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SUMMARY

Background: Cerebral amyloid angiopathy (CAA) is a degenerative vasculopathy
that is classically associated with lobar intracerebral or sulcal hemorrhage. Its
prevalence is estimated at 30% in the seventh decade and 50% in the eighth
and ninth decades. In this review, we summarize the risks linked to CAA with
respect to the treatment and prevention of stroke.

Methods: This review is based on pertinent publications retrieved by a selective
search employing the terms “amyloid cerebral angiopathy,” “stroke,” “intra-
cerebral bleeding,” and “acute stroke therapy.”

Results: Among patients given systemic lytic treatment for stroke, those who
have microhemorrhages tend to have a higher risk of treatment-associated
brain hemorrhage. In a meta-analysis, 70% of patients who sustained a
hemorrhage after thrombolytic therapy were found to have CAA, compared to
only 22% in a control population. Patients with cerebral hemorrhages have
microhemorrhages more commonly than patients with transient ischemic
attacks (TIA) or infarcts. This was observed among persons under treatment
with vitamin K antagonists (odds ratio, 2.7) or platelet aggregation inhibitors
(odds ratio, 1.7). Moreover, the apolipoprotein E2 allele is associated with a
higher incidence of intracerebral hemorrhage (ICH) under oral anticoagulation.
Strict treatment of arterial hypertension can lower the risk of ICH in persons
with probable CAA by 77%. On the other hand, the use of statins after a lobar
ICH increases the risk for a clinically manifest recurrent hemorrhage from 14%
t0 22%.

Conclusion: In patients with CAA, arterial hypertension should be tightly
controlled. On the other hand, caution should be exercised in prescribing oral
anticoagulants or platelet aggregation inhibitors for patients with CAA, or
statins for patients who have already sustained a lobar ICH.
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c erebral amyloid angiopathy (CAA) is character-
ized histopathologically by amyloid fibrils in the
small to middle-sized blood vessels—usually the
arteries—of the brain. These amyloid fibrils trigger
degenerative changes that destroy the vascular architec-
ture, with consequences that include the formation of
microaneurysms, fibrinoid necrosis, vascular occlu-
sion, and concentric splitting of the vessel wall. The
apolipoprotein (Apo)E4 allele is a risk factor for CAA
(1). Patients who are ApoE4 heterozygotes are at higher
risk of CAA and of a more extreme form of CAA than
those without the ApoE4 allele. The probability of
CAA, and of an extreme form of it, is even higher in
ApoE4 homozygotes. There is a positive correlation
between the presence of the ApoE2 allele and the
occurrence of hemorrhage in CAA (2).

CAA generally occurs sporadically in older individ-
uals; the familial forms are very rare (3). The preva-
lence of CAA increases with age. It is low in patients
below the age of 55. Autopsy studies suggest a preva-
lence of about 30% in 60- to 69-year-olds and over 50%
in the age range from 70 to 89 years (4). Given current
demographic changes, the prevalence of CAA may be
expected to continue rising (5). Typically, CAA mani-
fests as lobar intracerebral hemorrhage. Other possible
clinical correlates are subarachnoid or intraventricular
hemorrhage. In about 10% of all cases of primary intra-
cerebral hemorrhage (ICH), CAA is regarded as a
possible cause (6). Where there is evidence of atypical,
hence usually lobar bleeding, the probability rises to
30%—70% (5).

A confirmed diagnosis of CAA can only be made on
the basis of biopsy or autopsy evidence of amyloid
deposits in the cerebral blood vessels. CAA must be in-
cluded in the differential diagnosis for older patients
with spontaneous lobar or nontraumatic sulcal
hemorrhage (Figures 1 and 2). In routine clinical prac-
tice, a “probable” CAA can be diagnosed on the basis
of clinical and imaging findings in accordance with the
modified Boston criteria (Box) (7). More recent im-
provements in magnetic resonance imaging (MRI)
technology have further improved our ability to detect
traces of bleeding (6). When lobar macro- and micro-
bleeds have been demonstrated and other causes have
been excluded, the diagnosis should be classed as
probable even in the absence of histopathological
confirmation (BoxX) (7). Microbleeds are a perivascular
accumulation of hemosiderin-laden macrophages that
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Figure 1: Cranial computed tomogram of a 69-year-old patient with
cerebral amyloid angiopathy, showing lobar hemorrhage in an atypi-
cal location

have developed as a consequence of extravasation of
erythrocytes from small blood vessels (8). On MRI the
microbleeds appear as small round foci 2 to 5 mm in di-
ameter, showing as hypointensity in the gradient echo
sequence (T2*-weighting) (8) (Figure 3).

Systematic treatment of arterial hypertension, the
most important risk factor for ICH, has led to a recent
drop in the incidence of ICH in patients under the age
of 75 (9). In contrast to this, the incidence of ICH in pa-
tients over the age of 75 years with lobar bleeds has
risen. There is much evidence to suggest that the age-
dependent incidence of CAA plays an important part in
this. The present article describes the special features of
CAA in relation to the current treatment options in the
management and secondary prevention of acute stroke.

For this purpose, a selective literature search of the
PubMed and Medline databases was carried out for
publications dated between 1990 and 2015, using the
search terms “amyloid cerebral angiopathy,” “stroke,”
“intracerebral bleeding,” and “acute stroke therapy.”

Thrombolysis

Intravenous thrombolytic therapy is regarded as an im-
portant step forward in the management of acute
ischemic stroke, and has therefore come into wide use
since its introduction in the 1990s. Intracranial bleeding
is the worst complication of thrombolytic therapy. In
2.4% to 10% of cases, symptomatic ICH occurs within
24 to 36 hours of thrombolysis and can be disabling or
even fatal, depending on its extent (10).

Figure 2: Cranial computed tomogram of a 79-year-old patient with
cerebral amyloid angiopathy, showing sulcal hemorrhage (cortical,
nontraumatic subarachnoid hemorrhage)

The main risk factors for an ICH after thrombolysis are:
® Advanced age

High blood pressure

Hyperglycemia

Higher stroke severity score

Early signs of the infarct on cranial CT

A longer interval between the onset of symptoms

and thrombolytic therapy

Extensive damage to the white matter (so-called

vascular leukoencephalopathy or leukoaraiosis)

(11).

Apart from the last, all the factors listed are
associated with an increased risk of bleeding into the
primary ischemic area. However, it is known from the
NINDS study that in 20% of patients who suffer a
thrombolysis-related ICH, the bleeding occurs outside
the region of primary ischemia (12). In addition, studies
on thrombolysis in patients with myocardial infarction
have shown that where cerebral hemorrhage occurs as a
complication, in 15% to 38% of cases multifocal bleeds
occur (13, el, e2). In addition to leukoaraiosis, cerebral
microbleeds are a plausible explanation for distant or
multilocular bleeds. In a retrospective analysis of 570
patients who received lysis therapy after suffering
ischemic stroke, the risk of symptomatic ICH was
twice as high (although still not significantly different)
in those with microbleeds on MRI (5.8%) compared to
those without microbleeds (2.7%) (14). A meta-
analysis of this and other studies confirmed this trend
(15). In addition, the meta-analysis demonstrated a
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significant relationship between increasing numbers of
microbleeds and raised risk of ICH after thrombolysis.
The association was particularly strong in patients who
showed more than ten microbleeds. In a prospective
study of over 700 patients, no significant correlation
was identified between microbleeds and the occurrence
of symptomatic ICH after thrombolysis (e3). In several
studies, multilocular bleeds or bleeds outside the
primary ischemic area were attributed to CAA (16,
e4—¢6).

No data from prospective analyses of the population
with CAA are available. Studies on the relationship
between microbleeds and ICH after thrombolysis did
not include the distribution patterns of microbleeds and
so failed to differentiate between hypertensive hemor-
rhages and those caused by CAA. A meta-analysis of
pathologic-anatomic studies of thrombolysis-related
hemorrhages demonstrated the presence of CAA in
70% of cases. This contrast with a CAA prevalence of
22% in an unselected population in the same age range
(17). In a transgenic mouse model of CAA, in compari-
son with the wild type, an increased risk of ICH after
thrombolysis was observed (18).

In case of occlusions of larger vessels, e.g., the
proximal middle cerebral artery, mechanical thrombec-
tomy in combination with systemic lysis has been
shown to be superior to lytic therapy alone. In a meta-
analysis of four positive studies of thrombectomy, the
rate of symptomatic ICH in the intervention group was
identical to that in the control group (19, 7). Although
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there is no specific analysis for the patient group with
CAA, the results suggest a high level of certainty re-
garding the risk of ICH. This means that this technique
can be used to treat large-vessel occlusions in patients
with CAA, even if only a small subset of all stroke pa-
tients (4% to 10%) are potential candidates for this
form of therapy (e8).

Taking all the studies on this topic together, the
accumulated evidence is still insufficient to justify
withholding thrombolytic therapy from a patient with
known CAA and acute ischemic stroke, so long as all
the general contraindications are observed.

Anticoagulation

Among the undesired effects of oral anticoagulation,
ICH is the most feared complication as it has the
highest associated morbidity and mortality. Since both
CAA and atrial fibrillation are age-associated diseases,
it must be assumed that these two diseases overlap. In
studies of oral anticoagulation using vitamin K
antagonists in patients with atrial fibrillation, the ICH
rates are in the range of 0.1% to 2.5% per year (20).
One hospital-based study from Cincinnati showed a
rise in anticoagulation-related hemorrhage from 5% in
1988 to 17% in 1999 (21). In the over-80 age group,
during the same time period the incidence of ICH
increased by more than 140% (21). A connection
between anticoagulation-related ICH and CAA is sug-
gested by the finding in a large autopsy study that CAA
was present in 7 out of of 11 cases where lobar bleeding
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Figure 3: Cranial
magnetic reso-
nance images
(T2*-weighted) of
two patients with
cerebral amyloid
angiopathy.

(a) Residues of
sulcal hemorrhage
(tram-track sign)
and stigmata of
older parenchymal
hemorrhage and
(b) multiple
temporo-occipitally
accentuated micro-
bleeds are seen.
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Modified Boston criteria for hemorrhage related to
cerebral amyloid angiopathy (7)

1) Definite CAA (full postmortem examination demonstrating:)
— Lobar, cortical, or corticosubcortical hemorrhage
— Severe CAA with vasculopathy
- Absence of other diagnostic lesion

2) Probable CAA with supporting pathology (clinical data and pathologic tissue
demonstrating:)
— Lobar, cortical, or corticosubcortical hemorrhage
— Some degree of CAA in specimen
— Absence of other diagnostic lesion

3) Probable CAA (clinical data and MRI or CT demonstrating:)
- Multiple hemorrhages restricted to lobar, cortical, or corticosubcortical
regions (cerebellar hemorrhage allowed) or
— Single lobar, cortical, or corticosubcortical hemorrhage and focal (< 3 sulci)
or disseminated (= 4 sulci) superficial hemosiderosis
— Age = 55 years
— Absence of other cause of hemorrhage or superficial siderosis

4) Possible CAA (clinical data and MRI or CT demonstrating:)
— Single lobar, cortical, or corticosubcortical hemorrhage or
— Focal (= 3 sulci) or disseminated (= 4 sulci) superficial hemosiderosis
— Age =55 years
- Absence of other cause of hemorrhage or superficial siderosis

CT, computed tomography; MRI, magnetic resonance imaging; CAA, cerebral amyloid angiopathy;

had occurred during treatment with vitamin K antago-
nists (22), whereas CAA was not shown in a single case
of nonlobar bleeding (22). In addition, ApoE2 allele, a
genetic risk factor for ICH in the presence of CAA, is
present significantly more often in patients who devel-
op ICH during treatment with vitamin K antagonists
than in those receiving the same treatment without ex-
periencing an ICH (22, €9). Another pathological study
also showed a correlation between the ApoE2 allele and
oral anticoagulation on the one hand and increased risk
of ICH on the other (e10). In that study, 56% of patients
with the ApoE2 allele had an ICH, versus only 20% of
those who did not have the ApoE2 allele. A meta-
analysis showed that microbleeds occur significantly
more often in patients with cerebral hemorrhage than in
patients with transient ischemic attack (TIA) or infarct
(23). This correlation was stronger in patients being
treated with vitamin K antagonists (odds ratio: 2.7)
than in those being given antiplatelet drugs (odds ratio:

1.7) (23). These observations suggest that microbleeds
increase the risk of vitamin-K-antagonist-associated
ICH.

The new oral anticoagulants (NOACs) carry a lower
risk of ICH than do vitamin K antagonists (24). A
prospective study has shown that NOACs—in contrast
to vitamin K antagonists—do not increase the number
of microbleeds (ell). To what extent NOACs bring
about lower rates of ICH in patients with CAA over the
long term remains unclear.

For patients with atrial fibrillation and in whom
long-term oral anticoagulation is contraindicated, inter-
ventional left atrial appendage closure is a possible
therapeutic option. A meta-analysis on this topic
suggests that left atrial appendage closure is at least
equivalent to oral anticoagulation with a vitamin K
antagonist in terms of reducing the incidence of stroke
(all causes) and systemic embolism (25). The incidence
of cerebral hemorrhage is significantly lower after at-
rial appendage closure. To what extent this conclusion
can be extrapolated to patients with CAA, however,
remains unclear. One consideration to be borne in mind
is that, after the intervention, patients need treatment
with a vitamin K antagonist and acetylsalicylic acid
(ASA) for 45 days, and the periprocedural risks (stroke,
hemorrhage, cardiac arrhythmias) are not negligible.

Antiplatelet drugs

For over 30 years, ASA has been successfully used as
an antiplatelet drug in the prevention of cardiovascular
disease. In addition to gastrointestinal bleeding, re-
garded as the main undesired effect of this drug, intra-
cerebral bleeding can also occur. A meta-analysis of
studies of primary prevention showed only a slightly
increased risk of ICH, with an odds ratio of 1.4 (26). In
another meta-analysis, which included studies of both
primary and secondary prevention, the odds ratio for
ICH, at 1.84, was higher, but not statistically signifi-
cantly so (el2). Bleeds during ASA treatment occur
predominantly in lobar locations (el13). Microbleeds,
too, are seen more often in patients on antiplatelet
drugs than in those not taking such drugs (27). Micro-
bleeds with a lobar distribution are more frequent
during treatment with ASA than during treatment with
other antiplatelet drugs (27). Microbleeds occurring
during antiplatelet treatment are more often associated
with ICH than with cerebral ischemia (23).

The antiplatelet drug clopidogrel has a different
mechanism of action and inhibits platelet function for
longer than does ASA. In a retrospective analysis, the
prevalences of clopidogrel-related and ASA-related
ICH respectively were shown to be comparable (28).
Data from the Rotterdam study show that clopidogrel
leads to a higher rate of microbleeds (29). Once car-
diovascular risk factors and cardiovascular medication
are taken into account, a significant association can be
shown with microbleeds in deep subcortical and
infratentorial locations, but not with those in lobar
locations. The combination of clopidogrel with ASA in-
creased the incidence of fatal bleeds compared to ASA
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monotherapy (odds ratio: 1.35) (30, el4). In a first
prospective study on the risk of hemorrhage during en-
dovascular intervention, no increase in risk of ICH was
observed in patients with microbleeds in comparison to
those without microbleeds (31). A limitation of the
study was that the patients showed a mean of 2.3 micro-
bleeds, and only four patients with more than five
microbleeds were included.

Antihypertensive drugs

Arterial hypertension is a main risk factor for both
ischemic and hemorrhagic stroke. In both primary (32)
and secondary prevention (33), rigorous treatment of
arterial hypertension has been shown to reduce rates of
ICH. Subgroup analysis in the PROGRESS study
showed that, for patients with a probable diagnosis of
CAA, active treatment in comparison to placebo
reduced the risk of further bleeds by 77% (34). A
similar result was shown by the working group of Biffi
et al. in 2015 (35), so care should also be taken to
ensure rigorous blood pressure control after ICH in
patients with CAA. Target values to be aimed at in
treating hypertension are a systolic pressure below 140
mmHg and a diastolic pressure below 90 mmHg (35).

Statins

In the field of secondary prevention, good, robust data
exist to show that statin therapy reduces the incidence
of cardiovascular events in patients with cardiovascular
risk factors (36). However, an inverse correlation
between serum cholesterol concentration and the occur-
rence of ICH has also been shown (37). The SPARCL
study, which demonstrated a positive effect of statin
treatment in patients with a history of stroke or TIA,
also showed an increased incidence of ICH in the statin
arm compared to the placebo arm of the study (38).
Post-hoc analysis confirmed that the risk of ICH was
particularly increased when the index event for enrol-
ment in the study was an ICH (39). A retrospective
study in patients with an ICH suggested that patients
being treated with statins showed more microbleeds,
particularly cortico-subcortical microbleeds (el5).
Multivariate analysis showed that both age and statin
therapy were associated with cortico-subcortical micro-
bleeds. This observation can be regarded as indicating a
possible association with CAA. Using a decision
model, it was calculated that statin therapy in patients
with lobar ICH increases the recurrence rate from 14%
to 22% (40). This calculation applied even to patients
with lobar ICH and a history of cardiovascular events.
In patients with hypertension-related ICH, only a small,
nonsignificant reduction in recurrence rate was seen
(36).

Taken together, these data suggest that statins in-
crease the risk of a recurrence after ICH. When decid-
ing whether to continue or stop statin treatment after an
ICH, therefore—in addition to distinguishing between
lobar and hypertension-related ICH—the clinician
should take into account a prehistory of myocardial or
cerebral infarction.
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® Arterial hypertension is an important risk factor for intra-
cerebral hemorrhage in patients with cerebral amyloid
angiopathy, and should therefore be rigorously treated.

® Since both antiplatelet drugs and oral anticoagulation
with vitamin K antagonists increase the risk of intracra-
nial hemorrhage many times over, a careful risk-benefit
analysis must be carried out.

@ Statin therapy also increases the hemorrhage risk in
patients with CAA. In patients with CAA who have
already experienced intracerebral hemorrhage, statins
should only be given after very careful consideration of
the therapeutic options.

@ To what extent patients with CAA and proven atrial
fibrillation may benefit from treatment with a new oral
anticoagulant (NOAC) or left atrial appendage closure is
not conclusively known at present.
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