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Background and Purpose The influence of stroke etiology on outcomes after endovascular throm-
bectomy (EVT) is not well understood. We aimed to investigate whether stroke etiology sub-
grouped as large artery atherosclerosis (LAA) and cardiac embolism (CE) influences outcomes in 
large artery occlusion (LAO) treated by EVT.
Methods We included EVT treated LAO stroke patients registered in the Safe Implementation of 
Treatment in Stroke (SITS) thrombectomy register between January 1, 2014 and September 3, 
2019. Primary outcome was successful reperfusion (modified Treatment in Cerebral Infarction 2b-
3). Secondary outcomes were symptomatic intracranial hemorrhage (SICH), 3-month functional 
independence (modified Ranking Scale 0–2) and death. Multivariable logistic regression models 
were used for comparisons. In addition, a meta-analysis of aggregate data from the current litera-
ture was conducted (PROSPERO, ID 167447).
Results Of 7,543 patients, 1,903 (25.2%) had LAA, 3,214 (42.6%) CE, and 2,426 (32.2%) unknown, 
other, or multiple etiologies. LAA patients were younger (66 vs. 74, P<0.001) and had lower Na-
tional Institutes of Health Stroke Scale score at baseline (15 vs. 16, P<0.001) than CE patients. 
Multivariable analyses showed that LAA patients had lower odds of successful reperfusion (odds 
ratio [OR], 0.70; 95% confidence interval [CI], 0.57 to 0.86) and functional independence (OR, 
0.74; 95% CI, 0.63 to 0.85), higher risk of death (OR, 1.44; 95% CI, 1.21 to 1.71), but no difference 
in SICH (OR, 1.09; 95% CI, 0.71 to 1.66) compared to CE patients. The systematic review found 25 
studies matching the criteria. The meta-analysis did not find any difference between etiologies.
Conclusions From the SITS thrombectomy register, we observed a lower chance of reperfusion and 
worse outcomes after thrombectomy in patients with LAA compared to CE etiology, despite more 
favorable baseline characteristics. In contrast, the meta-analysis did not find any difference be-
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Introduction

The Trial of Org 10172 in Acute Stroke Treatment (TOAST) crite-
ria are widely used to categorize ischemic stroke etiology.1 The 
two most common etiologies of large artery occlusion (LAO) 
stroke are cardiac embolism (CE) and large artery atherosclero-
sis (LAA).2 The underlying pathogenesis of CE and LAA occlu-
sions are known to be different.3,4 Endovascular thrombectomy 
(EVT) has been shown to be an effective treatment in ischemic 
stroke,5-11 and successful reperfusion after EVT treatment is as-
sociated with a good long-term outcome.12,13 Stroke etiology is 
an important factor for stroke prevention, yet it is still un-
known whether stroke etiology influences the rates of reperfu-
sion and outcomes after EVT treatment.14-16 We aimed to inves-
tigate whether different ischemic stroke etiologies influence 
reperfusion and important outcomes after EVT treatment. 

Methods

Population SITS thrombectomy registry
We collected data from the Safe Implementation of Treatment 
in Stroke (SITS) Thrombectomy register. Patients with acute 
ischemic stroke who underwent EVT treatment due to LAO 
stroke during January 1st, 2014 to September 3rd, 2019, with 
or without prior intravenous thrombolysis (IVT), were eligible 
for this study. Data collection and registration procedures have 
previously been presented.17,18 Centers in the SITS Thrombecto-
my register commit to report all consecutive cases treated with 
EVT. This includes baseline and demographic characteristics, 
stroke severity per National Institutes of Health Stroke Scale 
(NIHSS), medical history, imaging data, and follow-up evalua-
tion. Imaging studies, neurological status, and follow-up eval-
uation is performed according to local routines at each individ-
ual study center. Symptomatic intracranial hemorrhage (SICH) 
events were established based on locally read imaging data 
and clinical data entered into the registry. Study centers with 
less than 10 registered patients or more than 30% missing 
data on 3-month outcomes were excluded from this study.

We assigned stroke etiology using clinical and radiological 
characteristics and International Statistical Classification of 
Diseases and Related Health Problems version 10 (ICD-10) di-
agnosis, employing the criteria for stroke etiology from the 

TOAST definitions,1 based on steps that have previously been 
described.19 We defined stroke etiology as LAA if the presence 
of a stenosis was observed during radiological examination at 
baseline, or if significant stenosis was observed during conven-
tional angiography. Additionally, if no information on stenosis 
was available, we still defined stroke etiology as LAA if the pa-
tient was given an ICD-10 diagnosis of I63.0 (cerebral infarc-
tion due to thrombosis of precerebral arteries) or I63.3 (cere-
bral infarction due to thrombosis of cerebral arteries). We de-
fined stroke etiology as CE if a patient had a known atrial 
fibrillation or the presence of atrial fibrillation was observed at 
baseline, 24 hours, discharge, or by 3 months. Additionally, if 
no information on atrial fibrillation was available, we still de-
fined stroke etiology as CE if the patient was given an ICD-10 
diagnosis of I63.4 (cerebral infarction due to embolism of cere-
bral arteries). Finally, if patients fulfilled both a LAA and CE ac-
cording to our criteria, we defined those patient as having 
multiple etiologies, and excluded them from the analyses of 
the specific etiologies. 

Outcomes
The primary outcome was successful reperfusion after EVT 
treatment, defined as a score of 2b-3 according to the modi-
fied Treatment in Cerebral Infarction (mTICI) sale.20 The assess-
ment of mTICI score was performed locally at study center. The 
mTICI scale is defined as: no perfusion (0); antegrade reperfu-
sion past the initial occlusion, but limited distal branch filling 
with little or slow distal reperfusion (1); antegrade reperfusion 
of less than half of the occluded target artery previously isch-
emic territory (2a); antegrade reperfusion of more than half of 
the occluded target artery previously ischemic territory (2b); 
complete antegrade reperfusion of the previously occluded tar-
get artery ischemic territory, with absence of visualized occlu-
sion in all distal branches (3).

Secondary outcomes were: complete reperfusion defined as 
mTICI 3, functional independence defined by a modified Rank-
ing Scale (mRS) score21 of 0–2 at 3 months, death within 3 
months, SICH defined by the modified SITS Monitoring Study 
(SITS-MOST) criteria at the 24-hour control radiological exam-
ination (defined as a local or remote parenchymal hemorrhage 
type 2 or any subarachnoid hemorrhage on radiological find-
ings on follow-up radiology at 22 to 36 hours post-stroke, in 

tween etiologies with aggregate data. 

Keywords Ischemic stroke; Embolic stroke; Thrombotic stroke; Thrombectomy; Meta-analysis; Re-
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combination with a neurological deterioration ≥4 NIHSS-points 
or leading to death within 24 hours), number of EVT maneu-
vers, and procedural length of EVT (defined as arterial puncture 
to end of procedure time). 

Statistical analysis
Baseline and demographic characteristics were presented with 
univariate analysis, comparing patients with LAA to patients 
with CE. Continuous variables were analyzed using Student’s 
t-test, while ordinal and categorical variables were analyzed us-
ing Mann-Whitney’s U test and Pearson’s chi-square test, re-
spectively. For analyzing the dichotomous outcome parameters, 
multivariable logistic regression models were used with CE pa-
tients as reference. Variables included into the regression mod-
els were chosen if they showed a potential confounding effect 
according to direct acyclic graphs.22 The variables included 
were: age, sex, hypertension, history of hyperlipidemia, history 
of diabetes mellitus, history of congestive heart failure, and his-
tory of smoking. For the continuous outcome parameters, Pois-
son regression models were used and adjusted for the same co-
variates as the logistic regression models. We performed sec-
ondary analyses by dichotomizing the study population based 
on (1) IVT treatment or not; (2) anterior or posterior circulation; 
and (3) more than two EVT maneuvers or not, where signifi-
cance of P-values for interaction were tested for the subgroups. 
Statistical significance was defined as P<0.05. All analyses were 
performed in R v3.5.0 (https://cran.r-project.org).

Meta-analysis
The systematic review and meta-analysis was registered in the 
International prospective registry of systematic reviews PROS-
PERO (ID 167447). The meta-analysis followed Meta-Analysis 
of Observational Studies in Epidemiology (MOOSE) guidelines. 
The inclusion criteria for the meta-analysis were as follows: (1) 
published online or in print before February 3, 2020; (2) written 
in the English language; (3) published in peer-reviewed journal 
as an original scientific manuscript and based on a randomized 
controlled trial or observational data (both prospective and 
retrospective); (4) at minimum data on stroke etiology and one 
of the following outcomes: mTICI 2b-3, mRS 0–2 at 3 months, 
death by 3 months, and SICH by any definition. We allowed for 
one exception of rule #3, and that was the SITS registry which 
is presented in this manuscript.

The screening of studies for the meta-analysis was per-
formed by one investigator (M.M.) who searched the titles and 
abstracts of studies in two databases of medical publications: 
PubMed, Web of Science and EMBASE. The search terms used 
were: (((stroke OR ischemic stroke OR ischaemic stroke)) AND 

thrombectomy) AND (etiology OR etiologies OR subtype OR 
subtypes). Eligible studies were further screened with full-text 
reads by two investigators (M.M. and C.C.) for inclusion into 
the meta-analysis. Additionally, the references of the eligible 
studies were screened for any additional publications that 
could be included into the meta-analysis. If two or more stud-
ies had data that could overlap the study with the highest 
number of patients was included. Any inconsistencies between 
investigators were resolved after discussing the studies in 
question with a senior investigator (N.A.). Baseline and demo-
graphic characteristics in addition to outcome measurements 
were recorded during screening. Measurements that were pre-
sented as median and interquartile range were converted to 
mean and standard deviation, based on the assumption of a 
log-normal distribution of the original measures.23 Publication 
bias was checked using Egger’s test and Funnel plots. Risk of 
bias in the included studies was assessed using the Newcas-
tle-Ottawa Scale for observational studies and Cochrane risk of 
bias tool for randomized trials. In order to maintain power, all 
eligible studies were included in the meta-analysis.

A random-effects meta-analysis was performed on the data 
from the included studies. Aggregate data was recorded for all 
studies. If it was not possible to extract all the necessary data 
from the manuscripts, the corresponding authors were con-
tacted in order to receive the aggregated data. Tau estimators 
were calculated using the Sidik-Jonkman method, with the 
confidence interval (CI) calculated using Knapp-Hartung adust-
ments. Forest plots were presented for the outcome variables. 
In order to attempt to correct for confounding effects on 
study-level differences, multiple meta-regression was per-
formed. We used the same covariates as in our regression anal-
yses for the meta-regression. All covariates that had data from 
at least 10 studies were included into the regression model. 
Aggregate data included in the meta-analysis is shown in sup-
plementary data (Supplementary data 1). 

Ethical committee approval
The current study was approved by the Stockholm Regional 
Ethical board through the framework of SITS-Monitoring 
Study II (approval number 2015/767-31). Ethical approval or 
written patient consent for participation in SITS differed 
among participating countries. Ethical approval or patient 
consent were obtained in countries that required this, while 
other countries approved the register for conduct as an ano-
nymized audit. 

 Ethical and other approvals for sharing the aggregate data 
for the meta-analyses was the responsibility of the principle 
investigators of the studies asked to provide data.



Vol. 23 / No. 3 / September 2021

https://doi.org/10.5853/jos.2021.00850 http://j-stroke.org  391

Results

In the SITS thrombectomy database, 14,485 patients were re-
corded during the study period, with 7,543 patients (52.1%) 
fulfilling our data quality criteria (Figure 1). After applying our 
criteria for stroke etiology we found 1,903 patients with LAA 
and 3,214 patients with CE. 

Baseline and demographic characteristics are presented in 
Table 1. Patients with LAA were younger than CE patients, were 
more often men, and presented with lower NIHSS at baseline. 
IVT treatment was more often given to LAA patients than CE 
patients. Patients with LAA had longer onset to arterial punc-
ture time that patients with CE (Supplementary Table 1).

In the univariate analyses, patients with LAA were less likely 
to achieve mTICI 2b-3, mTICI 3, and mRS 0–2 than patients 
with CE (Table 2). No statistically significant difference was 
seen death by 3 months and SICH when comparing patients 

with LAA to patients with CE.
In the multivariable logistic regression analyses, patients 

with LAA had lower odds of achieving successful reperfusion 
compared to CE patients (Table 3). Additionally, LAA patients 
had lower odds of functional independence and a higher risk of 
death, compared to CE patients. There was no difference in risk 
of SICH per modified SITS-MOST definition. IVT treatment 
showed a significant interaction for mTICI 3, mRS 0–2 and 
death by 3 months. Circulation area showed a significant in-
teraction for mRS 0–2 and death by 3 months. Having more 
than two EVT maneuvers showed a significant interaction for 
all outcomes except SICH by mSITS.

The Poisson regression models showed an increase in EVT 
procedural time for LAA patients as compared to CE patients 
for all patients, while LAA patients had fewer EVT maneuvers 
than CE patients (Table 4). IVT treatment showed a significant 
interaction for both outcomes, while circulation area only 
showed a significant interaction for EVT procedural time.

Meta-analysis
We found 25 studies in the literature search that fit the criteria 
and could provide data for the meta-analysis (Supplementary 
Figure 1).14,15,24-46 The studies varied in study population sizes, 
from 19 to 1,134 patients with LAA or CE (Table 5). All studies 
that were included had an observational study design. In the risk 
of bias assessment, most studies fulfilled all or most of the crite-
ria for selection and outcome while many studies did not fulfill 
the comparability criteria (Supplementary Table 2). The me-
ta-analyses did not show any significant results for any of the 
outcomes with the unadjusted aggregate data (Figure 2). Het-
erogeneity between studies was moderate for the results of mTI-
CI 2b-3 and death (I2=41%, I2=42%, respectively), high for the 
results of mRS 0–2 (I2=75%), and low for SICH (I2=9%). Nine 
studies14,15,24-30 had aims that largely resembled that of our me-
ta-analysis, while the remaining studies had other aims but still 
had the required data for the meta-analysis. There was no publi-
cation bias as per Egger’s test for mTICI 2b-3 (P=0.882), mRS 
0–2 at 3 months (P=0.377), death by 3 months (P=0.902), and 
SICH (P=0.298). The funnel plots did not show major signs of 
asymmetry, but the results for death at 3 months and SICH 
showed S-shaped distributions of studies (Supplementary  
Figure 2).

The meta-regression included all planned covariates for the 
analysis of all of the outcomes. For mTICI, meta-regression 
model was not significant (F7,4=0.30, P=0.919) with no signifi-
cant differences on study-level. The analysis of 3-month mRS 
0–2 found that history of smoking showed a trend for associa-
tion with the meta-analysis (P=0.061), but the meta-regression 

Figure 1. Study flow chart. SITS, Safe Implementation of Treatment in 
Stroke; LAA, large artery atherosclerosis; CE, cardiac emboli; ICD-10, Inter-
national Statistical Classification of Diseases and Related Health Problems 
version 10.
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model was not significant (F7,4=2.58, P=0.189). The meta-re-
gression models for death and SICH did not show significant 
effects (F7,3=0.28, P=0.924; and F7,2=0.57, P=0.759, respective-
ly).

Discussion

Our study results based on the SITS thrombectomy registry 
suggested that patients with LAO stroke caused by CE and 
treated with EVT had a higher chance of successful reperfusion 
compared to patients with stroke caused by LAA. This was veri-

fied in both the unadjusted and adjusted analyses. CE patients 
also showed a higher chance of favorable functional outcome 
and lower mortality at 3 months in the adjusted analysis, com-
pared to LAA patients. This was intriguing, as patients with CE 
presented with a higher burden of risk-factors such as a higher 
age and baseline NIHSS scores in addition to more frequent 
hypertension and hyperlipidemia than patients with LAA. Until 
recently, only a few small-sized or single-center studies have 
investigated the relationship between stroke etiology and out-
comes after EVT treatment.14,15,24-30,47 Interestingly, baseline 
characteristics were similar to the present study, i.e. higher 

Table 1. Baseline and demographic characteristics of the study population by LAA and CE etiology

Characteristic LAA CE P Unknown, other  
or multiple etiology

Number 1,903 3,214 2,426

Age 66.1±12.6 74.1±11.8 <0.001 68.3±14.3

Systolic blood pressure, baseline 152.4±26.2 149.7±24.8 0.001 148.6±26.3

Diastolic blood pressure, baseline 82.1±14.7 81.5±16.3 0.209 81.2±15.9

Glucose, baseline (mmol/L) 7.6±14.7 7.5±16.3 0.379 7.4±15.9

Cholesterol, baseline (mmol/L) 4.8±3.1 4.3±1.7 <0.001 4.5±1.1

NIHSS, baseline 15 (10–20) 16 (12–20) <0.001 16 (11–20)

mRS, baseline 0 (0–0) 0 (0–1) <0.001 0 (0–0)

Male sex 64.4 (1,226/1,903) 44.6 (1,435/3,214) <0.001 51.4 (1,246/2,426)

Platelet inhibitors, baseline 30.4 (563/1,854) 30.2 (936/3,103) 0.906 29.8 (659/2,215)

Anti-coagulants, baseline 2.9 (54/1,855) 30.9 (959/3,105) <0.001 11.3 (250/2,221)

Anti-hypertensive, baseline 57.2 (1,062/1,857) 77.2 (2,395/3,103) <0.001 61.3 (1,362/2,222)

Statin, baseline 27.1 (502/1,852) 33.3 (1,027/3,082) <0.001 27.7 (608/2,198)

Anti-diabetic, baseline 16.5 (307/1,856) 16.8 (519/3,098) 0.877 14.6 (322/2,213)

Hypertension, baseline 65.7 (1,231/1,874) 76.3 (2,390/3,131) <0.001 65.1 (1,458/2,239)

Hyperlipidemia, baseline 32.0 (598/1,867) 38.0 (1,181/3,105) <0.001 33.9 (750/2,214)

Diabetes mellitus, baseiine 20.7 (388/1,875) 22.1 (693/3,132) 0.247 17.9 (401/2,239)

Smoking, baseline 36.0 (650/1,805) 15.1 (453/2,997) <0.001 24.0 (510/2,126)

Atrial fibrillation, baseline 0.0 (0/1,873) 57.7 (1,823/3,159) <0.001 18.5 (412/2,230)

Congestive heart failure 4.1 (76/1,870) 16.7 (520/3,114) <0.001 9.5 (213/2,231)

Previous TIA 4.1 (76/1,872) 3.3 (103/3,126) 0.184 2.9 (65/2,232)

Previous stroke 10.8 (203/1,875) 13.9 (437/3,133) 0.002 10.0 (223/2,232)

Circulation anterior/posterior, anterior 85.1 (1,408/1,655) 92.7 (2,683/2,895) <0.001 89.7 (1,829/2,039)

Circulation intracranial/extracranial, intracranial 89.0 (1,306/1,467) 97.0 (2,737/2,823) <0.001 94.4 (1,844/1,954)

ICA 17.5 (220/1,257) 15.3 (399/2,607) 0.090 16.7 (290/1,741)

M1 66.2 (832/1,257) 66.1 (1,722/2,607) 0.962 64.9 (1,130/1,741)

M2 15.4 (193/1,257) 17.3 (452/2,607) 0.133 16.9 (295/1,741)

Other occlusion location 1.0 (12/1,257) 1.3 (34/2,607) 0.435 1.5 (26/1,741)

IVT treatment 67.7 (1,289/1,903) 56.5 (1,816/3,214) <0.001 65.7 (1,595/2,426)

Values are presented as mean±standard deviation, median (interquartile range), or percentage (number). P-values for comparisons between LAA and CE using 
Student’s t-test, Mann-Whitney U test, and chi-square test for continuous, ordinal and categorical variables, respectively. 
LAA, large artery atherosclerosis; CE, cardiac embolism; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; TIA, transient ischemic 
attack; ICA, internal carotid artery; IVT, intravenous thrombolysis.
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age,15,24-28,47 higher NIHSS score at baseline,24-28,47 lower propor-
tion of males,15,24-26,28,47 and more hypertension15,24,26,28,47 for pa-
tients with CE compared to LAA. 

Our results on procedural outcomes suggested that EVT pro-
cedural time was longer for patients with LAA, while also fewer 
EVT maneuvers were performed. Longer reperfusion time, fewer 
EVT maneuvers, and lower reperfusion rate may suggest that 
patients with LAA have a more difficult access to the occlusion 
site perhaps due to more complex arterial lumen due to ath-
erosclerotic changes. Interestingly, the associations between 
etiology and mTICI, mRS 0–2 and death seen in the main re-

sults were seemingly maintained in both those that had more 
than two and two or less EVT maneuvers, despite LAA patients 
having overall fewer EVT maneuvers. Previous studies have 
found similar associations to EVT maneuvers14,24,29 and proce-
dural time,15,24-26 while some studies found no difference in EVT 
maneuvers15,25 and procedural time,28 or shorter procedural 
times for patients with LAA.14,29 Notably, only one previous 
study performed adjusted analysis on EVT maneuvers and pro-
cedural time.15 

Despite similar baseline characteristics comparing our patient 
cohort and the patients included in previous studies, the out-

Table 2. Univariate analysis of outcomes by LAA and CE etiology

LAA CE P Unknown, other or multiple etiology

Number 1,903 3,214 2,426

mTICI 2b-3 83.4 (1,172/1,405) 86.5 (2,179/2,518) 0.009 84.1 (1,488/1,769)

mTICI 3 53.4 (750/1,405) 61.3 (1,543/2,518) <0.001 59.5 (1,053/1,769)

mRS 0–2 at 3 months 45.8 (753/1,643) 42.2 (1,201/2,846) 0.020 46.4 (931/2,007)

Death by 3 months 20.6 (348/1,687) 21.8 (633/2,908) 0.384 20.5 (421/2,052)

SICH by mSITS 2.3 (40/1,720) 2.8 (81/2,911) 0.397 2.9 (58/2,001)

Values are presented as percentage (number). Chi-square test was used for comparisons.
LAA, large artery atherosclerosis; CE, cardiac embolism; mTICI, Modified Treatment in Cerebral Infarction; mRS, modified Rankin Scale; SICH, symptomatic in-
tracranial hemorrhage; mSITS, modified Safe Implementation of Treatment in Stroke.

Table 3. Adjusted odds ratios for dichotomous outcomes for LAA compared to CE

Variable mTICI 2b-3 mTICI 3 mRS 0–2 at 3 months Death by 3 months SICH by mSITS

All patients 0.70 (0.57–0.86) 0.71 (0.62–0.83) 0.74 (0.63–0.85) 1.44 (1.21–1.71) 1.09 (0.71–1.66)

IVT treated 0.71 (0.54–0.93) 0.82 (0.67–0.99) 0.76 (0.63–0.91)* 1.77 (1.42–2.23)* 1.30 (0.78–2.15)

Not IVT treated 0.64 (0.47–0.88) 0.54 (0.42–0.69)* 0.64 (0.49–0.82)* 1.12 (0.84–1.49)* 0.70 (0.30–1.51)

Anterior circulation 0.69 (0.55–0.86) 0.69 (0.59–0.81) 0.73 (0.62–0.86)* 1.29 (1.05–1.59)* 1.00 (0.62–1.57)

Posterior circulation 1.08 (0.57–2.03) 0.78 (0.48–1.26) 0.59 (0.36–0.95)* 1.80 (1.11–2.96)* 6.67 (0.87–148.54)

More than 2 EVT maneuvers 0.75 (0.54–1.03)* 0.68 (0.50–0.92)* 0.62 (0.44–0.87)* 1.53 (1.07–2.20)* 1.12 (0.48–2.44)

2 or less EVT maneuvers 0.62 (0.46–0.82)* 0.70 (0.59–0.84)* 0.75 (0.62–0.90)* 1.40 (1.13–1.75)* 1.21 (0.72–2.00)

Values are presented as odds ratio (95% confidence interval).
LAA, large artery atherosclerosis; CE, cardiac emboli; mTICI, Modified Treatment in Cerebral Infarction; mRS, modified Rankin Scale; SICH, symptomatic intra-
cranial hemorrhage; mSITS, modified Safe Implementation of Treatment in Stroke; IVT, intravenous thrombolysis; EVT, endovascular thrombectomy.
*P-interaction <0.05 for the subgrouping variable.

Table 4. Adjusted exponentiated log count results for number of EVT maneuvers and EVT procedural time for LAA compared to CE

Variable Difference in no. of EVT maneuvers Difference in EVT procedural duration (min)

All patients 0.94 (0.89–0.99) 1.36 (1.35–1.38)

IVT treated 0.94 (0.88–1.01)* 1.33 (1.31–1.34)*

Non-IVT treated 0.95 (0.88–1.04)* 1.45 (1.43–1.47)*

Anterior circulation 0.94 (0.89–0.997) 1.38 (1.37–1.40)*

Posterior circulation 1.09 (0.92–1.29) 1.55 (1.51–1.59)*

Values are presented as odds ratio (95% confidence interval).
EVT, endovascular thrombectomy; LAA, large artery atherosclerosis; CE, cardiac emboli; IVT, intravenous thrombolysis.
*P-interaction <0.05 for the subgrouping variables.
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comes varied between the aforementioned studies. Most studies 
only presented unadjusted analyses, where two studies found 
that successful reperfusion was more common with CE patients 
as compared to LAA patients,27,47 one study found the opposite 
association,28 while the remaining studies did not find any differ-
ence.14,15,24-26,30 On the other hand, these studies showed results 
favoring LAA over CE regarding functional independence at 3 
months, with no studies favoring CE for 3-month mortality or 
SICH.14,15,24-30 This was also true for the meta-analysis, in which 
no significant difference was found between the etiologies re-
garding the outcomes in the unadjusted results. 

Studies that did report the adjusted analyses showed inter-
esting results. A few studies did not find any significant differ-
ences in reperfusion or clinical outcomes between patients 
with LAA and CE.14,15,26,28,47 Two of these studies showed no dif-
ference in functional independence14,15 and one study detected 

no difference in successful reperfusion.15 However, for studies 
that did find a significant difference, this was mostly in favor 
of CE patients, one study finding a higher chance for successful 
reperfusion,26 and a brief report finding a higher chance for 
functional independence.47 Interestingly, a mediation analysis 
showed that almost half of the improved functional indepen-
dence in CE patients was explained by achieving successful 
reperfusion,47 illustrating the relationship between stroke etiol-
ogy, reperfusion status, and functional independence. Two oth-
er studies found similar results, favoring CE patients over LAA 
patients for successful reperfusion, functional independence 
and death, after multivariate adjustment.26,28 Considering that 
the baseline characteristics did not favor patients with CE, 
these contradictory results highlight the risk of focusing on 
unadjusted results. Our meta-analysis is based on unadjusted 
aggregate data, and we found no difference between etiolo-

Table 5. Summary of studies included in the meta-analysis

Study Country No. of LAA No. of CE mTICI 2b-3 mRS 0–2 at 3 months Death by 3 months SICH by study criteria

Present study International 1,903 3,214 3,351/3,925 1,954/4,489 981/4,595 121/4,510

Sun et al. (2019)24 China 309 340 544/649 279/649 166/649 104/649

Guglielmi et al. (2019)15 Netherlands 190 476 357/656 230/606 182/608 35/666

Garcia-Bermejo et al. (2019)31 Quatar 45 44 75/89 22/50 1/38 2/81

Deng et al. (2019)25 China 35 46 79/81 45/81 8/81 2/81

Baik et al. (2019)30 South Korea 48 34 64/82 30/82 17/82 5/82

Yoshimura et al. (2018)33 Japan 197 937 509/1,134 467/1,134 94/1,134 29/1,134

Sharma et al. (2018)34 USA 24 24 37/48 16/48 10/48 8/48

Maekawa et al. (2018)35 Japan 5 30 34/35 13/35 4/35 1/35

Luo et al. (2018)36 China 63 6 - 25/69 - -

Lee et al. (2018)26 South Korea 90 421 411/520 274/520 - -

Imahori et al. (2019)27 Japan 11 39 45/50 24/50 3/50 1/50

Gory et al. (2018)32 France 33 39 60/72 24/70 30/70 -

Díaz-Pérez (2018)37 Spain 62 52 101/114 33/114 30/114 7/114

Berndt et al. (2018)38 Germany 12 52 56/64 13/28 6/28 -

Wen et al. (2017)39 China 8 11 17/19 10/19 1/19 -

Uno et al. (2017)40 Japan 6 27 - 19/33 - -

Park et al. (2017)41 South Korea 141 359 360/500 184/500 86/500 46/500

Giray et al. (2017)14 Turkey 19 33 32/52 24/49 13/52 3/52

Bouslama et al. (2017)42 USA 61 65 - 81/146 - -

Boeckh-Behrens et al. (2016)29 Germany 22 67 - 15/43 10/43 -

Angermaier et al. (2016)43 Germany 10 37 31/47 - - -

Ahn et al. (2016)44 South Korea 8 22 - 11/30 - -

Yoon et al. (2015)28 South Korea 64 80 122/144 72/144 18/144 5/144

Wong et al. (2013)45 China 7 14 14/21 8/18 5/18 2/18

Soize et al. (2013)46 France 5 28 - 19/33 - -

LAA, large artery atherosclerosis; CE, cardiac embolism; mTICI, Modified Treatment in Cerebral Infarction; mRS, modified Rankin Scale; SICH, symptomatic in-
tracranial hemorrhage.
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Figure 2. Meta-analysis of included studies for the outcomes, with aggregate, unadjusted data. (A) Modified Treatment in Cerebral Infarction (mTICI) 2b-3, (B) 
modified Rankin Scale (mRS) 0-2 at 3 months, (C) death by 3 months, and (D) symptomatic intracranial hemorrhage (SICH). LAA, large artery atherosclerosis; 
CE, cardiac emboli; OR, odds ratio; CI, confidence interval.

mTICI 2b—3
LAA CE

Study Events Total Events Total Odds ratio OR 95%-CI Weight
Matusevicius 2020 1,172 1,405 2,179 2,518 0.78 [0.65; 0.94] 8.5%
Sun B 2019 261 309 283 340 1.10 [0.72; 1.67] 8.0%
Guglielmi 2019 96 186 261 470 0.85 [0.61; 1.20] 8.2%
Garcia-Bermejo 2019 39 45 36 44 1.44 [0.46; 4.57] 5.4%
Deng 2019 34 35 45 46 0.76 [0.05; 12.52] 1.9%
Baik 2019 35 48 29 34 0.46 [0.15; 1.46] 5.4%
Yoshimura 2018 95 197 414 937 1.18 [0.86; 1.60] 8.3%
Sharma 2018 15 24 22 24 0.15 [0.03; 0.80] 3.8%
Maekawa 2018 5 5 29 30 2.24 [0.01; 527.53] 0.6%
Luo 2018 - - - - 0.0%
Lee 2018 76 99 335 421 0.85 [0.50; 1.43] 7.7%
Inahori 2018 7 11 38 39 0.05 [0.00; 0.48] 2.5%
Gory 2018 25 33 35 39 0.36 [0.10; 1.32] 4.8%
Diaz-Perez 2018 55 62 46 52 1.02 [0.32; 3.26] 5.3%
Berndt 2018 11 12 45 52 1.71 [0.19; 15.39] 2.7%
Wen 2017 7 8 10 11 0.70 [0.04; 13.18] 1.7%
Uno 2017 - - - - 0.0%
Park 2017 100 141 260 359 0.93 [0.60; 1.43] 8.0%
Giray 2017 15 19 20 33 2.44 [0.66; 8.99] 4.8%
Bouslama 2017 - - - - 0.0%
Boeckh-Behrens 2016 - - - - 0.0%
Angermaier 2016 8 10 23 37 2.43 [0.45; 13.14] 3.7%
Ahn 2016 - - - - 0.0%
Yoon 2015 59 64 63 80 3.18 [1.10; 9.18] 5.7%
Wong 2013 3 7 11 14 0.20 [0.03; 1.46] 3.1%
Soize 2013 - - - - 0.0%

Random effects model 2,720 5,580 0.86 [0.58; 1.28] 100.0%
Heterogeneity: l 2=41%, τ2=0.5608, P=0.03

0.01 0.1 1
Favors CE Favors LAA

10 100

0.01 0.1 1
Favors CE Favors LAA

10 100

mRS 0-2 at 3 months
LAA CE

Study Events LAA Total Events CE Total Odds ratio OR 95%-CI Weight
Matusevicius 2020 753 1,643 1,201 2,846 1.16 [1.03; 1.31] 5.5%
Sun B 2019 155 309 124 340 1.75 [1.28; 2.40] 5.4%
Guglielmi 2019 80 175 150 431 1.58 [1.10; 2.26] 5.3%
Garcia-Bermejo 2019 9 22 13 28 0.80 [0.26; 2.47] 4.2%
Deng 2019 26 35 19 46 4.11 [1.57; 10.71] 4.5%
Baik 2019 12 48 18 34 0.30 [0.12; 0.76] 4.5%
Yoshimura 2018 78 197 389 937 0.92 [0.67; 1.26] 5.4%
Sharma 2018 7 24 9 24 0.69 [0.21; 2.30] 4.0%
Maekawa 2018 1 5 12 30 0.38 [0.04; 3.78] 2.3%
Luo 2018 22 63 3 6 0.54 [0.10; 2.88] 3.2%
Lee 2018 45 99 229 421 0.70 [0.45; 1.08] 5.3%
Inahori 2018 6 11 18 39 1.40 [0.37; 5.37] 3.8%
Gory 2018 11 33 13 37 0.92 [0.34; 2.48] 4.4%
Diaz-Perez 2018 16 62 17 52 0.72 [0.32; 1.61] 4.7%
Berndt 2018 6 7 7 21 12.00 [1.20; 120.08] 2.3%
Wen 2017 1 8 9 11 0.03 [0.00; 0.43] 2.0%
Uno 2017 3 6 16 27 0.69 [0.12; 4.06] 3.1%
Park 2017 60 141 124 359 1.40 [0.94; 2.09] 5.3%
Giray 2017 12 17 12 32 4.00 [1.13; 14.17] 3.9%
Bouslama 2017 16 61 65 85 0.11 [0.05; 0.23] 4.8%
Boeckh-Behrens 2016 5 6 10 37 13.50 [1.40; 13.019] 2.4%
Angermaier 2016 - - - - 0.0%
Ahn 2016 2 8 9 22 0.48 [0.08; 2.95] 3.0%
Yoon 2015 36 64 36 80 1.57 [0.81; 3.05] 5.0%
Wong 2013 3 7 5 11 0.90 [0.13; 6.08] 2.9%
Soize 2013 2 5 17 28 0.43 [0.06; 3.01] 2.8%
Random effects model 3,056 5,984 0.95 [0.61; 1.50] 100.0%
Heterogeneity: l 2=75%, τ2=1.0199, P<0.01

B
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Figure 2. Continued.

0.001 0.1 1
Favors CE Favors LAA

10 1000

Death by 3 months
LAA CE

Study Events Total Events Total Odds ratio OR 95%-CI Weight
Matusevicius 2020 348 1,687 633 2,908 0.93 [0.81; 1.08] 11.1%
Sun B 2019 58 309 108 340 0.50 [0.34; 0.72] 10.3%
Guglielmi 2019 40 175 142 433 0.61 [0.40; 0.91] 10.1%
Garcia-Bermejo 2019 0 22 1 16 0.28 [0.01; 6.33] 1.4%
Deng 2019 4 35 4 46 1.35 [0.31; 5.84] 4.5%
Baik 2019 11 46 6 34 1.47 [0.48; 4.46] 6.0%
Yoshimura 2018 11 197 83 937 0.61 [0.32; 1.16] 8.7%
Sharma 2018 7 24 3 24 2.88 [0.65; 12.87] 4.4%
Maekawa 2018 0 5 4 30 0.15 [0.00; 32.19] 0.5%
Luo 2018 - - - - 0.0%
Lee 2018 - - - - 0.0%
Imahori 2018 0 11 3 39 0.19 [0.00; 14.78] 0.8%
Gory 2018 17 33 13 37 1.96 [0.75; 5.12] 6.8%
Diaz-Perez 2018 14 62 16 52 0.66 [0.28; 1.52] 7.5%
Berndt 2018 1 7 5 21 0.53 [0.05; 5.55] 2.3%
Wen 2017 1 8 0 11 3.83 [0.16; 93.19] 1.4%
Uno 2017 - - - - 0.0%
Park 2017 15 141 71 359 0.48 [0.27; 0.88] 9.0%
Giray 2017 7 19 6 33 2.62 [0.73; 9.49] 5.2%
Bouslama 2017 - - - - 0.0%
Boeckh-Behrens 2016 0 6 10 37 0.06 [0.00; 12.31] 0.5%
Angermaier 2016 - - - - 0.0%
Ahn 2016 - - - - 0.0%
Yoon 2015 9 64 9 80 1.29 [0.48; 3.47] 6.7%
Wong 2013 2 7 3 11 1.07 [0.13; 8.79] 2.7%
Soize 2013 - - - - 0.0%

Random effects model 2,858 5,448 0.88 [0.64; 1.22] 100.0%
Heterogeneity: l 2=42%, τ2=0.3679, P=0.03

0.001 0.1 1
Favors CE Favors LAA

10 1000

SICH
LAA CE

Study Events Total Events Total Odds ratio OR 95%-CI Weight
Matusevicius 2020 40 1,720 81 2,911 0.83 [0.57; 1.22] 16.3%
Sun B 2019 36 309 68 340 0.53 [0.34; 0.82] 15.8%
Guglielmi 2019 13 190 22 476 1.52 [0.75; 3.07] 13.1%
Garcia-Bermejo 2019 0 45 2 36 0.17 [0.01; 3.27] 2.3%
Deng 2019 1 35 1 46 1.32 [0.08; 21.93] 2.5%
Baik 2019 3 48 2 34 1.07 [0.17; 6.75] 5.0%
Yoshimura 2018 4 197 25 937 0.76 [0.26; 2.20] 9.6%
Sharma 2018 5 24 3 24 1.84 [0.39; 8.77] 6.3%
Maekawa 2018 0 5 1 30 0.45 [0.00; 105.21] 0.7%
Luo 2018 - - - - 0.0%
Lee 2018 - - - - 0.0%
Imahori 2018 0 11 1 39 0.43 [0.00; 37.65] 1.1%
Gory 2018 - - - - 0.0%
Diaz-Perez 2018 5 62 2 52 2.19 [0.41; 11.80] 5.7%
Berndt 2018 - - - - 0.0%
Wen 2017 - - - - 0.0%
Uno 2017 - - - - 0.0%
Park 2017 11 141 35 359 0.78 [0.39; 1.59] 13.1%
Giray 2017 2 19 1 33 3.76 [0.32; 44.57] 3.1%
Bouslama 2017 - - - - 0.0%
Boeckh-Behrens 2016 - - - - 0.0%
Angermaier 2016 - - - - 0.0%
Ahn 2016 - - - - 0.0%
Yoon 2015 4 64 1 80 5.27 [0.57; 48.34] 3.8%
Wong 2013 0 7 2 11 0.19 [0.01; 6.43] 1.7%
Soize 2013 - - - - 0.0%

Random effects model 2,877 5,408 0.98 [0.66; 1.44] 100.0%
Heterogeneity: l 2=9%, τ2=0.3335, P=0.35
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gies. While some previous studies suggest a potential benefit 
for patients with LAA in unadjusted results, this association 
was inverted after adjustment in both our SITS-thrombectomy 
database and several other studies.26,47 A similar effect could 
potentially be seen in the studies only reporting unadjusted re-
sults, highlighting the necessity of adjustment for known con-
founders and cautious interpretation of unadjusted results. Im-
portant to note however, we did not find any significant asso-
ciation with the covariates on a study-level in our meta-re-
gression. Our results from the meta-analysis and meta-regres-
sion further emphasize the need for more in-depth analysis of 
stroke etiology and its association with outcomes after EVT. A 
meta-analysis of individual participant data is much needed.

Clinical implications
Despite data suggesting that stroke etiology may affect reper-
fusion and outcomes after EVT, it is still unclear how this 
knowledge could be transferred to the acute setting. Thrombi 
composition and associated underlying vascular changes, such 
as stenosis, may be reasons for differences in EVT outcomes 
between LAA and CE patients. Historically, LAA and CE thrombi 
have been categorized as white and red thrombi, respectively.3,4 
Yet a meta-analysis of thrombi composition only found a trend 
towards this association.48 The main issue is that stroke etiolo-
gy is not known before EVT treatment. However, radiological 
signs such as hyperdense artery sign in the non-contrast com-
puted tomography could suggest the content of the throm-
bus.49,50 The possibility of radiologically differentiating stroke 
etiology was further suggested by a recent consensus state-
ment.51 If this were to be confirmed in future studies, the infor-
mation on etiology could be used for procedural choices given 
the difference in procedural outcomes based on stroke etiology. 
Currently, very limited data exists on etiology playing a signifi-
cant role in procedural choices. One study found a trend for 
converting stent-retriever approach to aspiration with fi-
brin-rich thrombi,35 while other studies suggested that LAA 
thrombi had a lower chance of complete reperfusion on first 
pass15, or more pre-interventional clot migration.52 Additionally, 
fibrin rich thrombi with low erythrocyte percentage were asso-
ciated with less successful reperfusion and higher risk of sec-
ondary embolism,49 while red blood cell rich thrombi where as-
sociated with fewer EVT maneuvers.35 Combined, these results 
would suggest procedural differences based on thrombus com-
position and therefore etiology, with LAA thrombi requiring 
more demanding interventions and higher risk of secondary 
embolism.

Our study has some limitations. Firstly, the retrospective ob-
servational design may have led to unintended bias and an in-

ability to correct for unknown confounders. Secondly, we could 
not validate or fill in any missing clinical or imaging data from 
the study centers due to the international multi-center setting 
of the SITS registry. This could potentially bias our results due 
to the missing data. For the vast majority of cases, we relied on 
ICD-10 diagnoses  which are set by clinicians and added to the 
database. Despite the information and support provided by the 
SITS registry in guiding physicians to use the most recent 
guidelines when diagnosing etiology, this may lead to differ-
ences between clinicians as well as centers. Thirdly, almost a 
quarter of our patients had unspecified or unknown etiologies, 
which may have affected our results. Fourthly, our definition of 
LAA, similarly to the TOAST definition, did not differentiate in 
situ-occlusion from artery-to-artery embolism. This differenti-
ation was not available in the SITS registry, which may influ-
ence our results. Finally, as the meta-analysis used unadjusted 
aggregate data, there is a risk that potential confounders may 
have affected the results. 

Conclusions

In this study based on SITS thrombectomy registry data, we 
observed a lower chance of successful reperfusion and worse 
3-month outcome after EVT for patients with LAA compared to 
CE after adjusting for known confounders, despite presenting 
with fewer risk-factors at baseline. In contrast, our meta-anal-
ysis based on unadjusted aggregate data did not find any dif-
ference in outcomes between etiologies. A meta-analysis of in-
dividual participant data is much needed.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2021.00850.
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Supplementary Table 1. EVT procedural variables

Variable LAA CE P Unknown, other, or multiple etiology

Number 1,903 3,214 2,426

Onset to arterial puncture time (min) 314.7±242.3 296.9±225.1 0.013 308.1±239.1

EVT procedural time (min) 77.3±53.7 56.0±42.6 <0.001 62.3±47

No. of EVT maneuvers 1 (1–2) 1 (1–2) 0.020 1 (1–3)

More than 2 EVT maneuvers, yes 24.1 (390/1,618) 24.1 (673/2,798) 0.999 26.7 (503/1,887)

Primary thrombectomy device, Trevo 27.8 (443/1,595) 30.5 (848/2,783) 0.065 30.6 (576/1,880)

Primary thrombectomy device, Penumbra 24.1 (385/1,595) 26.6 (741/2,783) 0.076 26.6 (500/1,880)

Primary thrombectomy device, Solitaire 21.4 (341/1,595) 16.3 (455/2,783) <0.001 17.6 (330/1,880)

Secondary thrombectomy device, Trevo 22.0 (39/177) 21.2 (72/339) 0.924 23.2 (56/241)

Secondary thrombectomy device, Penumbra 14.1 (25/177) 20.4 (69/339) 0.105 14.5 (35/241)

Secondary thrombectomy device, Solitaire 24.3 (43/177) 24.5 (83/339) 1.000 24.5 (59/241)

Intracranial angioplasty 5.9 (96/1,618) 0.6 (18/2,798) <0.001 2.5 (47/1,887)

Extracranial angioplasty 21.0 (340/1,618) 0.6 (18/2,798) <0.001 3.8 (71/1,887)

Intracranial stenting 4.8 (77/1,618) 1.0 (28/2,798) <0.001 2.9 (54/1,887)

Extracranial stenting 21.4 (347/1,618) 0.8 (21/2,798) <0.001 4.2 (80/1,887)

Intraprocedural anticoagulants 13.2 (223/1,690) 12.5 (362/2,894) 0.531 6.9 (137/1,986)

Intraprocedural platelet inhibitors 19.5 (330/1,690) 4.2 (121/2,894) <0.001 6.7 (133/1,986)

Values are presented as mean±standard deviation, median (interquartile range), or percentage (number). 
EVT, endovascular thrombectomy; LAA, large artery atherosclerosis; CE, cardiac embolism.
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Supplementary Table 2. Risk of bias assessment of the studies included in the meta-analysis according to Newcastle-Ottawa quality assessment 
scale categories

Study
Selection  

(maximum 4 points)
Comparability  

(maximum 2 points)
Outcome  

(maximum 3 points)
Total points  

(maximum 9 points)

Sun et al. (2019)24 4 0 3 7

Guglielmi et al. (2019)15 3 2 3 8

Garcia-Bermejo et al. (2019)31 3 0 3 6

Deng et al. (2019)25 3 1 3 7

Baik et al. (2019)30 4 1 3 8

Yoshimura et al. (2018)33 3 0 3 6

Sharma et al. (2018)34 3 0 3 6

Maekawa et al. (2018)35 4 0 3 7

Luo et al. (2018)36 4 1 3 8

Lee et al. (2018)26 3 2 3 8

Imahori et al. (2019)27 3 0 3 6

Gory et al. (2018)32 3 2 3 8

Díaz-Pérez (2018)37 4 0 3 7

Berndt et al. (2018)38 3 0 2 5

Wen et al. (2017)39 3 0 3 6

Uno et al. (2017)40 3 2 3 8

Park et al. (2017)41 3 0 2 5

Giray et al. (2017)14 3 2 3 8

Bouslama et al. (2017)42 3 0 3 6

Boeckh-Behrens et al. (2016)29 3 0 2 5

Angermaier et al. (2016)43 3 0 3 6

Ahn et al. (2016)44 3 0 3 6

Yoon et al. (2015)28 4 0 3 7

Wong et al. (2013)45 3 0 3 6

Soize et al. (2013)46 3 0 3 6
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Supplementary Figure 1. Flow chart of study selection for meta-analysis, in accordance with Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines.

Supplementary Figure 2. Funnel plots of meta-analysis per outcome variable. (A) Modified Treatment in Cerebral Infarction (mTICI) 2b-3, (B) modified Rankin 
Scale (mRS) 0-2 at 3 months, (C) death by 3 months, and (D) symptomatic intracranial hemorrhage (SICH).
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