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Abstract

Background and aim: To investigate whether a striped occipital cortex and intragyral hemorrhage, two markers
recently detected on ultra-high-field 7-tesla-magnetic resonance imaging in hereditary cerebral amyloid angiopathy
(CAA), also occur in sporadic CAA (sCAA) or non-sCAA intracerebral hemorrhage (ICH).

Methods: We performed 7-tesla-magnetic resonance imaging in patients with probable sCAA and patients with non-
sCAA-ICH. Striped occipital cortex (linear hypointense stripes perpendicular to the cortex) and intragyral hemorrhage
(hemorrhage restricted to the juxtacortical white matter of one gyrus) were scored on T,*-weighted magnetic reson-
ance imaging. We assessed the association between the markers, other CAA-magnetic resonance imaging markers and
clinical features.

Results: We included 33 patients with sSCAA (median age 70 years) and 29 patients with non-sCAA-ICH (median age 58
years). Striped occipital cortex was detected in one (3%) patient with severe sCAA. Five intragyral hemorrhages were
found in four (12%) sCAA patients. The markers were absent in the non-sCAA-ICH group. Patients with intragyral
hemorrhages had more lobar ICHs (median count 6.5 vs. 1.0), lobar microbleeds (median count >50 vs. 15), and lower
median cognitive scores (Mini Mental State Exam: 20 vs. 28, Montreal Cognitive Assessment: 18 vs. 24) compared with
patients with sCAA without intragyral hemorrhage. In 12 (36%) patients, sSCAA diagnosis was changed to mixed-type
small vessel disease due to deep bleeds previously unobserved on lower field-magnetic resonance imaging.

Conclusion: Whereas a striped occipital cortex is rare in sCAA, 12% of patients with sCAA have intragyral hemor-
rhages. Intragyral hemorrhages seem to be related to advanced disease and their absence in patients with non-sCAA-
ICH could suggest specificity for CAA.
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elderly, characterized by the deposition of the protein
amyloid-p in the cerebrovasculature.! The Boston cri-
teria enable clinicians to diagnose possible or probable
CAA during life based on clinical symptoms and ima-
ging markers.? Since the development of the criteria,
new CAA-related magnetic resonance imaging (MRI)
markers have improved their sensitivity and specificity.?

Recently, we detected two novel MRI markers on
7-tesla (7T) MRI in patients with Hereditary Dutch-
type CAA (D-CAA), an hereditary form of CAA: a
pattern of the occipital cortex and intragyral hemor-
rhages.® A striped occipital cortex, defined as a pattern
of separate, hypointense linear stripes at T,*-weighted
MRI perpendicular to the pial surface of the cortex,
occurred in 40% of patients with symptomatic
D-CAA. Intragyral hemorrhage, defined as parenchy-
mal hemorrhage restricted to the juxtacortical white
matter of an individual gyrus, occurred in 47% of
patients with symptomatic D-CAA.*> The prevalence
of these markers in sCAA and their specificity for
CAA pathology is yet unknown.

Aims

Our aim was to investigate the prevalence and specifi-
city of the striped occipital cortex and intragyral hem-
orrhages in patients with sCAA and in patients with
non-sCAA-related ICH and to assess their association
with clinical features and CAA-related MRI markers.

Methods
Study participants

We included patients diagnosed with sCAA who parti-
cipated in our ongoing studies on sCAA disease pro-
gression: FOCAS (Follow-up in sporadic CAA Study)
and STRIP (The striped occipital cortex sign, a new
MRI marker for sCAA). We included patients with
non-sCAA-related ICH from the FETCH (Finding
the ETiology in spontaneous Cerebral Hemorrhage)
study, a collaborative study between the University
Medical Centers of Utrecht, Nijmegen and Leiden.
Details on the inclusion process of the studies can be
found in the Supplementary Methods.

For all participants data on demographics, medical
history (hypertension, diabetes mellitus, and hyperchol-
esterolemia) and clinical symptoms (symptomatic ICH
and cognition) were obtained by questionnaires. All
patients with sCAA underwent cognitive screening in
the form of a Mini Mental State Exam (MMSE) and
Montreal Cognitive Assessment (MOCA).*® The ethics
committees of the University Medical Centers of Leiden,
Utrecht and Nijmegen approved the studies. Written
informed consent was obtained from all participants.

Magnetic resonance imaging

Details on image acquisition and scan parameters can
be found in the Supplementary Methods.

Image analysis. We scored the striped occipital cortex
and intragyral hemorrhages as previously described
by our group on T,*-weighted images: the striped
occipital cortex was defined as linear hypointense
stripes perpendicular to the pial surface of the cortex,
intragyral hemorrhage was defined as an hemorrhage
restricted to the juxtacortical white matter of the brain
following the contours of the cortical gray matter
and was scored according to number and location.
The following MRI markers associated with small
vessel disease (SVD) were scored according to the
Standards for Reporting Vascular changes on neuroi-
maging (STRIVE) criteria: microbleeds, macrobleeds,
cortical superficial siderosis (cSS), white matter
hyperintensities, and enlarged perivascular spaces
(EPVS) in the centrum semiovale.® Two independent
observers (EAK and SV) scored the two novel
MRI markers. The other markers were scored by
one observer (EAK). Because the observers had to
review the MRI scans for the study they could not
be blinded for ICH location or CAA status.
However, both observers were blinded for the demo-
graphics, medical history, and clinical symptoms of the
participants. Non-concordant findings were discussed
with a third observer with >15 years of experience in
the field (MAAvVW) to obtain consensus. Definitions
of the markers can be found in the Supplementary
Methods.

Data analysis

Descriptive statistics were performed for baseline char-
acteristics. For both novel MRI markers, the interob-
server variation (kappa) and the grading of
interobserver agreement was assessed.” We calculated
the proportion of patients with sCAA (all and in
patients with sCAA patients and previous symptomatic
ICH) and patients with non-sCAA-ICH with a striped
occipital cortex and/or intragyral hemorrhages as well
as the difference between these proportions including
95% confidence intervals (95% ClIs) with continuity
correction. We calculated proportions and medians of
MRI markers and cognitive scores in patients with
SCAA and compared these in patients with sCAA
with and without intragyral hemorrhages. Because
our study was exploratory and the number of partici-
pants with the novel markers was expected to be rela-
tively low, we decided not to calculate formal p-values
but to perform only descriptive statistics for the asso-
ciation between the markers and the MRI and cognitive
outcomes.
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Results

We included 33 patients with probable sCAA and 29
patients with non-sCAA-ICH. The median age of the
33 patients with SCAA was 70 years (range 55-83), 13
(39%) were women, and 19 (58%) had a history of
symptomatic lobar ICH. The median age of the 29
patients with non-sCAA-ICH was 58 years (range 18—
84) and 7 (24%) of them were women. Of the 29 non-
SCAA-ICH participants, 23 (79%) had a deep and 6
(21%) an infratentorial ICH (Table 1).

We found a striped occipital cortex in one sCAA
patient (3%) and in none of the patients with non-
sCAA-ICH (difference in proportions 0.03, 95% CI
—0.12 to 0.18). We found five intragyral hemorrhages
in four patients with sCAA (12%) and none of the
patients with non-sCAA-ICH had intragyral hemor-
rhage (difference in proportions 0.12, 95% CI —0.05
to 0.29). If we looked at the presence of the novel mar-
kers in patients with sCAA and previous symptomatic
ICH only, we found that 1 of 19 (5%) had a striped
occipital cortex compared to none of the patients with
non-sCAA-ICH (difference in proportions 0.05, 95%
CI —0.10 to 0.28), and 4/19 (21%) of patients with
sCAA and previous symptomatic ICH had intragyral
hemorrhages compared to none of the patients with
non-sCAA-ICH (difference in proportions 0.21, 95%
CI 0.01 to 0.46). The interobserver variation (Kappa

statistic) for striped occipital cortex was perfect (1.00)
and for intragyral hemorrhage almost perfect (0.90).

We compared the patients with sSCAA and the novel
MRI markers to the patients with sSCAA without. The
participant with the striped occipital cortex was 64 years
old and had an advanced stage of sCAA; he had 8 lobar
ICH on MRI of which at least 1 had been documented
to be symptomatic, over 50 lobar Microbleeds (MB) and
focal ¢SS. Clinically, he had vascular dementia with an
MOCA score of 13/25 (MMSE score was not available
for this participant). The characteristics of the patients
with sCAA and intragyral hemorrhage and the patients
with sCAA without intragyral hemorrhage are shown in
Table 2. Two participants with intragyral hemorrhage
had EPVS visible in the same gyrus as the intragyral
hemorrhage (Figure 2).

Two of the intragyral hemorrhages were located in
the temporal lobe and three in the occipital lobe. The
participant with the striped occipital cortex had an
occipitally located intragyral hemorrhage. When exam-
ining the intragyral hemorrhages closely, we noticed
that the susceptibility artifact on T,*-weighted
MRIs—although largely confined to the juxtacortical
white matter—also showed some extension in the
overlying cortex. This cortical involvement was
always of limited size but was present in all intragyral
hemorrhages (Figure 1(b)). Three of the four patients

Table I. Clinical characteristics and presence of the novel MRI markers

sCAA (n=33) Non-sCAA-ICH (n=29)

Median age in years (range) 70 (55-83) 58 (18-84)

Symptomatic ICH (%) 19 (58) 29 (100)

Deep (%) 0 23 (79)

16 (49)°

Hypertension (%) 19 (67)

Diabetes mellitus type 2 (%) I (3)° 0

Striped occipital cortex on MRI (%) I (3) 0

Note: MRI: magnetic resonance imaging; ICH: intracerebral hemorrhage; sCAA: sporadic cerebral amyloid angiopathy.
*ICH located in the cerebellum or brainstem.
®n =32, information was not available for one CAA participant.
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Table 2. Characteristics of SCAA patients with intragyral hemorrhage compared to sCAA patients without intragyral hemorrhage.

sCAA with
intragyral

sCAA without
intragyral
hemorrhage (n=29)

hemorrhage (n=4)

Note: MRI: magnetic resonance imaging; ICH: intracerebral hemorrhage; sCAA: sporadic cerebral amyloid angiopathy; CSO-EPVS: enlarged perivas-
cular spaces in the centrum semiovale; MMSE: Mini Mental State Exam; MOCA: Montreal Cognitive Assessment; cSS: cortical superficial siderosis.

®Intragyral hemorrhage participants n =3, CAA participants without intragyral hemorrhage n =28, due to missing MRI sequences.
bIntragyral hemorrhage participants n =3, CAA participants without intragyral hemorrhage n= 12, due to missing MRI sequences.
“Intragyral hemorrhage participants n =3, CAA participants without intragyral hemorrhage n=27.
dIntragyral hemorrhage participants n =3, CAA participants without intragyral hemorrhage n = 28.

with intragyral hemorrhages also underwent 3 T-MRI
on the same day. We screened the corresponding sus-
ceptibility-weighted 3 T-MRI scans and were able to

striped occipital cortex and an intragyral hemorrhage

had a T,*-weighted 3 T-MRI of the brain six months
after the 7 T-MRI was performed. We were not able to
distinguish the characteristic features of a striped
occipital cortex at 3T, although we did see an intracor-
tical hypointense signal at the location of the striped
occipital cortex (Figure 1(d)).
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Figure I. Intragyral hemorrhage and striped occipital cortex on 7 T- and 3 T-MRI. MRl scans of a patient with sCAA showing: (a)
intragyral hemorrhage on T,*-weighted 7 T-MRI, showing cortical involvement (arrow), (b) the same intragyral hemorrhage on
susceptibility weighted (SWI) 3 T-MRI, (c) striped occipital cortex on T,*-weighted 7 T-MRI (arrow), and (d) on SWI 3 T-MRI

(arrow).

We found that in 12 (36%) of the patients with
sCAA, including two of the patients with intragyral
hemorrhages, the 7 T-MRI showed signs of hyperten-
sive SVD (Table 2 and Figure 1 of the Supplementary
Results). One of the patients with intragyral hemor-
rhages had two deep ICHs on MRI as well as several
deep MBs, the other had deep MBs, changing their
diagnosis to a mixed form of CAA and hypertension
related SVD. However, all 12 patients had more exten-
sive CAA-related SVD than hypertensive SVD: 9
(75%) had a symptomatic lobar ICH, 7 (58%) had
¢SS, and all had multiple lobar microbleeds.

Discussion

We found that two recently described new MRI mar-
kers, a striped occipital cortex and intragyral hemor-
rhage, also occur in sCAA although less frequently

than in hereditary D-CAA and only in patients with
previous symptomatic ICH. Neither marker was
observed in patients with non-sCAA-ICH.

A striped occipital cortex on 7T-MRI has been
described previously in a small histopathological study
from our group, which identified iron depositions and
calcification of the penetrating arteries of the cerebral
occipital cortex as the histopathological substrate of
the striping in one patient with sCAA and two patients
with D-CAA.® As both iron and calcium co-localize with
amyloid-f and represent an advanced stage of amyloid-f3
accumulation resulting in calcified arterioles, a possible
explanation for the presence of the stripes is that they are
amyloid-filled arterioles penetrating the occipital cortex.”
Unfortunately, the striped occipital cortex is only visible
on high-field MRI, limiting its use in clinical practice,
although some darkening of the cortex could be seen in
retrospect on 3 T-MRI (Figure 1).
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Figure 2. Example of characteristic shape of intragyral hemorrhage and extended perivascular spaces. MRl scans of a patient with

sCAA showing: (a) intragyral hemorrhage on T,*-weighted 7 T-MRI with cortical involvement (white arrow) and (b) presence of
enlarged perivascular spaces (EPVS) (white arrows) in the same gyrus as the intragyral hemorrhage on T,-weighted 3 T-MRI; note
the similar shape of the EPVS and the susceptibility artifact of the intragyral hemorrhage on T2-weighted MRI, possibly suggesting

that intragyral hemorrhage is caused by blood leakage from a cortical microbleed into an EPVS. LR: right and left.

The pathophysiology underlying intragyral hemor-
rhages is unclear. In CAA, the cortical and leptomenin-
geal arterioles are predominantly affected and not the
vessels in the white matter. Therefore, it is striking that
intragyral hemorrhages would be restricted to the juxta-
cortical white matter. However, all intragyral hemor-
rhages in this study showed cortical involvement and,
therefore, we speculate that intragyral hemorrhages may
have their origin in a cortical (micro) hemorrhage from
which blood leaks into an enlarged perivascular space in
the juxtacortical white matter, subsequently creating the
characteristic shape of an intragyral hemorrhage. By
looking in retrospect at the seven intragyral hemorrhages
originally described in patients with D-CAA, we found
that they, too, show cortical involvement.®> Two patients
with intragyral hemorrhages had EPVS in the same gyrus
as the intragyral hemorrhage, and the shapes of the
intragyral hemorrhages and EPVS seem to correspond
(Figure 2). Future prospective follow-up studies are
necessary to investigate presence of EPVS at the location
of future intragyral hemorrhages and to investigate their
prognostic meaning in CAA.

To our surprise, we found that 36% of the patients
previously diagnosed with probable CAA according to
the modified Boston criteria based on 1.5 or 3 T-MRI
had deep hemorrhages on ultra-high-field 7 T-MRI.
The explanation for this finding might be that diagnosis
of CAA had been made several months prior, based on

lower field strength MR images which have a lower
sensitivity to hemorrhagic markers compared to 77T-
MRI.'*'"" The Boston criteria have not been validated
for 7T-MRI. By using this type of high-quality MRI
scans in this study, we might have unearthed deep
bleeds which could not be seen on lower field MRI,
which might be reason to consider changing the diag-
nosis from “pure” CAA to a mixed form of CAA and
possibly hypertension related changes.'” This finding
supports recent theories state that SVD is a spectrum
with pure CAA (lobar) and non-CAA, often hyperten-
sion related (deep) cerebral disease on opposing
ends.'”> "> Many patients with sCAA will have signs
of non-CAA-related SVD or will develop these changes
over time, due to the age-related comorbidity of (hyper-
tensive) arteriopathy, which might be undetected in stu-
dies using conventional MRI techniques. The findings
in this study highlight the difficulty of diagnosing CAA
with accuracy during life and the fact that pure CAA
might be less common than previously thought. The
patients with mixed pathology in our study still had
predominantly CAA pathology. If we would exclude
these patients from our analysis, the proportion of
striped occipital cortex would increase to 1/21 (5%),
and the proportion of intragyral hemorrhages would
decrease to 2/21 (10%).

A limitation of this study is the small number of
included patients. In addition, patients with very
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severe clinical symptoms due to CAA who were not
able to undergo 7 T-MRI because of their clinical con-
dition could not be included in this study. We did not
have pathological material to confirm the diagnosis
CAA, and observers could not be blinded to the initial
diagnosis of either sCAA or non-CAA-ICH which
could have caused a bias. Furthermore, there were dif-
ferences in the 7T scan protocols for the CAA partici-
pants (FOCAS and STRIP) and the non-sCAA-ICH
participants (FETCH) although both studies used the
same type of MRI scanner. The in-plane resolution of
the FETCH T,*-weighted scans was 0.5 x 0.5mm,
versus 0.24 x 0.24 mm of the FOCAS and STRIP T,*-
weighted scans. As a striped pattern of the occipital
cortex can be very subtle, it is possible that this pattern
was missed in the non-CAA-ICH group. The patients
with non-sCAA were younger compared to the patients
with sSCAA and we did not have access to healthy, age-
matched controls. Our results suggest that the two mar-
kers could be specific for sSCAA, however, as they were
only found in patients with SCAA and previous ICH
the markers might be specific for the CAA-ICH pheno-
type. Therefore, replication of our findings is warranted
in additional (preferably larger) cohorts of CAA
patients with different phenotypes, in other amyloid
related diseases such as Alzheimer’s disease and in
age-matched healthy individuals

Diagnosing CAA during life remains difficult, espe-
cially in the early stage of the disease. Although the two
new MRI markers are only seen in advanced disease
stages, they could help diagnose CAA in cases of doubt.
Further research is necessary to investigate the prog-
nostic value of these two new MRI markers, to further
investigate the specificity of the markers for sSCAA and
to assess their underlying pathophysiology.
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