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ABSTRACT

The role of inflammation in cortical superficial siderosis (cSS), a marker of cerebral amyloid angiopathy (CAA) linked to high
hemorrhage risk, is unclear. We examined 15 patients with ¢SS using 3T post-contrast vessel wall MRI (VWI) and CSF analy-
sis. Although only 27% met current CA A-ri criteria, 93% showed vessel wall enhancement or sulcal hyperintensities near cSS,
frequently extending beyond. Seven patients with follow-up VWI demonstrated corticosteroid-responsive regression of inflam-
mation. CSF albumin quotients, indicating blood-brain barrier dysfunction, correlated with MRI inflammation scores. These
findings reveal subclinical meningovascular inflammation in ¢SS and support VWI for detecting a broader CA A-related inflam-

mation spectrum.

1 | Background

Sporadic cerebral amyloid angiopathy (CAA) is typically an age-
related, slowly progressive, and largely non-inflammatory small
vessel disease, characterized by the deposition of beta-amyloid
(Ap) within the walls of cortical and leptomeningeal vessels [1].
CAA is now well established as a common cause of lobar intra-
cerebral hemorrhage (ICH) and a major contributor to cognitive
impairment in older individuals. In a subset of patients, how-
ever, preexisting CAA may rarely trigger an autoinflammatory
response directed against vascular A, resulting in inflamma-
tory variants of the disease [2]. This condition, known as CAA-
related inflammation (CA A-ri) in its typical form, presents with
a distinct clinical and radiological phenotype, often marked by

acute or subacute neurological symptoms and imaging findings
that diverge from the typical profile of sporadic CAA. According
to current diagnostic criteria, a diagnosis of CAA-ri requires
progressive neurological symptoms accompanied by confluent,
often asymmetric, white matter hyperintensities extending into
the subcortical white matter on MRI [3].

However, recently the concept of CAA-ri spectrum disor-
ders was introduced to acknowledge a broader continuum of
neuroinflammatory involvement in sporadic CAA [2]. This
emerging framework suggests that neuroinflammation may
play an underrecognized role in cases of seemingly sporadic
(i.e., non-inflammatory) CA A and offers a more inclusive tool-
kit to diagnose CAA-ri spectrum disorders. The concept was
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grounded on a retrospective case series of six patients with
cortical superficial siderosis (cSS) and a clinical presentation
of prolonged, unremitting CA A-related transient focal neuro-
logical episodes (TFNESs), as well as other cases increasingly
encountered in CAA clinical practice, who do not meet the
current diagnostic criteria for the typical CAA-ri syndrome
[4, 5]. While these patients failed to fulfill established, but
arguably limited in scope, CAA-ri diagnostic criteria, they
nonetheless exhibited inflammatory features on imaging—
including sulcal, leptomeningeal, cortical vessel wall, and
parenchymal enhancement on contrast-enhanced and ves-
sel wall MRI—suggestive of underlying blood-brain barrier
(BBB) dysfunction and neuroinflammation [4].

We present a well characterized series of 15 patients with CAA-
related ¢SS, encompassing a range of CAA-related clinical
phenotypes and available cerebrospinal fluid (CSF) data who
underwent post-contrast MRI with high-resolution vessel wall
imaging (VWI). This series provides further evidence for a cSS-
linked, widespread neuroinflammatory process across diverse
clinical presentations, lending additional support and validity to
the emerging concept of CAA-ri spectrum disorders.

2 | Methods
2.1 | Patients

This retrospective, consecutive case series includes 15 patients
with CAA-related cSS and associated clinical symptoms who
underwent VWI and post-contrast MRI at the Department of
Neurology, Otto-von-Guericke University Magdeburg. Between
May 2022 and September 2025, 81 patients with probable CAA
(Boston criteria version 2.0) were identified in the Magdeburg
CAA database. Fifteen of these patients had ¢SS and received
VWI as part of their diagnostic workup and were therefore in-
cluded in the present analysis. Baseline characteristics (e.g.,
age, sex, and prevalence of lobar ICH) did not differ between
included and excluded patients (all p>0.05). The study was ap-
proved by the local ethics committee (No. 331 07/2017; adden-
dum 11/2021).

2.2 | MRI Data

Patients underwent a standardized MRI (median 5days after
clinical presentation, range: 0-8days), including T1-weighted,
T2-weighted, FLAIR, T2*weighted sequences (gradient-
recalled echo), diffusion-weighted imaging, and pre- and post-
contrast VWI (black blood imaging). High-resolution VWI was
acquired after administration of Gadovist using a transversal,
single-slab, non-selective 3D turbo spin echo sequence with gen-
eralized autocalibration partial parallel acquisition for image
acceleration and spectral attenuated inversion recovery for fat
suppression. Whole-brain coverage was achieved with a 200 mm
field of view, isotropic voxel size of 0.8 mm, repetition time of
700ms, and echo time of 23 ms. All scans were performed on
a 3-Tesla MRI system (Philips Achieva, Best, Netherlands). In
the three ICH and two acute subarachnoid hemorrhage (SAH)
cases, MRI was performed a median of 7days after admission
(range 1-8).

Two experienced senior neuroradiologists (E.K. and S.M.) in-
dependently analyzed all sequences. The Auriel criteria were
applied for the assessment of CAA-ri [3]. Vascular lesions were
classified according to the STRIVE-2 criteria [6]. The Fazekas
score was used to quantify white matter hyperintensities
(WMH) [7]. The global cortical atrophy scale to assess atrophy
[8], and the Microbleed Anatomical Rating Scale to evaluate ce-
rebral microbleeds (CMB) [9]. VWI was assessed separately for
large vessels (A1-A3, M1-M3, P1-P3, vertebral arteries, basilar
artery), medium-sized leptomeningeal vessels, and small corti-
cal vessels. The number of contrast-enhancing vessel walls was
counted. All enhancement findings were cross-checked with
pre-contrast VWI sequences to minimize artifacts. If uncer-
tainty remained regarding whether an enhancing structure was
arterial, it was not classified as vessel wall enhancement. Veins
were differentiated based on their typical anatomical trajectory,
continuity, and morphology. Sulcal hyperintensities or inflam-
matory parenchymal edema was evaluated on native FLAIR
images. Since sulcal hyperintensities may also reflect (sub)acute
convex subarachnoid hemorrhage, corresponding signal abnor-
malities were carefully checked on native T1-weighted images.

Interrater reliability was assessed for the presence of leptome-
ningeal enhancement and for the quantitative assessment of
enhancing vessels in all available scans. Agreement for binary
variables was evaluated using Cohen's x, and for quantitative
variables using the intraclass correlation coefficient (ICC, two-
way random-effects model, absolute agreement). Consensus
was reached by joint re-evaluation of the images. Agreement
for the presence of leptomeningeal enhancement was substan-
tial (Cohen's ¥=0.74). Quantitative assessments showed good
agreement for the number of leptomeningeal enhancing ves-
sels (ICC=0.70, 95% CI 0.29-0.88) and moderate agreement for
the number of cortical enhancing vessels (ICC=0.60, 95% CI
0.28-0.80).

To generate a composite score for inflammation, we propose
to sum the following results: leptomeningeal and cortical ves-
sel wall enhancement on VWI, and sulcal hyperintensities and
inflammatory parenchymal edema on native FLAIR (for each
feature: presence—1 point; no—0 points). This resulted in a
composite MRI inflammation score ranging from 0 to 4.

2.3 | Cerebrospinal Fluid

Lumbar puncture was performed as part of the diagnostic
workup. One ICH patient underwent lumbar puncture 45 days
after initial admission, and two SAH patients had lumbar
puncture 1 and 3days after initial admission. CSF samples
were centrifuged at 4°C, aliquoted, and stored at —80°C.
Biomarkers including AB,, ,, ratio, phosphorylated Tau 181
(pTau), total Tau (tTau), and neurofilament light (NfL) were
measured using automated immunoassays (LUMIPULSE
G600 II, Fujirebio). The ATN nomenclature refers to CSF
markers of amyloid pathology (A), tau phosphorylation
(T), and neurodegeneration (N). The thresholds applied in
this study (AB,,,,,<0.69, pTau>70pg/mL, tTau>404pg/
mL) follow established cut-offs for Alzheimer's disease bio-
marker classification but not diagnostic criteria for CAA
[10]. CSF and serum albumin and IgG were analyzed by rate
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nephelometry (Immage 800, Beckman Coulter). The albumin
quotient (X1073; Qalb) assessed BBB dysfunction, and the 1gG
index evaluated intrathecal IgG synthesis [11].

2.4 | Statistical Analysis

Continuous variables are presented as median (range), and cate-
gorical variables as proportions. Qalb, a CSF marker of BBB dys-
function, was correlated with the composite MRI inflammation
score using linear regression. Analyses were performed with
GraphPad Prism 10.0.3.

3 | Results

Demographic, clinical and imaging characteristics of the in-
cluded patients are summarized in Table 1. The median age
was 78years (range: 66-91years), and eight patients (53%) were
female. All patients exhibited cSS, with 73% showing a dis-
seminated pattern (>4 sulci affected) and 27% a focal pattern
(<3 sulci). Four patients met the current diagnostic criteria for
CAA-ri [3]. Of note, 14 (93%) patients fulfilled the recently sug-
gested criteria for CA A-ri spectrum disorders. Clinical presenta-
tions included (sub)acute focal neurological deficits due to ICH,
SAH, or vasogenic edema, progressive cognitive decline, TFNE,
in one patient transient visual symptoms that justified MRI, and
in one patient a focal neurological deficit without an acute lesion
(Table 1).

The majority of patients showed neuroimaging evidence of in-
flammation on VWI, including leptomeningeal vessel enhance-
ment (n =14 patients, 93%) or cortical vessel wall enhancement
(n=13 patients, 87%), while inflammatory parenchymal (va-
sogenic) edema was less frequent (n =3 patients, 20%) (Table 2).
Among those with vessel wall enhancement, sulcal hyperinten-
sities were visible on native FLAIR in all 14 patients, without
corresponding hemorrhage on T1-weighted MRI. Both vessel
wall and sulcal enhancement were pronounced in areas affected
by ¢SS, although vessel wall enhancement was also observed
distant from cSS (Figures 1 and 2). Notably, ten patients ex-
hibited diffuse vessel wall enhancement throughout the brain.
Enhancement of large-caliber arteries was seen in nine patients
(60%). Conversely, one case with disseminated cSS (case 11) did
not show an inflammatory process on VWI or native FLAIR
MRI. In all included patients, VWI MRI was performed prior to
the initiation of corticosteroid therapy.

One of three patients with acute ICH received high-dose corti-
costeroid therapy, though treatment was initiated during a sec-
ond hospitalization 45days later. All other patients were offered
corticosteroids during the index admission. Treatment regimens
consisted of 0.5 or 1g intravenous methylprednisolone per day
for 3 or 5days. Detailed treatment information for each case is
provided in Table 2. All seven patients with neuroimaging ev-
idence of inflammation on VWI, who received corticosteroid
treatment and had follow-up MRI (median follow-up 6 months,
range 2-25), demonstrated a reduction in vessel wall enhance-
ment and parenchymal edema. One patient (case 13) initially
demonstrated radiological improvement but subsequently devel-
oped recurrent clinical symptoms and renewed inflammatory

changes on VWI despite corticosteroid treatment; a second
course of corticosteroids was therefore initiated.

CSF samples were available for eleven patients, ten of whom
were obtained prior to initiation of anti-inflammatory treat-
ment. All patients were within the Alzheimer's disease contin-
uum (A+T-N— n=4, A+T-N+ n=4, A+T+N+ n=23). Elevated
total protein levels and increased Qalb values were consistent
with BBB dysfunction (Table 1). Notably, Qalb demonstrated a
positive association with the MRI-based inflammation score
(n=10, R?=0.64, p=0.006), even after exclusion of patients
meeting CAA-ri criteria (=8, R?=0.63, p=0.018).

All 15 patients were followed clinically and through repeated
neuroimaging for a median of 3.1 months (range 1-25months;
total follow-up 7.3 patient-years). One patient with an initial ICH
and vessel wall enhancement (case 2) experienced a recurrent
lobar ICH after 2months; corticosteroid therapy had not yet
been initiated at that time.

4 | Discussion

This case series provides further supports to the concept of
CAA-ri spectrum disorders [2], highlighting the presence of an
inflammatory process with associated BBB dysfunction in pa-
tients with CAA-related cSS, regardless of clinical phenotype.
Using high-resolution VWI and native FLAIR MRI, we identi-
fied vessel wall enhancement in close anatomical proximity to
¢SS in most patients, suggesting a spatial and potentially patho-
physiological link between ¢SS and underlying meningovascu-
lar inflammation. Notably, we observed substantial variability in
the extent and severity of inflammatory changes across patients,
including both those who did and did not fulfill current diagnos-
tic CAA-ri criteria. One patient with ¢SS lacked neuroimaging
evidence of inflammation entirely, underscoring the heteroge-
neity of presentations. Still, our findings provide a pragmatic
imaging-based approach to recognizing neuroinflammation in
CAA, particularly in cases with ¢SS, and lay the groundwork
for more refined pathophysiological models of CA A-ri spectrum
disorders. Ultimately, this framework may help guide the selec-
tive use of immunomodulatory therapy aimed at reducing CA A-
related vascular injury and bleeding, an unmet need in the field.

Importantly, eleven of fifteen patients in our series did not
meet the current CAA-ri diagnostic criteria, which remain
anchored solely on the presence of confluent, asymmetric
WMH on FLAIR MRI sequences [3]. Yet, ten of these eleven
cases (93%) showed clear imaging evidence of meningovas-
cular inflammation, an observation consistent with prior
findings in a cSS-TFNE case series, where five of six patients
(83%) demonstrated inflammation on VWI despite not meet-
ing formal CAA-ri criteria [4]. These findings suggest that
contrast-based VWI offers sensitivity for detecting inflam-
mation in CAA and supports the notion of their inclusion in
the recently suggested framework of CAA-ri spectrum disor-
ders [2]. The revised framework must also better reflect the
diversity of neuroinflammatory patterns across CAA presen-
tations, particularly in patients with cSS, who may harbor
clinically significant, yet under-recognized, inflammation.
In parallel, the integration of fluid biomarkers reflecting
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TABLE1 | Characteristic of patients with cortical superficial siderosis who meet vs. do not meet current criteria for CA A-related inflammation.

Not meeting clinical Meeting the clinical

All patients and imaging CAA-ri and imaging CAA-ri
n=15 criterian=11 criterian=4

Age 78 (66-91) 78 (66-91) 78 (69-88)
Female 8 (53%) 7 (64%) 1(25%)
Clinical presentation
Progressive cognitive decline 3(20%) 3(27%) 0(0%)
Lobar ICH 3 (20%) 3(27%) 0 (0%)
Focal motor deficit and SAH 2 (13%) 2 (18%) 0(0%)
TFNE 2 (13%) 1(9%) 1(25%)
Focal neurological deficit with 2 (13%) 0(0%) 2 (50%)
vasogenic edema
Transient visual symptoms 1 (7%) 0 (0%) 1(25%)
Focal neurological deficit without 1 (7%) 1(9%) 0 (0%)
acute lesion
Seizure and SAH 1(7%) 1(9%) 0(0%)
CAA markers on MRI
Disseminated cSS 11 (73%) 9 (82%) 2 (50%)
Number of lobar CMB 5(0-400) 7 (0-23) 10 (0-400)
Severe CSO PVS (>20) 15 (100%) 11 (100%) 4(100%)
Multispot WMH pattern 13 (87%) 10 (91%) 3(75%)
Other CSVD markers on MRI
WMH Fazeka scale [0-6] 5(2-6) 5(3-6) 4.5 (2-6)
Severe BG PVS (> 20) 7 (47%) 5 (45%) 2 (66%)
Presence of lacune 9 (60%) 6 (55%) 3 (75%)
Global cortical atrophy score 2 (1-3) 2(1-2) 2(1-3)
Cerebrospinal fluid n=11 n=38 n=32
A+T-N- 4(36%) 3 (38%) 1(33%)
A+T-N+ 4 (36%) 3 (38%) 1(33%)
A+T+N+ 3(27%) 2 (25%) 1(33%)

Neurofilament light [pg/mL]
Protein [g/L] 0.50 (0.37-1.31)
Albumin quotient 10.3 (5.3-14.0)

IgG-index 0.50 (0.45-0.70)

1866 (895-13,619)

1602 (895-7,919) 2968 (2017-13,619)

0.50 (0.37-1.31) 0.50 (0.49-0.52)
10.9 (8.3-13.0)

0.70 (0.50-0.70)

9.5 (5.3-14.0)
0.50 (0.45-0.60)

Note: Data are presented as median (range) or as proportions.

Abbreviations: BG, basal ganglia; CAA-ri, cerebral amyloid angiopathy related inflammation; CMB, cerebral microbleed; CSO, centrum semiovale; cSS, cortical
superficial siderosis; CSVD, cerebral small vessel disease; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; PVS, perivascular spaces; SAH,
subarachnoid hemorrhage; TFNE, transient focal neurological episodes; WMH, white matter hyperintensities.

20ne case underwent lumbar puncture and CSF analysis after anti-inflammatory treatment (protein 0.49g/L, albumin quotient 8.3, IgG-index 0.70).

meningovascular inflammation, including indicators of en-
dothelial activation, BBB dysfunction, or specific inflamma-
tory signaling pathways, could enhance diagnostic precision
and complement imaging-based assessments. Together, these
tools may help redefine the boundaries of CAA-ri spectrum
disorders, moving beyond the classical syndrome to recognize

atypical, yet treatable, presentations. From a pathophysio-
logical standpoint, ¢SS in CAA is thought to result from re-
current, self-limiting leptomeningeal hemorrhages, leading
to hemosiderin deposition along the superficial cortical lay-
ers [12]. These bleeds may result from the rupture of fragile,
amyloid-laden pial vessels. Individuals with CAA-related cSS

Annals of Clinical and Translational Neurology, 2026

1055

85U8017 SUOWIWOD BA1E81D) 8|qeot(dde ay) Aq psuIsnob ae sl VO 85N JO S9N Joj Akeiq18UIIUQ AB]1M UO (SUONIPUCO-PUE-SWISIALI0Y A8 | 1M ARe.d U Uo//Sdy) SUORIPUOD Pue SWs | 81 88S *[9202/90/0T] Lo Akeidi8uljuO A8|IM *HOPIESSNA U101 qIgsspue ] pun -SEISIBAIUN AQ STE0.'EUIR/Z00T OT/I0p/W00" A3 1M Ae1q 1 puljuo//Sdny woiy pepeoiumod ‘G ‘9202 ‘S0S682€2



23289503, 2026, 5, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/acn3.70315 by Universitats- Und Landesbibliothek Duisseldorf, Wiley Online Library on [10/06/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

\O
‘juauwdueyud N
[1BM [9SSOA ‘I M A ‘SUISBWI 90UBUO0SAI dIIQUIRUW ‘TYIA JUudwadueyua [eaduruawoida] ‘g7 ‘snouaaenul ‘Al ‘sanisudjuriadAy ‘TH ‘wread ‘3 sAep ‘p ‘uonewwejur pajeral Ayjedordue projAwe [81qaI1dd ‘LI-Y V) :SUOHRIAIQQY M
skep ¢ 103 A1 Aep/35°0 rerodurd)-ojuoiy m
suojostupaIdiAIoN ON 4 61 STy SOX [eyuoy ‘y3ry PoIRUTWIASSIP Y3y ST m
skep ¢ 10J Al Kep/3 T m
suojostupaIdiAyIoN TN [eIRTRIIg % oy ISNJJIP ‘TeIde[Ig SOX ON PajBRUTWIASSIP ‘TeIdle[Ig 1 3
g
sAep¢ 10J A1 Aep/3 T 2
suojostupaidiAyIoN ON S 9% JSTYJIP ‘[eIe[lg SOX ON [8207 391 €1 2
S}
sAep ¢ 10J A1 Aep/3 T m
suojosTupaid[AYIoIN 1d 3J9] pue ZIA [eIle[Ig L 9S JSTYJIP ‘[eIR[Ig SOA [ejorred 9301 [820J ‘1391 41 w
Sy
D1497140 14~V aY] SU1199Ud SaSD) 2
=1
=
sep ¢ 103 A1 Kep/3 1 3
JuojostupaIdAyIoN ON 0 0 ON ON ON PoIRUTWASSIP YY1y 1T
skep ¢ 103 A1 Kep/3 T rendrooo-orodurdy
suojostupaIdiAYIoN ON 0 ST ‘Texare[rg SOX ON [820F ‘130T 01
skep ¢ 10J Al Kep/3 T TeleLed-ojuoay
suojostupaidAyIoN TIN WS ‘TN 39T % 41 ‘Texare[ig SOX earred 9391 PpajRUTWIASSIP ‘TeIdle[Ig 6
ON 7d 19 pue ZIA [eIdle[Ig L €€ JSTIYJIP ‘TeIR[Ig SOX ON PaIBUTWASSIP ‘TeIe[Ig 8
sAep¢ 10J A1 Aep/3 T
suojosTupaId[AYIoIN SIN pPue ZIA [e1orelg 8 oV ISNJJIp ‘TeIdle[ig SO ON PajBRUTWASSIP ‘TeIde[Ig L
sep ¢ 103 A1 Kep/3 1 [erodwa)-ojorred
suojosTupaId[AYIN 1d 2 TIN WSy 4 v ‘Terore[ig SOX ON PolRUTWIASSIP ‘TeIdje[rg 9
ON SN STy ST o SNJIIp ‘Terae[ig SoX ON POIBUTWIASSIP ‘TeIdle[Ig S
skep ¢ 10J Al Kep/3 T
suojostupaIdAyIoN ON 6 49 ISNJJIP ‘TeIde[Ig SOX ON PojBRUTUIASSIP ‘TeIdle[Ig ¥
sAep ¢ 10J A1 Aep/3 T
JuojostupaidiAyIoN ON 9 €9 JSTYJIP ‘[eIe[lg SOX ON PalBUTWASSIP ‘TRIR[Ig €
ON CIN [eIoTelIg S 19 ISNJIIP ‘TeIdre(lg SOX ON pajeurwassIp Jysry [4
sKep ¢ 10J A1 Kep/35°0
suoostupaidAyls N SN WUSIY S ¥9 asnyyIp ‘[eIdIR[Ig Sox ON POIRUTWIASSIP ‘[BISIRIIY 1
D142J140 1)) 2y SU110aul J0uU Sasv))
uonjewrwre[yur AMA d81e] HMA HMANT HN'T dIvId BUIIPD SISOI9PIS ased
J0J JUSUIIRILY, [eo11.100 Jo sjuno) 9AIIRU UO (drudaSosea) [eIyIadns [eO1310)
Jo syjuno) IH 1eoIns [ewAyoudied
Nel
“UORWWRFUL JO SISNIRW [YN | ¢ ATAVL m




Siderosis Vessel wall Imaging

FIGURE1 | Anatomical overlap of cortical superficial siderosis and vessel wall enhancement on brain MRI. Five representative cases illustrate
the variability in the severity of vessel wall enhancement on post-contrast vessel wall imaging. Cases 1 and 2 demonstrate severe enhancement with
typical “donut-signs”, cases 6 and 9 show moderate enhancement, and case 11 shows no detectable vessel wall enhancement. Corresponding clinical
and imaging variables for each patient are demonstrated in Tables 1 and 2. Image interpretation was guided by pre-contrast sequences and anatom-
ical landmarks to avoid venous misclassification.

often show rapid disease progression and are at increased risk ~ regression of vessel wall enhancement and inflammation
for future fatal ICH [13, 14]. Preliminary evidence, including [4, 15]. Whether meningovascular inflammation contrib-
from our cohort, suggests that corticosteroid therapy induces utes to vessel wall fragility and bleeding susceptibility, and
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Case 13

T2* Native FLAIR

Native T1

FIGURE2 | Anatomical overlap of cortical superficial siderosis and sulcal hyperintensities on native FLAIR. Five representative cases illustrate

the variability in sulcal hyperintensities’ extent on native FLAIR sequences. Case 13 shows a severely affected patient meeting current clinical and

radiological CAA-ri criteria. Cases 6 and 9 display localized sulcal hyperintensities that correspond to the side of siderosis, while case 11 shows no

detectable sulcal hyperintensities. Of note, sulcal hyperintensities may also reflect (sub)acute subarachnoid hemorrhage, as in case 3, where corre-

sponding signal abnormalities are also visible on native T1-weighted sequences. Clinical and imaging variables for each case are summarized in

Tables 1 and 2.

whether anti-inflammatory strategies can modify long-term
outcomes, including survival and hemorrhage risk, warrants
further investigation.

5 | Limitations

This study is limited by its retrospective design, small sample
size, and lack of pathological confirmation of vascular inflam-
mation. These factors restrict generalizability and introduce
potential selection bias. Nonetheless, the consistency of neu-
roimaging findings and supportive CSF data offer compelling
indirect evidence for a clinically relevant meningovascular in-
flammatory process.

Time-of-flight MR angiography was not routinely acquired,
limiting systematic correlation of VWI findings with vascular

anatomy. While slow-flowing veins can appear hyperintense,
we aimed to exclude venous structures based on pre-contrast
sequences and typical morphology. Prior work in CNS vascu-
litis has shown that VWI can reliably detect inflammatory
changes and differentiate them from non-inflammatory vas-
culopathies when evaluated in conjunction with other MRI
sequences [16-18]. Nevertheless, we acknowledge that the
achievable spatial resolution increases with field strength, and
early work at 7T suggests that ultra-high-field VWI may im-
prove the assessment of small-vessel inflammatory involvement
[19]. Contrast-enhanced FLAIR sequences have also shown
utility in detecting leptomeningeal enhancement in CAA, were
associated with cSS volume and could be a practical alterna-
tive in settings with limited access to VWI protocols or lower
field-strength scanners [20-22]. However, unlike VWI, it does
not permit direct visualization of mural vessel enhancement.
Future prospective studies with larger cohorts are warranted
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to validate these observations and evaluate the effect of anti-
inflammatory treatment on clinical outcomes in patients with
CAA-related cSS.
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