hefzy H, Bartynski W, Boardman J, Lacomis D.
Hemorrhage in posterior reversible encephalopathy
syndrome: imaging and clinical features. Am J
Neuroradiol 2009; 30: 1371–9.

97. O’Hare M, Fearon C, Kavanagh EC, Murray B, Lynch T.
Superficial siderosis and dural ectasia: a case report.
Neurology 2016; 87: 1743–4.

98. Lee J-M, Markus HS. Does the white matter matter in
Alzheimer disease and cerebral amyloid angiopathy?
Neurology 2006; 66: 6–7.

99. Imaoka K, Kobayashi S, Fujihara S, Shimode K,
Nagasaki M. Leukoencephalopathy with cerebral
amyloid angiopathy: a semiquantitative and
morphometric study. J Neurol 1999; 246: 661–6.

100. Pasi M, Boulouis G, Fotiadis P, et al. Distribution of
lacunes in cerebral amyloid angiopathy and
hypertensive small vessel disease. Neurology 2017;
88: 2162–8.

101. Dickerson BC, Bakkour A, Salat DH, et al. The cortical
signature of Alzheimer’s disease: regionally specific
cortical thinning relates to symptom severity in very
mild to mild AD dementia and is detectable in
asymptomatic amyloid-positive individuals. Cereb
Cortex 2009; 19: 497–510.

102. Ramos AR, Dib SI, Wright CB. Vascular dementia.
Curr Transl Geriatr Exp Gerontol Rep 2013; 2: 188–
95.

103. Thanprasertsuk S, Martinez-Ramirez S, Pontes-Neto
OM, et al. Posterior white matter disease distribution
as a predictor of amyloid angiopathy. Neurology
2014; 83: 794–800.

© 2018 The Royal Australian and New Zealand College of Radiologists

R Sharma et al.

462



104. Chen Y, Gurol M, Rosand J, et al. Progression of white
matter lesions and hemorrhages in cerebral amyloid
angiopathy. Neurology 2006; 67: 83–7.

105. Greenberg SM, Gurol ME, Rosand J, Smith EE.
Amyloid angiopathy–related vascular
cognitive impairment. Stroke 2004; 35(11 suppl 1):
2616–9.

106. Haglund M, Sj€obeck M, Englund E. Severe cerebral
amyloid angiopathy characterizes an underestimated
variant of vascular dementia. Dement Geriatr Cogn
Disord 2004; 18: 132–7.

107. Werring DJ, Gregoire SM, Cipolotti L. Cerebral
microbleeds and vascular cognitive impairment.
J Neurol Sci 2010; 299: 131–5.

108. Reijmer YD, Fotiadis P, Martinez-Ramirez S, et al.
Structural network alterations and neurological
dysfunction in cerebral amyloid angiopathy. Brain
2014; 138: 179–88.

109. Auriel E, Charidimou A, Gurol ME, et al. Validation of
clinicoradiological criteria for the diagnosis of cerebral
amyloid angiopathy–related inflammation. JAMA
Neurol 2016; 73: 197–202.

110. Zekry D, Duyckaerts C, Moulias R, et al. Degenerative
and vascular lesions of the brain have synergistic
effects in dementia of the elderly. Acta Neuropathol
2002; 103: 481–7.

111. Pfeifer L, White L, Ross G, Petrovitch H, Launer L.
Cerebral amyloid angiopathy and cognitive function:
the HAAS autopsy study. Neurology 2002; 58:
1629–34.

112. Koo H-W, Jo K-I, Yeon J-Y, Kim J-S, Hong S-C. Clinical
features of high-degree centrum semiovale-

perivascular spaces in cerebral amyloid angiopathy.
J Neurol Sci 2016; 367: 89–94.

113. Charidimou A, J€ager RH, Peeters A, et al. White
matter perivascular spaces are related to cortical
superficial siderosis in cerebral amyloid angiopathy.
Stroke 2014; 45: 2930–5.

114. Charidimou A, Meegahage R, Fox Z, et al. Enlarged
perivascular spaces as a marker of underlying
arteriopathy in intracerebral haemorrhage: a
multicentre MRI cohort study. J Neurol Neurosurg
Psychiat 2013; 84: 624–9.

115. Martinez-Ramirez S, Pontes-Neto OM, Dumas AP,
et al. Topography of dilated perivascular spaces in
subjects from a memory clinic cohort. Neurology
2013; 80: 1551–6.

116. Eng JA, Frosch MP, Choi K, Rebeck GW, Greenberg
SM. Clinical manifestations of cerebral amyloid
angiopathy–related inflammation. Ann Neurol 2004;
55: 250–6.

117. Scolding NJ, Joseph F, Kirby PA, et al. Ab-related
angiitis: primary angiitis of the central nervous
system associated with cerebral amyloid angiopathy.
Brain 2005; 128: 500–15.

118. Suo Z, Tan J, Placzek A, Crawford F, Fang C, Mullan
M. Alzheimer’s b-amyloid peptides induce
inflammatory cascade in human vascular cells: the
roles of cytokines and CD40. Brain Res 1998; 807:
110–7.

119. Martucci M, Sarria S, Toledo M, et al. Cerebral
amyloid angiopathy-related inflammation: imaging
findings and clinical outcome. Neuroradiology 2014;
56: 283–9.

© 2018 The Royal Australian and New Zealand College of Radiologists

CAA: clinico-radiological review

463


