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Abstract

Aim: Patients with atrial fibrillation (AF) are over-represented in endovascular thrombectomy (EVT) populations,
due to a high prevalence of large vessel occlusions (LVO) and contraindication to intravenous thrombolysis. This
study aimed to: (1) compare 90-day functional outcomes [modified Rankin Score (mRS) 0-2] and mortality in AF
vs. non-AF patients receiving EVT; (2) compare 90-day functional outcomes and mortality in AF patients on
therapeutic vs. non-therapeutic anticoagulation receiving EVT; and (3) identify factors influencing outcomes in AF
patients receiving EVT.

Methods: A retrospective analysis of 394 consecutive patients who received EVT for anterior cerebral circulation
LVO at an Australian comprehensive stroke center was performed. The main outcome measures [90-day
dichotomized mRS (0-2 good; 3-6 poor functional outcome) and mortality] were compared between AF and non-
AF patients, as well as between therapeutic and non-therapeutic anticoagulation cohorts.
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Results: In total, 171 (49%) EVT patients had AF. Patients with AF were older, had higher NIHSS, and had lower
rates of thrombolysis administration. AF patients showed improved 90-day mRS on multivariate analysis [aOR
1.988 (1.167-3.387)], with similar symptomatic intracranial hemorrhage (sICH) [aOR 0.364 (0.064-2.086)] and
mortality [aOR 1.454 (0.785-2.696)]. There was no difference in 90-day mRS [aOR 1.402 (0.625-3.145)],
successful reperfusion rates [aOR 3.761 (0.661-21.410)], or mortality [aOR 1.077 (0.429-2.705)] between AF
patients on therapeutic vs. non-therapeutic anticoagulation. In patients with AF, advancing age and higher NIHSS
were independent predictors of worse 90-day functional outcome (OR =1.045, P = 0.020; OR =1.086, P = 0.001)
and mortality (OR =1.138, P < 0.007; OR =1.107, P = 0.002). On multivariate analysis, thrombolysis administration
improved mortality (OR = 0.215, P = 0.016) but not functional outcomes.

Conclusion: Patients with AF showed improved 90-day functional outcome, with similar mortality and sICH, after
EVT. Therapeutic anticoagulation did not adversely influence EVT outcomes.
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INTRODUCTION

Endovascular thrombectomy (EVT) is the standard of care for patients with acute ischemic stroke (AIS)
involving large vessel occlusion (LVO) in the anterior cerebral circulation (ACC). Five pivotal trials
demonstrated that EVT improved reperfusion, neurological recovery, and functional outcomes for patients
with ACC LVO, when compared to standard care alone"”. Current guidelines recommend EVT after
intravenous thrombolysis if eligible, for proximal ACC LVO within 6 h of stroke onset and within 6-24 h
depending on favorable advanced imaging findings''.

Atrial fibrillation (AF) increases stroke risk by 4-5-fold and accounts for a third of AIS cases'”. Patients with
AF are also at an increased risk of a more severe AIS from a LVO"™. The community prevalence of AF is
reported as 0.51%°), compared to up to 33.4% in AIS populations'” and 57.1% in LVO populations"”. AF is
commonly seen in patients undergoing EVT. Despite this, there is limited information in the literature on
the impact of AF on the safety and efficacy of EVT. Previous studies have reported mixed findings, with
some showing no significant difference in EVT outcomes between AF and non-AF patients""* and others
reporting improved functional outcomes in AF patients undergoing EVT!.

There is even less information about the interaction between anticoagulation therapy, including warfarin
and non-vitamin K oral anticoagulants (NOACs), and the risk of bleeding, mortality, and outcomes
following EVT.

The present study was a retrospective analysis of a prospectively collected cohort of consecutive patients
undergoing EVT for ACC LVO at a single comprehensive stroke center (CSC) over a four-year period. The
study aimed to: (1) compare functional outcomes and mortality of AF vs. non-AF patients; (2) compare
functional outcomes and mortality of AF patients on therapeutic anticoagulation vs. non-therapeutic
anticoagulation or antithrombotic therapy; and (3) identify factors that influenced functional outcomes and
mortality of AF patients undergoing EVT.

METHODS

Study population

Patients who underwent EVT for AIS between January 2016 and December 2019 were identified from a
prospectively collected EVT outcomes database of Liverpool Hospital, a single CSC in Sydney, Australia.
Patients with an occlusion of the ACC (internal carotid, anterior cerebral, middle cerebral M1, M2
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branches, or tandem lesions) shown by CT angiography were included. Patients with posterior circulation
or distal middle cerebral artery (M3 and M4 branches) occlusions, premorbid modified Rankin Score (mRS)
2 3, or those with spontaneous or post-thrombolysis reperfusion were excluded [Figure 1].

The study population was treated in accordance with current Australian guidelines, which recommends
EVT for all patients with ACC occlusion within 6 or 6-24 h of stroke onset depending on favorable
advanced imaging findings. All EVT cases were performed under general anesthesia, using a second-
generation thrombectomy device, aspiration catheter, or both. No patients received intra-arterial
thrombolysis.

Data collection

Detailed demographic data were collected, including age, gender, premorbid functional status defined by
mRS, and stroke risk factors (atrial fibrillation, hypertension, diabetes mellitus, ischemic heart disease,
congestive heart failure, current smoking, previous transient ischemic attack/stroke, and hyperlipidemia). In
addition, stroke characteristics and EVT procedural data were recorded, including baseline NIHSS at time
of admission, lesion location, thrombolysis administration, time to groin puncture (TTGP), and modified
treatment in cerebral ischemia (mTICI) grade. Tandem lesions were defined as a severe stenosis or
occlusion of the cervical carotid artery ipsilateral to the concurrent intracranial (M1/2) occlusion.

Functional outcome and mortality at 90 days, defined by mRS, was determined at the patient’s three-month
post-stroke follow-up appointment or by phone call for those unable to attend. The mRS score was
dichotomized into “good” (mRS 0-2) and “poor” (mRS 3-6) outcomes. In AF patients, anticoagulation
medication taken prior to stroke was determined through patient electronic medical records. Therapeutic
anticoagulation was defined as INR > 1.9 in those on warfarin or self-reported NOAC adherence at the time
of stroke. Symptomatic intracranial hemorrhage (sSICH) rates were determined according to the SITS-
MOST definition of > 4 increase in NIHSS compared to baseline and parenchymal hematoma type 2"*.
Successful reperfusion was defined as mTICI 2b or 2¢/3"".

Statistical analysis
Statistical analysis was performed using SPSS software (Version 26, IBM Corp, USA).

Baseline characteristics, including age, gender, vascular risk factors, baseline NIHSS, thrombolysis, and
TTGP, were compared using descriptive statistics. Normality of continuous variables was determined by the
Shapiro-Wilk test. Statistical analysis was performed using logistic regression for categorial variables,
independent ¢-test for normally distributed continuous variables, and Wilcoxon rank-sum test for non-
normally distributed continuous variables.

Univariate logistic regression analysis was performed to compare dichotomized 90-day functional
outcomes, mortality, reperfusion grade, and sICH between AF and non-AF cohorts, as well as AF patients
on therapeutic and non-therapeutic anticoagulation. Simple logistic regression was used to identify
relationships between patient and stroke characteristics, and 90-day functional outcome and mortality, in
the AF cohort. Variables with P < 0.1 significance were included in a multivariate logistic regression model
to adjust for potential confounders. All results are reported as OR with 95% confidence intervals (CI). A P-
value of < 0.05 was considered significant.

RESULTS

In total, 464 patients underwent EVT from January 2016 to December 2019 and 349 patients were included
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Figure 1. Inclusion and exclusion flowchart. EVT: Endovascular thrombectomy; mRS: modified Rankin Score; AF: atrial fibrillation.

in the final study, with exclusion numbers outlined in Figure 1. Of the patients included in the study, 171
(49%) had AF and 178 (51%) did not have AF.

Baseline characteristics

The baseline characteristics of both AF and non-AF patients are detailed in Table 1. The AF patients were
significantly older (P < 0.001). Prevalence of IHD was higher in the AF patients (P = 0.001), while the
prevalence of smoking was higher in the non-AF patients (P < 0.001).

Lesion distribution was similar, with M1 occlusions the most common. AF patients had a higher baseline
NIHSS (18 vs. 17; P = 0.036). The rates of thrombolysis were significantly higher in the non-AF group (44%
vs. 31%; P = 0.010). The TTGP was comparable between patient groups, with approximately two-thirds
receiving EVT within 6 h of stroke onset. There was no difference in the number of patients who achieved
successful reperfusion, but more AF patients had mTICI 2¢/3 reperfusion.

Thirty-eight (22.2%) of the AF patients were on therapeutic anticoagulation at the time of presentation, with
11 (28.9%) on therapeutic warfarin (INR > 1.9) and 27 (71.1%) on NOACs. The non-therapeutic patients
were older (median age 78 vs. 77; P < 0.001), and there was a higher proportion of females (55.6% vs. 36.8%;
P =0.043). The rate of thrombolysis was significantly higher in the non-therapeutic AF patients (39.8% vs.
0%; P < 0.001). There was no significant difference in other stroke risk factors, baseline NIHSS, lesion
location, and TTGP between patient groups.

In the AF patients not on therapeutic treatment (n = 133), 70 were on no treatment (52.6%) at the time of
stroke presentation, 42 (31.6%) were taking antiplatelet therapy, and 21 (15.8%) were on subtherapeutic
warfarin (INR < 1.9). Six (4.5%) patients were non-compliant with their NOAC medication. Seventeen
patients (12.8%) had recently ceased anticoagulation, most commonly due to bleeding side effects or a
planned medical procedure. Thirty-four patients (25.6%) had newly diagnosed AF.

Clinical outcomes
There was no significant difference in rates of good functional outcome (48.0% vs. 47.8%; Figure 2) on
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Table 1. Baseline characteristics of AF and non-AF patients
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Variables AF Non-AF P-Value
% Total 49.0% (171/349) 51.0% (178/349)
Age <0.001*
Median (IQR) 78 (70-83) 67 (37-79)
Min-Max 35-96 29-96
Gender 0.065
Male 83 (48.5%) 104 (58.4%)
Female 88 (51.5%) 74 (41.6%)
Hypertension 130 (76.0%) 120 (67.4%) 0.075
Diabetes mellitus 44 (25.7%) 44 (24.7%) 0.828
Ischemic heart disease 65 (38.0%) 38 (21.3%) 0.001*
Congestive heart failure 19 (M%) 17 (9.6%) 0.632
Smoking 20 (11.7%) 48 (27.0%) <0.001*
Previous TIA/Stroke 43 (25.1%) 30 (16.9%) 0.058
Hyperlipidaemia 104 (60.8%) 101(56.7%) 0.439
Therapeutic anticoagulation 38 (22.2%) 1(0.5%) <0.001*
Baseline NIHSS 0.036*
Median (IQR) 18 (12-23) 17 (10-22)
Lesion location 0.260
ACA 2(1.2%) 1(0.6%)
M1 85 (49.7%) 84 (47.2%)
M2 33 (19.3%) 30 (16.9%)
ICA 30 (17.5%) 24 (13.5%)
Tandem 19 (1M.1%) 35 (19.7%)
Multiple Locations 2 (1.2%) 4(2.2%)
Thrombolysis 53 (31.0%) 79 (44.4%) 0.010*
Time to groin puncture 0.714
<6h 113 (66.1%) 13 (64.2%)
>6h 58 (33.9%) 63 (35.8%)
Time to recanalization (min) 0.797
Median (IQR) 314 (246-492) 316 (245-672)
mTICI Grade 2¢/3 119 (69.6%) 103 (58.2%) 0.027*

'P < 0.05. AF: Atrial fibrillation; ACA: anterior cerebral circulation; ICA: internal carotid artery; IQR: inter-quartile range; IHD: ischemic heart
disease; M1: middle cerebral artery segment 1, M2: middle cerebral artery segment 2; Tandem: cervical ICA and M1 or M2; mTICI: modified
thrombolysis in cerebral infarction; NIHSS: National Institute of Health Stroke Score.

univariate analysis. After adjustment for age, gender, hypertension, ischemic heart disease, smoking,
previous TIA/stroke, baseline NIHSS, and thrombolysis, multivariate analysis showed improved 90-day
functional outcome in AF patients after EVT (aOR 1.988; 95%CI: 1.167-3.387). There was no significant
difference in 90-day mortality and sICH between groups [Table 2].

There was no significant difference in good functional outcomes (47.4% vs. 48.1%) or mortality (26.3% vs.
20.3%) between AF patients on therapeutic vs. non-therapeutic anticoagulation, even after adjustment for
age, gender, and thrombolysis. The rates of successful reperfusion (97.4% vs. 99.2%) and sICH (2.6% vs.
0.8%) were comparable between these two AF subgroups [Table 3].
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Table 2. Clinical outcomes of AF and non-AF patients

Clinical outcome AF Non-AF OR (95%Cl) P aOR (95%CI) P

mRS 0-2 82 (48.0%) 85 (47.8%) 1.008 (0.662-1.534) 0970  1.988 (1.167-3.387)* 0.01
Mortality 37 (21.6%) 32 (18.0%) 0.794 (0.468-1.346) 0391 1454 (0.785-2.696) 0.234
mTICI 2b-3 169 (98.8%) 171 (96.1%) 3.459 (0.708-16.891) 0.125 3.761(0.661-21.410) 0.135
sICH 2 (1.2%) 7 (3.9%) 0.289 (0.059-1.412) 0.125 0.364 (0.064-2.086) 0.257

P <0.05. Adjusted odds ratio (aOR) adjusted for age, gender, hypertension, ischemic heart disease, smoking, previous TIA/stroke, baseline
NIHSS, and thrombolysis. Mortality defined as mRS = 6; sICH defined as > 4 increase in baseline NIHSS and parenchymal hematoma type 2. OR:
Odds ratio; AF: atrial fibrillation; mRS: modified Rankin Score; mTICI: modified treatment in cerebral infarction score; sICH: symptomatic
intracerebral hemorrhage.

Table 3. Clinical outcomes of therapeutic and non-therapeutic anticoagulation patients

Clinical outcome Warfarin/NOAC Non-therapeutic treatment OR (95%Cl) P aOR (95%ClI) P

mRS 0-2 18 (47.4%) 64 (48.1%) 0.970 (0.471-1.997) 0.935 1.402(0.625-3.145) 0.412
Mortality 10 (26.3%) 27 (20.3%) 0.713 (0.309-1.646) 0.428 1.077 (0.429-2.705) 0.875
mTICI 2b-3 37 (97.4%) 132 (99.2%) 0.280 (0.017-4.590)  0.373 0.370(0.019-7.369) 0.515
sICH 1(2.6%) 1(0.8%) 3.568 (0.218-58.415)  0.373 2.208 (0.122-39.895)  0.592

Adjusted odds ratio (aOR) adjusted for age, gender, and thrombolysis. Mortality defined as mRS = 6; sICH defined as > 4 increase in baseline
NIHSS and parenchymal hematoma type 2. OR: Odds ratio; mRS: modified Rankin Score; mTICl: modified treatment in cerebral infarction score;
sICH: symptomatic intracerebral hemorrhage.

AF
R 2 0 -0 T 3

Non-AF 101| 236 | 14
(n=178) : :
B (n=38)
(n=133) : : [
0 20 40 60 80 100

90-day modified Rankin Score 010 01 O2 @3 @4 @5 @6

Figure 2. Distribution of 90-day modified Rankin Score by atrial fibrillation (AF) status (A) and therapeutic anticoagulation status (B) in
endovascular thrombectomy patients. (B) Comparison of the AF cohort who were on therapeutic anticoagulation [warfarin/non-
Vitamin K oral anticoagulant (NOAC)] with the remainder of the cohort (subtherapeutic warfarin, non-compliant with NOAC,
antiplatelet therapy, or no treatment).

Factors predicting poor outcomes

In AF patients, advancing age (OR = 1.045, P = 0.020; OR = 1.085, P = 0.001) and higher baseline NIHSS
(OR =1.138, P < 0.001; OR = 1.107, P = 0.002) were significant independent predictors of poor functional
outcome and higher mortality at 90 days after adjustment for age, hypertension, diabetes mellitus,
hyperlipidemia, baseline NIHSS, and thrombolysis [Table 4]. The administration of thrombolysis prior to
EVT was independently associated with reduced mortality (OR = 0.215, P = 0.016) but not improved
functional outcome (P = 0.092) on multivariate analysis.
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Table 4. Predictors of poor 90-day mRS and higher mortality in AF group

Poor 90-day mRS (3-6) Higher mortality
OR (95%CI) P aOR'(95%CIl) P OR (95%CI) P aOR?(95%Cl) P
Advancing age 1.049* (1.016- 0.003* 1.045* (1.007- 0.020* 1.081* (1.032- 0.001* 1.085* (1.033- 0.001*
1.082) 1.085) 1.132) 1.142)
Male gender 1119 (0.614-2.040) 0.714 - - 1142 (0.550-2.369) 0.722 - -
Hypertension 2.001(0.977-4.098) 0.058 1.625 (1.681-3.879) 0.274 1.457 (0.586- 0417 - -
3.620)
Diabetes mellitus 2.837* (1.359- 0.005* 2.115(0.884- 0.092 1.800 (0.821-3.947) 0.142 - -
5.921) 5.057)
Ischemic heart 1.680 (0.898-3.141) 0.104 - - 1.754 (0.840- 0135 - -
disease 3.660)
Smoking 0.453 (0.171-1.199)  0.111 - - 0.368 (0.081-1.665) 0.194 - -
Previous TIA/Stroke 1.389 (0.691-2.791) 0.356 - - 2.204* (1.009- 0.047* 2.436(0.956- 0.062
4.812) 6.210)
Hyperlipidaemia 1.787 (0.961-3.323) 0.067 1.349 (0.626- 0.445  2,374* (1.040- 0.040* 2.554 (0.976- 0.056
2.908) 5.418) 6.684)
Higher baseline 1.141* (1.083-1.202) 0.000* 1.138* (1.077- 0.000* 1.100* (1.037- 0.001* 1.107* (1.037- 0.002*
NIHSS 1.203) 1.166) 1.183)
Thrombolysis 0.483* (0.249 - 0.031* 0.515(0.238-1115) 0.092  0.210* (0.070- 0.005* 0.215* (0.061- 0.016*
0.934) 0.629) 0.755)
Longer TTGP 1344 (0.710-2.541) 0364 - 1.928 (0.917-4.056) 0.084 1.702)(0.693— 0.246
4182

'p<0.05. 1Adjusted for age, hypertension, diabetes mellitus, hyperlipidemia, baseline NIHSS, and thrombolysis administration. 2Adjusted for age,
previous TIA/stroke, hyperlipidemia, baseline NIHSS, thrombolysis, and TTGP; AF group included 171 patients; poor 90-day mRS defined as mRS
3-6; mortality defined as mRS = 6. OR: Odds ratio; DM: diabetes mellitus; HT: hypertension; IHD: ischemic heart disease; NIHSS: National
Institute of Health Stroke Score; TIA: transient ischemic attack.

In non-AF patients, baseline NITHSS was similarly associated with worse functional outcomes (OR = 1.14, P
< 0.001) and higher mortality (OR = 1.085, P = 0.004) after adjustment for the same variables, but age was
only significant on univariate analysis. Thrombolysis was also associated with reduced mortality (OR =
0.406, P = 0.039) in non-AF patients, but it did not improve their functional outcome (P = 0.603).

DISCUSSION

This study found that AF patients showed improved functional outcome at 90 days, with similar rates of
mortality, successful reperfusion, and sICH. Therapeutic anticoagulation (warfarin INR > 1.9/NOACs) at
the time of stroke presentation did not adversely influence EVT safety or efficacy.

In patients with AF, advancing age and higher baseline NIHSS were independent predictors of poor
functional outcome and higher mortality at 90 days. Administration of thrombolysis prior to EVT was
associated with significantly lower mortality on multivariate analysis and better functional outcomes in
univariate analysis.

AF is an independent risk factor for poor outcome after AIS"*"”. Outcome data of patients with AF who
undergo EVT are less established. Our findings are supported by a recent meta-analysis, which reported
higher rates of mRS 0-2 in AF patients after EVT"". In addition, other smaller registry studies have found
similar results, suggesting improved reperfusion rates and good functional outcome in EVT patients with
AF""! This may be explained by differences in underlying stroke pathophysiology. Whereas AF is typically
associated with LVO of cardioembolic origin, the etiology of LVO in non-AF patients is more
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heterogeneous and can be attributed to a higher likelihood of tandem lesions or intracranial atherosclerosis,
which may be associated with higher risk of complications and/or refractoriness to EVT*. Tandem lesions
were found in 11% of our AF cohort, which makes the role of AF in the etiology of stroke uncertain and
may contribute to a lower response to thrombolysis and worse 90-day outcome in this subgroup of
patients””’. Although successful reperfusion rates were similar between our AF and non-AF patients, the
rate of near complete or complete reperfusion was higher in the AF cohort, which may have contributed to
improved functional outcome. Differences in clot characteristics and anticoagulation status among AF
patients may also be associated with higher rates of first pass reperfusion and less periprocedural
complications, such as distal embolism.

Other studies, including a meta-analysis of EVT patients pooling data from six landmark RCTs, found no
interaction of AF on 90-day functional outcomes, mortality, or sSICH rates"”. These results have been
replicated by a large registry study of United States patients undergoing EVT, which reports no difference in
in-hospital mortality and hemorrhage rates in AF and non-AF patients"'. Differences in rates of
anticoagulation and thrombolysis eligibility among AF patients, rates of first pass reperfusion and patient
characteristics, for example, tandem lesions or other comorbidities may explain the discrepancies found
among studies. Overall, EVT has been shown to be effective and safe in LVO patients with AF.

The rate of therapeutic anticoagulation in AF patients in our study was 22.2%, which is lower than a recent
UK study where 41% were anticoagulated””. We found that therapeutic anticoagulation in AF patients at
the time of stroke did not adversely influence outcome. This finding is similar to several studies, including
thrombolysis-ineligible patients*”.

The risk of hemorrhagic transformation is of concern in anticoagulated patients undergoing EVT. In line
with our findings, other studies report no significantly increased rates of sSICH in EVT patients on
anticoagulation””**. A recent study found higher rates of sSICH in patients on warfarin but not on NOACs,
when compared to non-anticoagulated cases™. A previous study reported no difference in sSICH rates
between warfarin and NOACs, but the number of patients on a NOAC was small®. Further studies are
required to determine the safety profiles of anticoagulation in the context of EVT.

Few studies have explored outcome predictors in AF patients undergoing EVT. Prognostic factors
determining functional outcome and mortality in the literature irrespective of patient AF status include
advanced age and higher baseline NIHSS"**?. Our study found similar outcome predictors in AF patients,
suggesting that prognostic factors remain similar between AF patients and EVT patients more broadly.
Increased comorbidities””, reduced neurological reserve®, and less penumbra® may account for the
poorer outcomes seen in older patients. All patients in our study received general anesthesia, which may
have potentially influenced 90-day functional outcomes, although this is unlikely to have contributed to the
significance of our AF vs. non-AF findings.

In this study, thrombolysis was identified as an independent predictor of lower mortality, although this
finding was noted in both AF and non-AF patients. The benefit of thrombolysis before EVT is subject to
ongoing trials (MR CLEAN NO-IV, SWIFT DIRECT, and DIRECT-SAFE) due to mixed results in
observational studies™ .. A recent study found no additional benefit of thrombolysis, although this trial
used a 20% margin of non-inferiority'*. Current guidelines recommend thrombolysis prior to EVT in
eligible patients, on the expectation that it may shorten EVT procedural time, reduce number of
catheterization attempts, and dissolve residual thrombotic material**. Further studies focusing on
thrombolysis in AF patients undergoing EVT may be of value.
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The limitations of our study include its retrospective design and potential for selection bias. Our data were
collected from a single CSC within metropolitan Sydney, which may not be representative of other
populations. Differences in baseline characteristics between AF and non-AF cohorts, including older age,
higher baseline NIHSS, and lower rates of thrombolysis in those with AF, were potential confounders,
which required adjustment through multivariable regression analysis. In addition, we relied on patient self-
reporting for determination of NOAC use. The relatively low sample size in those on therapeutic
anticoagulation did not allow us to compare warfarin and NOAC patient outcomes.

Our study found that AF patients undergoing EVT showed improved 90-day functional outcomes, with
similar rates of mortality and sICH. Therapeutic anticoagulation at the time of stroke did not adversely
impact on EVT outcome. AF and anticoagulation status should not influence the decision to pursue EVT.
The role of bridging thrombolysis in patients with AF warrants further investigation.
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follow up at 3 months by the operators at the time of the acute stroke.
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