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Key points

e A systematic analysis of 205 definite and 100 probable, including 7 unpublished, CAA-
RI cases was conducted.

e Vasculitic pathology was more likely to be associated with the co-localisation of
microbleeds with confluent white matter hyperintensities on MRI.

e Incorporating leptomeningeal enhancement and/or sulcal non-nulling (i.e.,
hyperintensity) on FLAIR may improve the diagnostic sensitivity of the criteria.

e Cerebrospinal fluid pleocytosis was associated with a decreased probability of clinical
improvement and positive outcome, whereas future lobar intracerebral haemorrhage
was associated with adverse outcomes, including mortality.

e Immunosuppression was associated with increased short-term improvement but the

superiority of high-dose over low-dose corticosteroids is not well established.
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ABSTRACT

Aims: Cerebral amyloid angiopathy-related inflammation (CAA-RI) is a potentially reversible
manifestation of CAA, histopathologically characterised by transmural and/or perivascular
inflammatory infiltrates. We aimed to identify clinical, radiological, and laboratory variables
capable of improving or supporting the diagnosis of or predicting/influencing the prognosis of

CAA-RI and to retrospectively evaluate different therapeutic approaches.

Methods: We present clinical and neuroradiological observations in seven unpublished CAA-
RI cases, including neuropathological findings in two definite cases. These cases were included
in a systematic analysis of probable/definite CAA-RI cases published in the literature up to
December 31, 2021. Descriptive and associative analyses were performed, including a set of
clinical, radiological, and laboratory variables to predict short-term, 6-month, and 1-year
outcomes and mortality, first on definite, secondly on an expanded probable/definite CAA-RI

cohort.

Results: Data on 205 definite and 100 probable cases were analysed. CAA-RI had a younger
symptomatic onset than non-inflammatory CAA, without sex preference. Transmural histology
was more likely to be associated with the co-localisation of microbleeds with confluent white
matter hyperintensities on MRI. Incorporating leptomeningeal enhancement and/or sulcal non-
nulling on fluid-attenuated inversion recovery (FLAIR) enhanced the sensitivity of the criteria.
Cerebrospinal fluid pleocytosis was associated with a decreased probability of clinical
improvement and longer-term positive outcomes. Future lobar haemorrhage was associated
with adverse outcomes, including mortality. Immunosuppression was associated with short-
term improvement, with less clear effects on long-term outcomes. The superiority of high-dose

over low-dose corticosteroids was not established.

Conclusions: This is the largest retrospective associative analysis of published CAA-RI cases,
and the first to include an expanded probable/definite cohort to identify diagnostic/prognostic
markers. We propose points for further crystallisation of the criteria and directions for future

prospective studies.

Keywords: amyloid beta-related angiitis; cerebral amyloid angiopathy; cerebral amyloid
angiopathy-related inflammation; criteria; diagnosis; inflammatory cerebral amyloid

angiopathy; outcome; predictor
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INTRODUCTION

Despite being recognised as the leading cause of lobar intracerebral haemorrhages (ICHs),
cerebral amyloid angiopathy (CAA) is an underdiagnosed condition [1]. In contrast to
hypertension-related arteriolosclerosis, which predominantly affects arterioles of the basal
ganglia, thalamus, and pons, CAA predominantly affects cortical leptomeningeal and
parenchymal small vessels, with progressive deposition of amyloid-f (AP) in their wall [2].
The neuropathological prevalence of CAA increases with age, being comparable to
Alzheimer’s disease (AD). Indeed, AP is deposited in plaques in AD and vessel walls in
sporadic CAA. The two diseases show 80% overlap; however, they both exist independently
[3]. Similar to sporadic AD, polymorphisms in the APOFE gene have been associated with
increased risk (e4) or more severe phenotype (£2) of sporadic CAA [4].

The hallmark features of CAA are spontaneous haemorrhages, characteristically lobar
in location, including cerebral microbleed (CMB), ICH, convexity subarachnoid haemorrhage
(cSAH), and cortical superficial siderosis (CSS) as chronic ¢cSAH [5]. These haemorrhagic
alterations enable the in vivo diagnosis of CAA, using magnetic resonance imaging (MRI) with
susceptibility-weighted imaging (SWI), sensitive to haemosiderin. The exclusive presence of
such lobar haemorrhages allows the probable diagnosis of CAA as per the modified Boston [5]
and most recently the Boston v2.0 criteria [6], whereas a definite diagnosis is provided by
autopsy. The diagnostic MRI features in the Boston v2.0 criteria now include non-
haemorrhagic alterations as well, comprising multispot white matter hyperintensity (WMH)
pattern on FLAIR and dilated perivascular spaces in the centrum semiovale on T2. The
presence of either non-haemorrhagic alteration in addition to one lobar haemorrhagic alteration
now suffices for the diagnosis of probable CAA.

Conventional clinical manifestations of CAA include lobar ICH-related symptoms,
slowly progressive dementia, and transient focal neurological episodes (TFNEs) possibly
triggered by ¢cSAH/CSS [3]. A subgroup of CAA patients, however, present with subacute
cognitive/behavioural decline, focal neurological symptom(s), headache, and/or seizure(s), in
association with the MRI appearance of asymmetric and confluent WMH(s) on T2/fluid-
attenuated inversion recovery (FLAIR), representing vasogenic oedema (often overlooked on
initial computed tomography), as in a proportion of patients with primary angiitis of the central
nervous system (PACNS). This presentation is underpinned neuropathologically by infiltration
of CAA-affected vessels by mononuclear inflammatory cells with or without granulomatous
features (such as multinucleated giant cells (MNGCs)), and are classified as those presenting

with transmural and perivascular (i.e., Ap-related angiitis (ABRA) [7]) and those merely with
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perivascular involvement (i.e., perivascular CAA-related inflammation (CAA-RI)) [8]. The
vasculitic form (ABRA) was found in 1/3 of cases with an initial diagnosis of PACNS [9], with
some authors considering ABRA as a subtype of PACNS [7, 9].

The first definition of this syndrome was given by Eng ef al. and was termed ‘CAA4-
related inflammation’ [10]; however, cases with similar phenotypes and inflammatory
vasculopathy with CAA have been reported for >50 years. The clinical-radiological criteria
were defined in 2011 by Chung ef al. [8] and have recently been improved and validated by
the Boston group (Auriel criteria [11]). Most patients respond to immunosuppression, with
corticosteroids being the first line [12]. It is proposed that as opposed to PACNS (without
CAA) where biopsy is the gold standard, the diagnosis of CAA-RI can be established solely
on clinical-radiological grounds [8, 11, 13].

The striking similarity to the phenotype of a rare adverse event in AD trials with
monoclonal antibodies (termed amyloid-related imaging abnormalities (ARIA)), presenting
with vasogenic oedema (ARIA-E, including parenchymal oedema and/or sulcal effusion) and
associated haemorrhages (ARIA-H, including CMB and/or CSS) [14], implicated the
pathogenic and biomarker roles of anti-AP autoantibodies in CAA-RI [15]. A further link
between ARIA and CAA-RI is the high prevalence of ApoEe4 carriers in both [13, 14].

In addition to presenting an unpublished case series with probable/definite CAA-RI, the
present study aimed to profile published probable/definite CAA-RI cases and conduct an in-
depth systematic analysis of subject-wise collected neuropathological, radiological, clinical,
and laboratory variables to provide insights into previously unrevealed associations and
identify diagnostic/prognostic biomarkers. Our findings identified leptomeningeal
enhancement (LE) and sulcal non-nulling (SNN) on FLAIR as features enhancing the
diagnostic sensitivity of probable CAA-RI, propose cerebrospinal fluid (CSF) pleocytosis as a
negative prognostic factor, define future lobar ICH as a potentially preventable significant
contributor to mortality, and implicate no superiority of high-dose over low-dose

corticosteroids.

MATERIALS AND METHODS

Seven CAA-RI (including 2 definite) cases are reported and included in the analysis. Five
patients or their next-of-kin gave informed consent to reporting. In two cases, informed consent
could not be obtained as neither the patient nor the next-of-kin was available. The study adhered
to the Declaration of Helsinki and was approved by the local Ethical Committee (46/2014,
44/2016, 22/2021).
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The comprehensive description of the literature search, case collection, data extraction,
the collected variables, and the methods of dichotomisation are presented in Supplementary
File 1.

The following definitions were used for the classification of cases. Definite CAA-RI
was considered in the presence of either perivascular or transmural/intramural inflammatory
infiltrates associated with CAA as defined previously [8]. A modification was applied that
meeting the clinical-radiological criteria was not a prerequisite for definite diagnosis; this
allowed the measurement of the sensitivity of the clinical-radiological criteria. Probable CAA-
RI was considered by adopting the recently validated criteria [11] with slight modifications in
the wording (the rationale is described in Supplementary File 1); this is referred to as ‘the
present criteria’ (Table 1). The category of possible CAA-RI was omitted since no patients
meeting this category were confirmed to have definite CAA-RI in the validated criteria [11].

The first step of analysis focused on definite CAA-RI to reveal potential associations in
an established cohort and to identify biomarkers with diagnostic/prognostic value. An
expanded analysis included probable CAA-RI cases as well to reassess the significance of the
initial findings. The sensitivity analyses were performed and reported in line with the STARD
2015 guideline [16]. The sensitivity of ‘the present criteria’ for probable CAA-RI was assessed
and compared to that of 3 sets of ‘extended criteria’: 1) incorporating ‘and/or LE’, 2)
incorporating ‘and/or SNN’, and 3) incorporating ‘and/or LE and/or SNN’ into the non-
haemorrhagic profile. The differences were addressed by the McNemar test, with exact 1-sided
p-values. The statistics were performed by SPSS 22.0 software. The precision of estimates is
presented using a 95% confidence interval (95% CI) by using the Wilson score interval
calculated online [17]. A detailed description is found in Supplementary File 1. In the
predictor analyses, a comparison of age was performed by Student’s t-test (using Levene’s test
plus Welch’s correction where appropriate) after refuting non-normal distribution by the
Shapiro-Wilk test. Associations of categorical variables were assessed by Chi? tests, using
Fischer’s exact value where appropriate. The interdependence of associations and the influence
of potential confounders were assessed by multivariable binary logistic regression (MBLR)
models. A detailed description is found in Supplementary File 1. Data are presented as the

mean =+ the standard error of the mean or percentage.
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RESULTS

Case presentations

Table 2 summarises the present case series, ranging from minimally symptomatic to fatal
cases. The radiological and neuropathological findings of cases 1-2 are presented in Figures

1-4. Descriptions of cases 1-7 are presented in Supplementary file 2.

Systematic analysis of the literature

Nomenclature

The nomenclature of definite CAA-RI varied substantially. The Chung [8] and the Auriel [11]
criteria used the term CAA-RI to cover cases with perivascular-only and transmural
inflammation, similar to the largest case series [13]. Some authors differentiate two types of
CAA-RI using the terms vasculitic (transmural) as opposed to perivasculitic, non-vasculitic, or
non-destructive [18-21]. Many, however, use different nomenclatures, either using
‘inflammatory CAA’ or similar terms to cover the subtypes distinguished as ABRA (for
transmural) and CAA-RI (for perivascular) [9, 22-24] or using CAA-RI to cover ABRA (for
transmural) and inflammatory CAA (for perivascular) [25-29]. Others use ‘tumefactive CAA’
to refer to cases with extensive asymmetric confluent WMH(s) mimicking neoplasm(s) [30,
31]. Though each has its rationale (e.g., the clinical definition paper included only perivascular
cases using the term ‘syndrome of CAA-related perivascular inflammation’ [10]), here we use
the term CAA-RI to cover the clinical-pathological entity and refer to the pathological subtypes

with terms directly reflecting their nature.

Epidemiology of definite CAA-RI

The analysis detected 205 definite CAA-RI cases for descriptive analysis, 200 including
a report of the conditions of obtaining the histopathological specimen for the diagnosis (i.e., by
biopsy or autopsy). Of these, 87.0% were diagnosed with biopsy and 13.0% at autopsy, 4.0%
had both (2 autopsy-confirmed cases with biopsy disclosing only CAA, and 6 biopsy-
confirmed cases with autopsy detecting various amounts of CAA-RI, from none to severe). The
mean age at diagnosis was 67.2+0.6 y (ranging from 43-92 y), without sex preference (51.7%
males). This contrasts with CAA-related ICH, where the mean age of presentation is some 10
years higher and female predominance is well-documented [1, 10]. Male definite CAA-RI
patients were younger than females (65.1£1.0 y vs. 68.5+1.0 y; p=0.017). No other baseline

variables were associated with age.
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Neuropathology of definite CAA-RI

Some 71.7% of definite cases with sufficient data (132/184) had transmural inflammation
(ABRA), the remaining 28.3% being consistent with perivascular CAA-RI, as reported also in
a case series [9]. Transmural and perivascular-only involvement were frequently reported to
co-occur in patients [8, 32-37], suggesting that these might represent a spectrum. In addition,
CAA-RI in one report was found to be perivascular by biopsy and transmural at autopsy [38],
implicating the potential role of sample sizes in the classification. Our case with perivascular
CAA-RI (Case 1, Supplementary File 2, Figures 1-2) is one of the 7 similar cases published
with autopsy confirmation [39-42]. The predictor analysis revealed only a single variable to be
associated with histology; specifically, the co-localisation of CMBs with confluent WMH(s)
(i.e., when these alterations predominate in the same anatomical area) were more common in
ABRA (87.0%) than in perivascular CAA-RI (52.6%; p=0.020; Table S1 (Tables S1-15 are
available in Supplementary File 3)). These implicate the pathogenic role of angiodestructive
inflammation in haemorrhagic alterations.

Among the 138 cases where cellular components were described or well-presented,
lymphocytes were almost unequivocally demonstrated (97.1%), macrophages/histiocytes
(72.5%) and MNGCs (69.6%) were frequent (with a total of 88.4% for myeloid cells), whereas
eosinophil granulocytes were seldom reported (8.0%; almost exclusively in ABRA (9/11) with
MNGCs (10/11)). AP phagocytosis was described in 36.2%, including our 2 cases, involving
MNGCs in 74.0%, macrophages/histiocytes in 48.0%, and microglia in 20.0% of them. The
reports are somewhat discordant regarding the association of infiltrates with CAA, with most
authors reporting only CAA-affected vessels to be associated with inflammation [7, 10, 43,
441, whereas others describe (seemingly) non-CAA vessels to be involved as well [32, 34, 41],
in a case with exclusive association in biopsy and near-absolute dissociation at autopsy [45].
Some authors propose efficient immunological clearance of AP to underlie these observations
[45]. The observation in an ABRA case that vascular AP deposition decreased by the increasing
severity of inflammation supports this concept [46], similar to our observation (Case 2,
Supplementary File 2, Figure 4).

Regarding concomitant AD pathology, AP plaques and neurofibrillary tangles (NFTs)
were described in 81.3% (65/80) and 48.3% (28/58) of cases where addressed, frequently
described as mild, especially regarding NFTs. This may be attributable to the relatively younger
age of patients being early in their AD continuum if any, and/or to excessive immune-mediated
AP clearance mechanisms, based on the lower A plaque burden observed in ABRA compared

to age-matched non-inflammatory CAA [44].
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Changes corresponding to WMHs comprise tissue rarefaction, myelin pallor, spongy
vacuolation, and astrogliosis [7, 39, 47]. Considering the location of the biopsy evaluated for
diagnostic pathology, many authors emphasise that biopsy should be targeted at the
leptomeninges and cortex to rule in CAA/CAA-RI, whereas sampling from the white matter
(WM) can only rule out an infiltrative neoplasm [48]. Reports with isolated WM samples

resulting in non-diagnostic histology are common [15, 20, 31].

Clinical and radiological presentation in definite CAA-RI
Regarding core clinical signs, the prevalence of headache, focal neurological sign(s),
seizure(s), and altered higher mental state were 39.3%, 58.1%, 42.9%, and 77.6%, respectively.
Of the 170 definite cases with sufficient data, 98.2% met the clinical part of the present criteria.
Two cases had symptoms compatible with their concomitant ICH [40, 49], whereas 1 case was
a definite Creutzfeldt-Jakob disease (CJD) with ABRA [50], where CJD could be interpreted
per se-as a morphological substrate of the symptoms and the clinicopathological relevance of
CAA-RI could not be clarified.

Regarding core radiological features, 76.6% (111/145) of definite cases with sufficient
data had asymmetric confluent WMH(s) and 83.2% (94/113) had lobar CMB(s). Some 7.4%
(14/188) had lobar ICH at onset (exactly as in a large single-centre report [48]); however, this
rate was 33.7% (28/83) when extended to ‘at or within 1 y after onset’, suggesting that the
previously proposed difference between CAA-RI and non-inflammatory CAA regarding their
association with ICH might be a matter of shorter disease duration and younger age in CAA-
RI[9, 48]. Of cases with sufficient data, 67.3% (68/101) met the radiological part of the present
criteria of probable CAA-RI. Patients not meeting the radiological part included patients with
no WMHs (13.9%), patchy WMHs (12.9%), symmetric confluent lesions (2.0%), no lobar
haemorrhagic lesions (7.9%), and with deep CMB(s)/ICH(s) (not meeting probable CAA [5],
3.0%), often in combination. In patients with sufficient clinical and radiological data for
decision-making, this yielded a 65.7% (67/102, 95% CI 56.1%-74.2%) sensitivity of the
present criteria for probable CAA-RI to diagnose definite CAA-RI. Among cases with
unequivocal written implications or sufficient visual presentation, confluent WMH(s) tended
to co-localise with CMBs in 66.7% (38/57). The appearance of haemorrhagic alterations (e.g.,
CMB/CSS) was, in some cases, preceded by the symptomatic/radiological onset of CAA-RI
[51,'524,

Regarding additional radiological features not part of the present criteria, 61.7%

(79/128) of cases with contrasted MRI were reported to demonstrate enhancement (48.4%
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leptomeningeal, 5.5% parenchymal, 5.5% both, 1 with deep perivenular enhancement (0.8%),
and 1.6% with equivocal pattern). Notably, LE was present in 20 cases with isolated
leptomeningeal involvement (i.e., with no or patchy WMHs only; 18.7% of those addressed).
In a subgroup with subject-wise data on WMH, haemorrhagic, and enhancement profiles,
adding LE to the criteria as an alternative (AND/OR) to asymmetric confluent WMH(s)
increased the sensitivity (p=0.008) from 71.4% (45/63; 95% CI 59.3%-81.1%) to 82.5%
(52/63; 95% CI 71.4%-90.0%). Importantly, the change in the sensitivity of the ‘present
criteria’ is due to the subgroup analysis of subjects with all required data available (see the
flowchart in Figure S7 in Supplementary File 3 and the description in Supplementary File
1). Notably, a similar criterion was used by Piazza ef al. to establish probable CAA-RI[53]. A
previous single-centre study reported 92.6% specificity for LE to distinguish between CAA-RI
and non-inflammatory CAA [48]. Our present approach did not allow the estimation of
specificity; however, our observation supports this finding.

Based on a prior observation that SNN (a.k.a. sulcal non-attenuation, hypoattenuation,
hyperintensity, or effusion) on FLAIR can co-localise with LE [48] and that it is an established
component of ARIA-E [14], we analysed 70 definite CAA-RI with non-contrast FLAIR
image(s) of sufficient quality published and additional 2 where SNN was recognisably
described, and found that SNN not only co-occurred with isolated LE (with no or patchy
WMHs only) in 100.0% (7/7; with 77.8% (7/9) of isolated SNN cases (with no or with patchy
WMHs only) presenting with LE), but it was present in 80.8% (21/26) of definite cases with
LE regardless of WMH presence/pattern. Moreover, SNN was detectable in 50.0% (12/24) of
definite cases without LE (rendering the association between LE and SNN significant;
p=0.022) and in 45.5% (10/22) of cases without enhancement-related information. These yield
a 59.7% overall prevalence of SNN within definite CAA-RI cases with sufficient data
(prominent examples listed in Table S2). Notably, in 13.9%, SNN was the predominant
(‘isolated’) FLAIR alteration at presentation (i.e., with no (5.6%) or patchy WMHs only
(8.3%)). In certain cases, the evolution of isolated SNN (with no [18] or minimal patchy WMHs
[54, 55]) into confluent WMHs was observed on disease progression/recurrence, suggesting
that SNN might be an early manifestation of CAA-RI. The subgroup analyses revealed that
adding SNN on FLAIR to the criteria as an alternative (AND/OR) to asymmetric confluent
WMH(s) (still with appropriate haemorrhagic profile) increased the sensitivity from 72.2% to
81.5% (39/54 (95% CI 59.1%-82.4%) vs. 44/54 (95% CI 69.2%-89.6%); p=0.031).
Furthermore, adding LE and/or SNN as alternatives to asymmetric confluent WMH(s) increased

the sensitivity from 70.0% to 82.5% (28/40 (95% CI 54.6%-81.9%) vs. 33/40 (95% CI 68.1%-
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91.3%), p=0.031, Figure S7, Table 1). Given that SNN was mostly assessed on a single FLAIR
image, the true sensitivity of the SNN-supplemented sets of criteria might be even higher.
Vasculitic angiographic profiles of large vessels (beading, concentric narrowing) were

found in 6.6% (4/61) of cases where addressed, refuting its diagnostic value.

Laboratory biomarkers in definite CAA-RI
Lumbar puncture was reported in 63.4% (130/205). The prevalence of CSF pleocytosis and
increased concentration of total protein were 44.2% (53/120) and 79.8% (95/119), respectively,
with 82.8% (101/122) being pathological in at least one. Mononuclear cells (particularly
lymphocytes) predominated, except in 1 report with polynuclear predominance [18].
Eosinophils were exceptionally reported, all in ABRA, with eosinophils consistently present
also in their histology [32, 56, 57], being a significant component in 1 [32]. Notably, CSF
pleocytosis and either CSF pleocytosis/elevated protein concentration were significantly
associated with headache (CSF pleocytosis in 56.8% (25/44) and 34.6% (18/52) of those with
and without headache, respectively, p=0.029; either alteration in 93.2% (41/44) and 73.1%
(28/52), respectively, p=0.014), implicating the role of focal meningitis underlying the
headache. In addition, CSF pleocytosis tended to be associated with LE (53.8% in those with
LE vs. 32.0% in those without; p=0.087). Notably, elevated CSF protein concentration was
decreased following immunosuppression in 80.0% (8/10) [18, 32, 41, 52, 54, 57-59], whereas
it increased upon disease progression [8, 60-63] or relapse [54, 64, 65]. The CSF white blood
cell count changed in parallel with protein concentration in most reports [8, 32, 52, 57-60, 65]
with few exceptions [54, 62-64]. The CSF white blood cell count was decreased following
immunosuppression in 87.5% (7/8). Therapy-associated improvement in pleocytosis and
protein concentration was accompanied by clinical improvement only in 50% (3/6) [54, 57, 59]
and 71.4% (5/7) [18, 41, 54, 57, 59], respectively. Overall, CSF pleocytosis and elevated
protein concentration followed the clinical course (improvement/deterioration) in 45.5% and
85.7%. This suggests that elevated protein concentration is a surrogate biomarker of clinical
change.

Oligoclonal bands of immunoglobulin in the CSF were reported in 16.0% of cases
where addressed (4/25).

Surprisingly, the AD-core CSF biomarker profile [66] was addressed only in 10 definite
cases [18, 53, 59, 67-71], including our 2 cases. The findings show decreased APi-42 in 80.0%
(8/10), increased total Tau in 33.3% (3/9), and increased phosphorylated Tau (pTau) in 28.6%
(2/7). This is comparable to that seen in probable CAA-RI (91.7% (22/24); 23.5% (4/17); and
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23.1% (3/13), respectively). This pattern aligns with reports on concomitant AD pathology on
histology; indeed, pTau was elevated only in the 2 cases where significant NFT pathology was
noted [59, 69]. Notably, CSF APi.42 was reported to change during the course in one case, being
normal in the acute phase and pathologically low on spontaneous remission, with similar trends
for Tau, pTau, and APi-40, and similar therapy-related/spontaneous patterns in probable cases
[53]. However, therapy-associated changes in CSF A.42 or APi-40 were not consistently found
[15, 18].

Increased CSF levels of anti-AP autoantibodies were found in definite CAA-RI cases
during an acute phase compared to spontaneous [53] or corticosteroid-induced remission [18,
53, 59] or compared to non-CAA-RI [53, 59]. Consistent with an antibody-mediated process,
a study found an increased number of memory B cells directed against anti-Ai-42 in the blood
of an ABRA patient [72]. Notably, however, a recent study analysing probable/definite CAA-
RI patients together found no difference in anti-Af antibody titres before and after
immunosuppression [73].

The APOE ¢ genotype, an established risk factor for AD and a possible risk factor for
CAA/CAA-related ICH [4] was reported in 28 definite cases. At least 1 APOE &4 allele was
carried by 60.7%, which is remarkably high compared to unselected and control populations,
but comparable to that in AD and CAA in general [10, 74-77]. However, a striking 53.6% of
cases were APOE e4/e4 homozygotes, suggesting that eé4/e4 homozygosity represents a strong
predisposition to CAA-RI. Notably, the carrier rate for APOFE €2 was also surprisingly high
(32.1%), higher than in most CAA studies [4, 76-79], yielding a total prevalence of 85.7% of
non-APOE €3/e3 (non-‘normal’) genotypes, an extremely high rate compared to controls or
CAA per se [4, 55, 77]. These suggest that both non-‘normal’ alleles may predispose to CAA-
RI. Though not significant at this subject number (10 vs. 10), this predominance of APOFE &4
allele carriership and APOFE e4/e4 homozygosity in definite CAA-RI is due to perivascular
CAA-RI rather than ABRA (70% vs. 40%, 60% vs. 30%, respectively). In ABRA, APOFE €2
tends to predominate (20% vs. 50%, Table S1). The genotype distribution in the probable
CAA-RI cohort is more reminiscent of that seen among perivascular cases in the definite CAA-
RI cohort (73.5% APOE &4 carriers, 52.9% APOEF €4/e4, 8.8% APOE €2 carriers, and 82.4%
non-4APOE €3/e3; n=35).
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Therapy, course, and dosing in definite CAA-RI

A total of 152 definite cases were eligible for treatment analysis, 149 with unequivocal data on
the form of immunosuppression. Some 91.4% received some form of therapy, 3.9% were
treated only with surgical resection/lobectomy and 87.5% with immunosuppression (including
2.6% with additional surgery (resection/lobectomy or shunting)). Among the
immunosuppressed with sufficient data (130), 99.2% received corticosteroids, 56.2% as
monotherapy and 43.1% where it was combined/replaced with other immunosuppressant(s),
whereas only 1 patient (0.8%) received cyclophosphamide monotherapy (no other drugs were
used as monotherapy). The combinations predominantly included cyclophosphamide (78.6%
of all combinations), whereas other immunosuppressants were rarely used (mycophenolate
mofetil and azathioprine in 16.1% and 16.1%, methotrexate in 3.6%, and rituximab,
intravenous immunoglobulin, and plasma exchange in 1.8%, 1.8%, and 1.8% of combinations).
Among combinations (i.e., corticosteroid plus or replaced with another), 75.0% received the
additional immunosuppressant at first intention and not after progression/relapse. For
comparison, all treated probable CAA-RI cases received corticosteroids, almost exclusively as
monotherapy (91.7%), with 7 combined-treatment cases altogether (57.1% with
cyclophosphamide, 28.6% with mycophenolate, 14.3% with azathioprine, and 14.3% with
intravenous immunoglobulin), with only 3 at first intention.

A disproportion of surgery between immunosuppressed (3.0%) and not
immunosuppressed (31.6%) definite cases was observed. Therefore, we excluded the surgical
cases from further analyses.

Definite CAA-RI patients not receiving immunosuppression were older than the treated
(72.3£2.8 y vs. 66.2+0.8 y; p=0.031), suggesting a decision bias based on age and possibly
concomitant diseases. Note that untreated patients were exclusively ABRA (vs. 67.3% in the
treated; p=0.018), which should be kept in mind when extrapolating findings on spontaneous
outcomes to CAA-RI altogether. No other baseline difference was found between the treated
and untreated (Table S3).

Among immunosuppressed definite cases, 78.8% showed clinically meaningful
improvement and radiological improvement was observable in 89.7%. The clinical and
radiological responses were concordant in 92.5% of cases. Though being significantly lower
than the treatment effect, the spontaneous clinical remission rate was considerably high at this
relatively low untreated subject number (30.8% (4/13); p=0.0007 vs. treated (Tables S3 and
S4)). The spontaneous radiological remission rate was even more marked (57.1% (4/7);

p=0.042 vs. treated). The predictor analysis identified LE as a predictor of clinical
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improvement in the total cohort (p=0.003), both within treated (p=0.027) and untreated
(p=0.029) patients. Cerebrospinal fluid pleocytosis at presentation was associated with a
decreased likelihood of clinical improvement in the total cohort (p=0.042), with a trend within
the treated (p=0.066). No other baseline variables showed association with improvement
(Table S4).

The prevalence of a symptomatic relapse (not related to ICH) in patients who improved
to initial immunosuppression and had sufficient follow-up periods was 25.9% (15/58) within 6
m and 41.7% (20/48) within 1 y. Relapse generally resulted in repeated therapy, dose
escalation, switch, or combination, leading to improvement in 83.3%.

The predictor analysis of positive outcomes at 6 m and 1 y among definite cases with
appropriate data are presented in Table S5 and Table S6, respectively. The rate of positive
outcome at 6 m after initiating immunosuppression was 61.0%, significantly higher than in
spontaneous improvers at 6 m after admission (25.0%; p=0.028, Tables S3 and S5). This
missed significance at 1 y (p=0.058, Tables S3 and S6). LE was associated with positive
outcomes at 6 m (p=0.005) and 1 y (p=0.003) in the total cohort and among the
immunosuppressed patients (p=0.044 and p=0.029). CSF pleocytosis at presentation was
significantly associated with adverse outcomes at 6 m in the total cohort (p=0.015) and in the
treated (p=0.027), with trends at 1 y. Lobar ICH(s) presenting within 6 m was associated with
adverse outcomes at 6 m in the total cohort (p=0.027) and among the treated (p=0.031), with a
similar association for lobar ICH within 1 y with adverse outcome at 1 y in the total cohort
(p=0.042) and a trend in the treated (p=0.074). Among those who improved, relapse within 6
m and 1 y were associated with adverse outcomes at corresponding time points in the total
cohort (p=0.005 and p=0.007, respectively) and within the treated (p=0.006, p=0.010). No
other independent variables showed associations with positive outcomes (Tables SS and S6).

Regarding all-cause mortality, 16.7% and 25.4% of immunosuppressed definite cases
died within 6 m and 1 y, respectively. These tended to be fewer compared to those not receiving
immunosuppression (38.5% (p=0.065) within 6 m and 60% (p=0.057) within 1 y (Table S3)).
Advanced age at presentation was associated with higher all-cause 6-m (p=0.043) and 1-y
mortality (p=0.024) in the total cohort, but not in the treated/untreated subgroups or analyses
censored for fatalities due to causes unrelated to CAA-RI (Tables S7 and S8). Neither age nor
immunosuppression significantly influenced all-cause mortality at any point in logistic
regression models controlling for both (not shown). LE was associated with lower rates of
censored mortality at 1 y (p=0.039; as reported [80]). No other baseline variables predicted

censored mortality. However, lobar ICH(s) presenting in the corresponding periods was
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associated with an increased likelihood of mortality within 6 m (total cohort: p=0.0006; treated:
p=0.0003, Table S7) and 1 y (total cohort: p=0.0005; treated: p=0.003, Table S8).

Regarding predictors of future lobar ICH(s), while immunosuppression itself tended to
influence the occurrence of ICH(s) within 1 y (occurring in 11.8% of the treated vs. 42.9% of
the untreated, p=0.067), clinical improvement (spontaneous and/or treatment-related)
significantly decreased the ICH incidence within 1 y in the total cohort (7.3% vs. 33.3%;
p=0.026), with a trend in the treated (5.3% vs. 27.3%; p=0.068). This association at 6 m was a
trend in the total cohort (5.1% vs. 21.1%; p=0.056) and in the treated (3.6% vs. 21.4%;
p=0.053).

Analysis of treatment regimens in definite cases with sufficient information (Table S9)
revealed that among patients treated exclusively by corticosteroids until evaluation, low-dose
therapy (applied in 50.0% as first therapy, defined arbitrarily as <1.5 g methylprednisolone or
dose-equivalent within the first 3 days) was non-inferior to high-dose therapy regarding clinical
improvement, 6-m or 1-y outcome, all-cause mortality, and relapse (Table S9). Future lobar
ICH occurred exclusively in the low-dose group, but the low subject numbers with follow-up
precluded statistical significance. Similarly, no significant difference was observed between
patients treated with corticosteroids only and those with a combination at first intention
regarding clinical improvement, and 6-m or 1-y outcome. All-cause mortality, future lobar
ICH, and relapse showed trends to less frequently occur in the combination group, similarly
underpowered. No baseline clinical-radiological variables were associated with different doses;
however, combination therapy was more likely to include low-dose steroids (82.4% vs. 50.0%
for combination vs. steroid-only, p=0.040) and was introduced in younger patients (63.2+1.5 y
vs. 67.8=1.1 y, p=0.020). Controlling for these variables in logistic regression models,

however, did not influence the results (not shown).

Expansion of the observations by including probable CAA-RI cases in the analysis

Previous associations between explanatory variables remained significant, such as between
SNN and LE (SNN observable in 72.5% and 49.0% of cases with and without LE, respectively,
p=0.024) and between CSF pleocytosis or CSF either alteration and headache (pleocytosis
present in 46.6% and 27.3% of those with and without headache, p=0.017; either alteration in
89.5% and 66.3%, p=0.002). Additionally, the association between CSF elevated protein level
and headache (present in 85.5% and 65.5% with and without headache, respectively, p=0.009)
as well as the association between CSF pleocytosis and LE (pleocytosis present in 40.7% and

21.7% of cases with and without LE, p=0.042) became significant.
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88.8% of the cases received immunosuppressive therapy in the probable/definite CAA-
RI cohort (214/241). Age was not a significant predictor of treatment in the expansion;
however, altered mental state was a decisive trigger for immunosuppression (p=0.010; Table
S10). Limited by the subject number, carriers of a non-4POE €3 allele were more likely to be
treated (p=0.048; Table S10), possibly reflecting a positive diagnostic/publication bias. These
findings resemble those of a recent single-centre analysis [12]. Expectedly, clinical
improvement occurred more frequently in the treated (85.4%, p=0.005, Tables S10 and S11).
Spontaneous improvement was strikingly frequent (62.5%), still with a limited subject number
though. Treatment itself, however, only tended to influence longer-term outcomes (Table 3,
Tables S10 and S12), with no significant influence on mortality (Tables S10, S13 and S14).
Keeping in mind that the add-on probable CAA-RI cases by definition lacked patients with
strictly leptomeningeal process, LE remained only a marginally significant predictor of clinical
improvement (p=0.046) and did not remain significant for other outcomes. However, CSF
pleocytosis at presentation remained a significant predictor of no clinical improvement
(p=0.004 in total, p=0.011 in the treated, Table S11) and unfavourable outcomes at 6 m
(p=0.0004 in total, p=0.001 in the treated, Table 3). Additionally, previous trends with CSF
pleocytosis became significant for unfavourable outcomes at 1 y (p=0.002 in total, p=0.006 in
the treated, Table S12) and 6-m mortality (p=0.047 in total, trend in the treated, Table S13),
still with trends but closer to significance for 1-y mortality (Table S14). The presence of either
CSF alteration showed significant associations at 6 m (p=0.034 for unfavourable outcome,
Table 3; p=0.032 for mortality, Table S13). Lobar ICH within the respective period was still
significantly associated with unfavourable outcomes at 6 m (p=0.0007 in total, p=0.0008 in the
treated, Table 3) and 1 year (p=0.006 in total, p=0.009 in the treated, Table S12), with strong
associations with 6-m (p<0.0001 in total, p<0.0001 in the treated, Table S13) and 1-y mortality
(p=0.0002 in total, p=0.0005 in the treated, Table S14). Similarly, relapse within the respective
periods was strongly associated with unfavourable outcomes at 6 m (p=0.0003 in total,
p=0.0005 in the treated, Table 3) and 1 y (p=0.0008 in total, p=0.001 in the treated, Table
S12), but not with mortality (Tables S13 and S14). Relapse among improvers to
immunosuppression occurred in 21.6% and 37.5% within 6 m and 1 y, respectively.

The expanded analysis tends to support an association between inflammation and lobar
ICH. Indeed, clinical improvement remained significantly associated with a lower probability
of future lobar ICH within 1 y in the total cohort (11.9% in improvers vs. 33.3% in non-
improvers, p=0.040). Relapse (per definition not related to ICH) within 6 m after treatment was

associated with the occurrence of lobar ICH within 6 m (in 16.7% and 1.4% of cases with and

This article is protected by copyright. All rights reserved.

95Ud2IT sUowwWo)) anneas) ajqedijdde ayy Aq pausanob aie saIlIe YO Bsh Jo sojnJ 1o} Ateiqr] auljuQ AS|IA\ UO (SUOIIPUOD
-pue-swiay/wodAspimAielqpuliuo//:sdiy) suonipuo) pue swid) ayi 995 [£202/10/€¢] uo Aseiqry aunuo Asjim ‘pabazs yo Aiisianun Ag -9veziueu/LLLL oL/1op/wod As|imAleiqijauljuo//:sdiy woiy papeojumoq ‘ef '€20Z ‘066259€L



without relapse, respectively, p=0.023), trending within 1 y (p=0.060). These observations
were limited by the low number of events during the follow-up periods.

As before, no significant differences regarding clinical improvement and 6-m or 1-y
outcomes could be observed between high- vs. low-dose corticosteroids, and between steroids
only vs. combination at first intention (Table S15). Combinations only tended to include low-
dose corticosteroids and were still introduced in younger patients (63.4£1.4 vs. 69.8£0.8 vy,
p=0.0003). Interestingly, co-localisation of CMBs with confluent WMH(s) prompted high-
dose regimens (p=0.024, Table S15); whereas asymmetric confluent WMH(s) were associated
with a lower probability of combined treatment (p=0.001, Table S15). This might be because
most probable CAA-RI cases (by definition with asymmetric confluent WMH(s)) originate
from recent publications, and only 3 received initially combined therapy, as per current
recommendations. Though still underpowered, no future lobar ICHs occurred within 6 m or 1
y in the combined therapy group vs. 10.3% (p=0.193) and 17.4% (p=0.099) in the steroid-only
group (Table S15).

DISCUSSION

We present a systematic analysis of published probable/definite CAA-RI cases
including our 7 unpublished cases. This analysis confirmed CAA-RI to be a CAA manifestation
associated with a younger age at presentation, no sex preference, and various symptomatic
constellations. Vasculitic presentation (ABRA) was more prevalent than perivascular CAA-RI.
The co-localisation of ARIA-E and ARIA-H was the sole differentiating feature in our analysis,
favouring ABRA. Current elements of probable CAA-RI criteria were observed to have modest
sensitivity to recognize definite CAA-RI, excluding several cases with isolated leptomeningeal
process. Importantly, incorporating LE and/or SNN on FLAIR to the criteria significantly
increased the sensitivity of our analyses. The predictor analysis implicated a possible positive
prognostic role of LE but mostly within the definite CAA-RI cohort, which included cases with
isolated LE. Initial CSF pleocytosis was associated with a decreased probability of clinical
improvement and longer-term positive outcomes in our analyses, whereas future lobar ICH was
associated with adverse outcomes and mortality. Though revealing a surprising frequency of
spontaneous remission, our analysis confirmed the overwhelming benefit of
immunosuppressive therapy regarding short-term improvement. The associations were less
clear for longer-term outcomes, and the superiority of high-dose corticosteroids was not

established in our analysis.
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Our study has several clinical implications. First, it highlights the potential clinical
utility of radiological and laboratory features that may be more closely related to the
pathogenesis of CAA-RI than current elements of probable CAA-RI criteria. Indeed, the
proposed pathogenesis is an anti-AP autoantibody-mediated autoimmune inflammation that
involves microglia/macrophages, CD4+ lymphocytes, and (in a proportion of cases) MNGCs,
forming vascular/perivascular infiltration of CAA-affected meningeal/cortical vessels [81].
From the diagnostic perspective, asymmetric confluent WMH is proposed to represent
vasogenic oedema developing secondary to increased vascular permeability and impaired
perivascular/intravascular drainage mechanisms [82-84]. This is thought to be a remote and
likely secondary [82] consequence of overlying cortical/meningeal vascular inflammation
without specific/diagnostic histopathological features. Likewise, though cortical/meningeal
haemorrhages might also develop secondary to vascular inflammation [67, 83], they are equally
essential features in non-inflammatory CAA. However, LE and SNN are proposed to be
attributable to increased meningovascular permeability through blood-meningeal barrier
disruption, representing focal extravasation of contrast agent [85] and proteinaceous material
[82], respectively, into the leptomeningeal/subarachnoid space. Altogether these provide local
reflections of meningovascular inflammation (Table 4).

Keeping in mind the limitations due to our study setting, we propose our extended
diagnostic criteria with LE/SNN (Table 1) as a research framework that merits prospective
clinicopathological validation. Altogether the aim is 1) to facilitate the recognition of CAA-RI
cases with isolated leptomeningeal process; ii) to emphasize the potential of LE and SNN as
supportive features in cases meeting the present criteria for CAA-RI, and iii) to suggest these
as possible surrogate markers of treatment response. Though our study setting did not provide
specificity, a prior study found excellent specificity of LE in differentiating CAA-RI from non-
inflammatory CAA at histology [48], with no data on SNN to date. Though incidental
associations of other causes of LE/SNN (e.g., carcinomatous/lymphomatous/infectious
meningitis) with an SWI picture consistent with CAA may influence specificity, CSF is likely
to show alterations in these that would be interpreted as not typical for CAA-RI. These
considerations, together with other findings of our analyses, suggest that routine CSF work-up
is not only inevitable in the differential diagnostics of CAA-RI, but may serve 1) as a low-cost
and accessible source of a direct marker of meningeal inflammation (i.e., slight lymphocytic
pleocytosis); ii) a possible surrogate marker of biological change (i.e., elevated levels of protein
in CSF [18]); and iii) a possible negative prognostic marker (i.e., pleocytosis). Although our

finding on the association between CSF pleocytosis and an unfavourable course is in agreement
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with a recent prospective study [86], it warrants further validation. The observation that 1) lobar
ICHs occurring early after the first clinical presentation might be significant determinants of
outcome; ii) their remarkable incidence during such short periods; and iii) the findings
implicating the potential role of effective immunosuppression in preventing their development
altogether highlight the relevance of ICH in CAA-RI a feature that was previously considered
to be less prominent in CAA-RI than in non-inflammatory CAA [9, 48]. From a therapeutic
perspective, the observed gradual ‘fading out’ of the efficacy of corticosteroids is reminiscent
of the findings reported by a prospective study [21]. Though a 3-5-day regimen of 0.5-1.0 g
daily methylprednisolone with tapering is widely accepted as first-line treatment (restricting
other immunosuppressants to refractory cases) [12, 87], the evidence supporting this practice
is sparse. Our observation of no significant difference in outcomes between arbitrarily defined
doses of corticosteroids, together with the notable short-term mortality (with putative
contributory roles of corticosteroids in a fragile population) urge for prospective multi-centre
trials to elaborate an optimal regimen, including early combinations with steroid-sparing
agents.

Our study has some limitations: 1) the retrospective and literature-analytic nature is
inherent to both publication and observer biases; 2) the targeted identification of published true
positive cases did not allow specificity assessment for the proposed criteria, urging for
prospective re-evaluation; 3) the varying subject numbers and the relatively low rate of
negative events/outcomes limited the applicability of multivariable analyses; and 4) the lower
subject numbers with longer follow-ups and 5) the surprisingly low proportion of reports with
precise data on dosing limited the power of the corresponding analyses. The strengths include
the unprecedented subject number, the case-wise collection, and the rigorously dichotomised
data, enabling the horizontal/vertical evaluation of several potential predictors not having been

previously addressed systematically.
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TABLE 4 Summary of hallmark radiological and histopathological features of CAA-RI

Radiological features (MRI)

Non-haemorrhagic features
Asymmetric confluent WMH
sequence/phenomenon: T2 and FLAIR hyperintensity (T1 hypointensity)
most common presentation
reaches the immediately subcortical WM
may represent vasogenic oedema (BBB disruption/impaired (peri)vascular drainage)
may be associated with mass effect
histology: rarefaction, gliosis, myelin pallor (non-diagnostic site for biopsy)

Leptomeningeal enhancement (LE)

sequence/phenomenon: Gad+ T1 (Gad+ FLAIR) hyperintensity

a.k.a. pial-arachnoid contrast enhancement

in association with asymmetric confluent WMH or isolated

may represent increased vascular permeability (BMB disruption) and congestion
prone to be associated/co-localise with SNN

prone to be associated with CSF pleocytosis

5
=

Sulcal non-nulling (SNN)

sequence/phenomenon: FLAIR hyperintensity

a.k.a. sulcal effusion, sulcal hyperintensity, or sulcal non-attenuation of CSF

in association with asymmetric confluent WMH or isolated

may represent altered CSF consistency (effusion of proteinaceous material)

prone to be associated/co-localise with LE

CAA-associated differential: cSAH (hypointense on SWI, hyperdense on CT scan)

Haemorrhagic features
Lobar ICH, lobar CMB, ¢SAH, and/or CSS
sequence: SWI (T2*, GRE)
may tend to co-localise with asymmetric confluent WMH
ICH during the course is prone to be associated with poor outcome
histology: perivascular erythrocytes, haemosiderin, siderophages, or haematoidin
(arrows point to CMBs)

Histopathological features
Transmural inflammatory infiltrates associated with CAA S ns R
a.k.a. vasculitic CAA-RI, destructive CAA-RI, or ABRA : 4 ;;5‘,‘ ’ﬁ' B
mural + perivascular infiltration of CAA-associated vessels by: o e ;;‘“f oo 'S",
lymphocytes and/or microglia/macrophages, TMNGCs ’\ 5 S i g

l‘ ~ 4 = §
Perivascular inflammatory infiltrates associated with CAA D G O F Lo
a.k.a. perivascular CAA-RI, non-vasculitic CAA-RI, or non-destructive CAA-RI o TR, i e
perivascular-only infiltration of CAA-associated vessels by: /0 f ' . ‘ =
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ABRA, amyloid beta-related angiitis; BBB, blood-brain barrier, BMB, blood-meningeal barrier; CAA, cerebral§
amyloid angiopathy; CAA-RI, CAA-related inflammation; CMB, cerebral microbleed; cSAH, convexity%
subarachnoid haemorrhage; CSF, cerebrospinal fluid; CSS, cortical superficial siderosis; CT, computed tomography; =
FLAIR, fluid-attenuated inversion recovery; Gad+, with Gadolinium; GRE, gradient-echo; ICH, intracerebralé
haemorrhage; MNGC, multinucleated giant cell; MRI, magnetic resonance imaging; SWI, susceptibility-weighted .
imaging; WM, white matter; WMH, WM hyperintensity.
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FIGURE 1 Imaging of Case 1. Minimal surrounding hypodensity on cranial computed
tomography after regression of the first right parietal ICH (arrowheads), 6 years before
presentation (A). Extensive hypodensity surrounding the site of prior ICH (hollow arrowheads)
with a right frontal and a left parietal cSAH (grey-filled arrowheads, B). Multiple CMBs and
diffuse CSS (a few examples marked with black and white hollow arrowheads respectively)
with subacute cSAHs and ICHs (examples marked with a white-filled and a grey-filled
arrowhead, respectively) on SWI (C). Asymmetric confluent WMHs reaching the immediate
subcortex in each lobe of the right hemisphere and in the left frontal and parietal-occipital areas,
consistent with probable CAA-RI (white-filled arrowheads, D). The right frontal ‘SNN” (grey-
filled arrowhead in D) is consistent with a cSAH (white-filled arrowhead in C).
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FIGURE 2 Neuropathological findings of Case 1. Prominent congophilic angiopathy (Congo
red, A) with apple-green birefringence under the polarised microscope (B). Changes consistent
with modified Vonsattel grade 4 with double-barrelling (black hollow arrowheads), wall
fragmentation (grey hollow arrowhead), perivascular erythrocytes (grey-filled arrowheads,
Haematoxylin-Eosin (HE), C), and fibrinoid necrosis (inlet of C). Prominent immunoreactivity
against APi-40 (D) and less against APi.42 (E). Microinfarct around occluded CAA vessels and
prominent capillary CAA (i.e., Type-1, a few capillaries marked with arrowheads, AP, F). The
perivascular infiltrates apparent through A-K (black-filled arrowheads) contain several T
lymphocytes (CD3, G), including cytotoxic T cells (CD8, H), and a few B cells (CD20, I).
Macrophages are abundant in the infiltrate (HE, J), frequently with APB-immunopositive
cytoplasm (arrowheads, AP, K), and in the microinfarcts (arrowheads, AP, L).
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FIGURE 3 Imaging of Case 2. Minor bioccipital periventricular lucencies (arrowheads) 7 years
before presentation (A). Increased atrophy and a moderate increase in bioccipital WMHs
(arrowheads) at first seizure (B). The dramatic expansion of the occipital-parietal WMHs with
right-sided predominance (arrowheads) 2.5 months later (C). MRI T2 demonstrates asymmetric
confluent WMHs (black hollow arrowheads) with focal cortical involvement (white hollow
arrowheads, D) and associated CMBs and CSSs (a few examples marked with white and black
hollow arrowheads, respectively) on SWI (E). A right frontal meningioma with a dural tail is
apparent (white-filled arrowheads in E).
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FIGURE 4 Neuropathological findings of Case 2. Congophilic angiopathy (Congo red, A) with
apple-green birefringence under the polarised microscope (B). Severe vasculopathy (modified
Vonsattel grade 4) with double-barrelling (black arrowheads in C), fibrinoid necrosis (white
arrowheads, Crossmon’s modified Mallory’s trichrome (CMT), C), perivascular erythrocytes
(forming a CMB) with haemosiderin (arrowheads, Haematoxylin-Eosin (HE), D) and a
spectacular perivascular haematoidin deposition with haemosiderin-laden macrophages (HE,
E). Type-1 CAA (capillaries marked with hollow arrowheads in G) and a perforating arteriole
with disproportionately thin vascular AP positivity (white-filled arrowhead in G), AB-
immunoreactive macrophages (grey-filled arrowheads in G), sparse perivascular mononuclear
infiltration (black-filled arrowheads in F, G, and H; Congo red, F; AP, G) comprising a few T
lymphocytes (CD3, H), and abundant macrophages/microglia within and around the vessel wall
(CD68, I). Perivascular and transmural granulomatous infiltration with mononuclear cells and
multinucleated giant cells (MNGCs, arrowhead, HE, J) involving an arteriole again with pale
mural AP positivity (white-filled arrowhead in K) with AB-immunoreactive macrophages
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(grey-filled arrowheads, AP, K), scattered lymphocytes (CD3, L), and abundant intramural and
perivascular microglia/macrophages (CD68, M). MNGCs often seemingly replace the complete
vessel wall (CD68, N, O) and are also apparent in CMT staining (arrowheads; Q, R). CD68
immunopositivity occasionally affects capillaries and small venules (P). Microglial
nodules/clusters in the cortex (CD68, S).
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