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1. INTRODUCTION
Atrial fibrillation (AF) is one of the important risk factors of 
ischemic stroke. AF independently results in a 5 fold of risk for 
stroke/thromboembolism and is the major cause of cardioem-
bolic stroke, which accounts for 20% to 30% of all ischemic 
stroke cases.1,2 The underlying mechanisms of AF-induced 
ischemic stroke includes the stasis of blood which generates 
thromboembolism, the platelets aggregation and coagula-
tion enhanced by AF itself, as well as the inflammation and 

abnormal changes of vessel walls.3 AF-related cardioembolic 
stroke accounts for an increasing proportion of stroke subjects 
since the improvement of AF detection in the past decade.4 
According to prior studies, the stroke in patients with AF is 
significantly more severe and the prognosis is poorer than that 
in patients without AF, especially among the elderlies.5,6 Large 
infarct volume and the cortical involvement resulted from 
blockage of major arteries by emboli in cardioembolic stroke as 
well as other comorbidities explain the poor outcomes in stroke 
patients with AF.6

Endovascular thrombectomy (EVT) has become the standard 
of treatment in patients with acute ischemic stroke with large 
vessel occlusion (AIS-LVO) after the publication of five impor-
tant randomized clinical trials,7–11 especially in those with ante-
rior circulation stroke.12 The number needed to treat of EVT to 
reduce disability by at least one level on the modified Rankin 
scale (mRS) was only 2.6.13 In this EVT era, the AF-associated 
poor outcomes of ischemic stroke needs to be revisited. A sub-
group analysis of multicenter randomized clinical trial of endo-
vascular treatment for acute ischemic stroke in the Netherlands 
(MR CLEAN) showed that there was a trend of lower EVT 
treatment effect in patients with AF than that in patients with-
out AF, though the difference was not statistically significant.14 
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On the other hand, a meta-analysis from 11 randomized con-
trolled trials of endovascular treatment for AIS indicated that 
AF, along with the use of new generation thrombectomy device 
and no history of hyperlipidemia, was one of the factors for hav-
ing a favorable 3-month clinical outcome.15 However, the role of 
AF in patients receiving EVT has not been discussed in details.

In order to evaluate the impact of AF on EVT, we undertook 
a retrospective study based on a stroke registry database, to 
compare the technical efficacy and functional outcomes in AIS 
patients with and without AF after receiving EVT.

2. METHODS

2.1. Study population
This study is based on retrospective analysis of an observational 
Stroke Registry Databank of the stroke center in a tertiary medi-
cal center. Patients with AIS receiving EVT from April 2015 to 
July 2018 were reviewed. The criteria for inclusion in this study 
included (1) years of age not <18, (2) independent daily living 
(mRS < 3) before the index stroke, (3) symptom onset of <8 
hours in anterior circulation stroke or <12 hours in posterior 
circulation stroke, (4) presence of a major intracranial artery 
occlusion (intracranial internal carotid artery [ICA], A1 seg-
ment of the anterior cerebral artery, M1 and M2 segments of 
the middle cerebral artery (MCA), intracranial vertebral artery, 
P1 segment of the posterior cerebral artery, or basilar artery 
[BA]) discernible from a contrast-enhanced computed tomogra-
phy angiogram (CTA), (5) a National Institute of Health Stroke 
Scale (NIHSS) score ≥8, (6) an Alberta Stroke Program Early 
CT Score (ASPECT) ≥6, and (7) moderate to good collaterals 
visible from multiphase CTA.16 Intravenous thrombolysis (IVT) 
was used in eligible patients, without delay, according to the 
American Stroke Association guidelines before thrombectomy.12 
The treatment decisions were made by both a vascular neurolo-
gist and an interventional neuroradiologist after reviewing all 
the images.

2.2. EVT procedures
The EVT procedure was performed by three interventional 
neuroradiologists acting in turns. The procedures were done 
with local or general anesthesia according to the patient’s con-
dition. Mechanical thrombectomy was performed from a right 
inguinal puncture, using a guiding sheath along with an inter-
mediate catheter. We basically used the Solumbra technique 
with stent retrievers plus aspiration catheters for thrombus 
retraction. However, we may have used direct thromboaspira-
tion as a first approach for lesions located in the proximal por-
tions of vessels, such as the distal ICA, proximal M1 segment 
of middle cerebral artery (MCA), or proximal BA. Patients 
were sent to the stroke unit for close monitoring for at least 24 
hours postoperatively.

2.3. Outcome evaluation
The collected data in this registry included basic characteris-
tics, risk factors, time intervals (symptom onset to door, door 
to images, door to groin puncture, procedure durations), status 
of anesthesia, status of receiving IVT, technical efficacy outcome 
(substantial reperfusion), all hemorrhage and symptomatic 
intracranial hemorrhage (sICH), all-cause mortality, and func-
tional outcomes. A substantial reperfusion was defined as modi-
fied thrombolysis in cerebral infarction scale (mTICI) 2b or 3 
after the whole procedure.17 A good functional outcome was 
defined as mRS 0 to 2 at 90-day follow-up. sICH was defined 
as the presence of parenchymal hematoma accompanied by 
neurological deterioration presented as a 4 or more increase of 
NIHSS after the procedure according to the safe implementation 

of thrombolysis in stroke monitoring study (SITS-MOST) 
criteria.18,19

2.4. Statistical analysis
We used Statistical Package for the Social Sciences (SPSS) soft-
ware (version 18.0; Chicago, IL) for all the statistical analyses. 
We used independent t tests for the comparison of basic char-
acteristics between groups. The categorical variables were ana-
lyzed by using Chi-squared or Fisher’s exact tests if the expected 
number was ≤5. Significance was defined as p <0.05. For the 
multivariable logistic regression, we used a stepwise backward 
elimination method to determine the best regression model.

3. RESULTS

We performed EVT in 83 eligible patients with AIS during the 
period mentioned above. Seventy-three out of 83 patient suffered 
from ischemic stroke involving anterior circulation (88.0%). The 
patients were 71.8 years of age on average, with a mean NIHSS 
of 17.5. Around a half of the patients were male. AF was identi-
fied in 43 out of the 83 patients (51.8%). Among those with AF, 
21 (48.8%) had their AF newly identified during hospitaliza-
tion for the event. More than a half of the patients were classi-
fied as cardioembolism in etiology according to Trial of ORG 
10172 in Acute Stroke Treatment (TAOST) classification after 
thorough examination. Around one-sixth and nearly one-fifth of 
patients were classified as large artery atherosclerosis and stroke 
with undetermined source, respectively. Around one-third of 
the procedures were performed under general anesthesia, while 
the rest were performed under local anesthesia with or without 
intravenous conscious sedation. The overall substantial reper-
fusion rate was 63.9%. However, the success rate from those 
procedures performed after January 2017 increased to 82.6%, 
due to improvement of technique in experienced interventionists 
and better availability of various devices (eg, stent retrievers and 
large-bore aspiration catheters) at our hospital. Good functional 
outcomes at 90 days were seen in 37.4% of these patients. The 
sICH was 8.4%, and the mortality rate was 12.1% (Table 1).

Compared with patients with vessel occlusion involving ante-
rior circulation, those with posterior circulation stroke had a 
relatively higher NIHSS score, a lower good functional outcome 
rate at 3 months, and higher mortality. Comparing the data in 
the cases of anterior circulation stroke from the current study 
with those from the five original randomized controlled trials, 
the basic characteristics including age, sex ratio, and baseline 
NIHSS score were similar, with the exception of a slightly lower 
proportion of patients receiving IVT before the procedure in our 
data. The substantial reperfusion rate, good functional outcome 
rate, and complication rate were comparable to the previously 
published clinical trials (Supplementary Table 1, http://links.
lww.com/JCMA/A55).

The cohort analysis between patients with and without AF 
showed that the basic characteristics of both groups did not 
differ significantly (Table 2). However, those with AF were sig-
nificantly more probable to have a good functional outcome 
at 90-day follow-up than those without (55.8% vs 17.5%,  
p < 0.01) (Table  3). The distribution of 90-day mRS in both 
groups was shown in the Fig. 1. Furthermore, we also did an 
analysis comparing patients classified as cardioembolism vs 
noncardioembolism according to the TOAST classification. 
We found that patients with cardioembolic etiology were sig-
nificantly more probable to have a good outcome at 90-day 
follow-up than those with noncardioembolic etiology (49.0% 
vs 18.8%, p < 0.01), which was similar to the results from the 
analysis comparing patients with or without AF (Supplementary 
Table 2, http://links.lww.com/JCMA/A55).
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In the multivariate logistic regression model, we found that 
after controlling for other factors, an age of <70 years, the sub-
stantial reperfusion after the procedure, and the presence of AF 
were the three significant predictors for a good functional out-
come (Table 4).

4. DISCUSSION
In this single-center retrospective analysis, we showed that 
>38% of patients with anterior circulation stroke recovered to 
a good functional outcome by their 90-day follow-up, with a 
comparable sICH and all-cause mortality rate when comparing 
to randomized controlled trials.7–11 In addition, we found that 
patients with AF, as well as patients with cardioembolic etiology, 
responded significantly better to EVT than patients without AF 
or cardioembolic etiology in terms of clinical outcomes. After 
doing the multivariate logistic regression, having AF, an age 
<70 years, and a substantial reperfusion were the three signifi-
cant predictors of the good functional outcome. Therefore, the 
presence of AF can be used as one of the preprocedural predic-
tors for good treatment response to EVT in patients with LVO 
stroke before the thorough survey for TOAST classification was 
completed.

Ischemic stroke patients with AF had been reported to benefit 
less from IVT comparing to non-AF patients due to the lack 
of recanalization.20 The clot dissolution achieved by thrombo-
lytic agents depends largely on clot size, occlusion location, clot 
composition, the surface area of the clot exposed to blood flow, 

and penetration of the drug into the clot structure.21 Therefore, 
the occlusion of major arteries by large AF-related cardiogenic 
emboli, if not recanalized in time, may result in acute blockade 
of blood flow without collateral compensation, which eventu-
ally causes a large infarct core. EVT, on the contrary, provides 
the benefit by effectively removing the clot and recanalizing 
occluded large vessels in AF stroke patients. This may explain 
partly that unlike being a poor outcome predictor in IVT era, AF 
turned to be a good outcome predictor in EVT-treated patients.

On the other hand, a considerable proportion of non-AF 
stroke patients with LVO in Asia can be attributed to intracra-
nial atherosclerotic disease (ICAD),22 which was shown to be 
especially refractory to mechanical thrombectomy and needing 
rescue treatments.23 In the current study, 6 out of 43 patients 
with AF (14.0%) and 11 out of 40 patients without AF (27.5%) 
had angiographically determined ICAD, respectively (p = 0.13). 
The more prevalence of ICAD in non-AF group, though not 
statistically significant, may contribute partly the differences in 
EVT effect between AF and non-AF patients in our study.

Among 43 AF patients, 21 had their AF being identified after 
the index stroke. Besides those preexisted but unknown AF 
eventually being detected during the routine survey after stroke, 
newly developed AF after acute stroke has been reported,24 espe-
cially when insula was involved.25 These poststroke AF could be 
a result from, rather than a cause of, stroke. In order to mitigate 
such bias, we did a subgroup analysis to compare patients with-
out AF (n = 20) vs only those with a known history of AF before 

Table 1

Basic characteristics and outcomes

All (n = 83) Ant. (n = 73) Post. (n = 10)

Age 71.8 ± 13.7 72.3 ± 13.2 68.0 ± 17.3
Sex (male), % (n) 51.8 (43) 50.7 (37) 60.0 (6)
NIHSS 17.5 ± 5.7 17.2 ± 5.1 20.4 ± 8.8
Prior IVT, % (n) 47.0 (39) 50.7 (37) 20.0 (2)
Risk factors, % (n)    
  HTN 63.9 (53) 68.5 (50) 60.0 (6)
  DM 22.9 (19) 20.6 (15) 40.0 (4)
  Hyperlipidemia 41.0 (34) 42.5 (31) 30.0 (3)
  CAD 20.5 (17) 21.9 (16) 10.0 (1)
  AF 51.8 (43) 53.4 (39) 40.0 (4)
  Previous stroke 21.7 (18) 20.6 (15) 30.0 (3)
  Smoking 25.3 (21) 26.0 (19) 20.0 (2)
TOAST Classification, % (n)    
  LAA 16.9 (14) 13.7 (10) 40.0 (4)
  SVD 0.0 (0) 0.0 (0) 0 (0)
  CE 59.0 (49) 61.6 (45) 40.0 (4)
  Other etiology 4.8 (4) 4.1 (3) 10.0 (1)
  Undetermined source 19.3 (16) 20.5 (15) 10.0 (1)
Timing (min)    
  Onset to puncture 239.3 ± 109.1 227.9 ± 97.80 328.1 ± 153.5
  Door to puncture 127.6 ± 756.5 125.0 ± 54.36 146.2 ± 70.1
  Imaging to puncture 84.9 ± 38.5 83.1 ± 37.39 99.0 ± 46.6
GA, % (n) 33.7 (28) 34.3 (25) 30.0 (3)
mTICI 2b-3, % (n) 63.9 (53) 63.0 (46) 70.0 (7)
sICH, % (n) 8.4 (7) 6.9 (5) 20.0 (2)
Mortality, % (n) 12.1 (10) 11.0 (8) 20.0 (2)
90-d mRS 0–2, % (n) 37.4 (31) 38.4 (28) 30.0 (3)

AF = atrial fibrillation; Ant. = anterior circulation; CAD = coronary artery disease; CE = cardioem-
bolism; DM = diabetes mellitus; GA = general anesthesia; HTN = hypertension; IVT = intravenous 
thrombolysis; LAA = large artery atherosclerosis; mRS = modified Rankin scale; mTICI = modified 
thrombolysis in cerebral infarction scale; NIHSS = National Institute of Health Stroke Scale; Post. = 
posterior circulation; sICH = symptomatic intracranial hemorrhage; SVD = Small-vessel occlusion 
disease; TOAST = Trial of ORG 10172 in Acute Stroke Treatment.

Table 2

Comparisons of characteristics between patients with and 
without AF

AF (n=43) Non-AF (n=40)

Age 72.6 ± 9.5 70.9 ± 17.3
Sex (male), % (n) 46.5 (20) 57.5 (23)
NIHSS 17.2 ± 5.1 17.9 ± 6.2
Anterior circulation, % (n) 90.7 (39) 85 (34)
Prior IVT, % (n) 55.8 (24) 37.5 (15)
Risk factors, % (n)   
  HTN 65.1 (28) 70.0 (28)
  DM 25.6 (11) 20.0 (8)
  Hyperlipidemia 46.5 (20) 35.0 (14)
  CAD 20.9 (9) 20.0 (8)
  Previous stroke 16.3 (7) 27.5 (11)
  Smoking 18.6 (8) 32.5 (13)
Timing (min)   
  Onset to puncture 229.1 ± 117.7 250.4 ± 99.4
  Door to puncture 126.0 ± 59.4 129.4 ± 56.9
  Imaging to puncture 86.5 ± 40.9 82.9 ± 35.8
GA, % (n) 34.3 (16) 50.0 (12)

AF = atrial fibrillation; CAD = coronary artery disease; DM = diabetes mellitus; GA = general anes-
thesia; HTN = hypertension; IVT = intravenous thrombolysis; NIHSS = National Institute of Health 
Stroke Scale.

Table 3

Outcomes in patients with and without AF

AF (n=43) Non-AF (n=40) P

mTICI 2b-3, % (n) 72.1 (31) 55.0 (22) 0.12
sICH, % (n) 7.0 (3) 10.0 (4) 0.71
Mortality, % (n) 9.3 (4) 15.0 (6) 0.51
90-d mRS 0–2, % (n) 55.8 (24) 17.5 (7) <0.01*

*p < 0.05 was defined as significance.
AF = atrial fibrillation; mRS = modified Rankin scale; mTICI = modified thrombolysis in cerebral 
infarction scale; sICH = symptomatic intracranial hemorrhage.
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stroke (n = 22), which showed the consistent results, ie, patients 
with known history of AF responded significantly better than 
those without any AF (p = 0.02) in terms of 90-day functional 
outcome.

There are limitations to this study. First, the case number 
available from our single-center database is modest. However, 
our study provides real-world data comparable to the published 
clinical trials and supporting the application of both the imaging 
selection tools (multiphase CTA) and the endovascular therapy 
in patients with AIS-LVO. Furthermore, the devices used by 
different interventionalists were not standardized. We cannot 
exclude the introduction of bias caused by the different routines 
of each physician. In addition, our study did not include patients 
with extended time window selected via advanced imaging. 
Adding this subgroup of patients for the analysis after collect-
ing enough individuals is needed. Lastly, AF-related emboli act 
as red thrombi (fibrin rich) rather than white thrombi (platelet 
rich) in the pathophysiology of AIS.26,27 Whether or not the tex-
ture of thrombus is one of the reasons for different outcomes 
needs to be clarified in further studies focusing on the pathologi-
cal analysis of the retracted specimens. In conclusion, our study 
showed that patients with AF responded to EVT significantly 
better than patients without AF did. An age of <70 years, the 
substantial reperfusion, and the presence of AF were three key 
significant predictors for the good functional outcome (90-day 

mRS 0 to 2). ICAD in patients without AF which was especially 
refractory to EVT may contribute to the difference of the func-
tional outcomes between patients with and without AF. Further 
studies using a larger multicenter database and taking the patho-
logical analysis of retrieved/aspirated thrombi into account are 
warranted.
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