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Abstract

Aims: Endovascular thrombectomy (EVT) improves outcome after acute ischaemic stroke (AIS) caused

KEYWORDS

by an intracranial occlusion. The aim of the present study was to determine whether atrial fibrillation (AF)
modifies the effect of EVT.

e atrial fibrillation

e clinical research

o stroke

e thrombus-
containing lesion

Methods and results: MR CLEAN was a randomised clinical trial of EVT plus usual care vs. usual
care alone for patients with an intracranial occlusion. The primary outcome was the modified Rankin scale
(mRS) score at 90 days. The primary effect parameter was the adjusted common odds ratio (acOR), esti-
mated with ordinal logistic regression and adjusted for age and stroke severity at baseline. Treatment effect
modification by AF was assessed using a multiplicative interaction variable. We included all 500 patients.
In total, 135 (27%) had AF. These patients were older, had a worse pre-stroke mRS score and were less
often treated with IV alteplase. In patients without AF, the estimated treatment effect was similar to the
overall treatment effect (acOR 1.9, 95% CI: 1.3 to 2.7). In patients with AF, the treatment effect appeared
lower (acOR 1.0, 95% CI: 0.6 to 1.9). The interaction of treatment effect and AF was not significant
(p=0.09, after adjustment p=0.12).

Conclusions: This study did not show significant difference in the EVT effect between acute stroke
patients with and those without AF.
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Abbreviations
acOR adjusted common odds ratio

AF atrial fibrillation

AIS acute ischaemic stroke
Cl confidence interval
cOR common odds ratio

DSA digital subtraction angiography

EVT endovascular thrombectomy

MAP mean arterial pressure

mRS modified Rankin scale

mTICl  modified Thrombolysis In Cerebral Infarction
NIHSS  National Institutes of Health Stroke Scale

Introduction

Atrial fibrillation (AF) is associated with a four to five times
increased risk of ischaemic stroke and causes approximately 15%
of all acute ischaemic strokes (AIS)!?2. Patients with AIS due to
AF are older, suffer from more severe neurological deficits, have
a higher probability of remaining disabled and have higher mor-
tality rates'. This unfavourable prognosis in AF patients could be
due to the pathophysiology of infarction caused by AF. A higher
proportion of white blood cells in clots of presumed cardioemoblic
origin, extended recanalisation times and less favourable recanal-
isation have been reported’, but this was not confirmed in other
studies®!?. Patients with cardioembolic stroke appear to have dif-
ferent occlusion locations and larger infarct volumes!'.

Although a large randomised clinical trial of treatment with
intravenous (IV) alteplase for AIS has not reported modification
of treatment effect by AF'%, other studies have suggested that
patients with AF treated with IV alteplase have worse clinical out-
comes after treatment®* and significantly higher rates of intracra-
nial haemorrhage compared with patients without AF'>.

Endovascular thrombectomy (EVT) with retrievable stents is
a safe and effective treatment for patients with AIS caused by an
intracranial arterial occlusion''?." In these EVT trials, AF is more
common (>30%) than in IV alteplase studies, which is probably
related to the larger-sized emboli in AF. For this reason and on
the assumption that infarcts caused by cardioembolic occlusions
are less responsive to EVT, we investigated whether AF modifies
treatment effect of EVT in patients with AIS in this pre-specified
subgroup analysis of MR CLEAN?.

Methods

Full methods of the trial have been reported earlier'®. Eligible
patients had a proximal intracranial arterial occlusion of the ante-
rior circulation that was confirmed on vessel imaging and that
could be treated intra-arterially within six hours after symptom
onset. Patients were randomised to EVT plus usual care or usual
care alone. The trial was conducted in 16 stroke centres in the
Netherlands. Approval was obtained from all ethics and research
boards of participating centres, and all participants (or legal repre-
sentatives) provided written informed consent. The trial procedures

were in accordance with national and institutional guidelines.

Endovascular thrombectomy in AlS and AF patients

OUTCOMES

The primary outcome was the modified Rankin scale (mRS)
score at 90 days. Secondary outcome measures included neuro-
logical assessment with the National Institutes of Health Stroke
Scale (NIHSS) at 24 hours and five to seven days or discharge
if earlier and activities of daily living with the Barthel index at
90 days?"*2. Radiological outcome measures included recanal-
isation on computed tomography angiography (CTA) at 24 hours,
final infarct volume on CT at five to seven days and the modified
Thrombolysis in Cerebral Infarction (mTICI) score on digital sub-
traction angiography (DSA) in the intervention arm?®.

SAFETY

Safety parameters included haemorrhagic complications, progres-
sion of AIS, recurrent AIS, hemicraniectomy, other complications
such as pneumonia or cardiac ischaemia, and death. Symptomatic
intracranial haemorrhage was defined as neurological deterioration
of four or more points on the NIHSS and confirmed with imaging.

CLINICAL DEFINITIONS

The acute diagnosis of AF could be based on pre-existing AF,
identified through medical history, and de novo AF during hospi-
talisation. Although exact procedures of the latter differed in the
various participating centres, all trial patients were monitored dur-
ing the first 24 hours after AIS and the diagnosis of de novo AF
was confirmed by 12-lead ECG. As all patients underwent CTA of
cervical vessels before inclusion in the trial, we also assessed the
presence of cervical carotid stenosis or occlusion.

STATISTICAL ANALYSIS

All analyses were based on the intention-to-treat principle. The pri-
mary effect parameter was the adjusted common odds ratio (acOR),
estimated with ordinal logistic regression. Treatment effect modi-
fication by AF was assessed by means of a multiplicative interac-
tion variable. Treatment effect and interaction were also assessed in
all the secondary and safety effect parameters. The primary and all
secondary effect parameters were adjusted for potential imbalances
in major pre-specified prognostic variables adapted from the origi-
nal trial protocol statistical analysis plan (age and stroke severity
[NIHSS] at baseline). The analysis for the primary effect parameter
was repeated after exclusion of the patients with cervical carotid
stenosis or occlusion. The adjusted and unadjusted common odds
ratios were reported with 95% confidence interval (CI) to indicate
statistical precision. Binary outcomes were analysed with logistic
regression and reported as adjusted and unadjusted odds ratios with
95% Cls. Continuous variables were analysed with linear regression
and reported as adjusted and unadjusted beta values with 95% Cls.
All reported p-values are two-sided. All statistical analyses are per-
formed with Stata/SE 13.1 (StataCorp, College Station, TX, USA).

Results
In total, 135 patients (27%) had AF, of whom 79 (58.5%) had
pre-existing AF and 56 (41.5%) had de novo AF. Patients with
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AF were on average 12 years older, had a higher mean arterial
pressure (MAP), were more likely to have a history of hyperten-
sion, and more often used anticoagulants and antiplatelet agents
at baseline than patients without AF. Cervical carotid occlusions
were equally present in patients with and in those without AF.
Patients with AF also had a higher pre-stroke mRS score and were
less likely to have been treated with IV alteplase (Table 1). Time
from onset to intervention, duration of the procedure and chances
did not differ between patients with and those without AF (data
not shown).

PRIMARY OUTCOME

Data on functional outcome at 90 days were complete (Table 2). In
total, 23 (17%) of all patients with AF and 104 (28%) of all patients
without AF were functionally independent (mRS 0-2) (Table 2,
Figure 1). The overall treatment effect favoured intervention and
was statistically significant: the cOR was 1.7 (95% CI: 1.2 to 2.3)
and the acOR was 1.7 (95% CI: 1.2 to 2.3). Although in patients
without AF the treatment effect was similar to the overall effect in
the study (cOR 2.0, 95% CI: 1.4 to 3.0 and acOR 1.9, 95% CI: 1.3
to 2.7), in AF patients the treatment effect seemed smaller. However,
the unadjusted interaction of AF with treatment was non-significant
(p=0.09) and was further attenuated after adjustment for age and
NIHSS at baseline (p=0.12) (Figure 2). For the 354 patients without
cervical carotid occlusion, the adjusted interaction of AF with treat-
ment was also not significant (p=0.30).

Modified Rankin scale score

Overall (intervention) w 22 6 21
Overall (control) | ] 30 12 22

AF (intervention) {li5] 9 32
AF (control)( 17 26
No AF (intervention) (Il 22 4 11
No AF (control) 015 10 21

HO H1 E2 @m3 4 5 6

Figure 1. Effect of treatment on the distribution of the mRS scores at
90 days in the MR CLEAN trial. Shown is the distribution of scores
on the modified Rankin scale. Scores range from 0 to 6, with 0
indicating no symptoms, 1: no clinically significant disability,

2: slight disability, 3: moderate disability, 4: moderately severe
disability, 5: severe disability, and 6: death. Overall there was

a significant difference between the intervention group and the
control group in the overall distribution of scores in an analysis with
univariable ordinal regression (adjusted cOR 1.67; 95% CI: 1.21 to
2.30). In patients without AF, the estimated treatment effect was
similar to the overall treatment effect (acOR 1.9, 95% CI: 1.3 to 2.7).
In patients with AF, the treatment effect appeared lower (acOR 1.0,
95% CI: 0.6 to 1.9). In the intervention arm, 18% of the patients with
AF had an mRS of 2 or lower versus 38% of the patients without AF.
Numbers are percentages.

Table 1. Clinical characteristics at baseline in patients with AF
(n=135) and in those without AF (n=365).

Characteristics ‘ AF ‘ No AF ‘ p-value
Age in years, median (IQR) 72 (66-80) 61 (52-73 0.00

)
Male sex, n (%) 75 (55.6) 217 (59.5) 0.43

NIHSS score, median (IQR)* 18 (15-21) 18 (14-22) 0.58

Clinical localisation: left hemisphere, n (%) 53.3) 197 (54.0) 0.90

History of ischaemic stroke, n (%) 12.6) 37(10.1) 0.43

History of hypertension, n (%) 55.6) 152 (41.6) 0.01

Diabetes mellitus, n (%) 3(17.0) 45(12.3) 0.17

History of myocardial infarction, n (%) 16.3) 53 (14.5) 0.62

History of peripheral arterial disease, n (%) 9) 16 (4.4) 0.47

Current smoking, n (%) 22.2) 113 (31.0) 0.06

Current statin use, n (%) 30.4) 102 (28.0) 0.59

Current anticoagulant use, n (%) 24.4) 6 (1.6) 0.00

Current antiplatelet use, n (%) 36.3) 95 (26.0) 0.02

72 (
17(
75(
23 (
22 (
8 (5.
History of hyperlipidaemia, n (%) 36 (26.7) 93 (25.5) 0.79
30 ¢
41 ¢
33(
49
95 (
17(

Pre-stroke | 0 70.4) 309 (84.7)

mRS,

n (%) 1 12.6) 33(9.0) 0.00
2 11 (8.2) 14 (3.8)
>2 12 (8.9) 9(2.5)

INR, mean 1.45 1.09 0.00

Mean arterial pressure, median (IQR) 105 (95-119) | 100 (92-111) 0.00

Treatment with IV alteplase, n (%) 105 (77.8) 340 (93.2) 0.00

Time from onset to start of IV alteplase,

it = e 91(66-118) | 85(65-110) 0.24

ASPECTS, median (IQR) 9(8-10) 9(7-10) 0.24

Intracranial arterial occlusion® 135 364 0.63
ICA and ICA-T, n (%) 39(28.9) 99 (27.2) 0.70
M1 segment, n (%) 84 (62.2) 235 (64.6) 0.66
M2 segment, n (%) 12 (8.9) 27 (1.4) 0.58
A1/2 segment, n (%) 0(0) 3(0.8) 0.29

Ex(t;i)ccranial ICA occlusion or stenosis, 39.(28.9) 107 (29.3) 0.93

Collateral | Absent collaterals, n (%) 10 (7.4) 16 (4.5)

score

Filling <50% of occlusion,
n (%)

Filling >50% but <100% of 0.62
occludon, 1 ) 52(385) | 147 (41.0)

100% of occluded area,
n (%)

36 (26.7) 99 (27.6)

37(27.4) 97 (27.0)

Time from onset to randomisation,

minutes - median (IQR)? 212 (158-270) | 196 (150-256) |  0.22

2NIHSS is a 15-item scale; 30 of the 7,500 items were missing (0.4%). Highest number of
missing items in one patient was 6. "ASPECTS was not available in four patients: NCCT was
not performed in one patient; three patients had ACA territory strokes. ¢Vessel imaging was
not performed in one patient and level of occlusion was not available. Extracranial ICA
occlusions as reported by local investigators. ¢Randomisation time was missing in two
patients. A1/A2: anterior cerebral artery segments; ACA: anterior cerebral artery; AF: atrial
fibrillation; ASPECTS: Alberta Stroke Program Early CT Score, range 0 to 10, higher scores
indicate less early ischaemic changes; ICA: internal carotid artery (intracranial segment);
ICA-T: internal carotid artery with involvement of the M1 segment; INR: international
normalised ratio; IQR: interquartile range; M1/2: middle cerebral artery segments;

mRS: modified Rankin scale; NCCT: non-contrast computed tomography; NIHSS: National
Institutes of Health Stroke Scale
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Table 2. Primary and secondary outcomes, treatment effects and interaction in patients with AF (n=135) and in those without AF (n=365).
Unadjusted effect estimate (95% Cl)

Adjusted effect estimate?

Outcome
pimeractinn p interaction

mRS score at 90 days cOR 1.1 (0.6-2.0) 2.0(1.4-2.9) 0.09 1.0 (0.6-1.9) 1.88 (1.3-2.7) 0.12
mRS score of 0-2 at 90 days OR 1.2 (0.5-2.9) 2.5(1.5-3.9) 0.15 1.1 (0.4-2.9) 2.5 (1.5-4.0) 0.14
NIHSS score reduction at 24 hours® | Beta 1.5(-1.2-4.2) 3.1(1.3-4.8) 0.35 1.4 (-0.9-3.6) 2.5 (1.0-4.0) 0.51
st seas rsialion &6 57 0ays | BRI | 5 4 g 3.5(1.7-5.3) 035 | 2.1(-0.7-5.0) 3.1(1.54.7) 0.50
or discharge®

Barthel index of 19 or 20 at 90 days| OR 1.7 (0.7-3.7) 2.2(1.4-3.4) 0.56 1.7 (0.7-4.1) 2.1(1.3-3.4) 0.59
EQ5D score at 90 days Beta | 0.1 (-0.1-0.2) 0.1 (-0.0-0.2) 0.78 0.1 (-0.1-0.2) 0.1 (-0.0-0.2) 0.87
Recanalisation on CTA at 24 hours? | OR 8.5(3.4-21.2) 5.7 (3.4-9.4) 0.44 9.0 (3.5-23.1) 5.9 (3.5-9.8) 0.47
Final infarct volume in ml on CT® Beta |11.6 (-21.4-44.5)| -34.0 (-52.8--15.1) | 0.03 | 12.7 (-19.9-45.3) | -32.7 (-51.0--14.4) | 0.03

Institutes of Health Stroke Scale; OR: odds ratio

2Values were adjusted for age and NIHSS at baseline. ®The NIHSS score was determined for survivors only. The score was not available for 20 patients: 12 died
before assessment was finished, eight had missing scores. °The NIHSS score was determined for survivors only. The score was not available for 74 patients: 56
died before assessment was finished, 18 had missing scores. ¢Data for follow-up CT angiography were not available for 106 patients owing to imminent death or
death (n=24), decreased kidney function (n=13), insufficient scan quality (n=5), and other reasons (n=64). ¢Data for final infarct volume on non-contrast CT
(performed at three to nine days) were missing for 202 patients because of death (n=52), hemicraniectomy (n=21), technical errors with automated assessment
(n=14), or insufficient scan quality (n=5) or because CT was not performed for reasons other than death (n=110). AF: atrial fibrillation; cOR: common odds
ratio: CT: computed tomography; CTA: computed angiography; EQ5D: European Quality of Life-5 Dimensions; mRS: modified Rankin scale; NIHSS: National
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Figure 2. Modification of the effect of treatment by AF at baseline.
Shown is the distribution of the common odds ratio of different
patient groups (overall, patients with AF and patients without AF)
after univariable ordinal regression and after adjustment of the
treatment effect for age and stroke severity at baseline (adjusted
common odds ratio). In patients without AF, the estimated treatment
effect was similar to the overall treatment effect (acOR 1.9, 95% CI:
1.3 to 2.7). In patients with AF, the treatment effect appeared lower
(acOR 1.0, 95% CI: 0.6 to 1.9). The interaction of treatment effect
and AF was not significant (p=0.09, afier adjustment p=0.12).

SECONDARY OUTCOMES
In patients without AF, the score on the NIHSS improved after
five to seven days and was reduced with 3.1 points (95% CI: 1.5
to 4.7) whereas, in patients with AF, the NIHSS was not reduced
significantly (2.1, 95% CI: -0.7 to 5.0). We found no interaction of
AF with treatment for the secondary outcomes (NIHSS at 24 hours
and five to seven days, Barthel index and EQ5D) (Table 2).
Recanalisation on CTA at 24 hours occurred in 80% (39/49)
of the AF patients in the intervention arm and in 31% (16/51) of
the AF patients in the control arm. In the patients without AF,
recanalisation on CTA occurred in 78% (102/138) of patients in

the intervention arm and in 33% (52/156) of patients in the con-
trol group. The interaction between AF and recanalisation was not
significant (p=0.47). For final infarct volume on CT, the interac-
tion of AF with treatment was significant (p=0.03). Patients with
AF reached mTICI 2b/3 in 62% (38/61) of cases, and patients
without AF did so in 57% (78/136) for a difference of 5% (95%
CI: —20% to 10%) (p=0.52).

There were no significant differences in serious adverse events
(SAE) between the AF and non-AF groups (Table 3). For mor-
tality within seven days after randomisation, the interaction of
treatment with AF was not significant (p=0.08) and was further
attenuated after adjustment (p=0.13). More patients with AF in the
intervention arm of the study died within seven days compared
to patients in the control arm (12% difference, 95% CI: 1.5%
to 23.2%). This significant difference (p=0.03) in mortality dis-
appeared at 30-day follow-up. In the non-AF group, 11 (6.6%)
patients in the intervention arm had a new AIS, whereas in the
control arm there were no patients with new AIS. The AF group
showed no such difference in new AIS between the intervention

arm and the control arm.

Discussion
In this pre-specified subgroup analysis of the MR CLEAN trial, we
looked for modification of the effect of EVT by AF, based on the
assumption that patients with ischaemia caused by cardioembolic
occlusions could be less responsive to treatment. Although the effect
of treatment appeared smaller in patients with AF than in patients
without AF, formal interaction testing was not statistically signi-
ficant, meaning that we could not formally prove that EVT was less
effective in patients with AF than in patients without AF.

Our assumption that patients with AF might respond less favour-
ably to EVT than patients with ischaemic stroke of other aetiology
was based on observations that patients with AF and ischaemic
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Table 3. Safety parameters and serious adverse events within 90 days after randomisation.

AF No AF Unadjusted | Adjusted
Outcome no. of patients (%) no. of patients (%) interaction | interaction
Control (n=69) |EVT (n=66) |Control (n=198) EVT (n=167)
Death Within 7 days 4 (5.8) 12 (18.2) 23 (11.6) 21 (12.6) 0.08 0.13
Within 30 days 13 (18.8) 18 (27.3) 36 (18.2) 26 (15.6) 0.18 0.31
Hemicraniectomy 1(1.4) 2 (3.0) 12 (6.1) 12 (7.2) 0.66 0.62
Any serious adverse event?2 27 (39.1) 34 (51.5) 86 (43.4) 76 (45.5) 0.31 0.38
Symptomatic Any type 4 (5.8) 7 (10.6) 13 (6.6) 11 (6.6) 0.40 0.49
ihntracerebral Parenchymal haematoma®
aemorrhage
Type 1 0 0 2(1.1) 0
Type 2 4(6.1) 7 (10.9) 10 (5.3) 7 (4.2)
Haemorrhagic infarction®
Type 1 or 2 0 0 1(3.8) 2(11.1)
Subarachnoid haemorrhage 0 0 0 2(1.2)
New ischaemic stroke in a different vascular territory 1(1.4) 2(3.0) 0 11 (6.6) 0.99 0.99
Progressive ischaemic stroke 8(11.6) 15 (22.7) 40 (20.2) 31 (18.6) 0.10 0.10
Pneumonia 17 (24.6) 9(13.6) 26 (13.1) 18 (10.8) 0.38 0.29
Other infection 2(2.9) 4 (6.1) 8 (4.0) 12(7.2) 0.87 0.96
Cardiac ischaemia 1(1.4) 1(1.5) 3(1.5) 0 1.00 1.00
Extracranial haemorrhage 0 0 2 (1) 0 1.00 1.00
Allergic reaction 0 1(1.5) 0 0 1.00 1.00
Other complication 10 (14.5) 10 (15.2) 27 (13.6) 18 (12.1) 0.59 0.59

20nly first events of a type are listed. Patients having multiple events of one type were counted once. ®For parenchymal haematoma, type 1
was defined by one or more blood clots in <30% of the infarcted area with a mild space-occupying effect; type 2 was defined by blood clots in
>30% of the infarcted area with a clinically significant space-occupying effect. ¢For haemorrhagic infarction, type 1 was defined by small
petechiae along the margins of the infarction; type 2 was defined by more confluent petechiae within the infarction area. AF: atrial fibrillation;

EVT: endovascular thrombectomy

stroke generally do worse than those without AF, anecdotal reports
of difficult clot removals in these patients, and studies reporting
different composition of clots in AF patients”*!°. Interaction test-
ing is not a very sensitive way to assess differential treatment
effects, especially so in moderately sized RCTs**. However, we
showed that interaction terms and effects on the primary and all
secondary outcomes consistently point in the direction of less
treatment effect for patients with AF.

Most AF patients are treated with oral anticoagulants and there-
fore often have a contraindication for treatment with IV alteplase.
We recently showed that patients who have not been pretreated
with alteplase experience similar treatment effects®. It is not
known whether periprocedural use of anticoagulation or antiplate-
let therapy in these patients is effective®. Patients with AF were
older and had a worse functional condition pre-stroke than patients
without AF. These factors may result in a relatively poor prognosis
at baseline. Although adjustment for age and stroke severity only
slightly attenuated our results, it is difficult to compare patient
groups with a 12-year difference reliably despite this statistical
adjustment. The age difference could therefore partially explain
the worse outcomes in the AF group. AF patients in our study
did not have a larger infarct volume as has been reported by oth-
ers. This is probably due to selection of patients with intracranial

embolic occlusions, which excludes small and lacunar infarc-
tions. However, the reduction in infarct volume was smaller in AF
patients than in patients without AF. This may partially explain
our results. In patients with cervical carotid obstruction and AF,
stroke may possibly be caused by the carotid lesion instead of AF.
However, exclusion of patients with carotid stenosis or occlusion
did not change our results. Finally, microscopic and macroscopic
thrombus characteristics were not available; however, a recent sys-
tematic review did not report differences between AF and non-AF
patients in microscopic or macroscopic thrombus characteristics?’.

Other randomised trials of EVT for AIS included comparable
proportions of AF patients (35%-38%), but did not report on poss-
ible treatment effect modification by AF'5-'®, The pooled analysis
of the five recent thrombectomy trials does not report on treatment
effect modification by AF".

Two earlier studies analysed differences in treatment effect
between AF and non-AF patients?®?. The IMS III investigators
reported smaller effect sizes of EVT for patients with AF but
reported no interaction term?. The SYNTHESIS investigators also
reported smaller effect sizes in AF patients; however, the inter-
action was not significant (p=0.85)*. Moreover, as this concerns
neutral trials, the results of subgroup analyses have to be inter-
preted with care.



Limitations

This study has several limitations. The subgroup of patients with
AF (n=135) was relatively small, limiting the precision of our
estimates. Secondly, we merged patients with a history of AF
and patients with de novo AF. The latter group may have had
AF before the AIS but could also have acquired AF as a result of
their AIS. This may have resulted in an overestimation of patients
with a true cardioembolic origin of their intracranial occlusion.
However, stroke risk does not differ according to AF pattern
(chronic or paroxysmal)®.

Conclusions

To the best of our knowledge, this analysis is the first to investi-
gate the modification of the effect of EVT for patients with AIS
caused by a proximal intracranial occlusion of the anterior circula-
tion by AF. This study did not show significant difference in the
EVT effect between acute stroke patients with and those without
AF. Although the effect of EVT appeared to be absent in patients
with AF, this study could not prove that AF modified the effect of
EVT. A more precise estimate in pooled data from the thrombec-

tomy trials is needed.

Impact on daily practice
The findings of this study do not support withholding endo-
vascular thrombectomy in patients with atrial fibrillation and

acute ischaemic stroke.

Funding
The MR CLEAN trial was supported by the Dutch Heart
Foundation and by unrestricted grants from AngioCare BYV,
Medtronic/Covidien/ev3, MEDAC Gmbh/LAMEPRO, Penumbra
Inc., Stryker and Top Medical/Concentric.

The trial is registered under number NTR1804 in the Dutch trial
register and under ISRCTN10888758 in the ISRCTN register.

Conflict of interest statement

Erasmus MC received funds from Stryker, Servier Cardiovascular
and Bracco Imaging for consultations by D. Dippel. AMC
received funds from Stryker for consultations by C. Majoie.
MUMC received funds from Stryker and Codman for consulta-
tions by W. van Zwam. The other authors have no conflicts of
interest to declare.

References

1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major
contributor to stroke in the elderly. The Framingham Study. Arch
Intern Med. 1987;147:1561-4.

2. Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence,
incidence, prognosis, and predisposing conditions for atrial fibrilla-
tion: population-based estimates. Am J Cardiol. 1998;82:2N-9N.

3. Sanak D, Herzig R, Kral M, Bartkova A, Zapletalova J,
Hutyra M, Skoloudik D, Vlachova I, Veverka T, Horak D,

Endovascular thrombectomy in AlS and AF patients

Kanovsky P. Is atrial fibrillation associated with poor outcome after
thrombolysis? J Neurol. 2010;257:999-1003.

4. Zhang JB, Ding ZY, Yang Y, Sun W, Hai F, Sui XN, Li XY,
Wang HZ, Wang XT, Zheng JL. Thrombolysis with alteplase for
acute ischemic stroke patients with atrial fibrillation. Neurol Res.
2010;32:353-8.

5. Padjen V, Bodenant M, Jovanovic DR, Ponchelle-Dequatre N,
Novakovic N, Cordonnier C, Beslac-Bumbasirevic L, Leys D.
Outcome of patients with atrial fibrillation after intravenous
thrombolysis for cerebral ischaemia. J Neurol. 2013;260:3049-54.

6. Lin HJ, Wolf PA, Kelly-Hayes M, Beiser AS, Kase CS,
Benjamin EJ, D’Agostino RB. Stroke severity in atrial fibrillation.
The Framingham Study. Stroke. 1996;27:1760-4.

7. Boeckh-Behrens T, Schubert M, Forschler A, Prothmann S,
Kreiser K, Zimmer C, Riegger J, Bauer J, Neff F, Kehl V, Pelisek J,
Schirmer L, Mehr M, Poppert H. The Impact of Histological Clot
Composition in Embolic Stroke. Clinical Neuroradiol. 2016;26:189-97.

8. Kim SK, Yoon W, Kim TS, Kim HS, Heo TW, Park MS.
Histologic Analysis of Retrieved Clots in Acute Ischemic Stroke:
Correlation with Stroke Etiology and Gradient-Echo MRI. 4/NR
Am J Neuroradiol. 2015;36:1756-62.

9. Marder VJ, Chute DJ, Starkman S, Abolian AM, Kidwell C,
Liebeskind D, Ovbiagele B, Vinuela F, Duckwiler G, Jahan R,
Vespa PM, Selco S, Rajajee V, Kim D, Sanossian N, Saver JL.
Analysis of thrombi retrieved from cerebral arteries of patients with
acute ischemic stroke. Stroke. 2006;37:2086-93.

10. Niesten JM, van der Schaaf IC, van Dam L, Vink A, Vos JA,
Schonewille WJ, de Bruin PC, Mali WP, Velthuis BK.
Histopathologic composition of cerebral thrombi of acute stroke
patients is correlated with stroke subtype and thrombus attenuation.
PloS One. 2014;9:e88882.

11. Park KY, Kim YB, Chung PW, Moon HS, Suh BC, Yoon KJ,
Lee YT. Right-side propensity of cardiogenic emboli in acute
ischemic stroke with atrial fibrillation. Scand Cardiovasc J.
2014;48:335-8.

12. Lindley RI, Wardlaw JM, Whiteley WN, Cohen G,
Blackwell L, Murray GD, Sandercock PA; IST-3 Collaborative
Group. Alteplase for acute ischemic stroke: outcomes by clinically
important subgroups in the Third International Stroke Trial. Stroke.
2015;46:746-56.

13. Seet RC, Zhang Y, Wijdicks EF, Rabinstein AA. Relationship
between chronic atrial fibrillation and worse outcomes in stroke
patients after intravenous thrombolysis. Arch Neurol. 2011;68:
1454-8.

14. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA,
Lingsma HF, Yoo AJ, Schonewille WJ, Vos JA, Nederkoorn PJ,
Wermer MJ, van Walderveen MA, Staals J, Hofmeijer J, van
Oostayen JA, Lycklama a Nijeholt GJ, Boiten J, Brouwer PA,
Emmer BJ, de Bruijn SF, van Dijk LC, Kappelle LJ, Lo RH, van
Dijk EJ, de Vries J, de Kort PL, van Rooij WJ, van den Berg JS, van
Hasselt BA, Aerden LA, Dallinga RJ, Visser MC, Bot JC,
Vroomen PC, Eshghi O, Schreuder TH, Heijboer RJ, Keizer K,
Tielbeek AV, den Hertog HM, Gerrits DG, van den Berg-Vos RM,

m
=
=
<
=
-
@
-
<
(1]
=
=
o
=
N
o
—
=
—
@
©
©
2]
=N
o
o
N




m
=
=
=
=
=
(1]
-
<
(1]
=
=
o
=
N
o
=
=
—
w
©
©
(2]
1
=
o
o
N

Karas GB, Steyerberg EW, Flach HZ, Marquering HA,
Sprengers ME, Jenniskens SF, Beenen LF, van den Berg R,
Koudstaal PJ, van Zwam WH, Roos YB, van der Lugt A, van
Oostenbrugge RJ, Majoie CB, Dippel DW; MR CLEAN
Investigators. A randomized trial of intraarterial treatment for acute
ischemic stroke. N Engl J Med. 2015;372:11-20.

15. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM,
Churilov L, Yassi N, Yan B, Dowling RJ, Parsons MW, Oxley TJ,
Wu TY, Brooks M, Simpson MA, Miteff F, Levi CR, Krause M,
Harrington TJ, Faulder KC, Steinfort BS, Priglinger M, Ang T,
Scroop R, Barber PA, McGuinness B, Wijeratne T, Phan TG,
Chong W, Chandra RV, Bladin CF, Badve M, Rice H, de Villiers L,
Ma H, Desmond PM, Donnan GA, Davis SM; EXTEND-IA
Investigators. Endovascular therapy for ischemic stroke with perfu-
sion-imaging selection. N Engl J Med. 2015;372:1009-18.

16. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL,
Thornton J, Roy D, Jovin TG, Willinsky RA, Sapkota BL,
Dowlatshahi D, Frei DF, Kamal NR, Montanera WJ, Poppe AY,
Ryckborst KJ, Silver FL, Shuaib A, Tampieri D, Williams D,
Bang OY, Baxter BW, Burns PA, Choe H, Heo JH, Holmstedt CA,
Jankowitz B, Kelly M, Linares G, Mandzia JL, Shankar J, Sohn SI,
Swartz RH, Barber PA, Coutts SB, Smith EE, Morrish WE, Weill A,
Subramaniam S, Mitha AP, Wong JH, Lowerison MW, Sajobi TT,
Hill MD; ESCAPE Trial Investigators. Randomized assessment of
rapid endovascular treatment of ischemic stroke. N Engl J Med.
2015;372:1019-30.

17. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA,
Rovira A, San Roman L, Serena J, Abilleira S, Ribo M, Millan M,
Urra X, Cardona P, Lopez-Cancio E, Tomasello A, Castano C,
Blasco J, Aja L, Dorado L, Quesada H, Rubiera M, Hernandez-
Perez M, Goyal M, Demchuk AM, von Kummer R, Gallofre M,
Davalos A; REVASCAT Trial Investigators. Thrombectomy within
8 hours after symptom onset in ischemic stroke. N Engl J Med.
2015;372:2296-306.

18. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI,
Pereira VM, Albers GW, Cognard C, Cohen DJ, Hacke W, Jansen O,
Jovin TG, Mattle HP, Nogueira RG, Siddiqui AH, Yavagal DR,
Baxter BW, Devlin TG, Lopes DK, Reddy VK, du Mesnil de
Rochemont R, Singer OC, Jahan R; SWIFT PRIME Investigators.
Stent-retriever thrombectomy after intravenous t-PA vs. t-PA alone
in stroke. N Engl J Med. 2015;372:2285-95.

19. Goyal M, Menon BK, van Zwam WH, Dippel DW,
Mitchell PJ, Demchuk AM, Davalos A, Majoie CB, van der Lugt A,
de Miquel MA, Donnan GA, Roos YB, Bonafe A, Jahan R,
Diener HC, van den Berg LA, Levy EI, Berkhemer OA, Pereira VM,
Rempel J, Millan M, Davis SM, Roy D, Thornton J, Roman LS,
Ribo M, Beumer D, Stouch B, Brown S, Campbell BC, van
Oostenbrugge RJ, Saver JL, Hill MD, Jovin TG; HERMES collabo-
rators. Endovascular thrombectomy after large-vessel ischaemic
stroke: a meta-analysis of individual patient data from five ran-
domised trials. Lancet. 2016;387:1723-31.

20. Fransen PS, Beumer D, Berkhemer OA, van den Berg LA,
Lingsma H, van der Lugt A, van Zwam WH, van Oostenbrugge RJ,

Roos YB, Majoie CB, Dippel DW; MR CLEAN Investigators.
MR CLEAN, a multicenter randomized clinical trial of endo-
vascular treatment for acute ischemic stroke in the Netherlands:
study protocol for arandomized controlled trial. Trials. 2014;15:343.

21. Mahoney FI, Barthel DW. Functional Evaluation: The Barthel
Index. Md State Med J. 1965;14:61-5.

22. Lyden P, Lu M, Jackson C, Marler J, Kothari R, Brott T,
Zivin J. Underlying structure of the National Institutes of Health
Stroke Scale: results of a factor analysis. NINDS tPA Stroke Trial
Investigators. Stroke. 1999;30:2347-54.

23. Zaidat OO, Yoo AJ, Khatri P, Tomsick TA, von Kummer R,
Saver JL, Marks MP, Prabhakaran S, Kallmes DF, Fitzsimmons BF,
Mocco J, Wardlaw JM, Barnwell SL, Jovin TG, Linfante I,
Siddiqui AH, Alexander MJ, Hirsch JA, Wintermark M, Albers G,
Woo HH, Heck DV, Lev M, Aviv R, Hacke W, Warach S,
Broderick J, Derdeyn CP, Furlan A, Nogueira RG, Yavagal DR,
Goyal M, Demchuk AM, Bendszus M, Liebeskind DS; Cerebral
Angiographic Revascularization Grading (CARG) Collaborators;
STIR Revascularization working group; STIR Thrombolysis in
Cerebral Infarction (TICI) Task Force. Recommendations on angio-
graphic revascularization grading standards for acute ischemic
stroke: a consensus statement. Stroke. 2013;44:2650-63.

24. Rothwell PM. Treating individuals 2. Subgroup analysis in
randomised controlled trials: importance, indications, and interpre-
tation. Lancet. 2005;365:176-86.

25. Mulder MJ, Berkhemer OA, Fransen PS, Beumer D, van den
Berg LA, Lingsma HF, Roos YB, van Oostenbrugge RJ, van Zwam WH,
Majoie CB, van der Lugt A, Dippel DW; MR CLEAN investigators.
Treatment in patients who are not eligible for intravenous alteplase:
MR CLEAN subgroup analysis. Stroke. 2016;11:637-45.

26. Widimsky P. Periprocedural antithrombotic medication in
acute ischemic stroke treated by catheter-based thrombectomy.
A review. Cor et Vasa. 2015;57:€139-e142.

27. Brinjikji W, Duffy S, Burrows A, Hacke W, Liebeskind D,
Majoie CB, Dippel DW, Siddiqui AH, Khatri P, Baxter B,
Nogeuira R, Gounis M, Jovin T, Kallmes DF. Correlation of imag-
ing and histopathology of thrombi in acute ischemic stroke with
etiology and outcome: a systematic review. J Neurointerv Surg.
2017;9:529-534.

28. Broderick JP, Palesch Y'Y, Demchuk AM, Yeatts SD, Khatri P,
Hill MD, Jauch EC, Jovin TG, Yan B, Silver FL, von Kummer R,
Molina CA, Demaerschalk BM, Budzik R, Clark WM, Zaidat OO,
Malisch TW, Goyal M, Schonewille WJ, Mazighi M, Engelter ST,
Anderson C, Spilker J, Carrozzella J, Ryckborst KJ, Janis LS,
Martin RH. Foster LD, Tomsick TA; Interventional Management of
Stroke (IMS) III Investigators. Endovascular therapy after intrave-
nous t-PA versus t-PA alone for stroke. N Engl J Med. 2013;368:
893-903.

29. Ciccone A, Valvassori L; SYNTHESIS Expansion Investiga-
tors. Endovascular treatment for acute ischemic stroke. N Engl J
Med. 2013;368:2433-4.

30. Lubitz SA, Rosen AB, Ellinor PT, Benjamin EJ. Stroke risk in
AF: do AF patterns matter? Eur Heart J. 2010;31:908-10.



