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ABSTRACT

Objective To investigate the aetiology, subsequent
preventive strategies and outcomes of stroke despite
anticoagulation in patients with atrial fibrillation (AF).
Methods We analysed consecutive patients with AF
with an index imaging-proven ischaemic stroke despite
vitamin K-antagonist (VKA) or direct oral anticoagulant
(DOAC) treatment across 11 stroke centres. We classified
stroke aetiology as: (i) competing stroke mechanism
other than AF-related cardioembolism; (ii) insufficient
anticoagulation (non-adherence or low anticoagulant
activity measured with drug-specific assays); or,

(iii) AF-related cardioembolism despite sufficient
anticoagulation. We investigated subsequent preventive
strategies with regard to the primary (composite of
recurrent ischaemic stroke, intracranial haemorrhage,
death) and secondary endpoint (recurrent ischaemic
stroke) within 3 months after index stroke.

Results Among 2946 patients (median age 81years;
48% women; 43% VKA, 57% DOAC), stroke aetiology
was competing mechanism in 713 patients (24%),
insufficient anticoagulation in 934 (32%) and
cardioembolism despite sufficient anticoagulation in
1299 (44%). We found high rates of the primary (27% of
patients; completeness 91.6%) and secondary endpoint
(4.6%; completeness 88.5%). Only DOAC (vs VKA)
treatment after index stroke showed lower odds for
both endpoints (primary: adjusted OR (aOR) (95% Cl)
0.49 (0.32 to 0.73); secondary: 0.44 (0.24 to 0.80)), but
not switching between different DOAC types. Adding
antiplatelets showed higher odds for both endpoints
(primary: aOR (95% Cl) 1.99 (1.25 to 3.15); secondary:
2.66 (1.40 to 5.04)). Only few patients (1%) received
left atrial appendage occlusion as additional preventive
strategy.

Conclusions Stroke despite anticoagulation comprises
heterogeneous aetiologies and cardioembolism despite
sufficient anticoagulation is most common. While

;* David J Seiffge ® ?

DOAC were associated with better outcomes than VKA,
adding antiplatelets was linked to worse outcomes

in these high-risk patients. Our findings indicate that
individualised and novel preventive strategies beyond the
currently available anticoagulants are needed.

Trial registration number ISRCTN48292829.

INTRODUCTION
Oral anticoagulation with either direct oral antico-
agulants (DOAC) or vitamin K-antagonists (VKA)
reduces the risk of ischaemic stroke in patients
with non-valvular atrial fibrillation (AF). However,
there is a substantial residual stroke risk in patients
with AF despite anticoagulation ranging from
0.7% to 2.3% annually in primary and secondary
prevention, respectively.'™ Since the introduc-
tion of DOAC, the overall use of oral anticoagu-
lants for stroke prevention in patients with AF has
increased steadily, particularly in patients with AF
at the highest stroke risk.” Due to this development,
the number of patients with AF suffering a stroke
despite anticoagulation is expected to increase,
t00.°” Accumulating evidence suggests that patients
with AF and stroke despite anticoagulation are at a
higher risk for future recurrence than patients who
were naive to anticoagulation treatment before
stroke.®!°

For stroke physicians, ischaemic stroke despite
anticoagulation in patients with AF represents a
challenge in everyday clinical practice, as its aeti-
ology is not well-understood.'' Competing stroke
mechanisms such as large artery and small vessel
disease, as well as non-adherence or inappropriately
dosed anticoagulation have been discussed as poten-
tial causes of stroke despite anticoagulation,®! but
few data on their relative frequency exist.® A better
understanding of the aetiology of stroke despite
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anticoagulation is needed to inform strategies to prevent recur-
rence after a stroke despite anticoagulation.'’ So far, limited data
suggested no benefit from switching the anticoagulant type.®’
Indeed, the optimal management of patients with stroke despite
anticoagulation remains unclear, and the latest guidelines offer
no recommendations on this."?

We therefore sought to (i) describe the aetiology of stroke
despite oral anticoagulation and (ii) investigate subsequent
preventive strategies and outcomes in a large collaborative study
of patients with AF and stroke despite anticoagulation from 11
experienced stroke centres.

METHODS

Study design, patient population and data collection

We pooled individual data of patients with consecutive stroke
in a collaborative effort across 11 experienced stroke centres
from Switzerland, Germany and the USA with a special research
interest in stroke despite anticoagulation. Patients who had a
stroke were identified using local prospective registries comple-
mented by hospital admission records, as in prior research.®’
Local investigators collected data that were not available in the
prospective databases by retrospectively reviewing patient charts.
All data were collected using predefined variables in a stan-
dardised manner. De-identified patient data were pooled and
analysed at the University Hospitals Basel and Bern.

We included patients with previously known AF and an
imaging-proven acute ischaemic stroke (hereafter referred to
as index stroke) occurring while on oral anticoagulant therapy
(ie, prescribed anticoagulation for long-term stroke prevention,
excluding non-persistent patients and those with physician-
initiated pauses for medical reasons at the time of the stroke). We
excluded patients with missing data on anticoagulant treatment,
and those with mechanical heart valves. The reporting period
was limited to patients presenting no earlier than January 2012
and no later than December 2020.

A detailed description of collected baseline clinical, neuroim-
aging and laboratory variables, as well as preventive treatments
following the index stroke, is presented in the online supple-
mental file 1.

Aetiology of stroke despite anticoagulation

The presumed most likely aetiology of stroke was determined

by local investigators according to the following predefined

categories:

1. Competing stroke mechanism other than AF-related cardi-
oembolism (such as small vessel disease, large artery athero-
sclerosis or other established pathologies as the most likely
stroke mechanism in line with the TOAST classification cri-
teria, that is, ‘two or more mechanisms’"?);

2. Insufficient anticoagulation defined (adapting prior re-
search®) as (i) self-reported non-adherence (ie, history of
missing intake of anticoagulants within the last 3 days before
index stroke); (ii) low anticoagulant activity on admission
(ie, international normalised ratio (INR) <2.0 in VKA-
treated patients; plasma level <30ng/mL in DOAC-treated
patients'*; or, (iii) inappropriately low DOAC dose or dos-
ing frequency (according to current product labelling by the
Swiss Agency for Therapeutic Products, European Medicines
Agency and the United States Food and Drug Administration,
as applicable). Patients with evidence for both (1) and (2)
were classified solely as (1), that is, competing stroke mech-
anism;

3. AF-related cardioembolism despite sufficient anticoagula-
tion, defined as stroke without evidence for either (1) or (2).
To investigate the reproducibility of the classification, a
random sample from the two largest data sets (Basel and Bern,
25 patients each) was reclassified by a different local investi-
gator, showing high inter-rater agreement (82%, kappa 0.73).
Additionally, a random sample of 25 patients from the entire
data set was reclassified based on available baseline variables by
blinded raters from three of the largest centres (Basel, Bern and
Heidelberg), showing high inter-centre agreement (87%, kappa
0.80).

3-month outcomes

Out of 11 centres, 8 routinely collected standardised informa-
tion on the following 3-month outcomes: (i) recurrent ischaemic
stroke, (ii) intracranial haemorrhage (ICH), (iii) all-cause death
and (iv) functional outcome on the modified Rankin Scale (mRS).
The primary endpoint was the composite of recurrent ischaemic
stroke, ICH and all-cause death within 3 months, defined as in
previous research.® '° Secondary endpoint was recurrent isch-
aemic stroke within 3 months. An additional combined endpoint
of recurrent ischaemic stroke and ICH within 3 months was
defined post hoc.

Statistical analyses

Main analysis

We presented data on the aetiology of stroke despite anticoag-
ulation using descriptive statistics. We stratified patient charac-
teristics according to stroke aetiology and type of anticoagulant
(DOAC vs VKA) at the time of the index stroke. Categorical data
are presented using frequencies and percentages and continuous
data using the median and IQR. We compared categorical vari-
ables using the x> test or Fisher’s exact test, as appropriate, and
continuous variables using the Mann-Whitney U test.

Secondary analyses

To investigate the prognostic significance of the aetiology of
stroke despite anticoagulation with regard to the primary and
secondary endpoints, we used univariable and multivariable
logistic models adjusted for preselected common risk factors
(ie, age, sex, hypertension, diabetes, ischaemic heart disease,
dyslipidaemia, renal impairment, prior ischaemic stroke or ICH,
current smoking and active malignancy).

To explore the association of preventive strategies with the
primary and secondary endpoints, we fitted univariable and
multivariable logistic models adjusted for preselected common
outcome predictors, as described in detail in the online supple-
mental file 1. As a post-hoc analysis we additionally examined
the association of all preventive strategies with the combined
endpoint of recurrent ischaemic stroke and ICH.

For all models, we report the (adjusted) OR ((a)OR) along
with 95% ClIs and two-sided p values. Additionally, the number
of missing values are indicated for all data. We fitted all models
using only complete cases without data imputation and report
the number of patients (and number of events) included in each
model.

Statistical analyses were performed using Stata V.17.0
(StataCorp). We conducted this study in accordance with the
Strengthening the Reporting of Observational Studies in Epide-
miology Statement for observational studies.'® This study is
registered with the International Standard Registered Clinical/
Social Study Number Registry.

This study complies with the Declaration of Helsinki.
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2,982 pts in the pooled dataset

Excluded for not fulfilling inclusion criteria:
3 pts with valvular atrial fibrillation

16 pts without imaging-proven stroke

6 pts with mechanical valve

12 pts without oral anticoagulants at stroke
onset

2,946 pts in the final dataset

Main analysis: etiology of stroke
2,946/2,946 pts (100%)

Secondary analysis: preventive treatments

2,875/2,946 pts (97.6%)

Secondary analysis: 3-month outcomes*
1,906/2,082 pts (91.6%)

Figure 1  Study flowchart.

RESULTS

In total, 2946 patients were eligible for analysis. Figure 1 shows
the study flowchart and online supplemental Table 1 the centre
contributions. The median (IQR) age was 81 (76-86) years,
1404 patients were women (47.7%) and stroke was moderate to
severe (National Institutes of Health Stroke Scale 6 (2-14)). At
the time of the index stroke, 1674 patients (56.8%) were taking
DOAC and 1272 (43.2%) were taking VKA; their detailed char-
acteristics are shown in online supplemental table 2. Plasma level
on admission was available for 913 patients on DOAC (54.5%),
and INR on admission was available in 1267 patients on VKA
(99.6%).

Aetiology of stroke despite anticoagulation

Information on the presumed most likely aetiology of stroke
was available for all patients and was classified as competing
stroke mechanism in 713 (24.2%), insufficient anticoagula-
tion in 934 (31.7%) and cardioembolism despite sufficient
anticoagulation in 1299 (44.1%) patients. The distribution of
stroke aetiologies in patients with stroke from January 2012
to June 2016 versus July 2016 to December 2020 did not
differ substantially (online supplemental figure 1). The detailed
characteristics of all patients stratified to stroke aetiology are
presented in table 1.

Among patients with competing mechanisms other than
AF-related cardioembolism as stroke aetiology, information on
the exact competing mechanism was available for 685 of 713
patients (96.1%). Of those, 658 patients (96.1%) had one and
27 (3.9%) had more than one competing stroke mechanism as
the most likely stroke aetiology. The most common competing
mechanism was large artery atherosclerosis, which was present in
415 (60.6%) patients, followed by small vessel disease (present
in 180 (26.3%) patients). Less common aetiologies included
coagulopathies (ie, cancer-related coagulopathy, antiphospho-
lipid syndrome and others; 5.3%), peri-interventional stroke
(3.4%), endocarditis (3.2%) and other cardio-aortic pathologies
(3.8%). There were no substantial differences in the distribution
of competing mechanisms among patients with DOAC versus
VKA therapy at the time of the index stroke. Details are given
in table 2.

*3 centers did not collect outcome data (864 pts)

Preventive treatments

Information on antithrombotic treatment after the index stroke
was available for 2875 of 2946 patients (completeness 97.6%).
At hospital discharge, 2437 patients (84.8%) were treated with
oral anticoagulants, 120 (4.2%) received antiplatelets alone, 286
(9.9%) received no antithrombotic treatment and 32 (1.1%)
received parenteral anticoagulation.

Of patients who received oral anticoagulants, 13.4% were
prescribed VKA and 86.8% DOAC, whereby 80.5% received
a two times per day DOAC and 66.6% received DOAC at full
dose. Antiplatelets as add-on therapy to anticoagulation were
prescribed in 367 patients (12.8% of all patients; 15.1% of all
patients with anticoagulation), which was more common among
those with competing mechanism as stroke aetiology. Most
patients were prescribed statins and antihypertensives after
the index stroke, and both drug types were more commonly
prescribed after stroke due to competing mechanisms than due
to other aetiologies. The detailed preventive treatments strati-
fied to stroke aetiology are given in online supplemental table 3.
An overview of the changes in oral anticoagulant therapy before
versus after stroke is presented in figure 2.

Information on non-pharmacological preventive treatments
was available for revascularisation treatments in 2774 of 2946
patients (94.2%) and for left atrial appendage occlusion in
1762 of 2496 patients (59.8%). Revascularisation treatments
including carotid endarterectomy or stenting were administered
to 94 patients (3.4%) and left atrial appendage occlusion was
performed in 17 patients (1.0%), both more commonly among
patients with competing mechanisms as stroke aetiology (online
supplemental table 3).

3-month outcomes and their association with stroke
aetiology

Information on 3-month outcomes was available in all but three
centres for 2082 patients in total. Here, information on the
primary and secondary endpoint was complete in 1906 (91.6%)
and 1842 (88.5%) patients, respectively. The primary endpoint
(ie, the composite of recurrent ischaemic stroke, ICH or all-
cause death) occurred in 516 patients (27.1%) and the secondary
endpoint (ie, recurrent ischaemic stroke) in 84 patients (4.6%)

590 Polymeris AA, et al. / Neurol Neurosurg Psychiatry 2022;93:588-598. doi:10.1136/jnnp-2021-328391


https://dx.doi.org/10.1136/jnnp-2021-328391
https://dx.doi.org/10.1136/jnnp-2021-328391
https://dx.doi.org/10.1136/jnnp-2021-328391
https://dx.doi.org/10.1136/jnnp-2021-328391
https://dx.doi.org/10.1136/jnnp-2021-328391
https://dx.doi.org/10.1136/jnnp-2021-328391

Cerebrovascular disease

Table 1 Patient characteristics stratified to stroke aetiology

Aetiology of stroke despite anticoagulation

Insufficient Cardioembolism despite
Competing anticoagulation  sufficient anticoagulation

Characteristic All (N=2946) N missing mechanism (N=713) (N=934) (N=1299) P value
Demographics

Age, median (IQR), years 81 (76-86) 0 80 (74-85.1) 82.45 (77-86.9) 81 (75-86) <0.001

Female sex, N (%) 1404 (47.7) 0 254 (35.6) 533 (57.1) 617 (47.5) <0.001
Risk factors

Hypertension, N (%) 2649 (89.9) 0 632 (88.6) 844 (90.4) 1173 (90.3) 0.430

Diabetes, N (%) 871 (29.6) 0 239 (33.5) 264 (28.3) 368 (28.3) 0.029

Dyslipidaemia, N (%) 1768 (60.3) 13 458 (64.6) 569 (61.1) 741 (57.3) 0.005

Renal impairment, N (%) 959 (33.2) 58 229 (32.8) 318 (34.7) 412 (32.4) 0.510

Prior ischaemic stroke, N (%) 984 (33.4) 0 262 (36 7) 290 (31.0) 432 (33.3) 0.052

History of ICH, N (%) 60 (2.0) 0 3(1.8) 14 (1.5) 33(2.5) 0.210

Ischaemic heart disease, N (%) 905 (30.7) 0 232 (32 5) 275 (29.4) 398 (30.6) 0.400

Bioprosthetic heart valve, N (%) 151 (5.1) 0 54 (7.6) 34 (3.6) 63 (4.8) 0.001

Current smoking, N (%) 249 (8.8) 103 79 (11.8) 69 (7.6) 101 (8.0) 0.006

Active malignancy, N (%) 236 (8.1) 15 79 (11.1) 63 (6.8) 94 (7.3) 0.002

Prestroke mRS =3, N (%) 567 (22.1) 381* 118 (18.5) 198 (24.6) 251 (22.3) 0.021

Ipsilateral stenosis =50%, N (%) 452 (15.6) 54 307 (43.4) 65 (7.2) 80 (6.3) <0.001

Ipsilateral stenosis <50%, N (%) 496 (17.1) 50 100 (14.1) 200 (21.9) 196 (15.3) <0.001
Medication at the time of stroke onset
Oral anticoagulant 0

VKA, N (%) 1272 (43.2) 249 (34.9) 548 (58.7) 475 (36.6) <0.001

DOAC, N (%) 1674 (56.8) 464 (65.1) 386 (41.3) 824 (63.4)

DOAC dose 32

Full, N (%) 925 (56.3) 292 (63.8) 121 (32.0) 512 (63.5) <0.001

Reduced, N (%) 717 (43.7) 166 (36.2) 257 (68.0) 294 (36.5)

DOAC dosing frequency 215t

One time per day, N (%) 848 (58.1) 247 (57.7) 221 (66.4) 380 (54.4) <0.001

Two times per day, N (%) 611 (41.9) 181 (42.3) 112 (33.6) 318 (45.6)

DOAC mechanism of action 0

Thrombin inhibitor, N (%) 152 (9.1) 39(8.4) 29(7.5) 84(10.2) 0.270

Factor Xa inhibitor, N (%) 1522 (90. ) 425 (91.6) 357 (92.5) 740 (89.8)
Additional antiplatelet, N (%) 363 (12. 4 119 (16.7) 112 (12.0) 132 (10.2) <0.001
Statin, N (%) 1354 (46. 4) 30 371 (52.3) 387 (41.7) 596 (46.6) <0.001
Antihypertensive(s), N (%) 2683 (91.9) 27 652 (91.8) 842 (90.7) 1189 (92.8) 0.210
Stroke details

NIHSS on admission, median (IQR) 6 (2-14) 33 4(2-10) 8 (3-16) 6 (2-14) <0.001

Intravenous thrombolysis, N (%) 351 (11.9) 2 46 (6.5) 211 (22.6) 94(7.2) <0.001

Endovascular treatment, N (%) 787 (26.8) 6 110 (15.4) 293 (31.4) 384 (29.7) <0.001

Embolic infarct pattern, N (%) 2317 (81.7) m 468 (67.3) 805 (89.6) 1044 (84.1) <0.001

Large vessel occlusion, N (%) 1345 (46.2) 32 241 (34.2) 513 (55.6) 591 (46.0) <0.001
Laboratory parameters on admission

INR, median (IQR) 1.4(1.1-1.9) 100 1.4 (1.1-2.0) 3(1.1-1.6) 1.4 (1.2-2.2) <0.001

Low anticoagulant activity, N (%)% 957 (43.9) 7668 128 (26.9) 633 (82.1) 196 (21.0) <0.001

Low VKA activity, N (%) 737 (58.2) 96 (39.3) 528 (96.4) 113 (23.8) <0.001

Low DOAC activity, N (%) 220 (24.1) 32(13.8) 105 (47.1) 83 (18.1) <0.001

DOAC plasma level, ng/mL, median (IQR) 83.9 (30-164) 761§ 110.1 (54.9-193.6) 34.6 (1.0-93.5)  100.9 (44.3-192.6) <0.001
Outcome at discharge

mRS =3, N (%) 1543 (63.3) 5089 393 (62.8) 516 (67.9) 634 (60.3) 0.004

In-hospital death, N (%) 204 (8.4) 35(5.6) 78(10.3) 91 (8.7) 0.007

*Not collected in the centre Berlin (reporting period 2013-2015).

tNot collected in the centre Erlangen.

+Defined in VKA-treated patients as INR <2.0and in DOAC-treated patients as plasma level <30 ng/mL.

§DOAC plasma level on admission not collected in the centres Berlin, Mainz and George Washington University.

{INot collected in the centre Mainz.

.DOAC, direct oral anticoagulant; ICH, intracranial haemorrhage; INR, international normalised ratio; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; VKA,
vitamin K-antagonist.
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Table 2 Details of competing mechanisms

Competing mechanism All (N=685)* DOAC (N=441) VKA (N=244)

Large artery atherosclerosis, N (%) 415 (60.6) 255 (57.8) 160 (65.6)
Small vessel disease, N (%) 180 (26.3) 120 (27.2) 60 (24.6)
Coagulopathyt, N (%) 36 (5.3) 28 (6.3) 8(3.3)
Peri-interventional stroket, N (%) 23 (3.4) 18 (4.1) 5(2.0)
Endocarditis, N (%) 22 (3.2) 14 (3.2) 8(3.3)
Other cardio-aortic causes§, N (%) 26 (3.8) 13(2.9) 13(5.3)
Cervical artery dissection, N (%) 9(1.3) 6 (1.4) 3(1.2)
Vasculitis, N (%) 4(0.6) 2 (0.5) 2(0.8)

*Details were available for 685/713 patients (96.1%) who had competing
mechanism as stroke aetiology.

tIncluding suspected cancer-related coagulopathy, hereditary thrombophilia,
myeloproliferative disorders and antiphospholipid syndrome.

tIncluding percutaneous transluminal coronary angioplasty, transcatheter

aortic valve implantation, pulmonary vein isolation, cardioversion and other
cardiovascular procedures.

§Including intracardiac thrombus, aortic dissection, patent foramen ovale/atrial
septal defect, heart valve fibroelastoma and other structural heart abnormalities.
.DOAC, direct oral anticoagulant; VKA, vitamin K-antagonist.

before stroke

VKA 310 pts)

QD DOAC

(870 pts)

BID DOAC

(577 pts)

OAC and

antiplatelet
(295 pts)

within 3 months. Detailed information on 3-month outcomes is
given in table 3.

Compared with patients with cardioembolism despite suffi-
cient anticoagulation, those with competing mechanisms had
higher odds for recurrent ischaemic stroke in unadjusted and
adjusted analyses, but not for the composite outcome. The
outcomes of patients with stroke due to insufficient anticoagula-
tion did not differ from those with cardioembolism despite suffi-
cient anticoagulation with regard to the primary and secondary
endpoints (table 3).

Association of preventive strategies with the primary and
secondary endpoint

Figure 3 shows the adjusted estimates for the association of
preventive strategies after the index stroke with the primary
and secondary endpoints; the detailed unadjusted and adjusted
models are given in table 4. Among patients who received oral
anticoagulant treatment at hospital discharge and for whom
outcome data were available, 1279 (85.4%) patients received
DOAC and 219 (14.6%) patients received VKA. Treatment
with DOAC versus VKA was associated with lower odds for

after stroke

I VKA (240 pts)

BID DOAC

(1,414 pts)

QD DOAC
(331 pts)

OAC and

antiplatelet
(367 pts)

Figure 2 Changes in oral anticoagulant therapy at the time of the index stroke (before) versus at hospital discharge (after stroke). Patients not receiving
oral anticoagulants after stroke and patients with missing type and dosing frequency of anticoagulants before or after stroke are not depicted. BID, two
times per day; DOAC, direct oral anticoagulant; OAC, oral anticoagulant; QD, one time per day; VKA, vitamin K-antagonist.
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Composite outcome

Recurrent ischemic stroke

All pts

use of DOAC (vs. VKA) - L &

any anticoagulant switch -— —Q—

addition of antiplatelets —_— ——

Pts with DOAC at the time of the stroke

switch to another DOAC —o— T— 00—

switch to DOAC with different dosing frequency ——] 10—

switch to DOAC with different mechanism of action —— —

Pts with VKA at the time of the stroke

switch from VKA to any DOAC 00— L an

Pts with competing stroke mechanism

addition of antiplatelets L 2 . S—

Pts with insufficient anticoagulation

switch to DOAC or correct DOAC dose — ——

Pts with cardioembolism despite sufficient anticoagulation

twice-daily DOAC (vs. any other anticoagulant) —— i
T T T T T T T T T
0 1 2 3 4 0 2 4 6 8

Odds ratio Odds ratio

Figure 3  Association of preventive strategies after stroke despite anticoagulation with the primary and secondary endpoints from the adjusted models.
DOAC, direct oral anticoagulant; Pts, patients; VKA, vitamin K-antagonist; estimates adjusted for age, sex, hypertension, diabetes, ischaemic heart disease,
dyslipidaemia, renal impairment, prior ischaemic stroke, history of intracranial haemorrhage, current smoking, active malignancy, use of statins and use of

antihypertensives.

the primary and secondary endpoints, both in unadjusted and
adjusted analyses (table 4). This remained true independent of
the type of anticoagulant (DOAC vs VKA) at the time of the index
stroke and whether the drug was switched or not after the index
stroke in additional models accounting for the anticoagulant
type at the time of the index stroke and its interaction with the
type of anticoagulant after stroke (composite outcome: aOR ;.
(95%CI) 0.50 (0.31 to 0.81), p =0.855;

ACvs.VKA : . interaction (before*after)
recurrent ischaemic stroke: aOR |, .. s (95%CI) 0.47 (0.21 to
1.03), p =0.429).

interaction (before*after)

Any anticoagulant switch and switch from VKA to DOAC
were associated with lower odds for the composite outcome,
but not for recurrent stroke. Among patients with cardioembo-
lism despite sufficient anticoagulation, the use of two times per
day DOAC was associated with lower odds for the composite
outcome, but not for recurrent stroke. No other strategy was
associated with lower odds for any of the endpoints, while the
addition of antiplatelets to anticoagulants was even associated
with higher odds for the primary and secondary endpoints.

A post-hoc analysis focusing on the combined endpoint of
recurrent ischaemic stroke and ICH revealed largely consistent
results. Among patients treated with VKA at the time of the
index stroke, switching to any DOAC was associated with lower
odds for this combined endpoint (online supplemental table 4).

DISCUSSION

This study revealed the following key findings: (1) The aeti-
ology of stroke despite anticoagulation in patients with AF is
heterogeneous, with about one out of four cases attributable
to competing stroke mechanisms and about one out of three
to insufficient anticoagulation, while AF-related cardioembo-
lism despite sufficient anticoagulation was the most common
aetiology. (2) Following stroke despite anticoagulation, unfa-
vourable outcomes are common and recurrence rate is high. (3)

Anticoagulation with DOAC was linked to better outcomes than
VKA after stroke despite anticoagulation, while additional anti-
platelet therapy was not associated with better outcomes.

Among patients with a competing mechanism other than
AF-related cardioembolism as the most likely stroke aetiology,
large artery atherosclerosis and small vessel disease were the
most frequent mechanisms. Previous case—control and cohort
studies on anticoagulated patients with AF demonstrated that
vascular risk factors such as diabetes'” and dyslipidaemia,'” '8
but also large artery atherosclerosis'” ' and small vessel disease*
per se were associated with higher stroke risk. In line with this,
a previous single-centre study on patients with AF and stroke
despite anticoagulation using the ASCOD classification (A:
atherosclerosis; S: small-vessel disease; C: cardiac pathology;
O: other causes; D: dissection) indicated that the coexistence
of competing stroke mechanisms is common.® These findings
stress the importance of a thorough work-up in patients with
AF and stroke despite anticoagulation in order to uncover non-
cardioembolic pathologies that might be less responsive to anti-
coagulation and warrant additional preventive therapies. Of
note, our data indicated that underlying coagulopathies may—
less commonly—also account for stroke despite anticoagula-
tion in patients with AF. In these cases, abnormal blood count
findings, elevated lactate dehydrogenase, C-reactive protein and
particularly D-dimer levels should raise suspicion and prompt
further testing including haematological work-up and cancer
screening with imaging of the chest and abdomen to uncover
potential relevant comorbidities such as myeloproliferative or
other neoplasms.?'*

Our study further highlights the problem of insufficient anti-
coagulation as an important aetiology of stroke despite anti-
coagulation in patients with AF. Prior reports either lacked
this information®'® or were of small sample size."® Our defi-
nition of insufficient anticoagulation comprised not only
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self-reported non-adherence and inappropriately low DOAC
dosing, combining findings from previous studies,'® * % but
also included the anticoagulant activity measured on admission.
For this, DOAC level was available in over 50% of DOAC-
treated patients and INR in almost all VKA-treated patients in
our data set. While low time in therapeutic range among VKA-
treated patients has been previously reported as a contributor
to stroke risk in patients with AF,** only few data about DOAC
levels existed in this context so far.®*” Our finding that a rele-
vant proportion of stroke despite anticoagulation is attribut-
able to insufficient anticoagulation is important because these
strokes may potentially be preventable. Such prevention strate-
gies would entail interventions to increase physicians” awareness
about the importance of per-label dosing, and also ways of iden-
tifying patients at high risk for non-adherence,” a more nuanced
evaluation of drug intake behaviour” and adherence-enhancing
interventions.*

Another main finding of our study is that the largest propor-
tion of stroke despite anticoagulation was attributable solely to
AF-related cardioembolism without evidence for insufficient
anticoagulation or competing mechanisms. The profile of these
patients resembled more the profile of patients with insufficient
anticoagulation in terms of traditional cardiovascular risk factors
and neuroimaging characteristics than the profile of patients
with competing stroke mechanisms. This suggests shared stroke
mechanisms in these patients, in whom inadequate anticoagulant
activity might be ultimately implicated. Besides non-adherence
and inappropriate dosing leading to insufficient anticoagulation,
emerging evidence suggests that a high inter-individual varia-
tion in DOAC pharmacokinetics and pharmacodynamics exists,
which may be attributable to genetic factors.*’ More research
is needed to evaluate whether tailored pharmacogenomics
approaches might mitigate the risk of AF-related cardioembo-
lism despite anticoagulation.

Furthermore, our data show that the burden of unfavourable
outcomes within 3 months after stroke despite anticoagulation
is high, expanding on findings from previous smaller studies
that focused mostly on ischaemic stroke recurrence.®® In our
study, over one out of five patients died and over one out of
two patients had a mRS =3 at 3 months. While ICH occurred
infrequently at <1%, 4.6% of patients suffered ischaemic stroke
recurrence, clearly identifying this patient group as high risk and
stressing the need to define optimal treatment strategies.

Overcoming limitations of previous studies, the large sample
size of this pooled analysis enabled us to comprehensively inves-
tigate a series of preventive strategies. Regardless of the type of
anticoagulant at the time of the index stroke, treatment with
DOAC after the index stroke was associated with lower odds
for both the primary and secondary endpoints as opposed to
treatment with VKA, even after adjustment for several outcome-
modifying variables. Although residual confounding by indica-
tion—potentially left unaccounted for despite adjustment—may
have influenced this finding by introducing bias against VKA,
our data are reassuring for the use of DOAC and support the
current guidelines for recurrent stroke prevention which recom-
mend DOAC in preference over VKA, providing new evidence
for patients with stroke despite anticoagulation.

In contrast to widespread practice, our data do not suggest
that any specific switch between DOAC (including switching to
different DOAC, or to DOAC with different dosing frequency
or mechanism of action) may lead to better outcomes in patients
with stroke while on DOAC therapy. Importantly, we found that
adding antiplatelets to anticoagulants was not linked to better
outcomes, but was instead associated with higher odds for both

the primary and secondary endpoints. This finding expands on
previous research showing no better or even worse cardiovas-
cular outcomes in anticoagulated patients with AF and add-on
antiplatelets,®* ** indicating that this seems to apply also to
patients with stroke despite anticoagulation. It is possible that
residual confounding by indication that remained unaccounted
for despite extensive adjustment for comorbidities may have
influenced this finding, as discussed previously.*

The rates of the primary and secondary endpoints in our study
were high, although most patients were treated with DOAC
after stroke. This indicates that novel approaches to prevent
stroke recurrence are needed in these patients. Besides strate-
gies to optimise the currently available drug treatments discussed
above, novel pharmacological approaches, such as factor Xla
inhibitors,>* or non-pharmacological interventional treat-
ments, including the percutaneous occlusion of the left atrial
appendage,® might advance stroke prevention in AF. Notably,
surgical occlusion of the left atrial appendage was shown to
confer additional protection against stroke when added to anti-
coagulation in a recent trial.>®

Strengths and limitations

The strengths of this study include (i) its large sample size; (ii)
the detailed patient characterisation with high data complete-
ness, allowing for a large number of analyses with extensive
adjustment for confounders and limiting the risk of spurious
findings; (iii) the standardised classification of the stroke aeti-
ology incorporating DOAC plasma levels, which were available
in the majority of participating centres; and (iv) the homoge-
neity of the study population, which included only patients with
imaging-confirmed stroke and previously known AF as the sole
indication for anticoagulation.

We are aware of the following limitations: (i) Data were in
part collected retrospectively rather than prospectively ascer-
tained; (ii) Although experienced investigators determined the
most likely stroke aetiology, inherent limitations in the determi-
nation of competing stroke mechanisms may have led to misclas-
sification of the stroke aetiology, and heterogeneity among the
participating centres may have introduced bias in the classifi-
cation; (iii) Local investigators classified the stroke aetiology as
insufficient anticoagulation using a standardised definition, but
availability of coagulation measurements (DOAC plasma levels
vs INR for VKA) differed. This is a potential source of bias, as it
decreases the likelihood of patients on VKA (and increases the
likelihood of patients on DOAC) to be classified as ‘AF-related
cardioembolism despite sufficient anticoagulation” and may have
caused more patients on VKA (and less patients on DOAC) to be
classified as ‘insufficient anticoagulation’; (iv) The observational
design of the study allowed only the assessment of association
between treatment strategies and outcomes, but not causality
thereof. Importantly, despite extensive adjustment for comor-
bidities, indication bias may still have confounded our find-
ings, potentially contributing to the worse outcomes of patients
treated with VKA or add-on antiplatelets after stroke despite
anticoagulation. These results should therefore be interpreted
cautiously, better serving as hypothesis-generating for potential
future randomised trials that are necessary to provide robust
evidence; (v) Despite the large sample size, the short follow-up
time of 3 months may have limited the number of outcomes,
thus disallowing the detection of their association with treat-
ment strategies; (vi) With only 17 patients undergoing left atrial
appendage occlusion in our observational data set, no meaningful
statistical analyses for this preventive strategy were possible; (vii)
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The limited number of ICH events disallowed statistical anal-
ysis of ICH as a separate outcome. Finally, we did not consider
extracranial bleeding in our analyses, as this outcome was not
collected during follow-up.

In conclusion, this study on ischaemic stroke despite anticoag-
ulant therapy in patients with AF showed that the aetiology of
stroke is heterogeneous and unfavourable outcomes are common.
While DOAC treatment after stroke despite anticoagulation was
associated with better outcomes than VKA, add-on antiplate-
lets were linked to worse outcomes; further research into more
personalised and novel preventive strategies is warranted.
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