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Abstract

Introduction A consensus on the management of anticoagulated patients in the acute phase of ischaemic stroke has not yet
been established. We aimed to evaluate clinical outcomes in such patients based on the continuation or discontinuation of
anticoagulation.

Methods Retrospective study of patients with acute ischaemic stroke and cardioembolic source receiving anticoagulant
therapy is done. Patients were classified based on the continuation or discontinuation of anticoagulation at admission. Clini-
cal outcomes, haemorrhagic and ischaemic events were assessed. Multivariate logistic regression analysis, propensity score
matching (PSM) analysis and a sub-analysis of patients with severe ischaemic stroke at admission (NIHSS score> 15) were
performed.

Results Anticoagulation was continued in 147 (78.8%) of 186 patients. Patients continuing anticoagulant had lower NIHSS
(median 5 vs 18, p <0.001). There were no differences in haemorrhagic or ischaemic events. In the multivariate analysis,
good functional outcome at discharge was higher in the continuation group, OR (CI95%) 3.77 (1.2-11.2). PSM analysis
adjusted for potential confounders such as NIHSS had higher rates of good functional outcomes at discharge (80% vs 36%,
p=0.004) and at 90 days (76% vs 44%, p=0.042) in the continuation group. Patients with severe stroke in this group had
lower 90-day mortality (34.6% vs 62.5%, p=0.045) and higher rates of good clinical outcome at discharge (33.3% vs 8.3%,
p=0.032). No differences were observed in 90-day haemorrhagic or ischaemic events.

Conclusion Continuation of anticoagulation in patients with acute ischaemic stroke and cardioembolic source did not increase
the risk of intracranial haemorrhage and may be associated with better functional outcomes.

Keywords Cardioembolic stroke - Acute ischaemic stroke - Anticoagulant therapy - Continuing anticoagulant therapy -
Stroke recurrence - Haemorrhagic risk

Introduction

Cardioembolic stroke represents approximately 20% of all
ischaemic strokes, with atrial fibrillation representing the
most frequent cause. It is usually associated with greater
stroke severity, higher risk of ischaemic recurrence and
haemorrhagic transformation and worse clinical outcomes
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(Apixaban, Rivaroxaban and Edoxaban), for stroke pre-
vention in patients with atrial fibrillation or other major
cardioembolic sources. However, even with this preventive
treatment, such patients continue to be at risk for ischae-
mic stroke, with an absolute risk of approximately 1 to
2.4% per year [2]. Stroke risk is even greater in patients
with a history of ischaemic stroke despite anticoagulant
therapy, reaching up to 4.7% cumulative incidence per year
of stroke recurrence [3] and 17% cumulative incidence at
3-year follow-up [4]

In patients with recent cardioembolic stroke not previ-
ously on anticoagulant therapy, the timing for its initiation
remains unclear. In daily clinical practice, stroke physi-
cians adjust the decision to start anticoagulation based on
stroke volume in initial neuroimaging and stroke severity as
measured by the National Institutes of Health Stroke Scale
(NIHSS). Thus, the timing ranges from 3 days in the case of
small or mild cerebral infarcts to more than 12—14 days in
patients with extensive infarcts, haemorrhagic transforma-
tion or severe neurological deficits [5]. Although the main
reason for delaying initiation of anticoagulant therapy is the
risk of ICH, an individual patient data pooled analysis of
seven observational studies has reported similar ICH rates
between patients with early and late initiation of DOACS,
suggesting that an early start could be reasonable to prevent
ischaemic recurrence [6]. Similarly, in a recent open label
trial of patients randomised to early or later anticoagula-
tion, the composite incidence of recurrent ischaemic stroke,
systemic embolism, major extracranial bleeding, sympto-
matic intracranial haemorrhage or vascular death at 30 days
ranged from — 2.8 to+0.5% in early anticoagulated patients
compared with those in whom DOACs were implemented
later [7]. Other ongoing clinical trials comparing early to
late OAC in cardioembolic stroke will help us answer this
question in the years to come [8, 9].

In patients previously undergoing anticoagulant ther-
apy at the time of stroke onset, the initial management of
antithrombotic therapy is even more unclear as there are
no specific recommendations in the international guide-
lines. Both strategies (continuation or discontinuation and
delayed restart) are accepted, and the choice of treatment
varies according to the different protocols of each Stroke
Unit or at the discretion of the attending stroke neurologist.
Although the rationale for continuing anticoagulation is to
prevent early ischaemic recurrence, it may also increase the
risk of haemorrhagic transformation.

A post hoc analysis of the Preventive Antibiotics in
Stroke Study (PASS) in the Netherlands included 192
patients with acute ischaemic stroke of cardioembolic ori-
gin on anticoagulant treatment at the time of admission [10].
This study compared the clinical outcomes of patients in
whom anticoagulation was continued with those in whom it
was discontinued. An adjusted sensitivity analysis showed
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a greater probability of good clinical outcomes in patients
in whom anticoagulant therapy was maintained, with 3%
ischaemic recurrence at 90 days, compared to 11% in the
group in which anticoagulants were discontinued; there were
no cerebral haemorrhages in either group.

Considering the high risk of recurrent ischaemia that may
exceed the haemorrhagic risk in the context of a major car-
dioembolic source, continuing prior anticoagulant therapy
could improve patient outcomes. The aim of this study was
to compare the safety and efficacy of the continuation of
anticoagulant therapy with its discontinuation in the acute
phase of ischaemic stroke in patients with a major cardi-
oembolic source.

Patients and methods

The REKOALA study (Retrospective Evaluation of Keeping
Prior Oral or Parenteral Anticoagulation in the Acute Phase
of ischaemic Stroke and Major Cardioembolic Source) is a
retrospective observational cohort study of adult patients
with acute ischaemic stroke with a major cardioembolic
source undergoing anticoagulant therapy admitted to a
Stroke Centre between January 2014 and December 2021.
Patients who had received intravenous thrombolysis requir-
ing the interruption of anticoagulation, patients on VKA
treatment, with an International Normalized Ratio (INR)
of <1.7 or with haemorrhagic transformation in the initial
cranial-CT were excluded. Patients on DOAC therapy were
included if the patient had received the last dose within 24 h
prior to stroke onset. Discontinuation was defined as the
interruption of anticoagulant therapy for at least 24 h after
the stroke.

Patients were classified into two groups based on whether
anticoagulant therapy was continued or discontinued (con-
tinuation and discontinuation) at the discretion of the attend-
ing stroke neurologist. Each group was then assessed for
safety and efficacy outcomes. Primary safety outcomes were
measured in terms of mortality and symptomatic intracranial
haemorrhage at 90 days. Primary efficacy outcomes were
good functional outcome (defined as a modified Rankin
scale score of 0-2 points) and ischaemic stroke recurrence
at 90 days. Secondary end points were haemorrhagic trans-
formation in control neuroimaging during hospitalisation
(following the classification by Fiorelli et al. [11]), sympto-
matic intracranial haemorrhage (defined as a worsening of
the neurological status attributable to haemorrhagic transfor-
mation of the stroke or new neurological symptoms caused
by ICH), ischaemic stroke recurrence, good functional out-
come and mortality at discharge and systemic embolism or
major extracranial bleeding at discharge and 90-day follow-
up. Control neuroimaging was performed as per standard
care protocol in all patients. All neuroimaging data were
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examined by a neuroradiologist blinded to the anticoagulant
therapy received.

Statistical analysis was performed using SPSS 29.0
for Windows (SPSS Inc., Chicago, IL). First, we carried
out a descriptive analysis of the total cohort. Categorical
variables were presented as proportions and continuous
variables as the mean + standard deviation (SD) or median
with interquartile ranges (IQR). Baseline and demographic
characteristics were then analysed and compared between
the two treatment groups. The comparison of categorical
variables used X 2 or Fisher’s exact test where appropriate,
whilst that of quantitative variables applied the ANOVA
test and were adjusted post hoc with a Bonferroni correc-
tion. We performed intention-to-treat as well as multivari-
ate logistic regression analyses, adjusted by statistically
significant (p <0.05) variables between groups in a uni-
variate analysis. In addition, we built a propensity score-
matched cohort using a 1:1 ratio and a 0.2 tolerance for
variables that were significantly different between groups.

Outcomes of the treatment groups were compared in the
score-matched cohort. Given the retrospective nature of
the study, we also performed a sub-analysis of patients
with severe ischaemic stroke, defined as NIHSS > 15 at
admission.

The study was approved by the local ethics committee and
by the Spanish Agency of Medicines and Medical Devices.
Data supporting the findings of this study are available from
the corresponding author upon request.

Results

186 patients were included in the study. Anticoagulation was
continued in 147 (78.8%) and discontinued in 39 (21.2%)
patients. Table 1 shows the epidemiological, clinical and
radiological characteristics of both cohorts. Patients in
whom anticoagulation was continued had lower NIHSS
scores at admission (median [IQR], 5 [2—-11] vs 18 [10-23],

Table 1 Epidemiological,

.. . . Demographic data
clinical, and radiological

Total cohort  Continuation AT Discontinuation AT P

o N=186 (100) N=147(78.8) N=39(21.2)

characteristics
Sex female, n (%) 76(40.9) 57 (38.8) 19 (48.7) 0.277
Age: years, mean +SD 78.7+7.9 78.7+8.3 78.0+7.5 0.481
Hypertension, n (%) 158 (84.9) 124 (84.4) 34 (87.2) 0.800
Diabetes Mellitus, n (%) 59 (31.7) 46 (31.3) 13 (33.3) 0.848
Dyslipidaemia, n (%) 121 (65.1) 97 (66) 24 (61.5) 0.706
Previous TIA or IS, n (%) 65 (34.9) 52 (35.4) 13 (33.3) 0.853
Previous cerebral haemorrhage, n (%) 2(1.1) 2(1.4) 0(0) 0.46
Active cancer, n (%) 21 (11.3) 19 (12.9) 2(5.1) 0.256
Cardioembolic source, 1 (%) 182 (97.8) 144 (98) 38 (97.4) 0.849
AF 23 (12.4) 15 (10.2) 8 (20.5) 0.101
Prosthetic Valve
Anticoagulant Treatment, n (%) 106 (57) 87 (59.2) 19 (48.7) 0.365
VKA 11(5.9) 7(4.8) 4(10.3)
Dabigatran 25 (13.4) 18 (12.2) 7(17.9)
Apixaban 23 (12.4) 17 (11.6) 6(15.4)
Rivaroxaban 8(4.3) 8(54) 0(0)
Edoxaban 13 (7) 10 (6.8) 3(7.7)
Heparin
mRS at admission; median (IQR) 0(0-1) 0(0-1) 0(0-1) 0.147
NIHSS score, median (IQR) 6 (3-16) 52-11) 18 (10-23) <0.001
Wake-up stroke, n (%) 65 (34.8) 52 (35.4) 14 (35.9) 0.596
ASPECTS, median (IQR) 10 (8-10) 10 (8-10) 8 (7-10) 0.001
Leukoaraiosis 124 (66.7) 100 (68) 24 (61.5) 0.451
Ipsilateral ICA Stenosis > 50% 7(3.8) 4(2.7) 3(7.7) 0.341
Intracranial LVO, n (%) 81 (59.1) 50 (49.5) 31 (86.1) <0.001
Mechanical thrombectomy, n (%) 48 (25.8) 23 (15.6) 25 (64.1) <0.001
Lacunar index stroke 11(6.1) 10 (6.9) 1(2.7) 0.465
Anticoagulation at discharge, n (%) 165 (95.9) 139 (98.6) 26 (83.9) 0.002

AT anticoagulant treatment, 7/A transient ischemic attack, IS ischemic stroke, AF atrial fibrillation, mRS
modified Rankin scale, NIHSS National Institutes of Health Stroke Scale, ASPECTS Alberta Stroke Pro-
gram Early CT Score, ICA internal carotid artery, LVO large vessel occlusion
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p <0.001), higher initial Alberta Stroke Program Early CT
Scores (ASPECTS) (median [IQR], 10 [8-10] vs 8 [7-10],
p=0.001), less frequent large vessel occlusion (LVO)
(49.5% vs 86.1%, p=0.001) and lower rates of mechanical
thrombectomy (15.6% vs 64.1%, p <0.001). Patients who
discontinued anticoagulant therapy at admission received
anticoagulation at discharge less frequently (98.6% vs
83.9%, p=0.002).

Two patients (1%) did not complete the 90-day follow-
up. Primary and secondary outcomes are listed in Table 2.
In the primary outcome analysis, higher rates of favour-
able functional outcome (70.3% vs 35.9%, p<0.001) and
lower 90-day mortality (10.3% vs 43.6%, p <0.001) were
observed in the anticoagulant continuation group compared
to the discontinuation group. ICH incidence rates at 90 days
follow-up were 1.4% in the continuation group and 7.7%
in the discontinuation group (p =0.065). Ischaemic stroke

Table 2 Primary and secondary outcomes at discharge and at 90 days

recurrence at 90 days was 2.8% and 7.7% in the continua-
tion and discontinuation groups, respectively (p =0.163). In
secondary outcomes, anticoagulant continuation was asso-
ciated with a lower rate of haemorrhagic transformation in
control neuroimaging (13.2% vs 29.7%, p =0.026), lower
mortality (4.1% vs 20.5%, p=0.002), higher rates of good
functional outcome at discharge (66.7% vs 28.2%, p=0.001)
and lower rates of systemic embolism at 90 days (0% vs
10.3%, p=0.002).

In the multivariate analysis, outcomes at discharge
were adjusted by NIHSS scores at admission, ASPECTS,
mechanical thrombectomy and intracranial LVO. Outcomes
at 90 days were adjusted by NIHSS at admission, ASPECTS,
mechanical thrombectomy, intracranial LVO and anticoagu-
lant therapy at discharge. As may be observed in Table 3,
continuing anticoagulation was independently associated
with higher odds of good functional outcome at discharge

Primary outcomes Total cohort Continuation AT Discontinuation AT P
N=186 (100) N=147 (78.8) N=39 (21.2)
Mortality at 90 days, n (%) 32 (17.4) 15 (10.3) 17 (43.6) <0.001
Good functional outcome (mRS 0-2) at 90 days, n (%) 116 (63) 102 (70.3) 14 (35.9) <0.001
Symptomatic intracranial haemorrhage at 90 days, n (%) 5(2.8) 2(1.4) 3(7.7) 0.065
Recurrent ischaemic stroke at 90 days, n (%) 7 (3.8) 4(2.8) 3(7.7 0.163
Secondary outcomes Total cohort Continuation AT Discontinuation AT P
N=186 (100) N=147 (78.8) N=39(21.2)
Haemorrhagic transformation in control neuroimaging, n (%) 27 (17.1) 16 (13.2) 11 (29.7) 0.026
Symptomatic intracranial haemorrhage at discharge, n (%) 3(1.6) 1(0.7) 2(5.1) 0.112
Recurrent ischaemic stroke at discharge, n (%) 43.2) 3(Q2) 1(2.6) 0.631
In-hospital mortality, n (%) 14 (7.5) 6(4.1) 8 (20.5) 0.002
Good functional outcome (mRS 0-2) at discharge, n (%) 109 (58.6) 98 (66.7) 11 (28.2) 0.001
Major extracranial bleeding at discharge, n (%) 1(0.5) 1(0.7) 0(0) 0.606
Systemic embolism at discharge, n (%) 2 (1.1 0 (0) 2(5.1) 0.055
Major extracranial bleeding at 90 days, n (%) 4(2.2) 32.1) 1(2.6) 0.618
Systemic embolism at 90 days, n (%) 4(2.2) 00 4(10.3) 0.002
AT anticoagulant treatment, mRS modified Rankin scale
Table 3 Adjusted outcomes Adjusted Outcomes: Continuation vs discontinuation group OR CI (95%) p

(continuation vs discontinuation

group) Good functional outcome (mRS 0-2) at 90 days* 1.54 (0.52-4.51) 0.430
Mortality at 90 days™ 0.64 (0.18-2.28) 0.493
Good functional outcome (mRS 0-2) at discharge* 3.48 (1.2-10) 0.021
In-hospital mortality* 0.19 (0.03-1-01) 0.053
Haemorrhagic transformation in neuroimaging* 0.36 (0.11-1.16) 0.088
Systemic embolism at 90 days* 0(0-.) 0.997

mRS modified Rankin scale
*Adjusted by NIHSS at admission, ASPECTS at admission, Mechanical thrombectomy, Intracranial LVO

+ Adjusted by NIHSS at admission, ASPECTS at admission, Mechanical thrombectomy, Intracranial LVO
and anticoagulation at discharge
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(OR 3.77 (95% CI 1.2-11.2), with no significant differences

in other outcomes.

For direct comparison between the continuation and
discontinuation groups, propensity score matching was
performed including NIHSS scores and ASPECTS at

Table 4 Outcomes propensity
score matching (adjusted by
NIHSS, ASPECTS, MT, LVO,
anticoagulant at discharge)

admission, intracranial LVO, mechanical thrombectomy

and anticoagulant therapy at discharge. Twenty-five patients

from each group were matched. Table 4 illustrates the char-
acteristics of the sample, without differences in epidemio-
logical, clinical or radiological variables. The continuation

Total PSM  Continuation N=25 Discon- P
cohort (50) tinuation
N=25

Sex female, n (%) 24 (48) 12 (48) 12 (48) 1
Age: years, mean + SD 77.8(9.1) 78.1(10.2) 77.58.1)  0.496
Hypertension, n (%) 41 (82) 19 (76) 22 (88) 0.463
Diabetes mellitus, n (%) 12 (24) 4 (16) 8 (32) 0.321
Dyslipidaemia, n (%) 28 (56) 14 (56) 14 (56) 1
Previous TIA or IS, n (%) 19 (38) 12 (48) 7 (28) 0.244
Previous cerebral haemorrhage, n (%) 0(0) 0(0) 0(0) -
Active cancer, n (%) 5(10) 4 (16) 14) 0.349
Cardioembolic source, n (%) 48 (96) 23 (92) 25 (100) 0.49
AF 9 (18) 4 (16) 5(20)
Prosthetic valve
Anticoagulant treatment, n (%) 29 (58) 17 (68) 12 (48) 0.109
VKA 3(6) 0(0) 3(12)
Dabigatran 6 (12) 1(4) 5(20)
Apixaban 7(14) 4 (16) 3(12)
Rivaroxaban 24 2(8) 0)
Edoxaban 3(6) 1(4) 2 (8)
Heparin
mRS at admission; median (IQR) 0 (0-1) 0(0-1) 0 (0-1) 0.626
NIHSS score, median (IQR) 12 (6-21) 10 (6-18) 15(9-22) 0.137
Wake-up stroke, n (%) 15 (30) 8 (32) 7(28) 0.587
ASPECTS, median (IQR) 9 (8-10) 10 (8-10) 8 (8-10) 0.354
Leukoaraiosis 31 (62) 14 (56) 17 (68) 0.561
ICA stenosis > 50% 2(4) 0(0) 2(8) 0.380
Intracranial LVO, n (%) 41 (82) 20 (80) 21 (84) 1
Mechanical thrombectomy, n (%) 32 (64) 15 (60) 17 (68) 0.769
Lacunar index stroke 1(2.1) 00 1(4.3) 0.479
Anticoagulation at discharge, n (%) 49 (98) 25 (100) 24 (96) 1
Haemorrhagic transformation in neuroimaging 8 (17.8) 3(14.3) 5(20.8) 0.705
Symptomatic intracranial haemorrhage 1(2) 1(4) 0(0) 0.50
Recurrent ischaemic stroke 1(2) 00 1(4) 0.50
Major extracranial bleeding 0(0) 00 0(0) -
Systemic embolism 1) 0(0) 14) 0.50
Mortality at discharge 3(6) 14) 2(8) 0.55
Good functional outcome (mRS 0-2) at discharge 29 (58) 20 (80) 9 (36) 0.004
Symptomatic intracranial haemorrhage at 90 days 2 (4.1) 14.2) 1(4) 0.745
Recurrent ischaemic stroke at 90 days 24.1) 00 2 (8) 0.255
Major extracranial bleeding at 90 days 1(2) 14.2) 0(0) 0.357
Systemic embolism at 90 days 3(6.1) 00 3(12) 0.125
Mortality at 90 days 12 (24) 4 (16) 8 (32) 0.321
Good functional outcome (mRS 0-2) at 90 days 30 (60) 19 (76) 11 (44) 0.042

TIA transient ischaemic attack, IS ischaemic stroke, AF atrial fibrillation, mRS modified Rankin scale,
NIHSS National Institutes of Health Stroke Scale, ASPECTS Alberta Stroke Program Early CT Score, ICA

internal carotid artery, LVO large vessel occlusion
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Table 5 Primary and secondary outcomes at discharge and at 90 days in patients with NIHSS > 15

Total cohort Continuation AT Discontinuation AT P
N=51 (100) N=27(52.9) N=24(47.1)
NIHHS, median (IQR) 21(18-23) 19 (17-22) 21.5 (18-24) 0.074
Primary outcomes
Mortality at 90 days, n (%) 24 (48) 9 (34.6) 15 (62.5) 0.045
Good functional outcome (mRS 0-2) at 90 days, n (%) 11 (22.0) 7(26.9) 4(16.7) 0.501
Symptomatic intracranial haemorrhage at 90 days, n (%) 4(8) 1(3.8) 3 (12.5) 0.295
Recurrent ischaemic stroke at 90 days, n (%) 3(6) 0(0) 3(12.5) 0.103
Secondary outcomes Total cohort Continuation AT Discontinuation AT P
N=51 (100) N=27(52.9) N=24(47.1)
Haemorrhagic transformation in control neuroimaging, n (%) 14 (30.4) 5(20.8) 9 (40.9) 0.124
Symptomatic intracranial haemorrhage at discharge, n (%) 3(5.9) 1 (3.7 2(8.3) 0.595
Recurrent ischaemic stroke at discharge, n (%) 1(2) 0(0) 14.2) 0.471
In-hospital mortality, n (%) 11 (21.6) 4(14.8) 7(29.2) 0.184
Good functional outcome (mRS 0-2) at discharge, n (%) 11 (21.6) 9(33.3) 2(8.3) 0.032
Major extracranial bleeding at discharge, n (%) 12) 1 (3.7 0 (0) 0.529
Systemic embolism at discharge, n (%) 0(0) 0(0) 14.2) 0.471
Major extracranial bleeding at 90 days, n (%) 24 1(3.8) 14.2) 0.735
Systemic embolism at 90 days, n (%) 3(6) 0(0) 3 (12.5) 0.103

AT anticoagulant treatment, mRS modified Rankin scale

of anticoagulant therapy was associated with a higher rate
of good functional outcome at discharge (80% vs 36%,
p=0.004) and at 90 days (76% vs 44%, p=0.042).

In the sub-analysis of patients with severe ischaemic
stroke (NTHSS score > 15), we included 51 patients, 27
(52.6%) from the continuation group. In this analysis, we
observed a significantly lower 90-day mortality rate (34.6%
vs 62.5%, p=0.045) and higher rate of good clinical out-
come at discharge (33.3% vs 8.3%, p=0.032) in the con-
tinuation group. Non-significant rates of lower intracranial
haemorrhage and recurrent ischaemic stroke were observed
in the continuation group at 90 days of follow-up (see
Table 5).

Discussion

Acute ischaemic stroke patients undergoing anticoagulation
therapy at the time of admission represent a population with
special characteristics. Intravenous thrombolysis is usually
contraindicated in such cases, leaving mechanical thrombec-
tomy as the only reperfusion treatment option in the case of
large vessel occlusion. Furthermore, there is a possibility
of an even higher risk of recurrence in cases of mechanical
valve disease, recent myocardial infarction or intracardiac
thrombus, making management of the acute phase of stroke
in these patients a challenge. Doubts regarding the manage-
ment of such patients are reflected in a British survey in
which 95% of stroke physicians expressed uncertainty about

@ Springer

the timing of anticoagulant therapy in cases of recent car-
dioembolic stroke [12]. The post hoc analysis of the PASS
study, the only example in prior literature assessing the con-
tinuation of anticoagulation in the acute phase of cardioem-
bolic stroke [10], suggested that continuation could improve
functional outcomes. Our study is the first to suggest that the
continuation of anticoagulant therapy in such patients may
improve functional outcome without safety concerns irre-
spective of stroke severity measured by NIHSS or ASPECTS
at admission.

In our study, we found a higher primary mortality rate
compared to the literature, observing 17.4% mortality at
90 days, greater than that reported by a recent meta-analysis
that found 12.5% 90-day mortality [13]. The data for our
series starts in 2014, when mechanical thrombectomy was
not yet widely established and there were fewer patients on
DOAC, which could partially explain the higher mortality
rate [14]. Stroke recurrence rate at 90 days was 3.8%, which
is consistent with recent prospective studies and clinical tri-
als: 3.1-4.5% in the Timing of Oral Anticoagulant Therapy
in Acute Ischemic Stroke With Atrial Fibrillation (TIMING)
registry [15], 1.9-3.1% in the Early Versus Late Initiation of
Direct Oral Anticoagulants in Post-ischaemic Stroke Patients
with Atrial Fibrillation (ELAN) trial [7], and 1.9-3.9% in
the combined data of two prospective registries in Japan
[16]. We found a 90-day ICH rate of 2.8%, especially
marked in the discontinuation group, which is also higher
than those reported by the studies previously mentioned
(0-0.6%). Another prospective observational multicentre
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study, the Early Recurrence and Major Bleeding in Patients
with Acute Ischemic Stroke and Atrial Fibrillation Treated
with Non—Vitamin-K Oral Anticoagulants (RAF-NOACs)
Study [17], reported a 90-day rate of 1.6% for symptomatic
haemorrhagic transformation, similar than 1.4% found in
the anticoagulant continuation group in our study. However,
these studies were designed to compare early and delayed
anticoagulation solely with DOAC:sS, restricted to patients
with atrial fibrillation and anticoagulated patients at stroke
index represented a low percentage of the sample (21% in
the Japanese cohort study [16], 27% in the TIMING registry
[15] and was directly stated as an exclusion criterion in the
ELAN trial [7]), so comparisons should be made with cau-
tion. Also, in our sample, VKA was used in 57% of patients
at admission and it was continued in 37% at discharge. The
Early Recurrence and Cerebral Bleeding in Patients with
Acute Ischemic Stroke and Atrial Fibrillation (RAF) study
that included only patients on VKA, observed a higher rate
of intracranial haemorrhage (3.6%) than that found in our
analysis [18].

Haemorrhagic transformation or symptomatic intracranial
haemorrhage is the primary complication related to antico-
agulant therapy in the acute phase of ischaemic stroke. It
may be produced by the blood-brain barrier disruption fol-
lowing recent parenchymal ischaemic damage [19]. There
is also a higher risk of major extracranial bleeding (such
as gastrointestinal or urinary haemorrhage) that can occur
more easily in critically ill patients. Several studies suggest
a direct relationship between haemorrhagic risk and stroke
severity, stroke size in neuroimaging and history of antico-
agulant treatment [20], particularly in those receiving throm-
bolytic or endovascular therapy [21].

However, our study suggests that the maintenance of
anticoagulant therapy does not entail a higher haemorrhagic
risk compared to anticoagulation interruption. This fact is of
particular interest in cases where the embolic risk is higher,
such as in mechanical valves or intracardiac thrombus.
Our results may support the stroke neurologist in deciding
whether to continue anticoagulation in such patients, even in
those with high NIHSS scores. We did not observe a higher
risk of haemorrhagic complications in the continuation
group. Despite the small sample size, we also found sig-
nificantly lower mortality and non-significant rates of lower
intracranial haemorrhage in patients with NIHSS > 15 who
continued anticoagulant therapy. One of the possible expla-
nations for these findings could be avoiding the transition
from non-anticoagulation to anticoagulation, when the risk
of intracranial bleeding is expected to be higher.

Another interesting finding of our study was a higher
rate of anticoagulation at discharge in patients who con-
tinued on anticoagulants. One prospective study compared
the clinical outcomes of stroke patients based on whether
they received anticoagulation at discharge, patients not

anticoagulated at discharge had a 1.6-fold increase in the
risk of death or dependency at 12 months and a 2.5-fold
increase in the risk of stroke [22]. Regardless of stroke
severity, long-term anticoagulation is usually recom-
mended for secondary prevention of ischaemic stroke. The
continuation of anticoagulant therapy at admission could
help achieve this objective, avoiding a delayed restart and
reducing the time outside therapeutic range.

Our study has several limitations. First, it is a retrospec-
tive observational study of patients from a single centre.
Of the 189 patients included only 39 discontinued anti-
coagulant treatment, which limits the power of the study.
Continuation of anticoagulant therapy was part of routine
clinical practice at the study site, which could imply a
selection bias. In our series, patients who discontinued
anticoagulant therapy usually had greater stroke severity at
admission, which in turn may have influenced the decision
to interrupt anticoagulation in those with worse expected
outcomes. The heterogeneity between groups was also
found in initial ASPECTS, mechanical thrombectomy and
anticoagulation rates at discharge. To reduce baseline dif-
ferences and homogenise comparison groups, we used two
statistical methods (multivariate analysis and propensity
score matching) and performed a sub-analysis in patients
with similarly high stroke severity. Nonetheless, given the
confounding factors in the sample, these results should be
interpreted with caution.

A number of questions remain unsolved, such the NIHSS
score cutoff for continuing anticoagulant therapy, whether
there are any differences regarding the type of treatment
used (DOACs or VKAS), or the INR value from which the
continuation of VKA treatment could be safer. Neverthe-
less, the results obtained allow us to continue researching
in this direction. At this time, an ongoing prospective mul-
ticentre study comparing the clinical outcomes of patients
based on the maintenance or discontinuation of anticoagu-
lant therapy during the acute phase of cardioembolic stroke
(Keeping Oral or Parenteral Anticoagulation in the Acute
Phase of Cardioembolic Ischaemic Stroke, KOALA-IS,
NCT05486351) will provide valuable insights to the man-
agement and decision-making strategies for this type of
patients.

In conclusion, the continuation of anticoagulant ther-
apy did not increase the risk of intracranial haemorrhage
and may be associated with better functional outcomes in
patients with acute ischaemic stroke with a major cardi-
oembolic source, regardless of stroke severity at admission.
Specifically designed prospective studies will be necessary
to determine the optimal management of anticoagulation in
these patients.

Acknowledgements We greatly appreciate the support of Morote Tra-
ducciones for their assistance in editing this article.

@ Springer



Journal of Neurology

Author contributions RR is the principal investigator of this study. RR
and BF contributed to the development of the protocol and conceived
the study. ML, GT, CL, and RR were involved in data recruitment. SFF
analysed all neuroimaging performed. The statistical analyses were per-
formed by RR and JRP. RR wrote the first draft of the manuscript. JRP,
GRA, MAL, EC, LC, CH, EA, EDT, and BF advised on the clinical
trial design and revision for intellectual content. All authors reviewed
and edited the manuscript and approved the final version.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. This work was supported by RICORS
network under Grant RD21/0006/0012.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Conflicts of interest The authors declare that there is no conflict of
interest.

Informed consent Informed consent was not sought for this study
because data was obtained retrospectively and with minimal to no
patient risk.

Ethical approval The study was approved by the La Paz University
Hospital Ethics Committee (PI-4488) and by the Spanish Agency of
Medicines and Medical Devices (Agencia Espafiola de Medicamentos
y Productos Sanitarios) (RRB-API-2020-02).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Henninger N, Goddeau RP, Karmarkar A, Helenius J, McManus
DD (2016) Atrial fibrillation is associated with a worse 90-day
outcome than other cardioembolic stroke subtypes. Stroke
47(6):1486-1492. https://doi.org/10.1161/STROKEAHA.116.
012865

2. Yaghi S, Henninger N, Giles JA et al (2021) Ischemic stroke
on anticoagulation therapy and early recurrence in acute cardi-
oembolic stroke: the IAC study. J Neurol Neurosurg Psychiatry
92(10):1062. https://doi.org/10.1136/INNP-2021-326166

3. Seiffge DJ, De Marchis GM, Koga M et al (2020) Ischemic
stroke despite oral anticoagulant therapy in patients with atrial
fibrillation. Ann Neurol 87(5):677-687. https://doi.org/10.1002/
ANA.25700

4. Gutiérrez-Zaniga R, Rigual R, Torres-Iglesias G et al (2020)
Long-term anticoagulation in secondary ischemic stroke preven-
tion: the prospective multicenter RESTAIC registry. Front Neu-
rol 11:575634. https://doi.org/10.3389/FNEUR.2020.575634

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

Steffel J, Verhamme P, Potpara TS et al (2018) The 2018 Euro-
pean Heart Rhythm Association practical guide on the use of
non-vitamin K antagonist oral anticoagulants in patients with
atrial fibrillation. Eur Heart J 39(16):1330-1393. https://doi.
org/10.1093/EURHEARTIJ/EHY 136

De Marchis GM, Seiffge DJ, Schaedelin S et al (2022) Early
versus late start of direct oral anticoagulants after acute ischae-
mic stroke linked to atrial fibrillation: an observational study
and individual patient data pooled analysis. J Neurol Neu-
rosurg Psychiatry 93(2):119-125. https://doi.org/10.1136/
JNNP-2021-327236

Fischer U, Koga M, Strbian D, et al (2023) Early versus later
anticoagulation for stroke with atrial fibrillation. N Engl J Med.
doi:https://doi.org/10.1056/NEIMOA2303048/SUPPL_FILE/
NEIMOA2303048_DATA-SHARING.PDF. Published online
May 24, 2023

Best JG, Arram L, Ahmed N et al (2022) Optimal timing of
anticoagulation after acute ischemic stroke with atrial fibrilla-
tion (OPTIMAS): protocol for a randomized controlled trial.
Int J Stroke 17(5):583-589. https://doi.org/10.1177/1747493021
1057722

King BT, Lawrence PD, Milling TJ, Warach SJ (2019) Opti-
mal delay time to initiate anticoagulation after ischemic stroke
in atrial fibrillation (START): Methodology of a pragmatic,
response-adaptive, prospective randomized clinical trial. Int J
Stroke 14(9):977. https://doi.org/10.1177/1747493019870651

Groot AE, Vermeij JDM, Westendorp WF, Nederkoorn PJ, Van
De Beek D, Coutinho JM (2018) Continuation or discontinua-
tion of anticoagulation in the early phase after acute ischemic
stroke. Stroke 49(7):1762-1765. https://doi.org/10.1161/
STROKEAHA.118.021514

Fiorelli M, Bastianello S, Von Kummer R et al (1999) Hemor-
rhagic transformation within 36 h of a cerebral infarct: relation-
ships with early clinical deterioration and 3-month outcome
in the European Cooperative Acute Stroke Study I (ECASS I)
cohort. Stroke 30(11):2280-2284. https://doi.org/10.1161/01.
STR.30.11.2280

Munn D, Abdul-Rahim AH, Fischer U, Werring DJ, Robinson
TG, Dawson J (2018) A survey of opinion: when to start oral
anticoagulants in patients with acute ischaemic stroke and atrial
fibrillation? Eur Stroke J 3(4):355-360. https://doi.org/10.1177/
2396987318787124

Benz AP, Hohnloser SH, Eikelboom JW et al (2023) Outcomes
of patients with atrial fibrillation and ischemic stroke while on
oral anticoagulation. Eur Heart J 44(20):1807-1814. https://doi.
org/10.1093/EURHEARTIJ/EHAD200

Palaiodimou L, Stefanou MI, Katsanos AH et al (2022) Early
anticoagulation in patients with acute ischemic stroke due to
atrial fibrillation: a systematic review and meta-analysis. J Clin
Med. https://doi.org/10.3390/JCM 11174981

Oldgren J, Asberg S, Hijazi Z, Wester P, Bertilsson M, Nor-
rving B (2022) Early versus delayed non-vitamin k antagonist
oral anticoagulant therapy after acute ischemic stroke in atrial
fibrillation (TIMING): a registry-based randomized controlled
noninferiority study. Circulation 146(14):1056-1066. https://
doi.org/10.1161/CIRCULATIONAHA.122.060666

Kimura S, Toyoda K, Yoshimura S et al (2022) Practical “1-2-3-
4-day” rule for starting direct oral anticoagulants after ischemic
stroke with atrial fibrillation: combined hospital-based cohort
study. Stroke 53(5):1540-1549. https://doi.org/10.1161/STROK
EAHA.121.036695

Paciaroni M, Agnelli G, Falocci N et al (2017) Early recur-
rence and major bleeding in patients with acute ischemic stroke
and atrial fibrillation treated with non—vitamin-K oral antico-
agulants (RAF-NOACS) study. ] Am Heart Assoc Cardiovasc
Cerebrovasc Dis. https://doi.org/10.1161/JAHA.117.007034


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/STROKEAHA.116.012865
https://doi.org/10.1161/STROKEAHA.116.012865
https://doi.org/10.1136/JNNP-2021-326166
https://doi.org/10.1002/ANA.25700
https://doi.org/10.1002/ANA.25700
https://doi.org/10.3389/FNEUR.2020.575634
https://doi.org/10.1093/EURHEARTJ/EHY136
https://doi.org/10.1093/EURHEARTJ/EHY136
https://doi.org/10.1136/JNNP-2021-327236
https://doi.org/10.1136/JNNP-2021-327236
https://doi.org/10.1056/NEJMOA2303048/SUPPL_FILE/NEJMOA2303048_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA2303048/SUPPL_FILE/NEJMOA2303048_DATA-SHARING.PDF
https://doi.org/10.1177/17474930211057722
https://doi.org/10.1177/17474930211057722
https://doi.org/10.1177/1747493019870651
https://doi.org/10.1161/STROKEAHA.118.021514
https://doi.org/10.1161/STROKEAHA.118.021514
https://doi.org/10.1161/01.STR.30.11.2280
https://doi.org/10.1161/01.STR.30.11.2280
https://doi.org/10.1177/2396987318787124
https://doi.org/10.1177/2396987318787124
https://doi.org/10.1093/EURHEARTJ/EHAD200
https://doi.org/10.1093/EURHEARTJ/EHAD200
https://doi.org/10.3390/JCM11174981
https://doi.org/10.1161/CIRCULATIONAHA.122.060666
https://doi.org/10.1161/CIRCULATIONAHA.122.060666
https://doi.org/10.1161/STROKEAHA.121.036695
https://doi.org/10.1161/STROKEAHA.121.036695
https://doi.org/10.1161/JAHA.117.007034

Journal of Neurology

18.

19.

20.

Paciaroni M, Agnelli G, Falocci N et al (2015) Early recurrence
and cerebral bleeding in patients with acute ischemic stroke and
atrial fibrillation: effect of anticoagulation and its timing: the
RAF study. Stroke 46(8):2175-2182. https://doi.org/10.1161/
STROKEAHA.115.008891

Kassner A, Merali Z (2015) Assessment of blood-brain barrier
disruption in stroke. Stroke 46(11):3310-3315. https://doi.org/
10.1161/STROKEAHA.115.008861/-/DC1

Hong JM, Kim DS, Kim M (2021) Hemorrhagic transforma-
tion after ischemic stroke: mechanisms and management. Front
Neurol. https://doi.org/10.3389/FNEUR.2021.703258/FULL

21.

22.

Tian B, Tian X, Shi Z et al (2022) Clinical and imaging indica-
tors of hemorrhagic transformation in acute ischemic stroke
after endovascular thrombectomy. Stroke 53(5):1674—1681.
https://doi.org/10.1161/STROKEAHA.121.035425/FORMAT/
EPUB

Guidoux C, Meseguer E, Ong E et al (2019) Twelve-month out-
come in patients with stroke and atrial fibrillation not suitable
to oral anticoagulant strategy: the WATCH-AF registry. Open
Heart. https://doi.org/10.1136/OPENHRT-2019-001187

@ Springer


https://doi.org/10.1161/STROKEAHA.115.008891
https://doi.org/10.1161/STROKEAHA.115.008891
https://doi.org/10.1161/STROKEAHA.115.008861/-/DC1
https://doi.org/10.1161/STROKEAHA.115.008861/-/DC1
https://doi.org/10.3389/FNEUR.2021.703258/FULL
https://doi.org/10.1161/STROKEAHA.121.035425/FORMAT/EPUB
https://doi.org/10.1161/STROKEAHA.121.035425/FORMAT/EPUB
https://doi.org/10.1136/OPENHRT-2019-001187

	Keeping prior anticoagulation treatment in the acute phase of ischaemic stroke: the REKOALA study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Results
	Discussion
	Acknowledgements 
	References


