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Abstract

Background and purpose—In patients with acute ischemic stroke and atrial fibrillation (AF),
treatment with low molecular weight heparin (LMWH) increases early hemorrhagic risk without
reducing early recurrence and there is limited data comparing warfarin to direct oral anticoagulant
(DOAC) therapy. We aim to compare the effects of the treatments above on the risk of 90-day
recurrent ischemic events and delayed symptomatic intracranial hemorrhage (d-sICH).

Methods—We included consecutive patients with acute ischemic stroke and AF from the
Initiation of Anticoagulation after Cardioembolic stroke (1AC) study pooling data from stroke
registries of 8 comprehensive stroke centers across the United States. We compared recurrent
ischemic events and d-sICH between each of the following groups in separate cox-regression
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analyses: 1) DOAC versus warfarin and 2) Bridging with heparin/LMWH versus no bridging,
adjusting for pertinent confounders to test these associations.

Results—We identified 1,289 patients who met the “bridging versus no bridging” analysis
inclusion criteria and 1,251 patients who met the “DOAC versus warfarin™ analysis inclusion
criteria. In adjusted cox-regression models, bridging (versus no bridging) treatment was associated
with a high risk of d-sICH (HR 2.74 95% CI 1.01 — 7.42) but a similar rate of recurrent ischemic
events (HR 1.23 95% CI 0.63 — 2.40). Furthermore, DOAC (versus warfarin) treatment was
associated with a lower risk of recurrent ischemic events (HR 0.51 95% CI 0.29 — 0.87) but not d-
sICH (HR 0.57 95% CI 0.22 — 1.48).

Conclusion—Our study suggests that patients with ischemic stroke and AF would benefit from
the initiation of a DOAC without bridging therapy. Due to our study limitations, these findings
should be interpreted with caution pending confirmation from large prospective studies.

Keywords
stroke; atrial fibrillation; anticoagulation; treatment

Introduction

Cardioembolic stroke is associated with increased risk of mortality and morbidity..
Moreover, it carries a relatively high risk of early recurrent ischemic events? 3 but also the
highest risk for hemorrhagic transformation amongst ischemic stroke subtypes.* °
Therefore, treatment decisions aimed at reducing early recurrence without increasing
hemorrhagic complications are challenging, but critical for good patient outcomes.

Previous studies of stroke survivors with atrial fibrillation (AF) have shown that treatment
with low molecular weight heparin (LMWH) increases the risk of hemorrhagic
complications without reducing early recurrence.? 6 However, these studies were limited in
that they did not account for high risk conditions (e.g., presence of cardiac thrombus or
valvular heart disease) that may have biased physicians’ treatment decisions. In addition,
there is a distinct paucity of data comparing direct oral anticoagulant (DOAC) to warfarin
treatment to determine the risk of early recurrence and major bleeding.

In this study, we sought to determine the risk of recurrent ischemic events and delayed
symptomatic intracranial hemorrhage (d-sICH) across different anticoagulation strategies.
Specifically, we examined the association of treatment with LMWH or heparin (LMWH/
heparin) bridging therapy with early recurrent ischemic events and d-sICH, and then
compared the rates of these events between patients who were taking warfarin versus
DOACsS.

Methods
Study cohort

This is a retrospective analysis of the Initiation of Anticoagulation after Cardioembolic
stroke (IAC) data, which is a multicenter retrospective collaboration of 8 comprehensive
stroke centers across the United States within the years 2015 and 2018. The IAC study team
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pooled data from ischemic stroke registries of the collaborating sites of consecutive patients
with acute ischemic stroke and AF. Patients with mechanical heart valves were excluded
from the analysis. Institutional Review Board approval was obtained from each of the
participating centers. De-identified data may be shared upon reasonable request to the
corresponding author.

Primary Predictors: The primary predictors were: 1) bridging therapy with treatment
dose heparin or LMWH therapy versus no bridging therapy and 2) DOAC versus warfarin
treatment.

The primary outcomes in all analyses were: 1) recurrent ischemic events and 2) delayed d-
sICH, both within 90-days of stroke onset. We defined recurrent ischemic events as recurrent
stroke, TIA, and systemic arterial embolism and d-sICH as neurological deterioration in the
setting of any new or worsening hemorrhage detected by brain CT occurring after initiation
of anticoagulation therapy, with the hemorrhage being the likely cause of the neurological
deterioration.’

In all participating centers, patients discharged with a diagnosis of stroke were scheduled to
have an in-person clinic visit at 90 days. In addition, in 3 out of 8 centers, pre-specified
phone calls were performed at the 30-day (in one center) and 90-day (in two centers) time
points that assessed for recurrent ischemic and hemorrhagic outcomes. Outcomes were
preferentially abstracted from the 90-day patient follow up visit and pre-specified 90-day
phone calls. In the sites assessing 90-day outcomes by phone and for patients not showing
up to their 90 day visits, three attempts were made on different occasions to contact the
patient or health care provider by phone. If unsuccessful, then outcomes were assessed by
chart review of hospitalization and other outpatient visit and outside hospital records. All
outcomes were abstracted by the study local research assistant and confirmed by the site
principal investigator. Multiple queries were sent to the participating sites regarding study
outcomes and other variables in our dataset and several data cross-checks were performed to
confirm the integrity of the data sent by individual sites.

Demographic factors: Age at the time of admission and gender.

Clinical variables: Vascular risk factors (history of hypertension, history of diabetes,
history of prior stroke or TIA, active smoking), CHA2DS2-Vasc score, and NIHSS score.

Medications prior to admission: Anticoagulant use.

Neuroimaging and vascular imaging variables: Presence of intracranial or
extracranial stenosis atherosclerosis with = 50% luminal narrowing in the territory of the
stroke, largest ischemic stroke lesion volume, hemorrhagic transformation on brain imaging
(CT or MRI) prior to initiation of anticoagulation.® The choice of brain imaging at baseline
(CT vs. MRI) was at the discretion of the treating physician.
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Echocardiographic variables: Severe left atrial enlargement (determined by left atrial
diameter or volume), moderate to severe valvular heart disease involving the aortic or mitral
valves, intracardiac thrombus or spontaneous echocardiographic contrast (SEC), and ejection
fraction.

In-hospital treatments: Time to start anticoagulation.

Analytical plan

Results

Data from sites were pooled and queries were sent to assure accuracy of data, as indicated.
We excluded patients who were lost to follow up, had non-outcome related death within 90
days, as well as those who were not started on anticoagulation or in whom the time to
starting anticoagulation could not be confirmed. Included patients were stratified to the two
primary predictor subgroups: 1) Bridging versus no bridging and 2) DOAC versus warfarin.
In the DOAC versus warfarin analysis, patients who were started on one class of medication
(eg. DOAC) and switched to another (eg. warfarin) prior to an outcome event were excluded.

We then performed cox regression analyses to determine the association between the
primary predictors and ischemic events (stroke/T1A/systemic embolism) and d-sICH,
adjusting for pertinent pre-specified confounders based on the outcome of interest. In
addition, Kaplan Meier survival analyses to determine the above-mentioned associations. We
also performed cox-regression analyses including patients with non-outcome related death
and when the exact time of death was not recorded, the time of death was imputed as day 90.
Analysis was done using SPSS version 25.0 (Chicago, IL) and a two-tailed p-value < 0.05
was considered statistically significant.

We included 2,084 patients from 8 comprehensive centers in the United States. Details about
patients included from each site are shown in supplementary table I. Of these, 1,289 patients
met the “bridging versus no bridging” analysis inclusion criteria and 1,251 patients met the
“DOAC versus warfarin” analysis inclusion criteria (Tables 1 and 2). Figure 1 shows the
study flow chart and reasons for exclusion. We found that 203 (15.8%) patients were started
on LMWH/heparin versus 1,086 (84.2%) who did not receive LMWH/heparin bridging
(Figure 1). Among patients bridged with heparin or LMWH, the median time in days from
starting bridging therapy to initiating oral anticoagulation was shorter in the warfarin group
as opposed to the DOAC group [(1 (3) vs. 4 (8), p = 0.002]. The median time from index
event to therapeutic INR in patients started on warfarin was 8 days with an interquartile
range of 4 to 13 days. For the comparison between DOAC versus warfarin (n = 1251
patients), 862 (69.0%) patients were started on a DOAC (95.6% received factor Xa
inhibitors). Of those started on anticoagulation, treatment types did not vary between
patients included and excluded from the analysis; LMWH/heparin bridging (15.7% versus
16.0%, p = 0.924) and DOAC treatment (68.9% versus 63.9%, p = 0.142). The median
(interquartile range) time in days to recurrent ischemic event was 11 (5-36) and to delayed
SICH was 16 (9.5 — 27.25).
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Comparison of LMWH/heparin bridging versus no bridging therapy

The baseline characteristics between patients started on LMWH/heparin bridging versus no
bridging are shown in Table 1. In univariate analyses, bridging with LMWH/heparin (versus
no bridging) was associated with a significantly higher rate of d-sICH (4.4% versus 1.0%, p
= 0.002). However, there was no association with recurrent ischemic events (5.9% versus
6.9%, p = 0.760) (Table 1). Figure 2 shows the Kaplan Meier curve of recurrent ischemic
events and d-sICH within 90 days, indicating a higher risk of d-sICH with LMWH/heparin
bridging.

In an unadjusted cox-regression model, bridging treatment was not associated with recurrent
ischemic events (HR 0.85, 95% CI 0.46 — 1.57, p = 0.611) (Table 3). The lack of an
association persisted after adjusting for potential confounders (HR 1.23, 95% CI 0.63 — 2.40,
p = 0.551) (Table 3, model 3).

Conversely, in unadjusted cox-regression LMWH/heparin bridging was associated with a
significantly increased risk for d-sICH (HR 4.47, 95% CI 1.85 — 10.77, p = 0.001) (Table 4).
After adjusting for pertinent confounders, bridging therapy remained associated with an
almost 3-fold risk for d-sICH (adjusted HR 2.74 95% CI 1.01 — 7.42, p = 0.047) (Table 4
model 3). Adding time to initiation of anticoagulation into the models did not meaningfully
change the results (Tables 3 and 4, model 4). Furthermore, to determine the effect of
unmeasured confounders on this association, we calculated the E-value.® We calculated an
E-value of 4.92, indicating that our observed HR of 2.74 could be explained away by an
unmeasured confounder that was associated with both the treatment and the outcome by an
HR of 4.92-fold each, above and beyond the measured confounders.

Comparison of patients treated with DOAC versus warfarin

Baseline characteristics of patients started on DOAC versus warfarin are shown in table 2.
DOAC treatment was associated with a lower rate of recurrent ischemic events within 90
days (5.3% versus 10.0%, p = 0.003) without a significant difference in rate of d-sICH
(1.2% versus 2.0%, p = 0.303) (Table 2). Figure 2 shows the Kaplan Meier curve of
recurrent ischemic evens within 90 days, demonstrating the lower risk for DOAC, compared
to warfarin, without a significant difference in d-sICH risk.

In an unadjusted cox-regression, DOAC treatment was associated with a reduced risk of
recurrent ischemic events (HR 0.52, 95% CI 0.34 — 0.80, p = 0.003) (Table 3). This
association persisted after adjusting for potential confounders (HR 0.51, 95% CI 0.29 - 0.87,
p = 0.015) (Table 3 model 3). Furthermore, to further investigate the effect of confounders
on this association, we calculated the E-value8 for this association and it was 3.33 indicating
that our observed HR of 0.51 could be explained away by an unmeasured confounder that
was associated with both the treatment and the outcome by an HR of 3.33-fold each, above
and beyond the measured confounders.

Conversely, in an unadjusted cox-regression there was no statistically significant difference
in the risk of d-sICH between DOAC versus warfarin treatment (HR 0.56, 95% CI 0.22 —
1.42, p = 0.224) (Table 4). The lack of association persisted after adjusting for potential
confounders (HR 0.57, 95% CI 0.22 — 1.48, p = 0.246) (Table 4 model 3). Including time to
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start anticoagulation in both models, the results remained unchanged (Tables 3 and 4, model
4).

Additional analyses

We performed additional analyses including patients with a non-outcome related death.
There were 369 patients with non-outcome related death, among which 23.3% were started
on anticoagulation. Patients with non-outcome related death were older (81.2 £ 11.2 vs. 76.2
+11.7, p < 0.001), had higher median (IQR) admission NIHSS [8 (12) vs. 21 (11), p <0.001)
and were more likely to have > 60 mL infarct size (47.6% vs. 16.3%, p < 0.001). The day of
death was recorded on 52.6% (194/369) of patients. In cox regression analyses, in fully
adjusted models (model 4): bridging vs. no bridging therapy was associated with increased
risk of d-sICH (HR 2.72 95% CI 0.89 — 8.29, p = 0.079) without any reduction in the risk of
ischemic events (HR 1.19 95% CI 0.59 — 2.41, p = 0.624). Furthermore, in fully adjusted
models (model 4): DOAC vs. warfarin treatment was associated with a lower risk of
recurrent ischemic events (HR 0.50 95% CI 0.29 — 0.87, p = 0.014) but no reduction in the
risk of d-sICH (HR 0.56 95% CI 0.22 — 1.45, p = 0.233).

Moreover, we ran the DOAC vs. warfarin treatment analysis excluding patients who were
bridged with heparin or LMWH. In fully adjusted models, DOAC treatment was associated
with reduced risk of recurrent ischemic events (HR 0.53 95% CI 0.29 — 0.98, p = 0.041)
without any significant difference in the risk of d-sICH (HR 0.60 95% C1 0.17 — 2.09, p =
0.424). Event rates by treatment type are shown in supplementary Figure .

Discussion

The ideal approach to anticoagulation in patients with AF and acute ischemic stroke remains
uncertain. Leveraging data from a large retrospective, multicenter study of a well-defined
cohort of patients with stroke and AF, we explored the association of the most commonly
utilized anticoagulant strategies and their association with the outcomes of recurrent
ischemic events and intracranial hemorrhage.

First, we examined the association of LMWH/heparin bridging treatment with the outcomes
of interest. Overall, our observations are in line with prior studies’: 9 showing that bridging
therapy is associated with significantly increased risk of d-sICH without reducing the risk
for recurrent ischemic events. Second, we sought to determine the association of DOAC
versus warfarin therapy with the outcomes. In this analysis, we found that DOAC treatment
was associated with a significantly reduced risk of recurrent ischemic events without
increasing the risk for d-sICH. This finding differs from a recent analysis pooling data from
European and Japanese prospective cohort studies.1® However, in contrast to the
abovementioned study we focused on the event rate within the first 90 days as opposed to
long-term outcomes precluding direct comparison. Nevertheless, it is noteworthy that the
direction of association (i.e., numerically lower event rate with DOAC for hemorrhagic and
ischemic events) is similar in both studies. Importantly, these associations persisted after
adjusting for pertinent confounders and factors that have been associated with early stroke
recurrence or bleeding risk.11
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Mechanism of associations

There are severe potential mechanisms by which patients treated with DOACs (versus
warfarin) had a lower risk of recurrent ischemic events. First, after initiation of warfarin
therapy, it typically takes several days until the therapeutic INR is reached.2 Second, on
average patients have a therapeutic INR less than 50% of the time with significant
fluctuations throughout the course of treatment.13: 14 Third, warfarin treatment has been
hypothesized to cause an initial transient hypercoagulable state by inhibiting protein C and
S, which are endogenous anticoagulants.1® In contrast, DOAC treatment is associated with a
rapid onset, more stable therapeutic window, and no early hypercoagulability. That said,
based on our study physicians tend to use warfarin over DOAC in relatively sicker patients
such as those moderate to severe aortic/mitral valve disease, bioprosthetic valves, and
cardiac thrombus which may have contributed to this finding.

Bridging with LMWH/heparin has been hypothesized to expedite full anticoagulation before
starting oral anticoagulation with the added potential benefit of better control in high-risk
patients. Studies of patients with venous thromboembolic events have used parenteral
anticoagulation prior to starting warfarin or a DOAC.16 In the acute stroke setting, bridging
treatment with heparin which is easily reversible may have been used as an initial treatment
in patients considered at “high risk” for early recurrence and bleeding, and once stable, they
were started on a DOAC or bridged to warfarin. In addition, some patients were started on
LMWH instead, possibly to achieve a more rapid therapeutic effect and to avoid the need for
frequent dose adjustment. Unfortunately, our study lacks specific data on which bridging
agent was used (LMWH versus heparin). Nevertheless, the mechanism as to why bridging
with LMWH/heparin is associated with increased risk of d-sICH is not well understood but
this finding has been shown in multiple studies.®: 17-19 Cardioembolic stroke is associated
with higher risk of hemorrhagic transformation?%: 2! likely due to reperfusion injury and
fragile vasculature post ischemia.® It is possible that bridging treatment resulted in a high
intensity of anticoagulation possibly due to over-shooting therapeutic targets with heparin or
with some overlap between the parenteral and oral agent which may have led to increased
bleeding risk with bridging treatment. In our study, patients who were started on bridging
treatment had larger strokes and were more likely to have early hemorrhagic transformation
which may have been a contributing factor.

Clinical Implications

For patients with nonvalvular AF and ischemic stroke, DOAC therapy is the standard of care
for secondary stroke prevention. However, warfarin continues to be used frequently because
of lower cost, presence of absolute contraindications for DOACSs, and greater physician
comfort with warfarin.2? Data from randomized controlled trials have shown that DOACs
are equally effective for secondary stroke prevention compared to warfarin with a lower risk
of intracranial hemorrhage, other hemorrhagic complications, and death.23-25 However,
those trials largely excluded patients with recent stroke25, in whom physicians face a
common clinical dilemma: bridging versus no-bridging and DOAC versus warfarin? While
prior studies in this patient population using clinical trial or registry data have suggested that
DOAC therapy was superior to warfarin for prevention of cardiovascular events and that
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bridging therapy may be harmful,® 27. 28 real-world clinical data is critical for
generalizability.

Strengths and limitations

Our study has several limitations. First, the treatments were not randomly assigned, leading
to potential bias in the treatment assignment across the subgroups. This may not have
significantly impacted our findings given that we compared baseline characteristics between
the treatments and adjusted for major confounders and had relatively high E-values. Second,
approximately 9% of our patients were lost to follow up. Although this is a reasonably low
rate, it does add bias. Third, TTE was used to determine variables such as thrombus and
spontaneous echocardiographic contrast, which are better detected on trans-esophageal
echocardiogram (TEE). However, TEE is not routinely used in clinical practice, particularly
in those with cardioembolic stroke, and thus our study reflects real-world practice patterns.
The small number of patients with high risk cardiac abnormalities such as cardiac thrombus,
however, left us underpowered to determine whether bridging therapy is useful in this
subpopulation. Fourth, our study was performed at comprehensive stroke centers, and
therefore it is biased towards more complex and severe stroke patients, somewhat limiting
the generalizability our findings. Fifth, although both CT and MRI use are within guideline
recommended patient care and reflect clinical practice, the choice of baseline and follow-up
brain imaging (CT vs. MRI) was at the discretion of the treating physician and this could
have possibly introduced bias. Finally, our event rates were relatively low. This may have
left our study underpowered to detect treatment. Nevertheless, our study has several notable
strengths including the large sample size and breadth of predictor variables, and being a
multicenter center study, which allowed us to encompass a wide range of practice patterns.

Conclusion

We show that, in patients with recent ischemic stroke and AF, bridging therapy with
LMWHY/heparin was associated with increased risk of d-sICH without a reduction in
recurrent ischemic events. In addition, DOAC treatment, compared to warfarin, was
associated with a lower risk of recurrent ischemic events, but similar rates of d-sICH. These
findings suggest that patients with ischemic stroke and AF would benefit from the initiation
of a DOAC without bridging therapy. Our study has several major limitations and therefore
our findings should be interpreted with caution pending confirmation from large prospective
studies.
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2,084 patients with Ischemic Stroke in
the setting of Atrial Fibrillation

195 patients excluded for lost to follow
up before 90 days

1,889 patients

369 patients excluded for non-outcome
related death within 90 days
v

1,520 patients

231 patients excluded for not starting

anticoagulation or timing was unknown
v

1,289 patients

— T

203 patients started on heparin or LMWH 1,086 patients not started on heparin or LMWH

28 patients not 90 patients

started on oral  started on DOAC 83 patients patients started 306 patients started 8 patientsstarted 772 patients started
. ) started on both on warfarin on both DOAC
anticoagualtion warfarin on bot on

Figurel.
Figure 1 shows the study flow chart showing patients included vs. those included.
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Figure 2 shows KM survival analyses of the risk of delayed symptomatic intracranial
hemorrhage and recurrent ischemic events based on treatment type: left side shows bridging
vs. no bridging and right side shows DOAC vs. warfarin treatment.

Stroke. Author manuscript; available in PMC 2021 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Yaghi et al.

Table 1.

Page 13

Baseline characteristics and outcomes of patients treated with versus without low molecular weight heparin or

heparin (LMWH/heparin) bridging

arlzdglor}g %ozbig%%)ng p-value
Age (median, IQR) 74 (18) 78 (16) 0.001
Sex (% female) 45.3% (92) 50.5% (548) 0.194
Hypertension (%) 88.7% (180) 82.8% (899) 0.038
Diabetes (%) 39.4% (80) 32.4% (352/1085) | 0.062
Prior stroke or TIA (%) 27.6% (56) 30.4% (330) 0.453
CHA2DS2-Vasc score (median, IQR) 5(2) 4(3) 0.637
On anticoagulation prior to index event (%) 35.1% (71/202) | 40.8% (443) 0.138
NIHSS score (median, IQR) 8 (13) 8 (12) 0.667
Largest ischemic lesion size <0.001
<10 mL (%) 24.6% (47) 45.7% (460)
10-20 mL (%) 24.6% (47) 19.6% (197)
20-40 mL (%) 21.9% (42) 14.6% (147)
mL (%) 11.0% (21) 7.1% (71)
>60 mL (%) 17.8% (34) 13.0% (131)
Ipsilateral atherosclerosis with 50% - 99% luminal narrowing (%) | 16.1% (32/199) | 16.8% (180/1071) | 0.918
Early hemorrhagic transformation (%) 22.7% (46) 16.0% (174) 0.025
Cardiac thrombus/SEC (%) 8.5% (17/200) | 2.5% (25/1020) <0.001
Valvular heart disease (%) 21.0% (42/200) | 22.5% (229/1020) | 0.710
Severe left atrial enlargement (%) 35.5% (60/169) | 38.7% (347/896) 0.439
Ejection fraction (median %, IQR) 55 (15) 60 (15) 0.004
Time to initiating anticoagulation (median days, IQR) 2(3) 5(8) <0.001
Recurrent ischemic events (%) 5.9% (12) 6.9% (75) 0.760
Delayed symptomatic intracranial hemorrhage (%) 4.4% (9) 1.0% (11) 0.002
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Baseline characteristics and outcomes of patients treated with direct oral anticoagulant (DOAC) versus

warfarin (n=1,251).

Table 2.

Warfarin treatment | DOAC treatment | p-value

(n = 389) (n=862)
Age (median, IQR) 76 (17) 78 (17) 0.266
Sex (% female) 49.4% (192) 50.3% (434) 0.760
Hypertension (%) 87.7% (341) 82.0% (707) 0.013
Diabetes (%) 31.4% (122) 34.6% (298/861) | 0.272
Prior Stroke or TIA (%) 31.1% (121) 29.5% (254) 0.594
CHA2DS2-Vasc score (median, IQR) 5(2) 4(2) <0.001
On anticoagulation prior to index event (%) 46.3% (180) 37.8% (326) 0.006
NIHSS score (median, IQR) 6 (11) 8(12) 0.117
Ischemic stroke size 0.006
<10 mL (%) 50.6% (173) 39.7% (325)
10-20 mL (%) 14.6% (50) 23.1% (189)
20-40 mL (%) 16.1% (55) 15.0% (123)
40-60 mL (%) 7.3% (25) 7.4% (61)
>60 mL (%) 11.4% (39) 14.8% (121)
Ipsilateral atherosclerosis with 50% - 99% luminal narrowing (%) | 17.2% (65/378) 16.6% (142/855) 0.805
Early hemorrhagic transformation (%) 14.6% (57) 18.0% (155) 0.166
Cardiac thrombus/SEC (%) 4.8% (17/358) 2.9% (24/825) 0.121
Valvular heart disease (%) 26.2% (94/358) 20.0% (165/825) 0.018
Severe left atrial enlargement (%) 38.7% (105/271) 38.3% (293/766) 0.885
Ejection fraction (median, IQR) 55 (15) 60 (15) <0.001
Time to initiating anticoagulation (median, IQR) 2(6) 5(8) <0.001
Recurrent ischemic events (%) 10.0% (39) 5.3% (46) 0.003
Delayed symptomatic intracranial hemorrhage (%) 2.1% (8) 1.2% (10) 0.303

DOAC = Direct Oral Anticoagulant; SEC = Spontaneous Echocardiographic Contrast
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Cox regression models showing effect of low molecular weight heparin or heparin (LMWH/heparin) bridging
versus no bridging and direct oral anticoagulant (DOAC) versus warfarin on recurrent ischemic events

Table 3.

adjusting for potential confounders.

Analysis 1) LMWH/heparin bridging versusno bridging

Analysis 2) DOAC versuswarfarin

Unadjusted | 0.85 (0.46 — 1.57), p = 0.611 0.52 (0.34 - 0.80), p = 0.003
Model 1 0.84 (0.45 — 1.54), p = 0.567 0.52 (0.34 - 0.80), p = 0.003
Model 2 0.86 (0.45 — 1.64), p = 0.648 0.54 (0.34 — 0.86), p = 0.009
Model 3 1.23 (0.63 — 2.40), p = 0.551 051 (0.29 - 0.87), p = 0.015
Model 4 1.26 (0.62 — 2.53), p = 0.525 0.50 (0.29 — 0.87), p = 0.014

Model 1: adjusted for age and sex, Model 2: adjusted for CHA2DS2-Vasc, ipsilateral atherosclerosis, prior stroke/TIA, and ischemic lesion > 10
mL. Model 3: Model 2 + valvular heart disease, severe LAE, and SEC/thrombus. Model 4: model 3 + time to start anticoagulation
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Cox regression models showing effect of low molecular weight heparin or heparin (LMWH/heparin) bridging
versus no bridging and direct oral anticoagulant (DOAC) versus warfarin on delayed symptomatic intracranial

Table 4.

hemorrhage adjusting for potential confounders.

Analysis 1) LMWH/heparin bridging versusno bridging

Analysis 2) DOAC versuswarfarin

Unadjusted | 4.47 (1.85 - 10.77), p = 0.001 0.56 (0.22 — 1.42), p = 0.224
Model 1 4.20 (1.73 - 10.18), p = 0.002 057 (0.23 - 1.45), p = 0.240
Model 2 3.48 (1.42 - 8.55), p = 0.007 0.48 (0.19 - 1.21), p = 0.119
Model 3 2.74 (1.01 - 7.42), p = 0.047 057 (0.22 - 1.48), p = 0.246
Model 4 2.74(0.90 - 8.34), p=0.075 057 (0.22 - 1.48), p = 0.246

Model 1: adjusted for age and sex, Model 2: adjusted for age, sex, Ischemic lesion > 10, early hemorrhagic transformation, Model 3: age, sex,
Ischemic lesion > 10, early hemorrhagic transformation and both predictors (bridging and DOAC treatment), model 4: model 3 + interval to start
anticoagulation
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