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Abstract Intracranial haemorrhage (ICH) is the most feared
and devastating complication of oral anticoagulation, with high
mortality and disability in survivors. Oral anticoagulant-related
ICH is increasing in incidence, most likely in part due to the
increased use of anticoagulation for atrial fibrillation in the
elderly populations with a high prevalence of bleeding-prone
cerebral small vessel diseases. Risk scores have been devel-
oped to predict bleeding, including ICH, as well as the risk of
ischaemic stroke. Recently, attention has turned to brain imag-
ing, in particular, MRI detection of potential prognostic bio-
markers, which may help better predict outcomes and individ-
ualize anticoagulant decisions. Cerebral microbleeds
(CMBs)—small, round areas of signal loss on blood-sensitive
MR sequences—have been hypothesized to be a marker for
bleeding-prone small vessel pathology, and thus, future symp-
tomatic ICH risk. In this review, we outline the prevalence and
prognostic value of CMBs in populations affected by AF for
whom anticoagulation decisions are relevant, including healthy
older individuals and survivors of ischaemic stroke or ICH.We
consider the limitations of currently available evidence, and
discuss future research directions in relation to both prognostic
markers and treatment options for atrial fibrillation.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
with a lifetime risk of 1 in 4 for those over 40 years [1]. AF is
strongly associated with increasing age, and thus, it is becom-
ing more common as life expectancy increases and popula-
tions become older [2]. AF is a strong risk factor for ischaemic
strokes, which tend to be more severe than strokes due to other
mechanisms [3]. Oral anticoagulation effectively reduces the
incidence of ischaemic stroke in patients with AF by about
two thirds [4], but carries a small risk of a devastating but
unpredictable complication: intracranial haemorrhage. The
risk of intracranial haemorrhage during oral anticoagulation
in randomized controlled trials is generally reported to be less
than 1 % [5], but these may underestimate the real-world
incidence, which is up to 2.5 % in some observational incep-
tion cohort studies [6]. Intracranial haemorrhage accounts for
the vast majority (over 90 %) of bleeding-related deaths on
warfarin [7], making it a clinical research priority.

The most common form of intracranial bleeding during
oral anticoagulation is intracerebral haemorrhage (ICH)—
bleeding into the brain parenchyma—which causes death or
disability in 76 % of patients [7, 8]. Although the incidence of
ICH has reduced in young populations (a trend generally at-
tributed to better control of hypertension), in older popula-
tions, ICH incidence is increasing [9, 10]. In one population-
based study, a fivefold increase in the incidence of ICH was
associated with a fourfold increase in oral anticoagulant use
over a similar time period [11], a link most likely due to in-
creased rates of anticoagulation-related ICH [11]. The most
plausible explanation for this trend is an interaction between
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the effect of more widespread use of oral anticoagulants and
increasingly common age-related bleeding-prone small vessel
diseases, probably including cerebral amyloid angiopathy
(CAA) [10, 12].

Risk scores to predict ischaemic stroke and bleeding risk
have been developed to help guide clinicians in deciding wheth-
er to use or avoid anticoagulation in patients with AF [13, 14],
summarised in recent consensus guidelines [15]. However, these
bleeding risk scores were not specifically developed to predict
ICH risk. A key recent development is the introduction of non-
vitamin K antagonist oral anticoagulants (NOACs), with rates of
ICH consistently around 50 % lower than for vitamin K antag-
onists [16–18]. However, this lower ICH risk may paradoxically
lead to a higher incidence of anticoagulation-related ICH, as the
use of these more convenient agents becomes more widespread
and patients previously excluded from anticoagulant therapy are
offered NOACs. Thus, improving the understanding and predic-
tion of anticoagulant-related ICH risk has become a recent re-
search focus [19]. Interest has increased in the use of brain
imaging, and the question of whether markers of small vessel
disease, particularly cerebral microbleeds (CMBs)—small,
round areas of signal loss on blood-sensitive MR sequences—
better predict ICH and ischaemic stroke risk to personalise de-
cisions on anticoagulation in AF [19–21].

This paper will focus on CMB history, pathophysiology,
prevalence and potential significance for risk prediction and
treatment in different populations likely to be considered for
oral anticoagulation (including healthy older populations, those
with ICH and ischaemic stroke). Other markers of small vessel
disease seen on MRI (including cortical superficial siderosis, a
marker of bleeding from superficial cerebral small vessels) will
also be briefly reviewed, as well as future research directions.

Search Strategies

Cerebral Microbleeds

1) BCerebral Microbleed*^ OR CMB OR Bcerebral
microh?emorr*^ OR Bbrain microbleed*^ OR BBrain
microh?emorr*^

2) BAtrial fibrillation^ OR AF
3) Anticoagul* OR BVitamin K antagonists^ OR Bnovel

adj3 anticoag*^ OR NOAC OR Bnon adj2 vitamin k^
OR Rivaroxaban OR Warfarin OR Apixaban OR
Dabigatran

4) 1 AND 2
5) 1 AND 3

Cortical Superficial Siderosis

1) BCortical adj2 siderosis^ OR Bconvexity adj2 siderosis^
OR Bconvexity adj h?emo*^ OR Bcortical adj2 h?emo*^

LAA Occlusion Device

1) BLeft atrial appendage adj2 device^ OR BLAA adj2
device^ ORWatchman

2) ICH OR Bintrac* adj2 h?emorrh*^
3) BAtrial fibrillation^ or AF
4) 1 AND 2
5) 1 AND 3
6) 2 AND 3

In addition to the above strategies, we also searched the
reference lists of the retrieved studies and review articles, as
well as manual searches of our own files.

Cerebral Microbleeds (CMBs)

In 1996, Offenbacher and colleagues hypothesised that
asymptomatic small cerebral haemorrhages seen in ICH cases
at autopsy may be visible on MRI. Using T2* gradient-
recalled echo, they found regions of ovoid-shaped signal drop-
out (caused by paramagnetic haemosiderin), which they in-
ferred corresponded to small haemorrhages, and named these
Bmicrobleeds^ [22]. A subsequent histopathological-MRI cor-
relation study confirmed that small clusters of haemosiderin-
laden macrophages were the pathological correlate of the ma-
jority of microbleeds seen on MRI [23]. Further histopatho-
logical correlation studies showed that vessels in close prox-
imity to CMBs are affected by pathological changes of cere-
bral small vessel disease [23–27]. Thus, it is inferred that most
CMBs represented direct extravasations of blood from
bleeding-prone vessels affected by small vessel diseases.
Support for the concept of microbleeding in direct response
to impaired integrity of the blood brain barrier is also provided
by recent studies of high altitude cerebral oedema, where
CMBs, especially in the corpus callosum, were consistently
observed and correlated with the clinical severity of the syn-
drome [28]. It should be noted, however, that mechanisms of
CMBs development other than direct red cell extravasation
have since been postulated, for example ischaemia-mediated
iron store released by oligodendrocytes [29] and phagocytosis
of red cell microemboli into the perivascular space (termed
angiophagy) [30]. A recent pathological analysis of the
Boldest old^ (over 85 years) found that areas of haemorrhage
(including microscopic bleeding) were frequently associated
with microinfarcts [31], suggesting a Bsecondary^mechanism,
perhaps related to haemorrhagic transformation of ischemic
infarcts. Indeed, a recent editorial suggests a possible
framework for the classification for CMBs: primary (ar-
tery/arteriole rupture or blood brain barrier dysfunction),
secondary (haemorrhagic infarction or microinfarction) and
Bpseudo^ CMBs (angiophagy and ischaemia-related iron
store release) [32].
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The anatomical location of CMBs correlates with different
risk factor profiles and microvascular pathology. Deep CMBs
(brainstem, thalamus and basal ganglia; Fig. 1a) are often
accompanied by a clinical history of hypertension and mod-
erate to severe fibrohyalinosis [23], whilst strictly lobar CMBs
(Fig. 1b) are specifically associated with pathological evi-
dence of CAA [25]. These findings, and other indirect evi-
dence from population and hospital-based imaging studies
[33, 34], suggest that there are broadly two small vessel
arteriopathies which cause CMBs: CAA (associated with
strictly lobar CMBs) and Bhypertensive arteriopathy^ (a term
often used to describe multiple pathologies affecting mainly
the deep arterial perforators including arteriolosclerosis,
lipohyalinosis and fibrinoid necrosis), associated with deep

CMBs [35]. Recent evidence from a cohort of patients with
cognitive impairment suggests that lobar CMBs are also asso-
ciated with ischemic subcortical small vessel disease markers
as well as amyloid burden [36]. Thus, a Bmixed^ pattern of
deep and lobar CMBs could represent severe hypertensive
arteriopathy or mixed CAA and hypertensive arteriopathy,
but evidence to support this hypothesis remains limited [37,
38]; confirmation will require further pathological correlation
studies.

CMBs are common in many settings including: healthy el-
derly populations [39], memory impairment or dementia co-
horts [40, 41] and stroke cohorts (both ischaemic stroke and
intracerebral haemorrhage) [42, 43], thus widening their poten-
tial clinical implications. The importance of standardized

Fig. 1 a T2* GRE showing deep
cerebral microbleeds in the right
thalamus and left basal ganglia
(lentiform nucleus);white arrows.
b T2* GRE showing cerebral
microbleeds in both frontal lobes
(white arrows). c FLAIR image
showing extensive diffuse
confluent white matter
hyperintensities of presumed
vascular origin (white arrows). d
T2* GRE showing diseminated
cortical superficial siderosis of the
right frontal and parietal sulci
(white oval)
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definitions for CMBs has been recognized [44, 45] as well as
the critical role of technical aspects of imaging acquisition:
higher field strength [46], choice of echo time [47] and
optimised T2* GRE sequences [48] all increase sensitivity to
CMBs. In addition, there is now evidence that SWI is superior
to T2*GRE in detecting microhaemorrhages in a number of
different patient cohorts, including patients with memory im-
pairment [49], dementia [50] and CAA [48].

Consensus guidelines suggest that the term CMB is used to
describe the radiological finding of small (<10 mm) ovoid or
rounded regions which appear black on T2* gradient-recalled
echo weighted or susceptibility-weighted imaging [45].
Although their radiological definition is established, given
the complexity of possible mechanisms underlying CMBs,
they may not be associated with the same risks of haemor-
rhage or ischaemia in all populations.

How Could CMBs be Associated with Bleeding Risk
During Oral Anticoagulation?

It has been observed that in many cases, CMBs are direct
extravasations of RBC through damaged vessel walls [27]. It
is postulated that these usually self-limiting and asymptomatic
leaks could evolve into a symptomatic macrohaemorrhage
when haemostasis is impaired, such as during anticoagulation
[19, 51]. For CMBs to be relevant for anticoagulation-related
ICH, theymust also be common in the populations likely to be
exposed to these agents and must dynamically accumulate
over time to allow the expansion of a new CMB into a symp-
tomatic Bmacrobleed^. There is now clear evidence that
CMBs do indeed evolve dynamically over time in various
populations including healthy community-dwelling older peo-
ple [52], patients cared for at a memory clinic [53], ischaemic
stroke patients [54, 55] (including specifically lacunar stroke)

[56], ICH [57] and hypertensive patients [58]. The annual rate
of accumulation of new CMBs per annum varies between
about 2 % for healthy population-based studies [52], to 9 %
in lacunar stroke [56] and nearly 40 % individuals with prob-
able CAA [57].

CMBs in Healthy and Non-Stroke AF Populations

Prevalence, Dynamics and Associations

CMBs are common in healthy older populations, including
those with AF but no stroke (Table 1). In four population-
based studies, the prevalence of CMBs ranged from 4.7 %
in the Framingham study [59] to 23.5 % in the Rotterdam
study [60]—the high prevalence in the latter study likely
reflecting the use of optimized imaging parameters. Studies
in AF populations without symptomatic stroke show a CMB
prevalence of 10–20 % [33, 44]. Age is consistently a strong
risk factor for CMBs: in the Rotterdam study, prevalence was
17.8 % in persons aged 60–69 years, increasing to 38.3 % in
those over 80 years. Cardiovascular risk factors, presence of
lacunar infarcts and white matter lesions were associated with
CMBs in a deep or infratentorial region, whereas APOE ε4
and diastolic blood pressure were related to CMBs in a strictly
lobar location, supporting different aetiologies of CMBs de-
pending on their distribution [33]. In a subset of the Rotterdam
study, those with baseline CMBs were more likely to develop
more CMBs (OR 5.83; 95 % CI 3.34 to 8.67), suggesting that
baseline CMBs might identify those at risk of future intrace-
rebral bleeding events. However, other predictors of new
CMBs seem to differ according to location: incident deep
CMBs are associated with cardiovascular risk factors, large
white matter lesion volume and lacunar infarcts, whilst lobar
CMBS were associated with Apo E ε4/ε4 genotype or large

Table 1 Prevalence of MRI markers of small vessel disease in different populations affected by AF

Healthy populations AF populations
(without stroke)

Ischaemic stroke
(with and without AF)

ICH (with and without AF)

CMBs 4.7–23.5 %* [59, 60] 10–20 % [33, 44] 29 % (7–32 % in AF related
ischaemic stroke) [61, 62]

47–80 % [63, 64]

Moderate–severe white matter
hyperintensities of presumed
vascular origin

0.004–33 % [65, 66]** Unknown 13–42 % [62, 67] 32 % in Lobar ICH [67]

cSS 0.7 % (all had lobar CMBs) [68] Unknown, likely very rare Unknown, likely very rare Approximately 40–60 % in CAA
related ICH

14.9 % in lobar or mixed ICH not
meeting CAA criteria

4.6 % in Deep ICH [69, 70]

*Prevalence related to imaging techniques used

** Strongly age-dependent

CMBs cerebral microbleeds, cSS cortical/convexity superficial sidersosis
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white matter lesion volumes [52]. These findings suggest that
genetic or neuroimaging biomarkers could also have potential
to predict ICH risk.

Other studies also show that CMBs are associated with
incident stroke, including ICH, in healthy populations [71].
A Japanese study of 2,102 healthy volunteers (mean age
62.1) found CMBs were associated with both subsequent
ICH (hazard ratio 50.2; 95 % CI 16.7 to 150.9) and ischaemic
stroke (hazard ratio 4.48; 95 % CI 2.20 to 12.2). All ICH
occurred in deep regions of the brain probably reflecting the
high prevalence of hypertensive arteriopathy in Japanese pop-
ulations. Another study observed that CMBs are associated
with progression of ischaemic lesions in healthy populations
[72]. Pre-existing CMBs in any location were associated with
the development of lacunar strokes (OR 4.67; 95 % CI 1.84 to
11.85) whilst incident strictly lobar CMBs were associated
with a progression of white matter disease (mean difference
in WML volume (milliliters) increase: 0.41; 95 % CI 0.21 to
0.62), providing further evidence that CMBs are not solely a
risk factor for ICH.

In the Rotterdam study, deep and infratentorial CMBs were
associated with all-cause mortality (HR 1.90; 95 % CI 1.20 to
3.00), stroke mortality (HR 5.02 95 % CI 1.33 to 18.91) and
cardiovascular mortality (HR 4.08; 95 % CI 1.78 to 9.39),
whereas strictly lobar CMBs had no association with mortal-
ity. Similarly, more than 5 CMBs was associated with all-
cause mortality (HR 2.76; 95 % CI 1.65–4.62) and stroke
mortality (HR 6.87; 95 % CI 1.62 to 29.07) [73]. The associ-
ation of deep CMBs and cardiovascular mortality likely re-
flects the risk factors Bhypertensive arteriopathy^ shares with
systemic vascular disease (e.g. hypertension). Strictly lobar
CMBs, on the other hand, are highly suggestive of CAA, a
condition confined to the brain [74], so it is perhaps not sur-
prising that they are not linked to cardiovascular mortality.
The low number of stroke-related deaths (n=11) particularly
ICH-related death (n=2) did not provide statistical power to
assess any association between strictly lobar CMBs and
stroke-related mortality in this population.

Relationship of CMBs to Anticoagulation

In a cross-sectional analysis of nearly 5,000 participants in the
Rotterdam scan study, after adjusting for confounders, previ-
ous vitamin K antagonist (VKA) use was associated with deep
or infratentorial CMBs only (OR 1.57; 95 % CI 1.10 to 2.25)
[75]. A higher maximum anticoagulation intensity (measured
by the INR) was also associated with deep or infratentorial
CMBs. There was no association with strictly lobar CMBs
and VKA use. In just over 3,000 patients who had follow-up
MRI, there was a trend toward the development of any inci-
dent CMBs in those who had VKA exposure vs. those that did
not (OR 1.67; 95%CI 0.96–2.89). Recently, in a single centre
hospital-based study of patients mainly with cognitive

complaints (but not symptomatic stroke or dementia), those
with strictly lobar CMBs without ICH had a similar high risk
of subsequent ICH to patients with index CAA-associated
ICH (5 cases vs 8.9 cases per 100 patient years, respectively);
furthermore, warfarin use and increasing age were indepen-
dent predictors of future ICH, although the number of ICH
events was very small [76••]. Although this population came
to the attention of neurologists for a variety of different rea-
sons (and cannot therefore be considered a healthy population
sample), the data may nonetheless be relevant to the use of
anticoagulants in healthy older populations or those attending
stroke or cognitive outpatient clinics.

In summary, CMBs are highly prevalent in healthy popu-
lations, and are strongly associated with age and cardiovascu-
lar risk factors. Deep CMBs appear to be more prevalent
among VKA users. Those with strictly lobar CMBs have a
high risk of subsequent ICH, which may be aggravated by
anticoagulation. However, there is currently no convincing
evidence to suggest that presence, number or location of
CMBs should influence anticoagulation decisions in this pop-
ulation. Further larger prospective studies with longer follow-
up after exposure to oral anticoagulants are required.

CMBs in Ischaemic Stroke and TIA Populations

Prevalence, Dynamics and Associations

About 1 in 5 ischaemic strokes is attributed to AF [77], mak-
ing this a common setting for anticoagulation decisions. The
prevalence of CMBs in a meta-analysis of published prospec-
tive ischaemic stroke or transient ischaemic attack (TIA) co-
horts was 29 % [78••], with individual study prevalence esti-
mates ranging from 7 to 32 % [61, 79]. Furthermore, CMB
prevalence varies according to stroke subtype: a systematic
review reported a CMBs prevalence in lacunar infarction of
53.5 % compared with 19.4 % in patients with cardioembolic
infarction, and 36 % in patients with atherothrombotic infarc-
tion [44]. The same review found CMBs were more prevalent
among recurrent strokes (44 %) than first-ever strokes (23 %)
[44]. Another study suggested that CMBs are rare in TIAs in
comparison to ischaemic stroke [80]. CMBs are associated
with increasing age, hypertension, severe white matter disease
and previous history of stroke in this population [78••]. The
presence of baseline CMBs is a consistent risk factor for the
development of further CMBs [44, 47, 75], suggesting, as in
healthy older populations, that baseline CMBs may predict
future ICH risk.

The most robust evidence to examine the risks CMBs con-
tribute to the risk of ICH and ischaemic stroke in stroke co-
horts is from prospective studies. A meta-analysis of 10 such
studies found that the risk of any subsequent stroke was 2.2
times higher for those with CMBs (OR 2.25; 95 % CI 1.70 to
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2.98). The risk was higher for ICH (OR 8.52; 95 % CI 4.23–
17.18) than for ischaemic stroke (OR 1.55; 95 % CI 1.12–
2.13) [78••]. When stratified by ethnicity, the risk of ICH
was stronger for Asian populations (OR 10.43; 95 % CI
4.59 to 23.72) and weaker for Western populations (OR
3.87; 95 % CI 0.91 to 16.40). However, the risk of ICH in
western cohorts was only based on 7 ICH events and should
be interpreted with caution. Conversely, in this meta-analysis,
the risk of ischaemic stroke became stronger in Western co-
horts (OR 2.23; 95 % CI 1.29 to 3.85) and weaker in Asian
cohorts (OR 1.30; 95 % CI 0.88 to 1.93). However, by con-
trast, two recent prospective studies from Korea both in TIA
cohorts and both with 500 patients found that CMBs were
independently associated with recurrent ischemia. One study
found that CMBs were associated with ischaemic stroke mor-
tality (risk hazard ratio, 3.66; 95 % CI 1.47–9.09) [62], whilst
the other found that CMBs were predictors of recurrent isch-
aemic stroke after adjusting for confounding factors (HR 3.66;
95%CI 1.47–9.09) [81]. There were no ICH cases in the latter
study although follow-up was only 90 days. Further prospec-
tive studies and pooled analyses are clearly required to further
clarify the rapidly developing evidence in this area.

Relationship of CMBs to Anticoagulation

Whether the above results are applicable to AF-related isch-
aemic stroke populations exposed to anticoagulants is not
clear: six of the 10 studies included in the above meta-
analysis had anticoagulation rates below 5 %; one study ex-
cluded cardioembolic strokes and 2 studies did not report on
anticoagulant use. A recent Korean study examined CMBs
and mortality in ischaemic stroke patients with AF where
98 % of their cohort received anticoagulation [62]. CMBs
were associated with increased mortality (42 % vs. 32 %,
p<0.028). Greater than or equal to 5 CMBs were associated
with all-cause mortality (HR 1.99; p=0.004) and ischaemic
stroke death (HR 3.39; p=0.007) but not ICH mortality.
Mixed CMBs were associated with all-cause mortality (HR
1.62; p=0.043) and strictly lobar CMBs with ICH mortality
(HR 5.91; p=0.008). As this study only reviewed mortality
data, those patients who suffered either ischaemic strokes or
ICH and survived were not included. A pooled analysis of
ischaemic and ICH cohorts found that CMBs were associated
with warfarin use in ICH cohorts but not in ischaemic stroke
or TIA cohorts [82]. A more recent retrospective study in
ischaemic stroke and TIA patients showed a higher prevalence
of CMBs in those with previous oral anticoagulation versus
those without (36.7 % vs. 22.8 %, p=0.03); these CMBs
tended to be lobar [83]. Other longitudinal studies in stroke
patients (predominantly ischaemic stroke) have failed to show
an association between warfarin and CMB incidence [55, 84].

A study in an ischaemic stroke cohort investigated the risk/
benefit of antithrombotic treatment in regard to CMB count

[85]. They found the risk of ICH increased as number of
CMBs increased: 0.6, 1.9, 4.6 and 7.6 % - for 0 CMBs,
1CMB, 2–4CMBs and ≥5 CMBs, respectively (p<0.001).
The authors concluded that the high risk of mortality and
ICH in those with ≥5 CMBs outweighed the modest protective
effect of antithrombotic agents. However, we cannot general-
ise this to AF populations treated with anticoagulants: this was
a single centre study from Hong Kong; 82.5 % of CMBs were
deep or mixed suggesting a high prevalence of hypertensive
arteriopathy and only 4.3 % were on a vitamin K antagonist
(92.5 % were taking a single antiplatelet agent).

In summary, in ischaemic stroke and TIA populations (to
date mainly from Asia), CMBs are associated with both future
ICH risk and ischaemic stroke risk. The balance of ICH and
ischaemic stroke may vary with ethnicity, but more data are
needed. Only very limited data are available on the effect of
anticoagulation in this population. There is a trend to suggest 5
or more CMBs maybe signify a higher risk of mortality; one
paper found this was driven by ICH whilst the other did not
[62, 85]. Strictly lobar CMBs, signifying probable CAA, are
associated with an increased risk of ICH-related mortality [62,
86]. There is currently not enough evidence to base anticoag-
ulant decisions on CMB presence, location or numbers in this
patient population. Prospective large cohort studies of ischae-
mic stroke and TIA cohorts (especially from non-Asian pop-
ulations) - and, ideally, large-scale mata-analyses - with eval-
uation of CMBs at baseline are needed to determine the value
of CMBs in ICH risk prediction [19].

CMBs in Intracerebral Haemorrhage

Prevalence, Dynamics and Associations

Studies in spontaneous ICH cases with MRI show a CMB
prevalence from 23 [22] to 90 % [87]. The pooled prevalence
from 15 such studies was 60.4 % [44]. CMBs are associated
with older age, hypertension, antithrombotic or anticoagulant
use, lacunar stroke and leukoaraiosis in this population [63,
88]. Cross-sectional studies show a significant association be-
tween CMBs and ICH [63, 89, 90]; furthermore, CMBs are
more common in those with recurrent stroke (82.5 %; 95%CI
70.6–90.2 %) than first-ever stroke (51.8 %; 95 % CI 47.3–
56 %) [44]. Two studies suggest a regional relationship be-
tween CMBs and future ICH [63, 91]—that is, ICH occurs at
site of previous CMBs - although this was not replicated in
another study [43].

A causal relationship between CMBs and ICH can only be
shown in longitudinal studies. Lobar ICH has a higher risk of
recurrent ICH than deep ICH [92–95], and lobar ICH is a risk
factor for recurrent ICH [93, 94]. Most studies regarding
CMBs and ICH have been in lobar ICH, which reveal increas-
ing ICH risk with increasing baseline CMB burden [57, 92,
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96]. One study showed a cumulative graded effect; 1, 2, 3 to 5,
or ≥6 baseline CMBs corresponding to a 3-year cumulative
risk of symptomatic ICH of 14, 17, 38, and 51%, respectively
(p=0.003) [57]. The risk of symptomatic ICH was greater if
new CMBs were found during follow-up. The association
between CMBs and future ICH risk after deep ICH is less
clear; one study of 80 deep ICH survivors was not able to
draw any meaningful conclusions in respect of CMBs due to
a low recurrence rate of ICH [92], while another study of ICH
survivors (97 % attributed to hypertension) found that the
number of baseline CMBs was significantly associated with
recurrent ICH (p<0.0001) [97]. This last study defined recur-
rent ICH as Ba newly appearing dark signal with a diameter
>5 mm with or without corresponding symptoms on GRE^;
thus, some of the Brecurrent ICH^ may not have been clini-
cally significant and merely recurrent CMBs.

Relationship of CMBs to Anticoagulation

There are few data on the interaction between anticoagulation
and CMBs in ICH cohorts. Most available evidence is from
cross sectional studies, which can only show association (with
inevitable measured and unmeasured confounding factors)
and not its causal direction. Nevertheless, in a cross-
sectional study of warfarin users, CMBs were more prevalent
in those with ICH versus those without (79 % vs. 22 %;
p<0.001) [90] One further cross-sectional study of warfarin-
associated ICH versus those on warfarin without ICH found
after controlling for other variables associated with ICH, car-
riers of the ε2 allele had an OR of 3.8 (95 %CI 1.0 to 14.6) for
lobar ICH [98]. Whilst this study did not specifically look at
CMBs, the APOE ε2 allele is strongly associated with CAA,
for which lobar CMBs are a specific marker. A pooled analysis
of ICH cohorts also found an excess of CMBs in warfarin users
versus non-users with ICH (OR 2.7; 95 % CI 1.6–4.4;
p<0.001) [82]. A longitudinal study showed that in patients
with ≥3 deep CMBs, warfarin use was associated with an
increased incidence of deep ICH (14 % vs. 4 %; p=0.047)
[99]; however, this was in amixture of both ICH and ischaemic
stroke patients in which ICH only made up 23 % of the cohort.

A decision analysis (based on best estimates rather than
true prospective data and model validation) suggested that in
lobar ICH a Bdo not anticoagulate^ strategy leads to more
favourable quality adjusted life years than an Banticoagulate^
strategy (5.4 vs. 3.5); furthermore, available data suggests that
whilst anticoagulation would prevent roughly 31 cardioem-
bolic strokes per 1,000 lobar ICH patients in this setting, it
is at the cost of 150 additional ICHs during the first year of
treatment [95]. Since CMBs burden at baseline shows a grad-
ed relationship to the risk of recurrent ICH in patients with
lobar ICH, the presence of CMBs may further tip the balance
of net benefit away from anticoagulation [57]. The evidence
for deep ICH is less clear, perhaps reflecting the lower

recurrence of ICH in this group. The same decision analysis
used above, based on an overall estimated recurrent ICH rate
of 2.1 % per patient year for deep ICH concluded
anticoagulation may benefit those with deep ICH if they car-
ried a high risk of cardioembolism (>6.5 % per year;
CHA(2)DS(2)VASC ≥5), or a low risk of recurrent ICH
(<1.4 % per year) [95]. Nevertheless, the risk of recurrent
ICH after deep ICH may exceed 1.4 % (2.3 % per year in
one study) [93], especially in the presence of multiple CMBs
[99] and has up to 73 % mortality [93].

Recent Breal world^ data somewhat contradicts the above
decision analysis; a large German registry of 566 patients with
AF and ICH [100••] found that patients resumed on anticoag-
ulants had significantly reduced ischaemic events (5.5 % vs.
14.9 % p=0.08) and reduced mortality (HR 0.26; 95 % CI
0.13 to 0.53) with no significant effect on ICH recurrence
(7.3 % vs. 5.7 %, p=0.53). A Danish registry study [100••]
of over 1,000 patients with ICH and AF also noted that those
with OAC resumption had reduced ischaemic complications
(adjusted HR 0.52, 95 % CI 0.25–1.08), mortality (adjusted
HR 0.49, 95 % CI 0.33–0.74) with no increase in Bmajor
bleeding^. Neither study presented outcomes stratified by
baseline ICH location (lobar or non-lobar) or diagnosis of
likely underlying arteriopathy using MRI; further studies are
required to investigate how baseline ICH characteristics and
etiology might influence the future balance of ICH and isch-
aemic events or mortality.

Lobar ICH has a higher risk of ICH recurrence than deep
ICH [92–94, 101]. In particular, in those with lobar ICH and
strictly lobar CMBs (and a high probability of CAA), the risk
of oral anticoagulation may outweigh the benefit on ischaemic
stroke reduction. However, there are currently no randomised
trials to support this, and such trials are likely to be challeng-
ing. In non-CAA related ICH, including deep ICH, the risks of
future ICH and ischaemic strokemay bemore finely balanced.
If starting or restarting anticoagulation is necessary after ICH
the optimal timing is unknown. In one study of 177 survivors
of warfarin-ICH, 59 patients resumed warfarin after a median
of 5.6 weeks (IQR 2.6–17). The hazard ratio for recurrent ICH
with resumption of warfarin was 5.6 (95 % CI 1.8–17.2), and
for ischemic stroke, it was 0.11 (95 % CI 0.014–0.89). The
combined risk of recurrent intracranial haemorrhage or ische-
mic stroke was lowest if warfarin was resumed after approx-
imately 10 to 30 weeks [102]. In some situations,
anticoagulation may be needed more urgently (e.g. pulmonary
embolism), and in this situation, it is reasonable to consider
starting treatment once acute bleeding is likely to have
stopped (e.g. after a few days). Alternatives to vitamin K an-
tagonists should be considered such as NOACs, which have a
∼50 % lower risk of ICH in AF cohorts [103••]. A small
observational cohort study suggested that left atrial appendage
occlusion devices are safe after ICH, and this may also be a
reasonable option in those judged to be at high risk of ICH
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[104]. A randomized controlled trial of NOACs versus stan-
dard care (antiplatelets or no treatment) in ICH survivors with
an indication for oral anticoagulation is currently underway
(APACHE-AF) and in cases of clinical equipoise enrolment
into this or similar studies should be considered.

Other Markers of SVD and Risk of ICH

Other non-CMBmarkers of small vessel disease seen onMRI
may also be associated with increased ICH risk with implica-
tions for anticoagulation use. White matter hyperintensities
(WMH) of presumed vascular origin (Fig. 1c) are associated
with an increased risk of ICH in both ischaemic stroke [67,
105] and ICH cohorts [106]. The relationship between CMBs,
WMHs and recurrent stroke was evaluated in two studies
[107, 108], which showed CMBs without advanced WMHs
are associated with increased risk of ICH whilst CMBs with
advanced WMHs are not. Interestingly, in those with ad-
vanced WMHs without CMBs, there were no ICH events
[107]. By contrast, a recent Korean TIA registry study sug-
gested that CMBs are a stronger predictor for future ischaemic
stroke risk than areWMH [81]. There is currently no evidence
to suggest anticoagulant decisions should be based on WMH
even in the context of CMBs.

Cortical superficial siderosis (cSS) describes linear residues
of blood in the superficial layers of the cerebral cortex seen on
blood-sensitive MRI techniques [109] (Fig. 1d). cSS is com-
mon in CAA related ICH (40–47%) but rarer in other forms of
ICH (4.6–15 %) [69, 110]; it is rare (<1 % prevalence) in the
general population [68]. cSS has recently been validated as a
diagnostic marker of CAA [69]. Two studies have shown that
cSS (in the context of CAA) is a significant independent risk
factor for intraparenchymal ICH and intracranial haemorrhage
[110, 111]. The most recent study revealed ICH rate at 4 years
was 25% (95%CI 7.6–28.3%) for patients without siderosis,
28.9 % (95 % CI 7.7–76.7 %) for patients with focal siderosis
and 74 % (95 % CI 44.1–95.7) for patients with disseminated
cSS (defined as siderosis inmore than 3 sulci). Themajority of
patients (88 %) with CAA in this trial initially presented with
ICH; thus, the risk of subsequent ICH in CAA patients with-
out ICH is less clear. cSS in the context of CAA may, thus, be
a powerful imaging marker of future ICH risk. In patients with
ICH, anticoagulation should probably be avoided in the pres-
ence of disseminated cSS attributed to CAA.

Current Scoring Systems for Ischaemic Stroke
and Bleeding Risk in Atrial Fibrillation: Could
Cerebral Microbleeds Improve Risk Prediction?

The commonly used scoring systems to aid anticoagulation
decisions in AF are CHADS2, CHA(2)DS(2)VASC, HAS-

BLED, ATRIA and HEMORR(2)HAGES. None were pri-
marily designed to predict ICH, and many of the component
variables (heart failure, diabetes, renal failure, liver disease,
anaemia or platelet/coagulation defect, alcohol abuse and ma-
lignancy) are not consistent significant predictors of ICH
[112]. Of the commonly used bleeding risk scores, only
HASBLED has demonstrated a significant predictive perfor-
mance for ICH [113]. Furthermore, both the bleeding risk
scores (e.g. HASBLED) and the ischaemic stroke risk scores
(e.g. CHA(2)DS(2)VASC) share similar predictor variables
(e.g. hypertension, age, previous stroke) and are correlated.

A retrospective Korean study in 550 ischaemic stroke pa-
t ien ts wi th AF found that h igher CHADS2 and
CHA(2)DS(2)VASC scores were associated with the presence
and number of CMBs. This trend was true for both lobar and
deep CMBs. However, recurrent ICH was only associated
with CMBs (HR 3.79; 95 % CI 1.09 to 13.15) and not
CHADS2 or CHA(2)DS(2)VASC scores, suggesting that neu-
roimaging of CMBs might have better predictive value for
ICH than the existing clinical scores. Further large prospective
studies are needed to investigate how adding neuroimaging or
other biomarker data might improve the accuracy of both
bleeding and ischaemia prediction models.

A patient-specific scoring model for AF has suggested in a
patient without prior stroke, anticoagulation was preferred if
there was a moderate risk (4.5 %/year) of thromboembolism,
regardless of the presence of CMBs [114]. This was based on
the assumption that CMBs conferred a twofold risk for ICH
and did not consider number or location of CMBs. However,
if CMBs were found to confer a 3.2-fold risk of ICH, MRI
screening for CMBs would be beneficial in patients at lower
risk for thromboembolism (e.g. 1.5 %/year) [114]. Recent
pooled estimates in ischaemic stroke and TIA cohorts suggest
that CMBs may confer a higher hazard than estimated in this
paper (n=3,067; overall odds ratio for ICH 8.52; 95 % CI
4.23–17.18, p=0.007) [78••]

Future Directions

Ongoing Observational Studies of CMBs
and Anticoagulation

Further longitudinal studies are required before MR brain im-
aging can be used to guide anticoagulation decisions. To our
knowledge, there are four such prospective cohort studies un-
derway, two in Europe, both recruiting over 1,000 patients
with ischaemic stroke or TIA: The Clinical Relevance of
Microbleeds in Stroke (CROMIS-2) [19] and Intracerebral
Haemorrhage Due to Oral Anticoagulants: Prediction of the
Risk by Magnetic Resonance (HERO) (https://clinicaltrials.
gov/ct2/show/NCT02238470); and two in Asia: Intracerebral
Haemorrhage in Patients Taking Oral Anticoagulant for Atrial
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Fibrillation with Cerebral Microbleeds (IPAAC-warfarin) and
its counterpart using NOACs (IPAAC-NOAC) [115]. The ma-
jor challenge with these studies is that the outcome of interest
(ICH) is rare, requiring large numbers of patients followed up
for a long period of time to provide enough statistical power.
Nevertheless, pooling data from these large cohort studies
should provide strong data on the additional predictive value
provided by including neuroimaging data in risk scores.

Minimizing the Risk of ICH Using Non-VKATreatments

Both NOACs and left atrial appendage (LAA) occlusion de-
vices have been shown to be as efficacious as warfarin in
preventing cardio embolic stroke in AF [103••, 116, 117]. A
recent meta-analysis of phase 3 randomised control trials
shows NOACs to have a reduced risk of stroke and systemic
embolism compared with warfarin (RR 0.81, 95 % CI 0.73–
0.91; p<0.0001) and significantly reduced all-cause mortality
(RR 0.90, 95 % CI 0.85–0.95; p=0.0003) and intracranial
haemorrhage (RR 0.48, 0.39 to 0.59; p<0.0001) [103••].

However, trial patients may be younger, healthier and more
compliant with medications; thus, we may to be able to gen-
eralise to patients with CMBs who are often older and suffer
from hypertension. There have been concerns that in the ab-
sence of any specific antidote, NOAC-related ICH may be
larger and have poorer outcome than VKA-ICH. Few data
are available, but a small study from Japan comparing
rivaroxaban-related ICH to warfarin-related ICH found
rivaroxaban had smaller haemorrhages compared with warfa-
rin (median, 4 mL versus 11 mL; p=0.03) despite the
rivaroxaban subgroup having more CMBs [118]. These find-
ings need to be replicated in larger cohorts.

Left atrial occlusion devices have similar efficacy to war-
farin in preventing cardioembolic stroke, at least over follow-
up for up to several years [117]. LAA devices, as the name
suggests, occlude the left atrial appendage, which echocardi-
ography studies suggest may account for 90 % of emboli in
AF-related stroke [119]. As these devices only require a short
period of anticoagulation or antiplatelet therapy, the risk of
subsequent ICH is lower than a long-term oral anticoagulation

Fig. 2 Flow chart showing authors’ recommendations on
anticoagulation decisions in different AF populations based on evidence
available with different imagingmarkers. ICH intracerebral haemorrhage,

LAA left atrial appendage, CMBs cerebral microbleed. For supporting
evidence, see Table 2
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with warfarin (RR 0.15; 95 % CI 0.03–0.49) [117]. This ap-
proach seems attractive for patients at high risk of ICH on
long-term oral anticoagulation (e.g. those with ICH due to
bleeding-prone arteriopathies [CAA and hypertensive
arteriopathy]), but no randomized controlled studies have
been undertaken. One observational study reviewed the safety
of LAA occlusion devices in those with ICH and AF. The
mean CHA(2)DS(2)VASC and HASBLED scores were 4.5
and 4.7, respectively. Patients received dual antiplatelet med-
ication (aspirin 100 mg/day and clopidogrel 75 mg/day) for
3 months, followed by aspirin monotherapy thereafter. There
were no ICH or ischaemic events after a 1-year follow-up
[104]. These data suggest that LAA occlusion may be a rea-
sonable option in ICH survivors in whom the risk of recurrent
ICH on long-term oral anticoagulation is judged to be unac-
ceptably high.

The Challenge of Anticoagulation in AFAssociated
with ICH

More data are needed to guide the decision of whether to start
anticoagulation after ICH, ideally from randomized controlled
trials. APACHE-AF (http://apache-af.nl/) is currently
underway in the Netherlands and will randomize patients
with AF and a recent ICH to apixaban or standard care
(antiplatelet therapy or no antithrombotic medication). Trials
of anticoagulation after ICH may be challenging to perform,
as clinicians may not have equipoise in some patients, for
example those with probable CAA in whom any aggravation
of future ICH risk may be considered unacceptable.

Conclusions

CMBs are common in patients likely to be exposed to antico-
agulant drugs, including healthy elderly and stroke cohorts.
CMBs are amarker of small vessel disease, and in the majority
of cases, seem to be due to extravasation of blood from dam-
aged small vessels. The distribution of CMBs is a useful guide
to the likely underlying small vessel arteriopathy: strictly lobar
CMBs have high specificity for CAA, while deep CMBs like-
ly reflect hypertensive arteriopathy. Since CAA typically
spares the deep structures, a mixed pattern may reflect either
a mixture of pathologies (hypertensive arteriopathy and CAA)
or advanced and anatomically widespread hypertensive
arteriopathy. There is clear evidence that CMBs dynamically
evolve over time in all populations so far studied (including
healthy older populations, memory and cognitive clinic, and
stroke patients), and that baseline CMBs are associated with
an increased risk of incident CMBs over time. CMBs in pa-
tients with ischaemic stroke or TIA are associated with an
increased risk of future stroke, with most studies suggesting
an increased risk for ICH greater than that for ischaemic

stroke. CMBs also predict the risk of recurrent ICH after an
index ICH. There may be ethnic differences in risk associated
with CMBs, but further studies are required. Although cross-
sectional studies suggest an association between anticoagulant
exposure and CMBs, there are currently no large-scale pro-
spective follow-up studies available on CMBs in patients
treated with anticoagulation. CMBs are one of many MRI
markers of small vessel disease; other emerging markers in-
clude cortical superficial siderosis, which seems to be a char-
acteristic of CAA and a high risk of future ICH, especially if
disseminated.

Given the lack of available high quality evidence, it is
currently not possible to make clear evidence-based recom-
mendations of how CMBs should influence treatment deci-
sions in patients with AF. Nevertheless, Table 2 provides a
summary of opinion-based recommendations, based on the
available supporting evidence. A simple figure with suggested
options is also presented (Fig. 2).
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