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The average age of onset in VI80I-MM and VI180I-MV
was about 10 years older than those of sCJD-MMI and
sCJD-MM2, and MV2, respectively. The period from
disease onset to death was longer in V180I-MM than in
sCJD-MM1, as previously reported,” but was almost the
same as in sCJD-MM2 (table 2). Among the 16 total aut-
opsied patients with V180I in this cohort, few patients
had additional neuropathological alterations such as
Alzheimer’s disease.® ” There was no difference between
definite and probable or possible cases with V180l muta-
tion. The periods from onset to the occurrence of myo-
clonus, cerebellar dysfunction, visual disturbance and
akinetic mutism in V180I-MM were significantly longer
than those in sCJD-MMI1. However, except for visual dis-
turbance, the length of onset to the occurrence of all
other signs was shorter than those in sCJD-MM2 (table
2). As for the clinical features of 129MV, there was no
significant difference between V180I-MV and sCJD-MV,
except for age of onset (table 3).

The analysis of the probability of occurrence of neuro-
logical symptoms and signs similarly demonstrated
reduced severity in patients with V180I-MM compared to
those with sCJD-MM1. While 88.1% of patients with
sCJD-MM1 developed myoclonus, only 35.4% of patients
with V180I developed myoclonus. Pyramidal signs, cere-
bellar dysfunction, visual disturbance and akinetic
mutism were also less frequent in patients with
V180I-MMI1 than in patients with sCJD-MM1. However,
as previously reported,” cerebellar and visual systems
were not completely spared in patients with V180L

EEG and MRI findings

PSWCs were observed in only 7.3% of patients with
V180I-MM, but in over 90% of patients with sCJD-MM1
(table 2). MRI revealed hyperintensities with a similar
positive rate in V180I-MM and sCJD-MMI, but was
observed less frequently in patients with sCJD-MM2. The
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pattern of hyperintensities in patients with V180I was
uniquely distributed in the cerebral cortex.

Effect of PRNP polymorphism on clinical symptoms and
signs of V180!

We also analysed the effect of the codon 129 polymorph-
ism on the clinical symptoms of patients with V180I
(table 4).

In a total of 184 patients with V180I, 139 patients
(75.5%) were 129MM, while the remaining 45 (24.5%)
were 129MV. We detected only three patients with the
V180I mutation on the same allele as valine. In this case,
the clinical features were no different from those with
the mutation on the same allele as methionine. We also
analysed the codon 219 polymorphism in 179 patients
with V1801 and 54 patients with sC]JD-MMI1, all of whom
showed glutamic acid homozygosity (table 2). When ana-
lysing the influence of the codon 129 polymorphism on
clinical symptoms and signs in patients with V180I, no
symptoms or signs, in terms of the occurrence rate and
the speed to develop them after disease onset, were
affected by codon 129MV.

__ Open Access |

CSF hiomarkers

Positive tests of the CSF 14-3-3 protein and tT proteins
in patients with VI80I-MM were similar to those of
patients with sCJD-MM1 (table 2). However, the median
value of tt proteins in the CSF of patients with
VI8OI-MM was significantly lower than that of patients
with sCJD-MM1. In patients with VI80I-MM, we found
fewer positive tests for PrP5 in the CSF than in patients
with sCJD-MMI1. Patients with V180I-MV, in particular,
showed significantly fewer positive tests for 14-3-3, t
protein and PrP* in the CSE, as well as in the amount of
CSF tt (p=0.034, 0.023, 0.001 and <0.001, respectively;
multiple comparison using Fisher’s exact and
Kruskal-Wallis tests).

Effect of age

In order to exclude whether any variables were age
dependent, we compared some laboratory and CSF find-
ings in patients with V180I and with sCJD older than
75 years (table 5). We found that positive rates of PrP*
were comparable, although whether the greater percent-
age of older patients with PrP¢ is age dependent or due
to the small sample size is currently unclear.
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DISCUSSION

With a very rare incidence in Europe,” the V180l muta-
tion was geoepidemiologically discovered mainly in
Japan, and has turned out to be the most common
cause of gPrD in Japan.” The reason for this geograph-
ical distribution difference is currently unclear, but
racial and/or environmental factors are most likely
involved.

Of the patients with V180I gPrD, 78 cases were of
male patients and 108 cases were female, indicating a
possible gender influence on the susceptibility of this
mutation in the disease. Similar to other mutations in
PRNE women appear more susceptible.” Patients with
sCJD-MM1 were characterised by fast, severe progression
of the disease, and neurological malfunctions resulting
from extensive brain lesions appeared in a period of less
than 3 months (table 2). However, V180l progressed
relatively slowly. Myoclonus, cerebellar signs and visual
dysfunctions occurred less frequently and with greater
latency in patients with V180I (table 2). PSWGCs in the
EEG, a frequent finding in patients with sCJD-MMI,
were rarely detected in patients with V1801 (table 2).
While a triad of dementia, myoclonus and PSWCs in the
EEG is typical of sCJD, patients with V180l mainly pre-
sented with cognitive impairment and a very low rate of
myoclonus in the early stages, along with rarely detect-
able PSWCs. Instead of possible CJD, these cases tended
to be misdiagnosed as dementia due to Alzheimer’s
disease. MRI could facilitate the diagnosis of V180I
when a specific pattern of ribbon hyperintensity lesions
is detected.® ' However, it may still be difficult to distin-
guish patients with VI80I from patients with sCJD-MM1
because hyperintensity was similarly detected in patients
with sCJD-MMI, necessitating direct testing of the PRNP
gene.

Previous reports suggested that there were no visual
and cerebellar clinical symptoms in V180I, and neuroi-
maging of the medial occipital lobes posterior to the
parieto-occipital sulcus and the cerebellum revealed that
they were not involved until the terminal stage.” These

data posit V1801 as a comparative analogue of sCJD'* or
a cortical form of sCJD with type-2 PrP% and methio-
nine homozygosity at codon 129."° In our current study
of 186 patients with V180I, we found that 34% demon-
strated clinical cerebellar dysfunction, and 8.3% pre-
sented with visual disturbances (tables 2 and 3).
Although no detailed description of the exact manifesta-
tions of cerebellar and visual symptoms was recorded,
and a subjective bias in identifying the true origins of
these symptoms should be taken into consideration, our
finding indicates that in order to confirm whether the
cerebellum is actually spared in patients with V1801, it is
critical to analyse the pathological and immunohisto-
chemical features including PrP% deposition and
spongiform changes in a topological manner.

The penetrance of V180I was very low. Only 11 out of
186 patients (5.9%) had a family history of dementia,
while family member involvement in the case of other
gPrD mutations, such as E200K, P102L and P105L, was
frequently noted.” ® Within the 11 patients with V1801 in
the current study who had a recorded family history, 3
patients had one family member each diagnosed with
CJD. The remaining eight cases had family members of
one generation above, or the same generation, who had
dementia due to an unknown cause. The low pene-
trance of V1801, specific clinical features and MRI find-
ings was intriguing, and leads us to speculate whether
the V180I mutation is causative for the disease or is actu-
ally a disease-associated factor accompanying other pro-

-tective or toxic factors. The V180I mutation is reported

to have significantly higher proportions of overall prion
disease (n=881, both p<0.()01),4 compared with the gen-
otypes of PRNP in the general Japanese population
(n=466; isoleucine allele at codon 180 was not
detected).'® These findings indicate that the V180I
mutation is not simply a polymorphism, but is indeed
disease related.

Different PrP5° glycotypes might lead to differential
distributions of PrP throughout the brain,'”” '® and
may account for the disparate affects on brain regions
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underlying cerebral cortical symptoms as opposed to
cerebellar symptoms, for instance. In this cohort,
western blotting of brain homogenates from patients
with V180l indicated only weak bands of the monoglyco-
sylated and unglycosylated fragments.” In the future,
studies should examine the role of factors that influence
lesion topology on the disease’s clinical expression and
progression. We hypothesise that the different pattern of
clinical and pathological features with V1801 may repre-
sent different, but still topologically defined, neuronal
loss when compared with sCJD-MMI1. Flucidating this
mechanism would require systematic pathological,
immunochemical and biochemical studies of PrP%c.

The codon 129 polymorphism in PRNP plays an
important role in determining the disease phenotype
and the type of PrP% present in sCJD.'* ' 2 It was also
reported that the codon 129 polymorphism affects the
phenotype in gPrD.*'"** In our study, while 75.5% had
methionine in the normal allele (MM homozygous),
24.5% had valine in the normal allele (MV heterozy-
gous). We observed that when the codon 129 poly-
morphism occurred in the allele opposite to the V180I
mutation, its influence on the clinical symptoms and
signs were similar to the wild type MV polymorphism
(table 4). However, the MV polymorphism in codon 129
significantly lowered the positive test rate and amount of
CSF biomarkers such as the 14-3-3 protein, 1 protein and
PrP5¢ positivity, suggesting that the codon 129 poly-
morphism may contribute to the severity and/or speed
of neurological degeneration. Moreover, there might be
other unknown disease modifying factors that contribute
to the clinical features and course of genetic prion
disease. In addition, the codon 129 and 219 polymorph-
isms have been reported to be risk and protective
factors, respectively, for sCJD.**?” In our study, similar
to the study of patients with sCJD-MMI, all patients with
V1801 tested for the codon 219 polymorphism were glu-
tamic acid homozygous (table 2). This result further sug-
gests that codon 219 heterozygosity would be a
protective factor in resisting prion disease onset.
Interestingly, the frequency of codon 129 in MV hetero-
zygous patients with the V180l mutation is greater than
that in the general Japanese population, creating a dis-
crepancy in the hypothesis that codon 129 homozygosity
increases the susceptibility to prion disease.

Although there are several reports describing V180l in
terms of its clinical features, imaging characteristics,
pathology, immunohistochemistry and biochemistry,
most were either case reports or analyses of a small
number of cases."® 258! To the best of our knowledge,
the current study is the first large cohort clinical study of
V180L From this study, we conclude the clinical features
of V180I to be as follows: (1) a late age of onset and
slow progression; (2) a relatively low occurrence rate,
and slow development of symptoms such as myoclonus,
cerebellar abnormalities and visual disturbances; (3) a
low detectable rate of PSWCs in EEGs, and a high
detectable rate of hyperintensity in diffusion-weighted or
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fluid-attenuated inversion recovery imaging; (4) lower t-
protein levels in the CSF versus sGJD-MM1 and (5) an
extremely low likelihood of a family history of V180I.
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Abstract

Objectives Sporadic cerebral amyloid angiopathy (CAA)
is common cause of cerebrovascular disorders that pre-
dominantly affect elderly patients. When symptomatic,
cortical-subcortical intracerebral haemorrhage (ICH) in
the elderly is the most well-known manifestation of
CAA. Furthermore, the clinical presentation varies from
a sudden neurological deficit to seizures, transient
symptoms and acute progressive cognitive decline. De-
spite its clinical importance, this multifaceted nature
poses a diagnostic challenge for radiologists. The aims
of this study were to expound the characteristics of
neuroimaging modalities, which cover a wide spectrum
of CAA-related imaging findings, and to review the
various abnormal findings for which CAA could be
responsible.

Conclusions Radiologically, in addition to typical ICH,
CAA leads to various types of abnormal findings,
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including microbleed, subarachnoid haemorrhage, super-

ficial siderosis, microinfarction, reversible oedema, and

irreversible leukoaraiosis. Taking into consideration the

clinical importance of CAA-related disorders such as

haemorrhagic risks and treatable oedema, it is necessary

for radiologists to understand the wide spectrum of

CAA-related imaging findings.

Teaching Points

* To describe the characteristics of imaging modalities and
findings of CAA-related disorders.

* MRI, especially gradient echo sequences, provides the usefil
information of CAA-related haemosiderin depositions.

* To understand the wide spectrum of CAA-related neuroim-
aging and clinical features is important.

Keywords Cerebral amyloid angiopathy - Imaging -
Subarachnoid haemorrhage - Microbleed - Superficial
siderosis - CAA-related inflammation
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Introduction

Sporadic cerebral amyloid angiopathy (CAA) is a common
small vessel disease of the brain, characterised by the progres-
sive deposition of amyloid- (A3) protein in the walls of
small- to medium-sized arteries (up to about 2 mm in diame-
ter), arterioles and capillaries in the cerebral cortex and over-
lying leptomeninges, preferentially affecting occipital regions
for unclear reasons. In contrast to the amyloid plaques found
in Alzheimer disease (AD), which are predominantly com-
posed of the 42-amino-acid-residue fragment, the vascular
amyloid in CAA is mostly composed of the more soluble,
40-amino-acid fragment, which suggests different pathophys-
iological mechanisms for pathological deposition [1]. Impair-
ment in one or more elimination mechanisms may result in the
accumulation of A3 in the walls of small- and medium-sized
leptomeningeal and cortical blood vessels. Upon autopsy,
CAA may be found more commonly in women than in men.
The incidence of CAA, like AD, is strongly age-dependent.
Although found at autopsy in only 33 % of 60—70 year olds,
the prevalence of age-related CAA increases to 75 % among
those older than 90 years [2]. Despite its high prevalence,
CAA remains an underestimated cause of cerebrovascular
disease, both clinically and at imaging, in part because
many patients are asymptomatic. When symptomatic,
intracerebral haemorrhage (ICH) in the elderly is the
most well-known manifestation. Furthermore, the clini-
cal presentation varies from a sudden neurological def-
icit to seizures, transient symptoms and cognitive de-
cline, including acute progressive dementia. However,
these symptoms are not specific and are often not read-
ily associated with CAA.

Radiologically, in addition to typical acute cortical-
subcortical ICH, CAA leads to various types of abnormal
findings, including chronic ICHs, microbleed (MB), sub-
arachnoid haemorrhage (SAH), superficial siderosis (SS),
microinfarction, reversible oedema and irreversible
leukoaraiosis (Table 1) [3]. Taking into consideration the
clinical importance of CAA-related haemorrhagic risks in
the setting of antiplatelet, anticoagulation and thrombolysis
therapies, as well as treatable oedema [3—6], it is necessary for
radiologists to understand the wide spectrum of CAA-related
imaging findings.

The aims of this study were the following: to expound the
characteristics of neuroimaging modalities, including comput-
ed tomography (CT), magnetic resonance imaging (MRI) and
positron emission tomography (PET), which cover a wide
spectrum of CAA-related imaging findings, and to review
the various abnormal findings for which CAA could be re-
sponsible. The recognition of wide-spectrum imaging findings
can be useful for radiologists not only to raise the possibility of
CAA but also to precisely comprehend the pathophysiology
of CAA and management to improve the prognosis.

_@ Springer

Neuroimaging modalities: critical roles in the diagnosis
of CAA

CT

CT is the initial screening modality for patients with various
symptoms, especially acute neurological deficits or transient
ischaemic attack-like symptoms, which can allow rapid estab-
lishment of the presence or absence of ICHs and SAHs. CT
can provide crucial information regarding the characteristics
of these haemorrhagic conditions, including volume, shape
and distribution. Additional CT angiography with intravenous
contrast media is useful to exclude other pathological condi-
tions (e.g. aneurysms, arteriovenous malformation, fistula and
venous thrombosis) that could cause similar haemorrhagic
complications.

On CT scan, cortical-subcortical ICHs without a history of
hypertension and sulcal SAHs without a history of head
trauma can be the findings suggestive of CAA. However, it
is difficult to evaluate other findings, such as MBs and SS,
which support the diagnosis of CAA. The disadvantage of CT
is lower contrast resolution than MRI, which can depict acute
cerebral infarctions, MBs and white matter lesions more clear-
ly. In other words, CAA cannot be diagnosed by CT alone, but
requires MRI sequences sensitive to susceptibility effects.

MRI

The important point of MRI in the diagnosis of CAA is to
perform the proper sequences to cover a wide spectrum of
CAA-related abnormal findings including not only
haemorrhages but also oedemas and infarctions. Therefore,
the standard imaging protocol should include at least the
gradient-echo (GRE), fluid-attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging (DWI). The stan-
dard MRI protocol is shown in Table 2.

The optimal detection of haemorrhagic lesions, including
MB and S8, depends on multiple MRI parameters, including
pulse sequence, spatial resolution, echo time and field
strength. Due to CAA-related pathological changes such as
haemosiderin accumulations which lead to large variations in
local magnetic fields and a local reduction in T2%, it is neces-
sary to perform the GRE sequence, which is more sensitive to
the magnetic susceptibility effect than turbo spin-echo se-
quences, in the diagnosis of CAA [7]. In the elderly, GRE
sequences are essential to check for CAA-related MBs and/or
SAH, which can potentially predict life-threatening lobar
haemorrhages [8]. Compared with conventional 2D se-
quences, increasing spatial resolution (i.e. smaller voxel size)
on 3D sequence improves the detection of MBs [9]. A longer
echo time enables more efficient detection of MBs than a
shorter one due to the blooming effect [9]. In addition to these
parameters, higher susceptibility effects and increase of
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Table 1 CAA-related abnormal imaging findings

Disease Imaging findings Recommended neuroimaging modality
ICH Haematoma with distinctive cortical-subcortical distribution generally CTand MRI
sparing the deep white matter and basal ganglia and brainstem MRI; additional depiction of chronic
haemosiderin depositions and MBs
MBs Small round hypointense foci on MRI MRI, especially susceptibility-weighted image
SAH Supratentorial sulcal high attenuation/intensity, most frequently CT and MRI
depicted around the precentral gyrus MRI; additional depiction of MB and SS
SS Hypointensity along the supratentorial cerebral sulcus on MRI MRI, especially susceptibility-weighted image
CAA-related Large confluent asymmetric abnormal attenuation/intensity mainly in CTand MRI
inflammation the subcortical WM MRI; additional evaluation of vasogenic oedema
and other findings such as MB and SS
Leukoaraiosis Low attenuation on CT and high intensity on FLAIR and T2W MRI CTand MRI
mainly in the deep WM with sparing of the subcortical U fibres MRI; depiction of leukoaraiosis clearer than CT
Microinfarction Small ovoid or round high intensity of the subcortical and cortex on MR, especially diffusion-weighted image

diffusion-weighted image

CAA cerebral amyloid angiopathy, C7computed tomography, FLAIR fluid-attenuated inversion recovery, /CH intracerebral haemorrhage, MRI magnetic
resonance imaging, MB microbleed, S4H subarachnoid haemorrhage, SS superficial siderosis, 72/ T2-weighted, WM white matter

signal-to-noise ratio with field strength improve the detection
of MBs at a 3-T imager compared with a 1.5-T one [9]. Taking
these parameters into consideration, it is reasonable to perform
sophisticated 3D sequences with higher spatial resolution and
longer echo time including a susceptibility-weighted image
(SWI) and the principles of echo-shifting with a train of
observations (PRESTO) image to detect MB and SS [9, 10].
Notably, SWI with smaller section thickness and higher mag-
netic field is currently the most sensitive technique to visualise
MBs, which combines both magnitude information and phase
information to accentuate the visibility of susceptible foci.
These sequences can be of potential value in the evaluation
of CAA patients (Fig. 1).

However, the GRE sequence is less sensitive than the
FLAIR sequence for the detection of acute SAHs and paren-
chymal changes. The better lesion/tissue contrast achieved by

Table 2 Standard MRI protocol for the diagnosis of CAA

the suppression of the signal intensity of cerebrospinal fluid
(CSF) on the FLAIR sequence not only in the subarachnoid
space, but also in the cerebral parenchyma can be especially
useful for the evaluation of CAA-related white matter lesions
and SAHs. In addition to these sequences, DWI with apparent
diffusion coefficient (ADC) maps can be useful to distinguish
CAA-related silent infarctions from other white matter le-
sions, including vasogenic oedema and leukoaraiosis [3, 5].

PET

Although clinical criteria based on MRI and CT findings have
been validated for a pre-mortem diagnosis of CAA during life
[11], this relies on detecting late manifestations of CAA-
related vascular damage such as ICHs and MBs rather than
the vascular amyloid itself. Therefore, these morphological

Sequence

Expected role for the diagnosis

Minimum required protocol
T2*-weighted image
Fluid-attenuated inversion recovery image
Diffusion-weighted image

Depiction of haemosiderin depositions suggestive of chronic ICHs, MBs and SS
Depiction of acute and subacute SAHs, and white matter signal changes
Depiction of acute microinfarction

Evaluation of vasogenic oedema due to CAA-related inflammation

Optional sequence for the diagnosis of CAA
Susceptibility-weighted image

Additional sequences for differential diagnosis
T1-weighted image
Contrast-enhanced T1-weighted image
Magnetic resonance angiogram

Depiction of haemosiderin depositions, clearer than T2*-weighted image

Depiction of T1 shortening due to methaemoglobin and melanin
Differentiation between haemorrhagic tumours and other lesions
Evaluation of vascular disorders such as vasculitis

CAA cerebral amyloid angiopathy, /CH intracerebral haemorrhage, MB microbleed, MR/ magnetic resonance imaging, SAH subarachnoid haemorrhage,

SS superficial siderosis
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Fig. 1 Multiple MBs and CAA-related inflammation in a 78-year-old
man. In addition to the right dominant diffuse white matter lesions, an
axial GRE T2*-weighted image on the 1.5-T imager (a) revealed some
cortical-subcortical hypointense foci suggestive of CAA-related MBs
(arrows). Of note, more hypointense foci in the posterior dominant
distribution were identified on the corresponding PRESTO image (b)

techniques cannot lead to a correct diagnosis in a definite
proportion of CAA patients during life. However, an emerging
functional technique, Pittsburgh compound B (PiB) PET im-
aging to measure the burden and location of fibrillar Af3
deposits, has recently been reported as a promising technique
for CAA detection [12]. In addition to binding to fibrillar
senile plaques, this radiotracer can clearly delineate the vas-
cular amyloid before it triggers haemorrhagic complications
or other overt small-vessel brain injuries, and can be a useful
clue to diagnose not only AD but also CAA [13].

In the case of coexisting CAA and hypertension, the wide-
spread involvement of arterioles by both types of arteriopathy
likely causes the progression of small vessel disease and some
overlap in the distribution of MBs [14]. In such cases, PiB-
PET can provide a definite clue not only for the diagnosis of
CAA but also the coexistence of hypertensive arteriopathy
(Fig. 2). However, it is important to understand that PIB is a
non-specific imaging marker of A} peptide-related cerebral
amyloidosis. As previously mentioned, this tracer labels vas-
cular as well as plaque AR; therefore, differentiating PiB
signal caused by CAA from that caused by other kinds of
plaques is difficult.

Representative imaging findings: multifaceted features
of a single pathological condition

Lobar haemorrhage: a life-threatening sign

CAA is one of the most common causes of lobar ICHs in the
elderly [15]. In addition to the advanced age, hypertension and
minor head injuries may increase the risk of CAA-related
ICHs [15, 16]. The clinical presentation of CAA-related ICH
varies according to ICH size and location. Patients commonly
present with an acute stroke syndrome with focal neurological
deficits that may be associated with headache, vomiting,
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seizures and/or an altered level of consciousness. In the longer
term, survivors of lobar ICHSs are at a high risk of recurrence,
especially with the presence of the €2 or €4 alleles of the
apolipoprotein E gene (28 % cumulative recurrence rate at
2 years relative to 10 % in patients without either allele) [17].
Regardless of the size, CAA-related ICHs exhibit distinc-
tive cortical-subcortical distributions that generally spare the
deep white matter, basal ganglia and brainstem. This cortical-
subcortical distribution of CAA-related ICHs has been corre-
lated with the anatomical distribution of B-amyloid-
containing vessels. Notably, haemorrhagic lesions are shown
to be preferentially distributed in the temporal and occipital
lobes, and are likely to cluster regardless of the lobes [18].
Comprehension of this characteristic distribution was validat-
ed by the Boston criteria, which are most commonly used and
highly specific for the diagnosis of CAA (Table 3) [11, 19].
CAA-related macrohaemorrhages may be associated with
subarachnoid, subdural or, less commonly, intraventricular
haemorrhage (Figs. 3 and 4) [8]. Other neuroimaging findings
suspicious for CAA-related ICHs include the multiplicity and
recurrence of ICHs (Fig. 4). Recurrent haemorrhages are
typically lobar, often in the same lobe as the initial CAA-
related ICHs [18]. CT is sufficient to provide crucial informa-
tion regarding the characteristics of acute CAA-related ICHs.
However, MRI examinations including GRE sequences
should be performed to evaluate chronic haemosiderin depo-
sitions and MBs, which can be useful to diagnose CAA.

Microbleeds: easily overlooked but a suggestive sign of CAA

This finding indicates previous extravasation of blood-related
to bleeding-prone microangiopathy, including CAA and hy-
pertensive arteriopathy (Fig. 5) [14]. In the pathological anal-
ysis of lobar MBs in CAA patients, various CAA-related
pathologies, including acute microhaemorrhages,
haemosiderin residua of old haemorrhages and small lacunes
ringed by haemosiderin, are proved to produce signal voids on
SWI [20]. MBs located in lobar regions may correlate with
disease progression, recurrent ICH, and cognitive dysfunc-
tions [21, 22]. Moreover, early recognition can be advanta-
geous to patients on antiplatelet or thrombolysis therapy in
that they are at an increased risk for subsequent and possibly
fatal haemorrhages [4, 6].

MBs are typically defined on GRE sequences as small,
well-demarcated, hypointense, rounded foci less than 5-
10 mm in size, which are distinct from cortical vascular flow
voids, leptomeningeal siderosis, or non-haemorrhagic subcor-
tical mineralisation such as symmetrical hypointensities in the
globus pallidus [21]. The presence of multiple, strictly lobar,
cortical-subcortical MBs detected by GRE sequences has been
shown to be highly specific for severe CAA in elderly patients
with no other definite cause of ICH, such as trauma, ischaemic
stroke, coagulopathy or excessive anticoagulation (probable
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