
Magnetic resonance imaging in
patients with atrial fibrillation
before left atrial appendage
closure after brain hemorrhage

Background: Brain MRI may be helpful for selecting patients at higher risk of further bleeding
after a first hemorrhagic stroke in patients with atrial fibrillation treated by oral anticoagulants.
MRI may detect imaging markers consistent with an increased risk of further bleeding that
could improve patient selection for left atrial appendage closure (LAAC).
Method: We studied clinical and imaging data of patients with atrial fibrillation treated by oral
anticoagulants who experienced hemorrhagic stroke. MRI was performed for the detection of
small vessels disease abnormalities (cerebral amyloid angiopathy (AA) or severe hypertensive
microangiopathy) suggesting a higher hemorrhagic risk thus supporting the choice of LAAC
closure instead of anticoagulants to prevent thromboembolic events.
Results: Between December 2013 and February 2016, 37 patients were included. Among them
25 patients experienced brain hemorrhage and underwent a cerebral MRI before LAAC. 16%
(4/25) had severe white matter damage, 24% (6/25) exhibit MRI features consistent with
hypertensive microangiopathy/or multiple cortical microbleeds (CMBs) and cortical superficial
siderosis (CSS) consistent with AA. 16% (4/25) with mixed anomalies and 11 (44%) had
undetermined small vessel disease.
Conclusion: Brain MRI after a first hemorrhagic stroke may provide helpful information on the
risk of bleeding recurrence before LAAC.
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Introduction

In atrial fibrillation (AF), anticoagulation by
vitamin K antagonists (VKA) or direct oral
anticoagulants (DOA) reduces by 65% the
risk of cerebral embolic events [1,2].
Although DOA trials showed a decreased
incidence of fatal brain hemorrhage, several
conditions (e.g. history of cerebral
hemorrhage, large infarct size, severe
leucoencephalopathy (LA), suspicion of
cerebral amyloid angiopathy (CAA) may
limit the resumption of anticoagulant
treatments [3].

Left atrial appendage closure (LAAC) could
be an acceptable alternative to
anticoagulation in the prevention of brain
embolism in patients with non valvular AF
as suggested by several studies [4-9]
especially in patients with recent
hemorrhagic stroke in whom
anticoagulation use may raise concern.
Systemic bleeding risk is commonly assessed

by the HAS BLED score [10]. However,
this scale does not take into account brain
imaging. Brain magnetic resonance imaging
(MRI) may detect small vessels disease thus
providing additional information to assess
the risk of bleeding.

Methods

Patients

Between December 2013 and February
2016, 37 patients with nonvalvular AF and
a high cardioembolic risk (CHA2DS2-
VASc scores >2) were included. Among
them 25 patients underwent a cerebral
MRI. Risk of hemorrhage was assessed by
the HAS BLED score. Functional outcome
was evaluated with the modified Rankin
scale (mRS) at baseline and all follow-ups.
Any serious adverse events (defined by:
death, life-threatening event, requiring or
prolonging hospitalization, or resulting in
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persistent or significant disability/incapacity) were
recorded.

Imaging protocol

MRI was performed using 1.5T clinical whole body
unit with standard head coils. All patients underwent
diffusion-weighted imaging (DWI), fluid-attenuated-
inversion-recovery (FLAIR), T2-weighted gradient
echo (T2*) and time of flight magnetic resonance
angiography. Imaging data were independently
reviewed by two experienced readers who were blinded
to clinical history. MRI markers of small vessel disease
were assessed as follows:

1. leucoencephalopathy was defined on FLAIR (or
DWI b=0 images whenever FLAIR was unavailable) as
hyperintense supratentorial white matter lesions.
Leukoariosis was graded according to the Fazekas scale,
both in periventricular (0=absent, 1=caps or pencil
lining, 2= smooth halo, and 3=irregular periventricular
hyperintensities extending into deep white matter) and
subcortical areas (0=absent, 1=punctuate foci,
2=beginning confluence of foci, and 3=large confluent
areas). The total Fazekas score was calculated by adding
the periventricular and subcortical scores [11].

2. Cerebral microbleeds (CMBs) were defined as small
perivascular hemosiderin deposits. CMBs appear as
areas of signal void on T2*-weighted sequences. The
location of CMBs was specified as either deep or lobar.

3. Cortical superficial siderosis (CSS) was defined as
hypointense rims on the cortex in T2* images.

According to MRI findings, patients were divided into
three categories: (Figure 1A) suspected AA according
to the Boston criteria (Table 1, Figure 1B) [12]
hypertensive microangiopathy and C) undetermined
small vessel disease.

Figure 1: Patient 22 Suspected Amyloid Angiopathy A: MRI Flair
sequence: severe leukoencephalopathy, B: MRI T2* Echo-
gradient sequence: Superficial Siderosis C: Multiple lobar
microbleeds.

LAAC procedure and medications

Echocardiographic criteria for LAA closure were an
ejection fraction ≥30% and the absence of severe
mitral regurgitation, mitral stenosis, or thrombus in
the left atrium and/or LAA. Patients with large patent
foramen ovale (PFO), defined as PFO with atrial septal
aneurysms (total excursion >15 mm or length ≥15
mm) or large shunts (substantial passage of bubbles

within 3 beats) were excluded as well. Only patients
whose LAA lengths were greater than their ostial
diameters were closed with the Watchman LAA closure
device. The procedure was performed under general
anesthesia and three dimensional echocardiography
guidance. Heparin was administered to a
recommended active clotting time of 200s to 300s.
The optimal compression grade was considered to
range between 80% and 92%. A trans-esophageal
echocardiography (TEE) was performed at 3 and 12
months to assess device position, peri-device LAA flow,
and device-related thrombus. Aspirin (100 mg/day)
was started on the day before implantation and was
combined to clopidogrel during one month, then
continued until 6-months. This work did not require
an ethics committee as patient management was
considered as routine clinical practice but was
conducted according to the World Medical Association
Declaration of Helsinki - Ethical Principles for
Medical Research Involving Human Subjects. All
participants provided informed verbal consent or a
legally authorized representative In the case of
impaired comprehension of oral speech.

Table1: Boston Criteria for Diagnosis of Cerebral Amyloid
Angiopathy-Related Hemorrhage

Definite AA

Probable AA
with
supporting
pathology

Probable AA Possible AA

Full
postmortem
examination
demonstratin
g :

- Lobar,
cortical, or
corticosubcor
tical
hemorrhage

- Severe CAA
with
vasculopathy

- Absence of
other
diagnostic
lesion

Clinical data
and
pathologic
tissue
(evacuated
hematoma or
cortical
biopsy)
demonstratin
g:

- Lobar,
cortical, or
corticosubcor
tical
hemorrhage

- Some
degree of
CAA in
specimen

- Absence of
other
diagnostic
lesion

Clinical data
and MRI or CT
demonstratin
g:

- Multiple
hemorrhages
restricted to
lobar, cortical,
or
corticosubcor
tical regions
(cerebellar
hemorrhage
allowed)

- Age ≥55
years

- Absence of
other cause
of
hemorrhage

Clinical data
and MRI or CT
demonstratin
g:

- Single lobar,
cortical, or
corticosubcor
tical
hemorrhage

- Age ≥55
years

- Absence of
other cause
of
hemorrhage

Results

The main indication of LAAC was a history of cerebral
hemorrhage (20 patients: 6 patients had a lobar
intracranial hemorrhage (ICH) and 12 patients had a
deep ICH) and 2 had post-traumatic bleeding). MRI
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revealed that 16%: (4/25) patients had severe white
matter damage, 24% (6/25) exhibit abnormalities
consistent with hypertensive microangiopathy whereas
16% (4/25) had multiple cortical microbleeds (CMBs)
and cortical superficial siderosis (CSS) consistent with
AA and 11 (44%) had mixed anomalies.

The baseline clinical characteristics and follow up of
these 25 patients are summarized in Table 2. The mean
follow-up post-procedure was to 11.2 months ±6.
Ischemic stroke recurrence occurred in 3 patients out
of 37 patients who underwent LAA (8%).

Table 2: Baseline clinical characteristics and follow up.

Before LAAC After LAAC

age
(y) sex

CHA2DS
2VASC
score

HAS
BLED
score

strok
e
(nb)

TIA
(nb)

Deep
basal
ganglion
ICH (nb)

Lob
ar
ICH
(nb)

Other
cerebral
hemorrh
age

(nb)

mRS

contraindi
cation

to
anticoagul
ants

Follow
up
(month
s)

Stroke

(date
after
LAAC)

HIC

(date
after
LAAC)

1 60 M 4 4 3 1 0 0 1 3
cerebral
hemorrha
ge

27 0 0

2 66 M 3 4 0 0 1 0 0 4 ICH 28 21
months 0

3 79 M 5 4 2 0 1 1 0 1 ICH 24 14
months 0

4 85 M 3 3 0 0 1 0 0 4 ICH 10 0 0

5 76 M 8 4 2 0 0 0 0 4
severe
leucopath
y

13 0 0

6 67 M 4 4 1 0 1 0 0 1 ICH 24 0 24
months

7 73 F 5 5 1 0 1 0 0 2 ICH 19 0 0

8 76 M 7 4 1 0 0 1 0 3 ICH 6 1 month 0

9 60 M 3 3 0 0 1 0 0 2 ICH 15 0 0

10 65 M 3 2 0 0 2 0 0 4 ICH 14 0 0

11 77 M 3 3 0 0 1 0 0 1 ICH 7 0 0

12 84 F 4 3 0 0 1 0 0 2 ICH 13 0 0

13 77 F 5 3 0 0 0 0 1 2
cerebral
hemorrha
ge

12 0 0

14 57 F 4 4 1 2 1 0 0 4 ICH 11 0 0

15 76 F 4 4 0 0 1 0 0 2 ICH 7 0 0

16 82 F 6 3 0 0 0 1 0 1 ICH 10 0 0

17 63 M 4 3 0 0 0 0 1 1
cerebral
hemorrha
ge

10 0 0

18 69 M 4 3 0 0 0 1 0 1 ICH 6 0 0

19 81 M 7 4 2 0 1 0 0 3 ICH 6 0 0
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20 82 M 6 3 2 0 0 0 0 2 Suspected
AA 3 0 0

21 73 F 5 3 4 0 0 0 0 4 Suspected
AA 3 0 0

22 70 F 5 3 1 0 0 0 0 4

hemorrha
gic
transform
ation of
infarct

1 0 0

23 81 F 7 5 1 0 0 1 0 1
cerebral
hemorrha
ge

3 0 0

24 83 F 6 4 0 0 0 2 0 1 ICH 3 0 0

25 88 M 7 4 2 0 0 0 0 2

hemorrha
gic
transform
ation of
infarct

1 0 0

ICH: Intracranial hemorrhage; TIA: Transient
ischemic attack; mRS: modified Rankin scale

Discussion

Our study showed that MRI provides additional
information on bleeding risk through the detection of
markers of small vessels vulnerability which may
further increase the risk of bleeding in patients treated
with oral anticoagulants. Previous studies suggest that
LAAC may be an alternative to anticoagulation among
patients with AF [5-7]. However, most of these studies
only included patients eligible for warfarin treatment,
excluding patients with previous ICH. In this setting
data are limited; a single study assessed the safety and
feasibility of LAAC in patients with AF and previous
ICH [13]. This study provided Class III evidence that
in patients with a history of previous ICH and AF,
percutaneous LAAO is safe and feasible. No ischemic
or hemorrhagic stroke occurred during a mean follow-
up of 13.6 months. Conversely, in our study, with a
similar follow up of 11 months, ischemic stroke
occurred in three cases (11%) and intracranial
hemorrhage in one case. However due to the limited
sample size no conclusion can be drawn concerning
the risk/benefit of this procedure after brain
hemorrhage.

There is a lack of evidence on the optimal prevention
of ischemic stroke and other thrombo-embolic events
in patients with non-valvular (AF) and recent ICH
related to oral anticoagulants. However DOAs have
not been tested in patients with AF and a recent ICH.
An ongoing trial: “Apixaban Versus Antiplatelet Drugs
or no Antithrombotic Drugs after anticoagulation-
associated Intracerebral Hemorrhage in patients with
atrial fibrillation (APACHE-AF) ClinicalTrials.gov

NCT02565693 may provide helpful information in
this setting.

Brain MRI before LAA may be helpful for selecting
patients at higher risk of further bleeding after brain
hemorrhage [14] as the presence of cerebral CMBs and
severe LA are recognized as markers of bleeding risk
[16-18].

The consensus view is that cortical CMBs tend to be
manifestations of CAA, while deep hemispheric lesions
are suggestive of hypertensive microangiopathy [18].
CAA-related ICH is classically diagnosed in adults over
55 years of age who had a lobar ICH and at least one
other lobar CMBs or superficial siderosis and no other
causative vascular or parenchymal pathologies. ICH
related to hypertensive microangiopathy is seated in
deep brain locations such as the basal ganglia,
thalamus, or pons, mostly in patients who have a long-
standing hypertension. The differentiation of these two
most common types of ICH is very important in
predicting the risk of recurrent ICH. Patients who
suffer from CAA-related ICH have a 9-10% annual
risk of ICH recurrence, compared to a ~2% risk per
year in survivors of deep ICH likely related to
hypertensive microangiopathy [18].

CAA may be considered as a contraindication to
anticoagulation before or after the occurrence of a
lobar ICH but without obvious evidence from clinical
trials [19]. However patients with suspected CAA on
MRI are usually considered for LAAC. The situation is
less clear in patients with hypertensive
microangiopathy.

Although small vessels disease may promote further
bleeding, additional prospective studies are required to
delineate the role of MRI in guiding therapeutic
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decisions between oral anticoagulants and LAAC after
brain hemorrhage.

Executive Summary

 

Background: Brain MRI may be helpful for selecting patients at higher risk of further bleeding after a first hemorrhagic stroke in
patients with atrial fibrillation treated by oral anticoagulants. MRI may detect imaging markers consistent with an increased risk of
further bleeding that could improve patient selection for left atrial appendage closure (LAAC).

Method: We studied clinical and imaging data of patients with atrial fibrillation treated by oral anticoagulants who experienced
hemorrhagic stroke. MRI was performed for the detection of small vessels disease abnormalities (cerebral amyloid angiopathy (AA)
or severe hypertensive microangiopathy) suggesting a higher hemorrhagic risk thus supporting the choice of LAAC closure
instead of anticoagulants to prevent thromboembolic events.

Results: Between December 2013 and February 2016, 37 patients were included. Among them 25 patients experienced brain
hemorrhage and underwent a cerebral MRI before LAAC. 16% (4/25) had severe white matter damage, 24% (6/25) exhibit MRI
features consistent with hypertensive microangiopathy/or multiple cortical microbleeds (CMBs) and cortical superficial siderosis
(CSS) consistent with AA. 16% (4/25) with mixed anomalies and 11 (44%) had undetermined small vessel disease.

Conclusion: Brain MRI after a first hemorrhagic stroke may provide helpful information on the risk of bleeding recurrence before
LAAC.
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