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Abstract

The use of anticoagulation therapy could prove to be controversial when trying to
balance ischemic stroke and intracranial bleeding risks in patients with concurrent
cerebral amyloid angiopathy (CAA) and atrial fibrillation (AF). In fact, CAA is an
age-related cerebral vasculopathy that predisposes patients to intracerebral
hemorrhage. Nevertheless, many AF patients require oral systemic dose-adjusted
warfarin, direct oral anticoagulants (such as factor Xa inhibitors) or direct
thrombin inhibitors to control often associated with cardioembolic stroke risk. The
prevalence of both CAA and AF is expected to rise, due to the aging of the po-
pulation. This clinical dilemma is becoming increasingly common. In patients
with coexisting AF and CAA, the risks/benefits profile of anticoagulant therapy
must be assessed for each patient individually due to the lack of a clear-cut
consensus with regard to its risks in scientific literature. This review aims to
provide an overview of the management of patients with concomitant AF and
CAA and proposes the implementation of a risk-based decision-making algori-
thm.
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Core Tip: The use of anticoagulation therapy could prove to be controversial when trying to balance ischemic stroke and
intracranial bleeding risks in patients with concurrent cerebral amyloid angiopathy (CAA) and atrial fibrillation (AF). This
review aims to provide an overview of the management of patients with concomitant AF and CAA and proposes the
implementation of a risk-based decision-making algorithm.
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INTRODUCTION

In the last two decades, the management of thromboembolic risk in atrial fibrillation (AF) has dramatically improved,
with a continuous reduction of thromboembolic events. Almost all aspects of AF management are based on clear
evidence, covering treatment of underlying cardiovascular conditions, rate control or rhythm control, and anticoagu-
lation. However, some clinical settings are yet to be covered by evidence. In particular, the management of patients with
both high bleeding and stroke risks could present strong uncertainties in clinical practice. This is the case in patients with
concomitant cerebral amyloid angiopathy (CAA) and AF that pose challenges for the risk-benefit balance of anticoagu-
lation therapy. AF, not considered directly life-threatening, is associated with increased cardiovascular diseases (such as
heart failure, and pacemaker implantation), ischemic risk (such as stroke) and an overall increased risk of death. Ischemic
risk is often reduced by anticoagulants. However, patients with CAA have a high risk of intracerebral hemorrhage (ICH),
worsened by anticoagulation therapy[1-3]. This clinical dilemma is increasingly becoming a common scenario, due to the
aging of the population. CAA and AF are frequent diseases in older age groups. Both these diseases have seen massive
rises in incidence over recent years; with a prevalence of around 5% for moderate to severe CAA in cognitively normal
elderly and around 20% for AF in subjects aged > 80 years. In fact, myocardial fibrosis and atrial remodeling play an
important role as substrates for AF in the aging heart as well as CAA results from the cerebrovascular deposition of p-
amyloid protein in the aging brain. Although CAA could be undetected, based on these epidemiological data, in the
elderly population a large cohort has concurrent AF and CAA. In the absence of any specific recommendations regarding
anticoagulation management in patients with CAA and AF, all specialists should balance the risk-benefit of each patient’s
treatment on an individual basis. Many clinical guidelines recommend using validated scores for bleeding and stroke
risk. HAS-BLED (hypertension; abnormal renal/liver function; stroke; bleeding history or predisposition; labile interna-
tional normalized ratio; elderly, age > 65 years; and drugs/alcohol concomitantly) is the common score to predict the risk
of major bleeding secondary to anticoagulation, whereas the CHA2DS2-VASc score is used to assess the 1-year risk of
stroke in patients with AF and to determine whether anticoagulation therapy is indicated[4,5]. However, these current
risk scores might be of limited value for a specific subset of populations, such as patients with concurrent AF and CAA.
Better bleeding risk assessment is essential in each older subject. We believe that the increasing impact of CAA in clinical
practice and its well-known association with ICH cannot be ignored while establishing whether to start or continue
anticoagulant therapies. A search of the literature was carried out to create this review, which aims to provide a clinically
oriented update on anticoagulation management for patients with concomitant CAA and AF, focusing on the importance
of further factors involved in the risk profile. Specifically, we propose the implementation of a risk-based decision-
making algorithm in order to provide a more accurate precision-medicine approach.

CAA and intracranial hemorrhage risk

CAA is a cerebrovascular disorder characterized by the presence of amyloid B-peptide (Ap) deposits within media and
adventitia of small to medium-sized arteries in the cortex and leptomeninges[6,7]. This is a chronic degenerative process
that causes changes in blood vessels: loss of smooth muscle cells, fibrinoid necrosis and simultaneous accumulation of
AB40 species, an eosinophilic hyaline material. That deposition in blood vessel walls can lead to lobar ICH and to smaller
areas of bleeding, including cerebral microbleeds (CMBs) and cortical superficial siderosis (cSS). In addition to ICH, CAA
can also cause ischemic events such as microinfarcts. Other important clinical manifestations of CAA may include
cognitive impairments, transient neurological symptoms, and inflammatory leukoencephalopathy[1,2]. This clinical and
pathological heterogeneity could indicate related but distinct phenotypes of CAA, reflected in different clinical
syndromes[2-6]. The most common localization is the occipital cortex followed by the frontal, temporal, and parietal
cortices[8,9]. Some studies suggest that parieto-occipital regions are related to the most severe CAA[10].

Although the conclusive diagnosis of CAA requires histopathological confirmation, this disease is associated with
characteristic magnetic resonance imaging (MRI) biomarkers, including ¢SS, CMBs, centrum semiovale perivascular
spaces, and white matter hyperintensity[2-9]. At present the possible-probable diagnosis is based on a set of pathological
parameters, clinical aspects and MRI findings that are termed the Boston criteria 2.0[10,11]. This latest version of
diagnostic criteria updates the previous Boston criteria and Modified Boston Criteria (proposed in 1995 and 2010,
respectively)[11]. These new criteria take into account hemorrhagic and nonhemorrhagic imaging findings in patients
aged = 50 years with spontaneous ICH; transient focal neurological episodes; cognitive impairment or dementia without
the presence of deeper hemorrhagic or other causes of hemorrhagic lesions. Probable CAA requires the presence of at
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least two strictly lobar hemorrhagic lesions (ICH, cortical CMBs, and ¢SS or convexity subarachnoid hemorrhage), or at
least the presence of a strictly lobar hemorrhagic lesion plus one white matter features[10,11].

Given that the patients with CAA are at notably higher risk of ICH[2], improving accuracy for the diagnosis of CAA is
crucial to assess individual bleeding risk and determining the risk-benefit balance for the anticoagulation therapy[12-14].
CAA is one of the most common causes of spontaneous ICH and accounts for 15%-20% of lobar ICHs that are preferen-
tially localized in cortical and subcortical regions[2,15-18]. CAA is also an increasingly recognized cause of recurrent ICH
with an annual risk of 9%-10%[18,19]. Within 5 years after the first ICH, 25% of patients with CAA have a new episode.

Some genetic and imaging data have recently shown to be strong predictors of future ICH in patients with CAA and
they can help to better stratify the individual bleeding risk such as the presence of ¢SS, CMBs and apolipoprotein E
(ApoE) allele status[12]. cSS represents the hemosiderin deposition in the subarachnoid space that results from
extravasation of blood from leptomeningeal vessels. It has been shown to be the strongest predictor of future ICH[12-20]
and could represent an independent risk factor for the development of dementia post-ICH[12]. Another important
finding for ICH risk stratification is the number and the presence of CMBs. Recent literature has confirmed the association
between the presence and number of CMBs and increased incidence of ICH[12-21]. Genetic factors play an important role
in the pathophysiology of CAA, such as ApoE genotype; ApoE polymorphisms are associated with an increased risk of
lobar ICH[12]. In those carrying ApoE4/E4 and ApoE2/E4, it appears that the E4 allele enhances amyloid deposition in
blood vessels in a dose-dependent fashion and the E2 allele is related to the severity of vascular pathology, promoting
vessel rupture[12-22].

AF and stroke risk

AF is one of the most common sustained cardiac arrhythmias, and is associated with increased thromboembolic risk[23,
24], and, compared to sinus rhythm, it has higher mortality[24]. The rate of stroke (without anticoagulation therapy) can
amount to 20% a year, based on the patient’s comorbidities[25]. In a large observational cohort, the risk of ischemic stroke
in non-anticoagulated subjects with AF ranged from 0.2% to 14.4% yearly. The mortality rates post-stroke ranged from
15% during the first month to 50% during the following 5 years, and the recurrence rate of stroke was high over that
period[26]. Antithrombotic prophylaxis with vitamin K antagonists (VKAs) and direct-acting oral anticoagulants
(DOACs) is the cornerstone approach to controlling this ischemic risk[5], and it has demonstrated strong protection
against first-ever stroke and recurrent events[26-28]. Before the advent of DOACs, warfarin, a VKA, showed effectiveness
and safety with a reduction of overall stroke risk by 64%[29,30]. However, there are several practical limitations to using
VKAs. These include residual ischemic risk, its narrow therapeutic window, difficulties in achieving it, and monitoring
anticoagulation serum levels[26,31,32]. International guidelines have recently prioritized the use of DOACs over VKA for
the aforementioned reasons[33].

These new agents do not require frequent therapeutic monitoring due to a predictable pharmacokinetic profile, rapid
onset of action, and fewer drug and food interactions[34-35]. These novel drugs have been compared to warfarin in
randomized trials and have demonstrated equivalent or improved efficacy in reducing cardioembolic stroke risk in
patients with AF, with a lower incidence of ICH[36-39].

At present, several factors can predict stroke in AF: clinical, electrical, genetic and biological markers[4,40]. However,
in the current guidelines, the risk stratification model recommended for stroke prediction in patients with AF is the
CHA2DS2-VASc score which is based on clinical data[5]. This represents an updated score that has been validated and
suggested in the most recent guidelines. Patients with a CHA2DS2-V ASc score of > 2 have a stroke risk of around 2.5%
annually and should use DOACs or VKAs to reduce this risk. Lower scores are considered to represent a low risk of
stroke, with an event rate of around 1% annually. This tool, which helps clinicians to quickly estimate risk relying on only
a short set of clinical features (congestive heart failure; hypertension; age > 75 years; diabetes; stroke; vascular disease; age
65-74 years; and sex category), could be insufficient and inaccurate in complex patients that present with other ischemic
risk factors[41-43].

Management of ischemic and bleeding risk

The most difficult dilemmas occur when patients with AF and concomitant CAA have an indication for antithrombotic
therapy. This is because evaluating the interaction of the many factors involved may prove challenging. Unfortunately,
this scenario is becoming progressively common in clinical practice. The prevalence of CAA and AF is strongly age
related[1-3,44,45] and increasing rapidly due to improved diagnostic procedures and aging of the global population[2].
The prevalence of moderate-to-severe CAA based on pathology and imaging was around 5% in cognitively normal
elderly and up to 50% in patients with lobar ICH[1]. The prevalence of AF is around 1% for individuals younger than 60
years, around 12% for those aged 75-84 years, and up to 20% for people aged > 85 years|2,3,46,47]. The main issue is that
in some cases antithrombotic strategies could theoretically do more harm than good.

Even in subjects with low baseline ICH risk, anticoagulation therapy is significantly associated with a higher risk of
ICH and ICH-related mortality. Specifically, warfarin increases the risk of ICH by five times compared to placebo, while
DOACs showed a 2-3-fold increase in ICH risk[4,47-49]. In a recent systematic review and meta-analysis, all DOACs
showed a lower risk of ICH than VKA compared with VKAs, dabigatran reduced the risk of ICH by 60%, apixaban by
57%, edoxaban by 56% and rivaroxaban by 41%[50]. Anticoagulation-associated ICH has a worse outcome than non-OAC
ICH, with 50% mortality[47,48]. As discussed above, some providers recommend using CHA2DS2-VASC for ischemic
risk score as well as different bleeding scores to determine the risk of major bleeding events secondary to anticoagulation
[5,47,51]. The most commonly used is the HAS-BLED score. This bleeding risk score has shown to have moderate
predictive abilities and to perform better than other scores[51-53]. However, this approach may be insufficient to estimate

the risk of ICH in CAA, as some markers of ICH risk factors such as ¢SS or lobar CMBs are not systematically included
[47-54].
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Possible strategies for bleeding risk reduction: management of comorbidities and additional therapies: The correct
management of patients with concomitant AF and CAA, besides anticoagulation therapy, includes controlling
cardiovascular risk factors (hypertension and statin use) and considering alternatives to anticoagulation [i.e., left atrial
appendage closure (LAAC)].

Hypertension is a well-known risk factor for both ischemic and bleeding events and its rigorous control can reduce
rates of ICH in primary and secondary prevention[55]. It is plausible that hypertension could play an important role in
altering the forces upon the vessel wall, leading to the rupture of the vessel and changing perivascular clearance[48]. A
subanalysis of a progress trial showed a risk reduction of 77% in patients with a probable diagnosis of CAA with
intensive treatment of hypertension[56], confirming the results from other studies that show a net benefit in patients with
CAA to keep blood pressure (BP) < 120/80 mmHg[57]. A single-center observational cohort study also demonstrated an
association between BP and the risk of recurrent ICH. The association between elevated BP and ICH recurrence appeared
to become stronger with the worsening severity of hypertension[58]. Visit-to-visit BP variable parameters have been
shown to be related to the evolution of CMBs and white matter lesions, which could explain the association between high
BP and ICH risk[59]. These data strongly suggest the importance of BP control in patients with CAA[58]. Future research
could help to individualize the BP-lowering strategy in patients with CAA.

Strong scientific evidence shows the established benefits of statins on cardiac and cerebrovascular diseases, for both
primary and secondary prevention[59-63]. However, some studies have suggested a relationship between the use of
statins and an increased risk of cerebral hemorrhage. A prospective, randomized, placebo-controlled trial of stroke
prevention by aggressive reduction in cholesterol levels demonstrated a beneficial effect of statins on the risk of recurrent
stroke, along with an increase in the incidence of ICH in the statin arm compared to the placebo arm[60]. A retrospective
review in patients with spontaneous ICH demonstrated an association between statin treatment and an increased number
of microbleeds[64]. A recent analysis that used a decision analytic model calculated that statin therapy is predicted to
raise the annual probability of lobar ICH recurrence from 14% to 22%[65]. In contrast, many studies have demonstrated a
positive effect of statin therapy on ICH risk[66]. A recent nationwide observational study showed that statins were
associated with a lower risk of ICH compared with non-statin therapy[67]. Another nationwide follow-up cohort study
observed that patients with ICH after therapy with hydrophilic statins had a significantly lower risk of recurrent ICH
compared to subjects using lipophilic statins[68]. Currently, in patients with CAA and clear indication for statin therapy
according to guidelines, there is no evidence to avoid statin treatment[12].

Most of the thromboembolism in AF that causes ischemic stroke originates from the LAA[69,70]. Closure of the LAA
represents a safe and effective strategy for stroke prevention, targeting patients with high bleeding risk[12], and a few
clinical data support some devices for percutaneous LAAC. A recent observational cohort study demonstrated that, in
subjects with CAA, LAAC was a safe and valid approach to stroke prevention, even without long-term anticoagulant
therapy[71]. Nonsurgical LAA closure with a Watchman device has been shown not to be inferior to anticoagulation
therapy for ischemic stroke prevention, with an 85% reduction in hemorrhagic stroke[71]. The net benefit of this strategy
can be assessed in large prospective studies but at present there is no conclusive evidence.

Discussion and implementation of risk stratification: Aging of the global population and higher survival rates have led
to a substantial increase in the prevalence of cerebrovascular diseases associated with chronic cardiac conditions. As a
result, clinical practitioners have to deal with increasingly complex decision-making when administering therapy to
patients with both high bleeding and ischemic risks. In addition, current guidelines do not set out any clear-cut
recommendations as to how to balance the risk-benefit of antithrombotics in a specific subgroup of patients. The
suggested risk scores and decisional algorithm do not consider some neurological conditions that can increase
hemorrhagic risk. The risk of OAC-ICH in patients with CAA can be calculated based on several clinical and MRI
findings. In addition, recent evidence has demonstrated that an integrated care approach in patients with a chronic
complex conditions such as AF is associated with an overall benefit in terms of cardiovascular outcomes[72-75]. For those
reasons, the international guidelines recommend a holistic approach to managing the AF population. This includes
multidisciplinary team care, the use of technology, and comprehensive management of patients’ conditions (e.g.,
comorbidity and cardiovascular risk factors)[76,77]. This approach called the AF better care pathway, has three main
components: A covers anticoagulation therapy to avoid stroke; B means better symptom management; and C includes
optimization of cardiovascular and other comorbidity risks. The first component encompasses the optimal management
of anticoagulation which means maintaining a stable time in the therapeutic range (higher than 65%-70%) for warfarin
treatment and appropriate dosage for DOAC treatment. Symptoms management is included in the second component.
The last component covers control of cardiometabolic and lifestyle risk factors[78]. Many studies have shown that there is
a serious suboptimal prescription of DOACs, especially in elderly patients. The frequent underuse of oral anticoagulants
in this high-risk population could be due to many reasons, including worries about cerebral bleeding[79-81]. Older
patients, often affected by multiple comorbidities, could complicate the therapeutic decision-making process in
optimizing the risks and benefits of OAC[82]. Deeper knowledge about the bleeding risk of each subject can help
clinicians better assess the risk/benefit ratio for anticoagulation treatment.

The expansion of an integrated chronic care program could lead to a change in the risk/benefit balance of anticoagu-
lation therapy by encompassing a more accurate evaluation of neurological conditions that can worsen the bleeding risk.
We think that CAA may be one of the additional bleeding factors that ought to be suspected in everyday clinical
evaluation in elderly people who are candidates for anticoagulation therapy. To go further in this direction, we
emphasize the need for an integrated approach with neurological and geriatric assessment, by systematically integrating
the probable presence of CAA in elderly candidates for anticoagulation therapy. Randomized trials are urgently needed
to evaluate the exact weight of emergent ICH risk factors, implement risk scores, and identify viable ways of decreasing
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this risk. For the latter, the following ought to be assessed systematically in patients aged > 75 years (Figure 1): (1)
Baseline risk of ICH without anticoagulation; (2) additional ICH risk (by phenotype) in patients with possible/probable
CAA; (3) ischemic stroke risk without anticoagulation; (4) management of BP; and (5) evaluation of alternatives to antico-
agulation discussion with patients.

Patient > 75 yr/o with AF,
candiate to anticoagulation

Y

First level of assessment: Team approach with
neurologist/geriatrician (Any sign and/or symptoms of possible CAA?)

No Yes
Level II assessment:
Balance risk/benefit of Possible/probable CAA
anticoagulation (MRI results)

Boston criteria

A

No l Yes

Baseline ischemic risk
+
Baseline intracerebral
hemorrhage risk
(without anticoagulation)

Additional bleeding risck factors
by pneumotype of CAA

Management of risk factors
worsening bleeding risk in CAA
(e.g. night blood pressure)

l

Bleeding risk is still higher than
ischemic risk

l Yes

Alternative to anticoagulants

Figure 1 Proposed work flow to evaluate the ischemic stroke and intracranial bleeding risks in patients with concurrent cerebral amyloid
angiopathy and atrial fibrillation. CAA: Cerebral amyloid angiopathy; MRI: Magnetic resonance imaging; AF: Atrial fibrillation.

CONCLUSION

Evidence increasingly points to difficulties/limitations in stroke and bleeding risk assessments in AF and CAA. Current
guidelines and risk scores do not consider all of the factors involved. Precise identification of these risk factors and their
magnitude of risk will promote patient-tailored management for ischemic stroke prevention in the setting of AF. This
review aims to reduce the gap between guidelines and precision medicine, helping clinicians in the management of
anticoagulation solutions.
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