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Abstract

Background: The modified Boston criteria (mBC) define the probability for the diagnosis of cerebral amyloid angiop-
athy (CAA). Its initial clinical presentation differs from asymptomatic cerebral microbleedings (cMBs), acute ischemic
stroke (AIS), cortical hemosiderosis (cSS), to lobar ICH (IICH).

Methods: Retrospective analyses and clinical follow-ups of individuals with at least mBC “possible” CAA from 2005 to
2018.

Results: 149 patients were classified in subgroups due to the index event: lICH (n=91), AIS (n=32),>3 cMBs only
(n=16) and ¢SS (n=10). Patients in the lICH subgroup had a significantly higher percentage of single new lICHs
compared to other groups, whereas patients in the AlS-group had a significantly higher percentage of multiple new
AlS. cMBs as index event predisposed for AlS during follow up (p <0.0016). Patients of the cMBs- or cSS-group showed
significantly more TFNEs (transient focal-neurological episodes) and lower numbers of asymptomatic patients (for epi-
lepsy and TFNEs) at the index event than patients with [ICH or AIS (p <0.0013). At long-term follow-up, the cMBs- and
cSS-group were characterized by more TFNEs and fewer asymptomatic patients.

Conclusions: A new classification system of CAA should add subgroups according to the initial clinical presentation
to the mBCs allowing individual prognosis, acute treatment and secondary prophylaxis.

Keywords: Cerebral amyloid angiopathy, Intracerebral hemorrhage, Acute ischemic stroke, Cerebral microbleedings,

Cortical superficial siderosis- long term outcome

Background

CAA is responsible for up to 20% of non-traumatic IICH
surpassed only by hypertension [1-5]. Non-specific sec-
ondary preventative measures against recurrent CAA-
related lICH include strict antihypertensive management
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and avoidance of additional cerebrovascular risk factors
[1, 4, 6-8].

Next to lICH and due to accumulation of p amyloid
in (sub)cortical and leptomeningeal arterioles, and cap-
illaries leading to fragile vessels, CAA results in other
phenotypes such as acute cortical subarachnoidal hemor-
rhages (cSAH) and ¢SS, asymptomatic cortical cerebral
cMBs and AIS and white matter lesions [1, 2, 4]. Due to
higher utilization of cerebral magnetic resonance imag-
ing (cMRI) with iron-sensitive sequences also in elderly
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patients, CAA-diagnosis becomes more frequent. How-
ever, in patients with an indication for oral anticoagula-
tion, this circumstance poses a therapeutic conflict. The
existing data on the long-term prognosis of patients
according to the number of cMBs do not differentiate
between hypertensive and CAA-related cMBs, and data
on CAA-patients with ¢SS. Thus, there is an unmet need
for a widespread tool to determine CAA prognosis.

Methods

We screened our data files between 2005 and 2018 for
patients with the diagnosis of at least possible CAA due
to the mBC [9]. The patients were grouped into four
groups according to the index event eventually leading to
the CAA diagnosis: lICH, AIS, cMBs, and cortical SAH/
¢SS (cSS-group). Classification of CAA in subtypes was
performed according to the primary manifestation of
CAA in the individual patient (=index event): patients
with a (symptomatic) IICH were grouped to the IICH
group, incidental findings on MRI consistent with CAA
during work-up for other brain diseases (number of
cMBs 2 5) were grouped to the cMB group (reasons
for cMRI: dementia in 4 patients, grand mal seizures
in 5 patients, focal epileptic seizures in 2 patients, and
TIA/TENE in 7 patients), patients with symptomatic or
asymptomatic ¢SS or cSAH after exclusion of other rea-
sons were grouped to the cSS/cSAH group and patients
who presented with an AIS detected by cMRI fulfill-
ing the diagnostic criteria for CAA were grouped to the
AIS group. According to the modified Boston criteria,
patients in the IICH-group could solely be included by
cCT findings. Patients of the other three groups were
included on basis of cMRI.

The following information was extracted from medical
records for the index event and all patient contacts with
our neurological ward between 2005 and 2018: age and
gender, further events, treatment with antiplatelet and
anticoagulation agents, TFNEs and epileptic seizures.
In March 2018, we performed long-term follow up of
all patients—either by clinical examination or by paper-
bond or telephone interview of the patients or their
relatives or primary caretakers. The simplified modified
Rankin Scale (smRS) was calculated for all patients with
sufficient available data [10, 11]. For the other patients,
we tried to at least get information whether or not the
patient is still alive. Patients with only the information
that they were alive at the last follow-up without knowl-
edge of the mRS, are represented by the “alive 0-5"
group. All available MRI data were examined for cMBs
using the MARS criteria and for ¢cSAH and ¢SS [12, 13].
¢SS was further sub-grouped in focal (less than 4 affected
sulci) and disseminated ¢SS (more than 4 affected sulci)
[14]. Additionally, we searched for recent ischemic
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lesions and white matter hyperintensities (classified using
the Fazekas score) [15, 16]. In patients with more than
one MRI, the progress/regress of the number of cMBs
and the intensity of cSS was monitored as well as the
appearance of new AIS.

The age distribution between the subgroups was ini-
tially analyzed with ANOVA and, after reaching sta-
tistical significance here (p<0.05), each subgroup was
compared to the other three subgroups using two-sided
t-tests (level of significance, adjusted to multiple testing:
p<0.0125). Additionally, the age at the index event was
analyzed depending on gender. For this, again a two-sided
t-test with a level of significance of 0.05 was applied. The
distribution of sex between the groups was evaluated by a
chi-square test on a 2 x 4 contingency table (sex vs. sub-
groups). Values of mRS in long term follow-up were com-
pared by a chi-square test on the contingency table (mRS
vs. index event). Long-term follow-up regarding TFNEs,
seizures, and asymptomatic patients was evaluated
based on binomial testing (HO being the mean in group
1, H1 being group 2>group 1 (TENE, seizures) resp.
group2 < groupl (asymptomatic). In case a patient pre-
sented both epileptic seizures as well as TENEs we chose
the seizures subgroup for statistical analysis. P-values
were considered significant if<0.008 (adjusted for mul-
tiple testing). The number of cMBs was evaluated with
ANOVA (significant p-values <0.05) and Pearson’s corre-
lation coefficients were calculated to evaluate the correla-
tion between age and number of cMBs. ¢SS in the lICH
group was compared to cSS in the other pooled groups
by a two-tailed t-test again (level of significance =0.05).
The assessment of recurrent events in long-term follow-
up was performed employing binomial testing with the
given alternative hypotheses (greater than the other three
subgroups each). Adjusted for multiple testing, p-values
smaller than 0.016 were considered significant. The num-
bers of AIS in follow-up MRI for the different subgroups
were compared using chi-square with a significance level
of 0.05 again. Additionally, the number of AIS in follow-
up MRI of the IICH-group was compared to the AIS-
group with binomial testing (significance level 0.05).

Results

Classification of the patient collective

We identified 154 patients meeting the criteria for at least
possible CAA (42 possible CAA, 112 probable CAA).
Of these, 5 patients had to be excluded due to missing
informed consent. Of the remaining 149 patients, 91
patients (61%) were patients of IICH-group, followed by
patients with an AIS (21.5%), only cMBs (10.7%) and cSS
(6.7%). The average age of the patients was 73.42 years
(range 55-98 vyears, standard deviation=8.11 years)
with significant differences between the 4 subgroups
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(ANOVA: p<0.015). Patients in the AIS-group had an
average age of 69.50 years and were significantly younger
than the rest of the collective (p<0.0018, two-tailed
t-test). 60.4% of the patients were male with no significant
differences regarding subgroups (chi-square: p > 0.74).

Women were significantly older at index event than
men (p<0.01, mean age (women)/(men)=74.23/
70.65 years, (Additional file 1; Table 1).

Long-term patient outcome

44% of patients were in our neurological ward between
their index event and follow-up in 2018. We were able
to perform any long-term follow-up in 89% of our col-
lective; in 69% we obtained detailed information. The
mean follow-up time was 6.9 years. Follow-up informa-
tion included presence of TFNEs and epileptic seizures,
recurrent events such as AIS or lICH and long-term mS
outcome.

Regarding transient events, patients of the cMBs- or the
cSS-group showed significantly more TFNEs and lower
percentages of asymptomatic patients at the index event
than patients with lIICH or AIS (p<0.0013). At long-term
follow-up, this effect was still present (p <0.0067) (Fig. 1;
Additional file 1: Appendix 2).

With regard to new structural brain damage, 48% of
patients with long-term follow-up suffered from one
recurrent IICH or AIS. The highest percentage of recur-
rent events was in the AIS- and cMBs-group (both
57.1%). Patients with AIS presented evenly with recurrent
single AIS or IICH with 14.3% (2 patients) in each group.
One patient suffered recurrent both, AIS and 1ICH.

Furthermore, patients in the IICH-group had a signifi-
cantly higher percentage of single new IICHs compared
to the other three groups, whereas patients in AIS-group
had a significantly higher percentage of multiple new
AIS (each p<0.00015). cMBs as index event predisposed
more for AIS (p<0.0016, Fig. 2).In the long-term mRS-
analysis, the most frequent mRS was 6 (death). Other
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than that, no relevant differences could be seen between
the different subgroups for mRS (p-value in chi square
test>0.84) (Fig. 3).

MRI analysis
From all patients, 79.2% obtained at least one MRI with
28.8% obtaining more than one study.

Patients of the IICH-group had a trend towards lower
probability of MRI lesions indicative of AIS in follow-
up MRI than patients of the AIS-group, but overall chi-
square testing on AIS in follow-up MRI did not reach
statistical significance (p>0.174). (Fig. 4). Acute stroke
(clinically asymptomatic) was also diagnosed in non-AIS
subgroups in the first MRI, especially in the IICH-group
with 15 out of 56 patients affected. Subgroup analysis of
the localization of the ischemic lesions in the AIS group
showed the highest percentage for subcortical ischemic
lesions (63.3%) followed by cortical ischemic lesions
(20%) and mixed cortical/subcortical lesions (16.7%).

The number of cMBs on first MRI was similar in the
four subgroups and when considering patients with
probable CAA diagnosis only (ANOVA: p-value>0.20)
(Fig. 5).

Interestingly, a trend towards fewer cMBs in IICH-
group was seen when compared to cMBs- group—even
when considering probable CAA patients only (» <0.088
in t-test). The mean number of cMBs in the IICH-group
was 10.7 with a median of 2 when considering all patients
and a mean of 13.7 with a median of 4 when consider-
ing only patients with probable CAA. In the cMBs-group
all patients had the diagnosis of a probable CAA with a
mean of 38.4 and a median of 11 microbleeds.

There was no clear correlation between the age at index
event and the number of cMBs with a trend to fewer
cMBs in patients that are older at index event (Pearson’s
r=-0.13 (IICH), —0.19 (AIS), —0.61 (cMBs) and 0.57
(SAB/cSS)).

Table 1 Basical clinical patient information for the four subgroups

ICH AlIS cMBs cSS
Number of patients 91 32 16 10
Average age 74 70 73 76
Men (%) 57.1 65.6 68.8 60.0
Single platelet aggregation (%) 264 250 311 60.0
Phenprocoumon (%) 6.6 6.3 0.0 10.0
nOAK (%) 33 0.0 6.3 0.0
Other anticoagulation/antithrombotic therapy (%) 33 6.2 0.0 0.0
Unknown anticoagulation/antithrombotic therapy (%) 44 3.1 0.0 0.0

No anticoagulation/antithrombotic therapy (%) 56.0 594 62.5 300




Wagner et al. Neurol. Res. Pract. (2021) 3:51 Page 4 of 8

Percentages of TFNEs and epileptic seizures at index event
and in long-term follow up, split by index event
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Fig. 1 TFNEs and epileptic seizures for each subgroup at index event and upon long term follow up. In all subgroups, the percentage of epileptic
seizures increased over time while the percentage of TFNEs stayed constant. (index =index event; It =longterm follow-up)
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Fig. 2 Recurrent events (on left hand side) grouped by index event (at bottom line); * = significant compared to the three other groups each
(cross-row) (numbers: percentages per subgroup, number in parentheses: absolute patient numbers)
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mRS in long-term follow-up by subgroup

0- 3.70 6.90 15.38 11.11
40
o 1- 1235 6.90 0.00 11.11 35
? ()]
3 2. 617 13.79 7.69 0.00 30 5
o B
£ 3- 1358 6.90 0.00 0.00 25 o
Q
b ()
@ 4- 247 3.45 7.69 0.00 -20 @
o =
n Q
£ 5. 1235 13.79 7.69 22.22 159
(Vp)] ()
x -10 ©
€ 6 37.04 37.93 38.46 44.44
. -5
alive 17 35 10.34 11.11
0-5 Lo
IICH AlS cMBs cSS

(81 pat.) (29 pat.) (13 pat.) (9 pat.)
subgroup depicting initial event

Fig. 3 Heatmap of the different mRS scores upon long term follow up, split by subgroups (numbers given within the map: percentages; total
number in the long-term follow-up: below the group classifications)
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Number of microbleeds in index cMRI
grouped by index event
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In patients with at least one follow-up MRI, an increase
in the number of cMBs was seen in 66.7% of the lICH-
group as compared to 90% of AIS-group. Only in the
IICH- and AIS-group also a regress of cMBs was seen in
16.7% vs. 10%.

Overall, ¢SS was seen in 30.3% of index MRIs. In detail,
it was seen in 75.0% of ¢cSS/SAH-group, 40.0% of cMBs-
group, 33.3% of AIS-group, and 19.6% of lICH-group.
Two-tailed t-testing revealed a significant difference of
¢SS in IICH when compared to the three other subgroups
(p<0.022). Half of the patients of the cSS-group (50%)
had a disseminated cSS, whereas in the AIS-group 80.0%
of patients had a focal cSS.

The highest number of residual lesions in MRI at index
event indicative of former ischemic or hemorrhagic
strokes was found in the ¢SS-group (62.5%), followed by
IICH-group (28.6%), AIS-group (26.7%) and cMBs-group
(13.3%).

Discussion
In this retrospective study, we demonstrate that the sub-
sequent clinical course of CAA is significantly influenced
by the patients’ initial clinical presentation.

cMBs as index event predisposed patients to recurrent
single AIS. In addition, patients with cMBs may develop
some type of protective mechanism shifting away essen-
tial functions from the regions prone to bleed, which may
also prevent further bleedings due to ongoing neuro-
plasticity, similar to patients with hemodynamically rel-
evant stenosis of a cerebral vessel who suffer an AIS in
the same region of the brain and are in part protected by
ongoing collateral vessel formation [17]. Former studies
already showed the lower case fatality in patients with
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cMBs which then have a IICH [18]. Thus, cMBs in CAA
may confer some sort of lICH-protection. However, our
results are contrary to a former study, which showed
cMBs in 69% of patients with spontaneous IICH and 40%
of patients with ischemic cerebrovascular disease [19].
This is most likely explained by the fact that the authors
included a mixed collective of elderly subjects with an
overlap of classical cerebral microangiopathy, cMBs, and
ischemic stroke. They showed that cerebral microan-
giopathy (lacunes, leukoaraiosis) is associated with the
highest prevalence (57%) of cMBs among patients with
ischemic stroke. CAA is a cerebral type II microangiopa-
thy with overlap with type 1 by virtue of classical cerebro-
vascular risk factors especially hypertension. Yet, in our
study all the patients in AIS subgroup fulfilled the modi-
fied Boston criteria for probable CAA. Thus, whether AIS
is due to type 1 or 2 or both microangiopathies cannot be
determined but remains an important finding stressing
the need for optimal vascular risk factor treatment, espe-
cially hypertension.

The high number of recurrent TFNEs we could show
was already described in a former study that showed
recurrent TENEs in 40% of patients with ¢SAH meet-
ing mBC for probable CAA [20]. As these events are rel-
evant for the clinical and socio-economical outcome (e.g.
by losing a driving license, workplace restrictions, etc.),
mainly rely on clinical reasoning and are less impressive
than IICH or AIS, they must not be underdiagnosed.

Former studies showed that patients who present with
cSS as the initial manifestation of CAA are at high risk for
further events in general and have a poor outcome with
a similarly high risk for future IICH and long-term mor-
tality as CAA patients after primary IICH [21]. Moreo-
ver 62% of DWI lesions in CAA-patients were related to
areas of ¢SS [22].

AIS as the primary manifestation of CAA is likely to
be underdiagnosed since DWI lesions in CAA patients
are often discussed as an epiphenomenon of CAA. Yet,
a former study revealed that 130 DWI and T2* lesions
examined histopathologically were in 100% acute micro-
infarcts [23].

CAA development and prognosis may be related to
index vasculopathy. Particularly in the AIS-group, espe-
cially for the patients with subcortical strokes, an over-
lap with other microangiopathic vessel diseases may be
discussed.

Secondary prevention in CAA patients with ischemic
events is challenging and should be based on a stringent
evaluation of all risk factors, especially for those with
atrial fibrillation or other indications for anticoagulation.
This is aggravated by the fact that almost one-fourth of
CAA-patients with IICH suffer from coincident atrial
fibrillation [24].
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A major limitation of our study is the retrospective
study design implying the risk of inclusion bias, especially
that patients in IICH-group are more likely to be detected
than patients of the other groups due to symptom sever-
ity and inclusion by ¢CT only.

Conclusions

Cerebral amyloid angiopathy is a degenerative neurovas-
cular disease with distinct phenotypes at the time of ini-
tial diagnosis. Our study, following up 149 patients over
an average of 6.9 years, shows that the initial neurological
manifestation defines the individual course of the disease,
resulting in morbidity and specific recurrence risks. Pro-
spective phenotypic CAA-registries may pave the way for
specific secondary prophylaxis and are urgently needed
to confirm our findings.
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