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ABSTRACT

Background The timing for initiating anticoagulant
therapy in acute ischaemic stroke (AIS) patients with atrial
fibrillation who recanalised after endovascular treatment
(EVT) is unclear. The objective of this study was to evaluate
the effect of early anticoagulation after successful
recanalisation in AIS patients with atrial fibrillation.
Methods Patients with anterior circulation large vessel
occlusion and atrial fibrillation who were successfully
recanalised by EVT within 24 hours after stroke in the
Registration Study for Critical Care of Acute Ischemic
Stroke after Recanalization registry were analysed.

Early anticoagulation was defined as the initiation of
unfractionated heparin (UFH) or low-molecular-weight
heparin (LMWH) within 72 hours after EVT. Ultra-early
anticoagulation was defined if it was initiated within 24
hours. The primary efficacy outcome was the score on the
modified Rankin Scale (mRS) at day 90, and the primary
safety outcome was symptomatic intracranial haemorrhage
within 90 days.

Results Overall, 257 patients were enrolled, of whom
141 (54.9%) initiated anticoagulation within 72 hours
after EVT, including 111 within 24 hours. A significant shift
towards better mRS scores at day 90 was associated with
early anticoagulation (adjusted common OR 2.08 (95%

Cl 1.27 to 3.41)). Symptomatic intracranial haemorrhage
was comparable between patients treated with early and
routine anticoagulation (adjusted OR 0.20 (95% CI 0.02

to 2.18)). Comparison of different early anticoagulation
regimens showed that ultra-early anticoagulation was
more significantly associated with favourable functional
outcomes (adjusted common OR 2.03 (95% CI 1.20

to 3.44)) and reduced the incidence of asymptomatic
intracranial haemorrhage (OR 0.37 (95% Cl 0.14 to 0.94)).
Conclusions In AIS patients with atrial fibrillation, early
anticoagulation with UFH or LMWH after successful
recanalisation is associated with favourable functional
outcomes without increasing the risk of symptomatic
intracranial haemorrhages.

Trial registration number ChiCTR1900022154.

INTRODUCTION

In acute ischaemic stroke (AIS) with large
vessel occlusion (LVO), endovascular treat-
ment (EVT) has become one of the most
effective treatment modalities. Successful
in 71%-89% of

recanalisation occurred

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Current guidelines recommend starting anticoagu-
lation 414 days after stroke in patients with atrial
fibrillation. However, the timing of initiation of antico-
agulation after endovascular treatment (EVT) in such
patients is uncertain.

WHAT THIS STUDY ADDS

= Our study found that in acute ischaemic stroke pa-
tients with atrial fibrillation who recanalised after
EVT, starting anticoagulation within 72 hours is asso-
ciated with favourable functional outcomes without
increasing the risk of symptomatic intracranial hae-
morrhage. This benefit was more pronounced in pa-
tients treated with anticoagulation within 24 hours.
The mechanism may be that early anticoagulation
can improve microcirculation function.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= After rigorous selection, it may be feasible to start
anticoagulation therapy earlier after stroke in pa-
tients with atrial fibrillation. A randomised controlled
trial is needed for further study.

patients, but only 36%—61% of patients were
functional independent 90 days after EVT.'™®

Strokes caused by cardioembolic events
make up 20%-30% of ischaemic strokes,” of
which atrial fibrillation is the most common
Compared with strokes caused by
other causes, strokes caused by atrial fibril-
lation tend to cause more disability and
mortality.” The recurrence of embolism after
the initial recanalisation is one of the reasons
for poor outcomes in AIS patients with atrial
fibrillation. As a secondary stroke prevention
measure, anticoagulant therapy has been
routinely administered to lower the incidence
of recurrent embolic events. The current
guidelines recommend starting anticoagula-
tion 4-14 days following stroke,'’ because of
the potential for intracranial haemorrhage
transformation.'!

8
cause.

BM)

Xu'Y, et al. Stroke & Vascular Neurology 2023;8:€002082. doi:10.1136/svn-2022-002082

405

buAdoo Aq pe1asroid 1senb Aq 120z ‘6T Iidy uo /wod wq uas//:dny woly papeojumod "€20Z U2JeIN g U0 Z80200-2202-UAS/9ETT 0T Se paysiiand Isiy ;joJnaN 9SeA ons


http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0000-0003-4351-5453
http://orcid.org/0000-0002-8380-4076
http://orcid.org/0000-0003-4158-5407
http://orcid.org/0000-0001-5263-6965
http://dx.doi.org/10.1136/svn-2022-002082
http://dx.doi.org/10.1136/svn-2022-002082
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2022-002082&domain=pdf&date_stamp=2023-010-19
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/

Another important cause of poor recovery is persistent
tissue hypoperfusion due to incomplete microcirculatory
reperfusion after macrovascular recanalisation (no-re-
flow), which mainly occurs in the first 24 hours after
recanalisation.'? Unfractionated heparin (UFH) and low-
molecular-weight heparin (LMWH) have been proven
in experimental tests to dissolve the microthrombi at
microvascular level,” ' which may improve microcircu-
latory perfusion in the ischaemic areas. Several studies
have explored the effect of early anticoagulation on AIS
patient outcomes,"” but evidence on the optimal time to
initiate anticoagulation for AIS patients with atrial fibril-
lation who recanalise after EVT is still lacking. The objec-
tive of this study was to evaluate the efficacy and safety of
early anticoagulant therapy after successful recanalisation
by EVT in AIS patients with atrial fibrillation.

METHODS

Study population

We used data from the Registration Study for Critical
Care of Acute Ischemic Stroke after Recanalization
registry, which is a prospective, multicenter cohort study
conducted at 18 comprehensive stroke centres across
China, aimed to evaluate the outcomes of AIS patients
with LVO treated with EVT in clinical practice. This
study is registered on the Chinese Clinical Trial Registry
(URL: http://www.chictr.org.cn; Unique identifier:
ChiCTR1900022154).

Inclusion and exclusion criteria
Patients aged 18 years or older, with LVO in the ante-
rior circulation (internal carotid artery, middle cerebral
artery (M1/M2)), and with atrial fibrillation were eligible
for inclusion in the current study. We confirmed the LVO
by CT angiography. Patients should also have a moderate-
to-severe AIS (a score of 6 or more on the National Insti-
tutes of Health Stroke Scale (NIHSS, ranging from 0 to
42, with higher scores indicating greater deficits)), must
not already have a large core infarction (a score of 6 or
more on the Alberta Stroke Programme Early CT Score
(ASPECTS)), and have a prestroke modified Rankin Scale
(mRS, an ordered scale ranging from 0 (no symptoms) to
6 (dead)) Score of 1 or less. Finally, patients should be
able to be successfully recanalised (modified Thrombol-
ysis In Cerebral Infarction Score of 2b to 3) after EVT.
We excluded patients who had parenchymatous haema-
toma type 2 (haematoma occupying 30% or more of
the infarcted tissue, with obvious mass effect'® or severe
subarachnoid haemorrhage (SAH, defined as modified
Fisher scale 2-4'7; grade 2 indicates minimal or thin
SAH with intraventricular haemorrhage (IVH); grade 3,
thick cisternal clot without IVH; grade 4, cisternal clot
with IVH) as confirmed on postprocedure non-contrast
computed tomography (NCCT); discharged within 24
hours after EVT; and lost to follow-up at 90 days. If a
patient had a 4 point or more increase in NIHSS Score
within 24 hours after EVT, while postprocedure NCCT

imagings were not available and the cause of the exacer-
bation was not documented in detail, it was considered
that a procedure-related severe intracranial haemorrhage
had occurred and this patient’s information needed to be
excluded.

Anticoagulant therapy administration

Initiation of UFH or LMWH within 72 hours after EVT
was defined as early anticoagulation. This group was
further subdivided into an ultraearly anticoagulation
group that started anticoagulation within 24 hours and
a 24-72-hour anticoagulation group. Those who start
anticoagulation on or after the fourth day of stroke are
defined as the routine anticoagulation group. In the early
group, patients were treated with UFH for 24 hours or
more, LMWH for two or more times, or UFH bridging
LMWH for a cumulative duration of 24 hours or more.
The median duration of UFH or LMWH use was 5 days,
with UFH doses ranging from 300 to 1000IU/hour and
LMWH doses ranging from 2000 to 4250IU two times per
day. In the routine group, patients were anticoagulated
with vitamin K antagonists, NOAC or LMWH.

All patients in the early anticoagulation group had a
detailed explanation of the possible benefits and risks of
early anticoagulation with UFH or LMWH by the neurol-
ogist prior to drug administration. The final decision was
made by the patients or their legal representative. The
choice of anticoagulant drug and its dose was left to the
discretion of experienced neurologist. Depending on the
anticoagulant dose, we classify the regimens into minimal
dose (initial UFH dose of 300 IU/hour and up to 500 IU/
hour, or LMWH dose of 2000 IU two times per day) and
low dose (initial UFH dose of 500 IU/hour or maximum
dose over 500 IU/hour, or LMWH dose of 4000 or 4250
IU two times per day).

Outcome measures

The score on the mRS at day 90 and symptomatic intrac-
ranial haemorrhage (sICH, intracranial haemorrhage on
follow-up NCCT with an increase of 4 or more points on
the NIHSS) within 90 days were the primary efficacy and
safety outcome, respectively. Functional independence
(mRS<2) at day 90, mortality, asymptomatic intracranial
haemorrhage (alCH) and new ischaemic stroke within 90
days were secondary outcomes.

The first postprocedure NCCT was used as a refer-
ence, and the follow-up NCCT was compared with it. If
there was a new hyperdense area in the follow-up NCCT,
it was considered a new intracranial haemorrhage. If a
new hypointense area appears outside the original infarct
lesion, it was considered a new ischaemic stroke. When
follow-up NCCT information was missing and the patient’s
symptoms did not worsen, we assumed the patient had no
new intracranial haemorrhage or new ischaemic stroke.

Statistical methods
The Student’s t-test or the Mann-Whitney U test was used
to analyse continuous variables, which are expressed as
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Figure 1 Flowchart. ASPECTS, Alberta Stroke Programme
Early CT Score; EVT,endovascular treatment; ICH, intracranial
haemorrhage; mRS, modified Rankin Scale; mTICI, modified
Thrombolysis In Cerebral Infarction; NIHSS, National
Institutes of Health Stroke Scale; RESCUE-RE, Registration
Study for Critical Care of Acute Ischemic Stroke after
Recanalization.

mean and SD or median and IQR. Categorical varia-
bles are expressed as frequency (percentage), and they
were analysed using the Fisher’s exact test or the % test.
Statistics were considered significant for p values<0.05.
Using ordinal and multivariable logistic regression, we
compared the outcomes of patients treated with early and
routine anticoagulation, adjusted for prognostic factors
(age, history of hypertension, baseline NIHSS, baseline
glucose level, baseline ASPECTS, treatment with intrave-
nous thrombolysis, heparin during procedure and onset
to reperfusion time). These factors were selected based
on statistical significance in the univariable analysis and
the potential to affect patient outcomes. The functional
independence in subgroups were divided by age (<72
years or >72 years), sex (male or female), stroke severity
(NIHSS Score 6 to 16 or >16), baseline ASPECTS (6 to
8 or >8), occlusion site (internal carotid artery, first or
second segment of middle cerebral artery) and onset
to reperfusion time (<410min or >410min) and were
compared between the two groups. IBM SPSS Statistics
V.24.0 was used for all statistical analyses.

RESULTS

Patient population

Overall, 257 patients were included for analysis, among
them, 141 (54.9%) were treated with UFH or LMWH
within 72 hours after EVT, including 111 within 24 hours
(figure 1). In the early anticoagulation group, patients
had higher admission NIHSS scores (16 (12, 21) vs 15
(12, 18), p=0.02), lower proportion of previous hyperten-
sion (64/141 (45.4%) vs 78/116 (67.2%), p<0.01) and
higher proportion of preprocedure intravenous throm-
bolysis (66/141 (46.8%) vs 38/116 (32.8%), p=0.02) and
intraprocedure UFH use (64/141 (45.4%) vs 27/116
(23.3%), p<0.01). The median time from symptom onset
to arrival in the emergency room was longer in the early
anticoagulation group (204 (105, 353) vs 139 (80, 251)
min, p=0.01), but the procedure time was shorter (60 (40,
97) vs 85 (50, 135) mins, p=0.01). In terms of other base-
line data, there were no significant differences between
the two groups (table 1).

Primary and secondary outcomes

Patients in the early anticoagulation group had better and
significantly different mRS scores at day 90 than those in
the routine anticoagulation group (2 (1-4) vs 3 (1-4);
adjusted common OR (acOR) 2.08 (95% CI 1.27 to 3.41);
figure 2). Five patients experienced sICH, including 2
(1.4%) and 3 (2.6%) patients from the early and routine
anticoagulation groups, respectively. Early anticoagula-
tion and sICH did not show a statistically significant asso-
ciation (adjusted OR (aOR) 0.20 (95% CI 0.02 to 2.18)).
Among secondary outcomes, the early anticoagulation
group had a higher proportion of functional independ-
ence (82/141 (58.2%) vs 53/116 (45.7%),aOR 2.28 (95%
CI 1.21 to 4.31)) and lower mortality (7/141 (5.0%) vs
20/116 (17.2%), aOR 0.26 (95% CI 0.09 to 0.71)). The
incidence of alCH (24/141 (17.0%) vs 14/116 (12.1%),
aOR 1.73 (95% CI 0.78 to 3.88)) and new ischaemic
stroke (9/141 (6.4%) vs 7/116 (6.0%), aOR 1.11 (95%
CI 0.36 to 3.40), table 2) were comparable between the
two groups.

Subgroup analysis

Subgroup analyses for functional independence are
presented in figure 3. Its results did not show any charac-
teristics significantly associated with early anticoagulation
effects. Patients age >72 years, woman, admission NIHSS
6-16, internal carotid artery occlusion and onset to reper-
fusion time>410min had a higher proportion of func-
tional independence in the early anticoagulation group,
but without statistically significant.

Different early anticoagulation regimens

Baseline characteristics of patients on different regimens
in the early anticoagulation group are described in online
supplemental tables 1-3. The favourable shift in the mRS
distribution at day 90 was significant for ultraearly antico-
agulation (acOR 2.03 (95% CI 1.20 to 3.44)) but not for
24-72-hour anticoagulation (1.95 (0.89-4.30)) compared
with those who receive routine anticoagulation (online
supplemental figure 1). Compared with 24-72-hour anti-
coagulation, ultraearly anticoagulation was associated
with a decreased incidence of aICH (OR 0.37 (95% CI
0.14 to 0.94)). The various anticoagulant regimens for
other categories did not show any statistically significant
differences in efficacy and safety outcomes (figure 4,
online supplemental tables 4-6).

DISCUSSION
This retrospective study found that early anticoagula-
tion with UFH or LMWH after successful recanalisation
is associated with favourable functional outcomes in AIS
patients with atrial fibrillation without increasing the risk
of sICH. Comparing different early anticoagulation regi-
mens, we further found that ultraearly anticoagulation
was more significantly associated with favourable func-
tional outcomes and reduced the incidence of alCH.

For secondary prevention of AIS patients with atrial
fibrillation, anticoagulation therapy is recommended,
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Table 1 Baseline demographics of patients treated with early versus routine anticoagulation

Early anticoagulation (n=141) Routine anticoagulation (n=116) P value
Common patient characteristics
Age, years 71 (62-78) 73 (65-79) 0.15
Male 52 (36.9%) 56 (48.3%) 0.07
Admission NIHSS 16 (12-21) 15 (12-18) 0.02*
Ischaemia in left hemisphere 74 (52.5%) 59 (50.9%) 0.80
Treatment with intravenous thrombolysis 66 (46.8%) 38 (32.8%) 0.02*
Premorbid oral antithrombotic use 50 (35.5%) 42 (36.2%) 0.90
Smoke 28 (19.9%) 29 (25.0%) 0.32
Hypertension 64 (45.4%) 78 (67.2%) <0.01*
Diabetes mellitus 32 (22.7%) 31 (26.7%) 0.46
Previous stroke 16 (11.3%) 22 (19.0%) 0.09
Systolic blood pressure, mm Hg 142.56+23.51 146.49+23.40 0.19
Diastolic blood pressure, mm Hg 83.62+16.26 86.62+16.26 0.15
INR 1.05 (0.99-1.13) 1.06 (0.98-1.12) 0.70
Thrombocyte count, 10%/L 176 (139-220) 170 (143-224) 0.95
Glucose level, mmol/L 7.50 (6.15-9.20) 7.25 (5.68-9.40) 0.34
CHA2DS2-VASc Score 5 (3-5) 5 (4-6) 0.13
HAS-BLED Score 3 (3-4) 3 (3-4) 0.18
Heparin during procedure 64 (45.4%) 27 (23.3%) <0.01*
Tirofiban during procedure 36 (25.5%) 38 (32.8%) 0.20
Imaging
ASPECETS 9 (8-10) 9 (8-10) 0.50
Occlusion site 0.73
ICA 39 (27.7%) 27 (23.3%)
MCA-M1 77 (54.9%) 67 (57.8%)
MCA-M2 25 (17.7%) 22 (19.0%)
Reperfusion before intervention (mTICI) 0.78
0 119 (84.4%) 96 (82.8%)
1 8 (5.7%) 9 (7.8%)
2a 5 (3.5%) 6 (5.2%)
2b 9 (6.4%) 4 (3.4%)
3 0 (0.0%) 1 (0.9%)
Workflow, min
Symptom onset to admission ER 204 (105-353) 139 (80-251) 0.01*
Admission ER to groin puncture 123 (97-162) 138 (95-180) 0.36
Duration procedure 60 (40-97) 85 (50-135) 0.01*
Symptom onset to reperfusion 435 (315-591) 400 (305-544) 0.25

Baseline variables with early versus routine anticoagulation.

*P<0.05.

ASPECTS, Alberta Stroke Programme Early CT Score; CHA2DS2-VASc, (Congestive heart failure, Hypertension, Age >75 years [double
weight], Diabetes, previous Stroke [double weight], Vascular disease, Age 65-74 years, female Sex category) a tool developed for finding

risk factors for thromboembolic events in patients with atrial fibrillation; ER, emergency room; HASBLED, (Hypertension, Abnormal renal/liver
function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly (> 65 years), Drugs/alcohol concomitantly)
one risk stratification scheme of several that has been validated to estimate baseline risk of major hemorrhage; ICA, internal carotid artery;
INR, international normalised ratio; MCA-M1/M2, the first/second segment of middle cerebral artery; mTICI, modified thrombolysis in cerebral
infarction; NIHSS, National Institutes of Health Stroke Scale.

408

Xu'Y, et al. Stroke & Vascular Neurology 2023;8:€002082. doi:10.1136/svn-2022-002082

"yBuAdoo Aq paloalold 1sanb Aq 20z ‘6T [dy Uo /woo g uAs//:dny Wwolj papeojumod ‘€202 YoIBIN /2 U0 280200-2202-UAS/9ETT 0T Se paysiignd 1Si1) :|0INaN ISeA 930S


http://svn.bmj.com/

Early anticoagulantion = 15 19

Routine anticoagulation-| 13 14

15 11 11 5

T T T T T T 1
40 50 60 70 80 90 100

Patients (%)

Figure 2 Distribution of modified Rankin Scale (mRS) scores at 90 days for patients allocated to early and routine
anticoagulation group (adjusted common OR 2.08 (95% CI 1.27 to 3.41)).

but when to begin it in patients with successful recanali-
sation after EVT is unclear. Some previous studies have
suggested that early anticoagulation after stroke may be
feasible. For instance, the Early Recurrence and Major
Bleeding in Patients With Acute Ischemic Stroke and
Atrial Fibrillation Treated With Non-Vitamin-K Oral
Anticoagulants (RAF-NOAGs) study showed that ICH
occurred after 30 days of early anticoagulation, and its
association with early anticoagulation was unclear.'"® A
registry study found that early initiation of anticoagu-
lation reduces the risk of recurrent stroke and systemic
embolism without increasing severe bleeding events.'"”
None of these studies analysed patients treated with EVT
separately, so it has limited reference value for anticoag-
ulant therapy in patients with recanalisation after EVT.
Neurologist concerns about bleeding complications
in the first few days after recanalisation have limited the
use of early anticoagulation.'” ** Patients at high risk of
thrombosis events are also at high risk of bleeding events,
and no one variable that can consistently separate the two
risks.”’ Clinically, the CHA2DS2-VASc (predicting risk
for ischaemic events based on the presence of conges-
tive heart failure, hypertension, age 275 years [double

weight], diabetes, previous stroke [double weight],
vascular disease, age 65—74 years and female sex category)
and HAS-BLED (predicting risk for major haemorrhage
based on the presence of hypertension, abnormal renal/
liver function, stroke, bleeding history or predisposition,
labile international normalized ratio, elderly (> 65 years)
and drugs/alcohol concomitantly) scores are frequently
used to assess the risk of ischaemic or bleeding events
in atrial fibrillation patients undergoing anticoagulant
therapy.?*** All patients in this study had CHA2DS2-VASc
scores>2and should be on anticoagulants according to
the guidelines of antithrombotic therapy for atrial fibril-
lation.”* The median HAS-BLED Score was $ in both
groups, indicating that the risk of severe bleeding was not
very high. Our findings imply that, following a careful
evaluation of the risk of bleeding, early initiation of anti-
coagulant therapy is safe in patients who had an AIS who
should be treated with anticoagulation.

It is important to recognise that the use of UFH in
periprocedural periods is not novel. Previous studies
on the use of heparin during EVT suggest that it can
improve patient outcomes.”** Moreover, patients treated
in centres with more experience using heparin had better

Table 2 Primary and secondary outcomes in patients treated with early versus routine anticoagulation

Early anticoagulation Routine anticoagulation

(n=141) (n=116) P value OR (95% Cl) P value* a(c)OR (95% CI)*

Primary outcomes

mRS 2 (1-4) 3 (1-4) 0.01 1.81(1.15t0 2.83) 0.01 2.08 (1.27 to 3.41)

sICHt 2 (1.4%) 3 (2.6%) 0.83 0.54 (0.09t03.30) 0.19 0.20 (0.02 to 2.18)
Secondary outcomes

mRS<2 82 (58.2%) 53 (45.7%) 0.05 1.65(1.01t02.71)  0.01 2.28 (1.21 t0 4.31)

Mortality 7 (5.0%) 20 (17.2%) <0.01 0.25(0.10t0 0.62)  0.01 0.26 (0.09 to 0.71)

alCH 24 (17.0%) 14 (12.1%) 0.27 1.50(0.73t0 3.04) 0.43 1.40 (0.61 to 3.18)

New ischaemic 9 (6.4%) 7 (6.0%) 0.91 1.06 (0.38t0 2.94) 0.86 1.11 (0.36 to 3.40)

stroke

Comparison of the outcomes of early and routine anticoagulation.

*Adjusted for age, history of hypertension, baseline NIHSS, baseline glucose level, baseline ASPECTS, treatment with intravenous thrombolysis,

heparin during procedure, and onset to reperfusion time.

TNot adjusted for age, history of hypertension, baseline ASPECTS and onset to reperfusion time due to the low incidence of sICH.
a(c)OR, adjusted common OR; alCH, asymptomatic intracranial haemorrhage; ASPECTS, Alberta Stroke Programme Early CT Score; mRS, modified
Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial haemorrhage.
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Open access

I

No. of patients Adjusted odds P value for

Subgroup Early group Routine group ratio (95% CI) interaction

overall 141 116 2.28 (1.21-4.31) ——

Age, y 0.23
<72 79 57 1.73 (0.67-4.46) -+
>72 62 59 3.29 (1.26-8.61) i

Sex 0.25
Male 52 56 1.46 (0.52-4.11) —

Female 89 60 3.30 (1.42-7.67) L

Baseline NIHSS score 0.83
6-16 71 77 2.78 (1.15-6.72) —a—
>16 70 39 1.55 (0.56-4.31) -+

Baseline ASPECTS 0.32
6-8 52 49 2.41 (0.84-6.96) ——
>8 89 67 2.14 (0.92-4.97) ——

Occlusion site 0.43
ICA 39 27 9.24 (1.56-54.67) >
MCA-M1 77 67 1.18 (0.46-3.02) ——

MCA-M2 25 22 3.59(0.51-25.01) L

Onset to reperfusion, min 0.09
<410 67 63 1.42 (0.56-3.61) — -
>410 74 53 4.02 (1.44-11.22) L

T T 1

Favours routine

0 1 5 10

Favours early

Figure 3 Subgroup analysis. The forest plot displays effect variation across six subgroups for the functional independence at
90 days. The adjusted OR was calculated by using logistic regression and adjusted for age, history of hypertension, baseline
NIHSS, baseline glucose level, baseline ASPECTS, treatment with intravenous thrombolysis, heparin during procedure and
onset to reperfusion time. The thresholds for age, baseline NIHSS Score, baseline ASPECTS and onset to reperfusion time were
chosen at the median. ASPECTS, Alberta Stroke Programme early CT Score; ICA, internal carotid artery; MCA-M1/M2, the first/
second segment of middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale.

outcomes.”’ But recent results from the Multicenter

Randomized CLinical trial of Endovascular treatment for
Acute ischemic stroke in the Netherlands: the effect of
periprocedural MEDication: heparin, antiplatelet agents,
both or neithe (MR CLEAN-MED) study showed that
periprocedural anticoagulant therapy does not improve
patient outcomes and increases the risk of SICH.*® In the
MR CLEAN-MED study, patients treated with moderate

dose of UFH after EVT had a significantly increased risk of
sICH, and some patients were treated with both UFH and
aspirin, which may have contributed to the poor outcome.
The study also did not classify the causes of stroke, the
use of UFH in patients with large artery atherosclerosis
might be inappropriate. For these reasons, the benefit of
early anticoagulation may be obscured. In our study, the
median dose of UFH was consistent with the low dose in

Outcomes OR (95% CI) OR (95% CI) OR (95% CI)
mRS 1.33(0.65-2.70) #— 0.94 (0.53-1.68)  #— 0.78 (0.44-1.40) =
sICH 0.26 (0.02-4.34) #1— 1.04 (0.06-17.03) —4——>  0.85(0.05-13.92) -4——>
mRS<2 1.81(0.80-4.07) *#— 1.11 (0.57-2.16) —$— 0.98 (0.50-1.91) —+—
Mortality NA* 0.40 (0.08-2.13) #+— 1.15(0.25-5.33) ———>
alCH 0.37(0.14-0.94) = 0.57(0.23-1.41) =+ 1.01(0.42-2.45) ——
New ischemic stroke  0.94 (0.19-4.79) — 0.83(0.21-3.21) —+—— 1.07(0.28-4.18) —p—
[ e | |
01 3 5 0 1 3 5 01 3 5
24-72h  Ultra-early LMWH UFH Low-dose Minimal-dose

Figure 4 Outcomes in different early anticoagulation regimens. *No patients in the 24-72-hour anticoagulation group died
within 90 days, so this OR could not be available. alCH, asymptomatic intracranial haemorrhage; LMWH, low-molecular-weight
heparin, MRS, modified Rankin Scale; NA, not available; sICH, symptomatic intracranial haemorrhage, UFH, unfractionated

heparin.
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the MR CLEAN-MED study, and patients were not treated
with aspirin at the same time, which may provide reassur-
ance about safety. And the indication for anticoagulation
in AIS patients with atrial fibrillation is more clear, which
makes it more likely that the benefit of early anticoagula-
tion will be observed.

After successful recanalisation, inflammation persists in
the cerebral ischaemic area. Neutrophils release neutro-
phil extracellular traps (NETs) during the inflammatory
response, which form a scaffold and activate coagula-
tion factors to promote thrombosis,”’ resulting in failure
to maintain microvascular reperfusion. In addition to
inhibiting the coagulation process, UFH or LMWH can
promote the dissolution of NETs or decrease the release
of NETs by regulating the complement system, enhancing
DNase I digestion of DNA-histone complexes and inhib-
iting neutrophil autophagy,” '* thereby reducing the
microthrombi formation and improving no reflow status.
Because the no reflow phenomenon mainly occurs in the
first 24 hours after 1recanalisati0n,12 it makes more sense
to initiate anticoagulation with UFH or LMWH as early
as possible after EVT. After 24 hours, the effect of anti-
coagulation on microcirculation is limited. Due to the
prolonged ischaemic time, the damage to the neurovas-
cular unit becomes more severe,30 so initiation of antico-
agulant therapy at 24-72hours cannot improve patient
outcomes and may increase the incidence of intracranial
haemorrhage. This may account for our finding that
favourable functional outcomes in patients are more
significantly associated with ultraearly anticoagulation.

Limitations

First of all, because this was a retrospective observational
study, the differences in baseline characteristics between
the two groups might have had an impact on the physi-
cian’s decision to administer heparin as well as the impact
of early anticoagulant therapy on patient outcomes. Due
to this, we adjusted for the relevant prognostic factors.
Second, the early anticoagulant drugs and doses after EVT
are not uniform, and their effects on microcirculation
may be different. Future randomised controlled trials are
needed to develop a uniform anticoagulation protocol.
Third, the timing of initiation of anticoagulation therapy
and the type of anticoagulant drugs were not uniform in
the routine anticoagulation group, which may affect the
incidence of new ischaemic stroke and intracranial haem-
orrhage. Fourth, some patients did not re-examine CT or
MRI of the head within 90 days after discharge, because
some intracranial haemorrhage and new ischaemic stroke
were asymptomatic, which may have led to an underesti-
mation of these outcomes in this study. Finally, early anti-
coagulation after EVT is still in the exploratory stage, and
the number of cases included in this study is limited. The
proportion of patients who initiated early anticoagulant
therapy after EVT differed between stroke centres, but we
did not adjust for heparin preference across centres, this
may have had an impact on clinical outcomes.

CONCLUSIONS

In AIS patients with atrial fibrillation, early anticoagula-
tion with UFH or LMWH after successful recanalisation
is associated with favourable functional outcomes without
increasing the risk of sSICH. A randomised controlled trial
is needed for further study.
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Supplementary Table 1. Baseline demographics in ultra-early vs 24-72h group
Ultra-early anticoagulation 24-72h anticoagulation
P value
(n=111) (n=30)
Common patient characteristics
Age,y 72 (63-78) 67 (60-77) 0.33
Male 44 (39.6%) 8 (26.7%) 0.19
Admission NIHSS 17 (12-22) 14 (12-19) 0.22
Ischemia in left hemisphere 58 (52.3%) 16 (53.3%) 0.92
Treatment with intravenous thrombolysis 52 (46.8%) 14 (46.7%) 0.99
Premorbid oral anti-thrombotic use 44 (39.6%) 6 (20.0%) 0.05%*
Smoke 24 (21.6%) 4 (13.3%) 0.31
Hypertension 51 (45.9%) 13 (43.3%) 0.80
Diabetes mellitus 24 (21.6%) 8 (26.7%) 0.56
Previous stroke 12 (10.8%) 4 (13.3%) 0.70
Systolic blood pressure 143.72423.84 138.27+£22.09 0.26
Diastolic blood pressure 83.39+16.80 84.50+14.31 0.74
INR 1.04 (0.99-1.12) 1.06 (0.99-1.16) 0.41
Trombocyte count 165 (128-220) 196 (167-222) 0.06
Glucose level 7.35(6.12-9.17) 8.50 (6.64-9.47) 0.10
CHA2DS2-VASc score 5(3-5) 4 (3-5) 0.39
HASBLED score 3(3-4) 4 (3-4) 0.36
Heparin during procedure 51 (45.9%) 13 (43.3%) 0.80
Tirofiban during procedure 31 (27.9%) 5 (16.7%) 0.21
Imaging
ASPECETS 9 (8-10) 9 (8-9) 0.17
Occlusion site 0.55
ICA 32 (28.8%) 7 (23.3%)
Ml 58 (52.3%) 19 (63.3%)
M2 21 (18.9%) 4 (13.4%)
Reperfusion before intervention (mTICI) 0.09
0 97 (87.4%) 22 (73.3%)
1 3 (2.7%) 5 (16.7%)
2a 4 (3.6%) 1(3.3%)
2b 7 (6.3%) 2 (6.7%)
Workflow (in minutes)
Symptom onset to admission ER 201 (111-330) 225 (72-368) 0.79
Admission ER to groin puncture 118 (95-157) 130 (105-177) 0.21
Duration procedure 60 (40-96) 66 (40-129) 0.62
Symptom onset to reperfusion 410 (290-615) 449 (353-572) 0.30

Baseline variables with ultra-early and 24-72h anticoagulation group. *P<0.05. ASPECTS indicates
Alberta Stroke Program Early Computed Tomography Score; ER, emergency room; ICA, internal carotid
artery; INR, international normalized ratio; MCA-M1/M2, the first/second segment of middle cerebral
artery; mTICI, modified thrombolysis in cerebral infarction; NIHSS, National Institutes of Health Stroke

Scale.

XuY, et al. Sroke Vasc Neurol 2023;0:1-8. doi: 10.1136/svn-2022-002082



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s)

Stroke Vasc Neurol

Supplementary Table 2. Baseline demographics in UFH vs LMWH group

UFH group (n=69) LMWH group (n=72) P Value
Common patient characteristics
Age,y 71 (61-78) 71 (62-78) 0.33
Male 27 (39.1%) 25 (34.7%) 0.59
Admission NTHSS 17 (13-22) 15 (12-20) 0.22
Ischemia in left hemisphere 37 (53.6%) 37 (51.4%) 0.79
Treatment with intravenous thrombolysis 33 (47.8%) 33 (45.8%) 0.81
Premorbid oral anti-thrombotic use 28 (40.6%) 22 (30.6%) 0.21
Smoke 10 (14.5%) 18 (25.0%) 0.12
Hypertension 35 (50.7%) 29 (40.3%) 0.21
Diabetes mellitus 15 (21.7%) 17 (23.6%) 0.79
Previous stroke 4 (5.8%) 12 (16.7%) 0.04*
Systolic blood pressure 144.99+24.88 140.24+22.03 0.23
Diastolic blood pressure 82.94+17.79 84.28+14.74 0.63
INR 1.04 (0.98-1.11) 1.05 (1.00-1.13) 0.41
Trombocyte count 171 (132-225) 182 (143-220) 0.06
Glucose level 7.30 (6.17-9.50) 8.00 (6.10-9.20) 0.10
CHA2DS2-VASc score 4 (3-5) 5(3-5) 0.39
HASBLED score 3(3-4) 3(3-4) 0.36
Heparin during procedure 35 (50.7%) 29 (40.3%) 0.21
Tirofiban during procedure 21 (30.4%) 15 (20.8%) 0.19
Imaging
ASPECETS 9 (8-10) 9 (8-10) 0.17
Occlusion site 0.07
ICA 24 (34.8%) 15 (20.8%)
MCA-M1 31 (44.9%) 46 (63.9%)
MCA-M2 14 (20.3%) 11 (15.3%)
Reperfusion before intervention (mTICI) 0.68
0 59 (85.5%) 60 (83.3%)
1 4 (5.8%) 4 (5.6%)
2a 3 (4.3%) 2 (2.8%)
2b 3 (4.3%) 6 (8.3%)
Workflow (in minutes)
Symptom onset to admission ER 204 (127-323) 207 (84-384) 0.79
Admission ER to groin puncture 120 (96-156) 126 (100-165) 0.21
Duration procedure 57 (40-93) 70 (40-100) 0.62
Symptom onset to reperfusion 390 (314-604) 439 (315-581) 0.30

Institutes of Health Stroke Scale; UFH, unfractionated heparin.

Baseline variables with UFH and LMWH group. *P<0.05. ASPECTS indicates Alberta Stroke Program
Early Computed Tomography Score; ER, emergency room; ICA, internal carotid artery; INR,
international normalized ratio; LMWH, low-molecular-weight heparin; MCA-M1/M2, the first/second
segment of middle cerebral artery; mTICI, modified thrombolysis in cerebral infarction; NIHSS, National
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Supplementary Table 3. Baseline demographics in minimal-dose vs low-dose group
Minimal-dose group (n=76) | Low-dose group (n=65) P Value
Common patient characteristics
Age,y 71 (63-78) 70 (60-78) 0.56
Male 27 (35.5%) 25 (38.5%) 0.72
Admission NIHSS 17 (13-22) 16 (12-21) 0.14
Ischemia in left hemisphere 44 (57.9%) 30 (46.2%) 0.16
Treatment with intravenous thrombolysis 34 (44.7%) 32 (49.2%) 0.59
Premorbid oral anti-thrombotic use 24 (31.6%) 26 (40.0%) 0.30
Smoke 9 (11.8%) 19 (29.2%) 0.01*
Hypertension 36 (47.4%) 28 (43.1%) 0.61
Diabetes mellitus 16 (21.1%) 16 (24.6%) 0.62
Previous stroke 6 (6.6%) 11 (16.9%) 0.05
Systolic blood pressure 142.55+23.04 142.57+24.23 0.99
Diastolic blood pressure 83.68+17.04 83.55+15.43 0.96
INR 1.03(0.98-1.12) 1.07 (0.99-1.14) 0.09
Trombocyte count 183 (144-220) 165 (125-221) 0.25
Glucose level 7.30 (6.03-9.20) 7.70 (6.75-9.28) 0.36
CHA2DS2-VASc 5(3-5) 4 (3-5) 0.83
HASBLED 3(2-4) 3 (3-4) 0.74
Heparin during procedure 35 (46.1%) 29 (44.6%) 0.86
Tirofiban during procedure 23 (30.3%) 13 (20.0%) 0.16
Imaging
ASPECETS 9 (8-10) 9 (8-10) 0.12
Occlusion site 0.98
ICA 21 (27.6%) 18 (27.7%)
MCA-M1 42 (55.3%) 35 (53.8%)
MCA-M2 13 (17.1%) 12 (18.5%)
Reperfusion before intervention (mTICI) 0.01*
0 58 (76.3%) 61 (93.8%)
1 6 (7.9%) 2 (3.1%)
2a 5 (6.6%) 0 (0.0%)
2b 7 (9.2%) 2 (3.1%)
Workflow (in minutes)
Symptom onset to admission ER 220 (93-417) 198 (115-303) 0.36
Admission ER to groin puncture 113(96-151) 127 (99-185) 0.24
Duration procedure 61 (37-95) 60 (41-99) 0.48
Symptom onset to reperfusion 441 (295-624) 429 (324-558) 0.86
Baseline variables with low-dose and moderate-dose group. *P<0.05. ASPECTS indicates Alberta Stroke
Program Early Computed Tomography Score; ER, emergency room; ICA, internal carotid artery; INR,
international normalized ratio; MCA-M1/M2, the first/second segment of middle cerebral artery; mTICI,
modified thrombolysis in cerebral infarction; NIHSS, National Institutes of Health Stroke Scale.

XuY, et al. Sroke Vasc Neurol 2023;0:1-8. doi: 10.1136/svn-2022-002082



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Stroke Vasc Neurol

Supplementary Table 4. Univariate analyses for the outcomes between ultra-early and 24-72h groups
Ultra-early 24-72h
Variable anticoagulation anticoagulation P value OR (95% CI)
(n=111) (n=30)
Primary outcomes
mRS 2 (1-4) 3(1-4) 0.43 1.33 (0.65-2.70)
sICH 1 (0.9%) 1(3.3%) 0.38 0.26 (0.02-4.34)
Secondary outcomes
mRS<2 68 (61.3%) 14 (46.7%) 0.15 1.81 (0.80-4.07)
Mortality 7 (6.3%) 0 (0.0%) 0.35 NA
alCH 15 (13.5%) 9 (30.0%) 0.03 0.37 (0.14-0.94)
New ischemic stroke 7 (6.3%) 2 (6.7%) 1.00 0.94 (0.19-4.79)
alCH indicates asymptomatic intracranial hemorrhage; mRS, modified Rankin Scale; NA, not
available; OR, odds ratio; sSICH, symptomatic intracranial hemorrhage.
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Supplementary Table 5. Univariate analyses for the outcomes between UFH and LMWH groups

UFH group

LMWH group

Variable P value OR (95% CI)
(n=69) (n=72)

Primary outcomes
mRS 2(1-4) 2 (1-4) 0.84 0.94 (0.53-1.68)
sICH 1 (1.4%) 1 (1.4%) 1.00 1.04 (0.06-17.03)

Secondary outcomes
mRS=<2 41 (59.4%) 41 (56.9%) 0.77 1.11 (0.57-2.16)
Mortality 2 (2.9%) 5 (6.9%) 0.47 0.40 (0.08-2.13)
alCH 9 (13.0%) 15 (20.8%) 0.22 0.57 (0.23-1.41)
New ischemic stroke 4 (5.8%) 5 (6.9%) 1.00 0.83 (0.21-3.21)

alCH indicates asymptomatic intracranial hemorrhage; LMWH, low-molecular-weight heparin; mRS,
modified Rankin Scale; OR, odds ratio; sICH, symptomatic intracranial hemorrhage; UFH,
unfractionated heparin.
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Supplementary Table 6. Univariate analyses for the outcomes between minimal-dose and low-dose groups

Variable

Minimal-dose group

Low-dose group

(1=76) (1=65) P value OR (95% CI)
Primary outcomes
mRS 2(1-4) 2(1-4) 0.41 0.78 (0.44-1.40)
sICH 1(1.3%) 1 (1.5%) 1.00 0.85(0.05-13.92)
Secondary outcomes
mRS<2 44 (57.9%) 38 (58.5%) 0.95 0.98 (0.50-1.91)
Mortality 4 (5.3%) 4 (4.6%) 1.00 1.15(0.25-5.33)
alCH 13 (17.1%) 11 (16.9%) 0.98 1.01 (0.42-2.45)
New ischemic stroke 5(6.6%) 4 (6.2%) 1.00 1.07 (0.28-4.18)

alCH indicates asymptomatic intracranial hemorrhage; mRS, modified Rankin Scale; OR, odds ratio;
sICH, symptomatic intracranial hemorrhage.
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Supplementary Figure 1. Distribution of modified Rankin Scale (mRS) scores at 90 days for patients
allocated to ultra-early, 24-72h and routine anticoagulation group. There was a significant shift towards
better functional outcomes for ultra-early versus routine anticoagulation (adjusted common odds ratio [acOR]
2.03 [95% CI 1.20-3.44]), and a non-significant shift towards better functional outcome for 24-72h versus
routine anticoagulation (acOR 1.95 [95% CI 0.89-4.30]).
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Supplementary Table 1. Baseline demographics in ultra-early vs 24-72h group
Ultra-early anticoagulation 24-72h anticoagulation
P value
(n=111) (n=30)
Common patient characteristics
Age,y 72 (63-78) 67 (60-77) 0.33
Male 44 (39.6%) 8(26.7%) 0.19
Admission NIHSS 17 (12-22) 14 (12-19) 0.22
Ischemia in left hemisphere 58 (52.3%) 16 (53.3%) 0.92
Treatment with intravenous thrombolysis 52 (46.8%) 14 (46.7%) 0.99
Premorbid oral anti-thrombotic use 44 (39.6%) 6 (20.0%) 0.05%*
Smoke 24 (21.6%) 4 (13.3%) 0.31
Hypertension 51 (45.9%) 13 (43.3%) 0.80
Diabetes mellitus 24 (21.6%) 8 (26.7%) 0.56
Previous stroke 12 (10.8%) 4 (13.3%) 0.70
Systolic blood pressure 143.72+23.84 138.27+£22.09 0.26
Diastolic blood pressure 83.39+16.80 84.50+14.31 0.74
INR 1.04 (0.99-1.12) 1.06 (0.99-1.16) 0.41
Trombocyte count 165 (128-220) 196 (167-222) 0.06
Glucose level 7.35(6.12-9.17) 8.50 (6.64-9.47) 0.10
CHA2DS2-VASc score 5(3-5) 4 (3-5) 0.39
HASBLED score 334 4 (3-4) 0.36
Heparin during procedure 51 (45.9%) 13 (43.3%) 0.80
Tirofiban during procedure 31 (27.9%) 5 (16.7%) 0.21
Imaging
ASPECTS 9 (8-10) ‘ 9(8-9) 0.17
Occlusion site 0.55
ICA 32 (28.8%) 7 (23.3%)
M1 58 (52.3%) 19 (63.3%)
M2 21 (18.9%) 4 (13.4%)
Reperfusion before intervention (mTICI) 0.09
0 97 (87.4%) 22 (73.3%)
1 3 (2.7%) 5(16.7%)
2a 4 (3.6%) 1 (3.3%)
2b 7 (6.3%) 2 (6.7%)
Workflow (in minutes)
Symptom onset to admission ER 201 (111-330) 225 (72-368) 0.79
Admission ER to groin puncture 118 (95-157) 130 (105-177) 0.21
Duration procedure 60 (40-96) 66 (40-129) 0.62
Symptom onset to reperfusion 410 (290-615) 449 (353-572) 0.30
Baseline variables with ultra-early and 24-72h anticoagulation group. *P<0.05. ASPECTS indicates
Alberta Stroke Program Early Computed Tomography Score; ER, emergency room; ICA, internal
carotid artery; INR, international normalized ratio; MCA-M1/M2, the first/second segment of
middle cerebral artery; mTICI, modified thrombolysis in cerebral infarction; NIHSS, National
Institutes of Health Stroke Scale.
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Supplementary Table 2. Baseline demographics in UFH vs LMWH group
UFH group (n=69) ‘ LMWH group (n=72) ‘ P Value
Common patient characteristics
Age,y 71 (61-78) 71 (62-78) 0.33
Male 27 (39.1%) 25 (34.7%) 0.59
Admission NIHSS 17 (13-22) 15 (12-20) 0.22
Ischemia in left hemisphere 37 (53.6%) 37 (51.4%) 0.79
Treatment with intravenous thrombolysis 33 (47.8%) 33 (45.8%) 0.81
Premorbid oral anti-thrombotic use 28 (40.6%) 22 (30.6%) 0.21
Smoke 10 (14.5%) 18 (25.0%) 0.12
Hypertension 35 (50.7%) 29 (40.3%) 0.21
Diabetes mellitus 15 (21.7%) 17 (23.6%) 0.79
Previous stroke 4 (5.8%) 12 (16.7%) 0.04*
Systolic blood pressure 144.99+24.88 140.24+22.03 0.23
Diastolic blood pressure 82.94+17.79 84.28+14.74 0.63
INR 1.04 (0.98-1.11) 1.05 (1.00-1.13) 0.41
Trombocyte count 171 (132-225) 182 (143-220) 0.06
Glucose level 7.30 (6.17-9.50) 8.00 (6.10-9.20) 0.10
CHA2DS2-VASc score 4 (3-5) 5(3-5) 0.39
HASBLED score 3 (3-4) 3(3-4) 0.36
Heparin during procedure 35 (50.7%) 29 (40.3%) 0.21
Tirofiban during procedure 21 (30.4%) 15 (20.8%) 0.19
Imaging
ASPECTS 9 (8-10) 9 (8-10) 0.17
Occlusion site 0.07
ICA 24 (34.8%) 15 (20.8%)
MCA-M1 31 (44.9%) 46 (63.9%)
MCA-M2 14 (20.3%) 11 (15.3%)
Reperfusion before intervention (mTICI) 0.68
0 59 (85.5%) 60 (83.3%)
1 4 (5.8%) 4 (5.6%)
2a 3 (4.3%) 2 (2.8%)
2b 3 (4.3%) 6 (8.3%)
Workflow (in minutes)
Symptom onset to admission ER 204 (127-323) 207 (84-384) 0.84
Admission ER to groin puncture 120 (96-156) 126 (100-165) 0.84
Duration procedure 57 (40-93) 70 (40-100) 0.26
Symptom onset to reperfusion 390 (314-604) 439 (315-581) 0.69
Baseline variables with UFH and LMWH group. *P<0.05. ASPECTS indicates Alberta Stroke
Program Early Computed Tomography Score; ER, emergency room; ICA, internal carotid artery;
INR, international normalized ratio; LMWH, low-molecular-weight heparin; MCA-M1/M2, the
first/second segment of middle cerebral artery; mTICI, modified thrombolysis in cerebral infarction;
NIHSS, National Institutes of Health Stroke Scale; UFH, unfractionated heparin.
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Supplementary Table 3. Baseline demographics in minimal-dose vs low-dose group
Minimal-dose group (n=76) ‘ Low-dose group (n=65) ‘ P Value
Common patient characteristics
Age,y 71 (63-78) 70 (60-78) 0.56
Male 27 (35.5%) 25 (38.5%) 0.72
Admission NIHSS 17 (13-22) 16 (12-21) 0.14
Ischemia in left hemisphere 44 (57.9%) 30 (46.2%) 0.16
Treatment with intravenous thrombolysis 34 (44.7%) 32 (49.2%) 0.59
Premorbid oral anti-thrombotic use 24 (31.6%) 26 (40.0%) 0.30
Smoke 9 (11.8%) 19 (29.2%) 0.01*
Hypertension 36 (47.4%) 28 (43.1%) 0.61
Diabetes mellitus 16 (21.1%) 16 (24.6%) 0.62
Previous stroke 6 (6.6%) 11 (16.9%) 0.05
Systolic blood pressure 142.554£23.04 142.57+24.23 0.99
Diastolic blood pressure 83.68+17.04 83.55+15.43 0.96
INR 1.03(0.98-1.12) 1.07 (0.99-1.14) 0.09
Trombocyte count 183 (144-220) 165 (125-221) 0.25
Glucose level 7.30 (6.03-9.20) 7.70 (6.75-9.28) 0.36
CHA2DS2-VASc 5(3-5) 4 (3-5) 0.83
HASBLED 3(2-4) 3(3-4) 0.74
Heparin during procedure 35 (46.1%) 29 (44.6%) 0.86
Tirofiban during procedure 23 (30.3%) 13 (20.0%) 0.16
Imaging
ASPECTS 9 (8-10) 9 (8-10) 0.12
Occlusion site 0.98
ICA 21 (27.6%) 18 (27.7%)
MCA-M1 42 (55.3%) 35 (53.8%)
MCA-M2 13 (17.1%) 12 (18.5%)
Reperfusion before intervention (mTICI) 0.01%*
0 58 (76.3%) 61 (93.8%)
1 6 (7.9%) 2 (3.1%)
2a 5 (6.6%) 0 (0.0%)
2b 7 (9.2%) 2 (3.1%)
Workflow (in minutes)
Symptom onset to admission ER 220 (93-417) 198 (115-303) 0.36
Admission ER to groin puncture 113(96-151) 127 (99-185) 0.24
Duration procedure 61 (37-95) 60 (41-99) 0.48
Symptom onset to reperfusion 441 (295-624) 429 (324-558) 0.86
Baseline variables with low-dose and moderate-dose group. *P<0.05. ASPECTS indicates Alberta
Stroke Program Early Computed Tomography Score; ER, emergency room; ICA, internal carotid
artery; INR, international normalized ratio; MCA-M1/M2, the first/second segment of middle
cerebral artery; mTICI, modified thrombolysis in cerebral infarction; NIHSS, National Institutes of
Health Stroke Scale.
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Supplementary Table 4. Univariate analyses for the outcomes between ultra-early and 24-72h groups

Ultra-early 24-72h
Variable anticoagulation anticoagulation P value OR (95% CI)
(n=111) (n=30)
Primary outcomes
mRS 2 (1-4) 3(1-4) 0.43 1.33 (0.65-2.70)
sICH 1 (0.9%) 1(3.3%) 0.38 0.26 (0.02-4.34)
Secondary outcomes
mRS<2 68 (61.3%) 14 (46.7%) 0.15 1.81 (0.80-4.07)
Mortality 7 (6.3%) 0 (0.0%) 0.35 NA
alCH 15 (13.5%) 9 (30.0%) 0.03 0.37 (0.14-0.94)
New ischemic stroke 7 (6.3%) 2 (6.7%) 1.00 0.94 (0.19-4.79)

alCH indicates asymptomatic intracranial hemorrhage; mRS, modified Rankin Scale; NA, not

available; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.

XuY, et al. Sroke Vasc Neurol 2023;0:1-8. doi: 10.1136/svn-2022-002082



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material

placed on this supplemental material which has been supplied by the author(s)

Stroke Vasc Neurol

Supplementary Table 5. Univariate analyses for the outcomes between UFH and LMWH groups

UFH group

LMWH group

Variable P value OR (95% CI)
(n=69) (n=72)

Primary outcomes
mRS 2(1-4) 2(1-4) 0.84 0.94 (0.53-1.68)
sICH 1(1.4%) 1(1.4%) 1.00 1.04 (0.06-17.03)

Secondary outcomes
mRS<2 41 (59.4%) 41 (56.9%) 0.77 1.11 (0.57-2.16)
Mortality 2 (2.9%) 5 (6.9%) 0.47 0.40 (0.08-2.13)
alCH 9 (13.0%) 15 (20.8%) 0.22 0.57 (0.23-1.41)
New ischemic stroke 4 (5.8%) 5 (6.9%) 1.00 0.83 (0.21-3.21)

alCH indicates asymptomatic intracranial hemorrhage; LMWH, low-molecular-weight heparin; mRS,
modified Rankin Scale; OR, odds ratio; sICH, symptomatic intracranial hemorrhage; UFH,
unfractionated heparin.
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Supplementary Table 6. Univariate analyses for the outcomes between minimal-dose and low-dose groups

Minimal-dose group

Low-dose group

Variable P value OR (95% CI)
(n=76) (n=65)

Primary outcomes
mRS 2(1-4) 2(1-4) 0.41 0.78 (0.44-1.40)
sICH 1(1.3%) 1(1.5%) 1.00 0.85 (0.05-13.92)

Secondary outcomes
mRS<2 44 (57.9%) 38 (58.5%) 0.95 0.98 (0.50-1.91)
Mortality 4 (5.3%) 4 (4.6%) 1.00 1.15(0.25-5.33)
alCH 13 (17.1%) 11 (16.9%) 0.98 1.01 (0.42-2.45)
New ischemic stroke 5 (6.6%) 4 (6.2%) 1.00 1.07 (0.28-4.18)

alCH indicates asymptomatic intracranial hemorrhage; mRS, modified Rankin Scale; OR, odds ratio;
sICH, symptomatic intracranial hemorrhage.
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Supplementary Figure 1. Distribution of modified Rankin Scale (mRS) scores at 90 days for patients allocated
to ultra-early, 24-72h and routine anticoagulation group. There was a significant shift towards better functional
outcomes for ultra-early versus routine anticoagulation (adjusted common odds ratio [acOR] 2.03 [95% CI
1.20-3.44]), and a non-significant shift towards better functional outcome for 24-72h versus routine
anticoagulation (acOR 1.95 [95% CI1 0.89-4.30]).
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