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CLINICAL AND POPULATION SCIENCES

Good Clinical Outcome Decreases With Number 
of Retrieval Attempts in Stroke Thrombectomy
Beyond the First-Pass Effect
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BACKGROUND AND PURPOSE: Endovascular therapy is the standard of care in the treatment of acute ischemic stroke due 
to large-vessel occlusion. Often, more than one retrieval attempt is needed to achieve reperfusion. We aimed to quantify 
the influence of endovascular therapy on clinical outcome depending on the number of retrievals needed for successful 
reperfusion in a large multi-center cohort.

METHODS: For this observational cohort study, 2611 patients from the prospective German Stroke Registry included between 
June 2015 and April 2018 were analyzed. Patients who received endovascular therapy for acute anterior circulation stroke 
with known admission National Institutes of Health Stroke Scale score and Alberta Stroke Program Early CT Score, final 
Thrombolysis in Cerebral Infarction score, and number of retrievals were included. Successful reperfusion was defined as a 
Thrombolysis in Cerebral Infarction score of 2b or 3. The primary outcome was defined as functional independence (modified 
Rankin Scale score of 0–2) at day 90. Multivariate mixed-effects models were used to adjust for cluster effects of the 
participating centers and confounders.

RESULTS: The inclusion criteria were met by 1225 patients. The odds of good clinical outcome decreased with every retrieval 
attempt required for successful reperfusion: the first retrieval had the highest odds of good clinical outcome (adjusted odds 
ratio, 6.45 [95% CI, 4.0–10.4]), followed by the second attempt (adjusted odds ratio, 4.56 [95% CI, 2.7–7.7]), and finally the 
third (adjusted odds ratio, 3.16 [95% CI, 1.8–5.6]).

CONCLUSIONS: Successful reperfusion within the first 3 retrieval attempts is associated with improved clinical outcome compared 
with patients without reperfusion. We conclude that at least 3 retrieval attempts should be performed in endovascular therapy 
of anterior circulation strokes.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT03356392.
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Endovascular therapy (EVT) has been established as 
the standard of care in large-vessel occlusion stroke,1 
and successful reperfusion is the most important 

modifiable predictor of good clinical outcome.2 Often, 

more than one retrieval attempt is needed to achieve 
successful reperfusion. In cases of persistent occlu-
sion, it is currently unknown how many retrieval attempts 
should be performed before terminating the procedure.
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Studies have reported that clinical outcomes are most 
favorable in patients achieving a Thrombolysis in Cere-
bral Infarction (TICI) score of 3 after the first retrieval 
attempt.3,4 With multiple retrieval attempts, improved 
rates of successful reperfusion could be obtained, how-
ever, the effect on clinical outcome is not fully under-
stood, with conflicting results in the literature.5,6 In some 
studies, multiple retrieval attempts were reported to 
be negatively associated with good clinical outcome.7,8 
In contrast, a recent study suggested that the number 
of retrievals required for successful reperfusion is not 
predictive of good clinical outcome.9 Most of the cited 
studies are single-center analyses, and their results are 
based on the dichotomization of retrieval number. Thus, 
the relative effect of each subsequent retrieval on clinical 
outcome is unknown.

The aim of the present study was to provide a 
detailed analysis describing the effect of the number of 
retrievals on functional outcome. We hypothesize that, 
in cases of successful reperfusion, the odds ratio (OR) 
of a good outcome decreases with increasing number 
of retrieval attempts.

METHODS
Data Availability
Anonymized study data are available from the corresponding 
author upon reasonable request.

Patient Selection
Two thousand six hundred eleven patients enrolled in the 
German Stroke Registry—Endovascular Treatment (GSR-ET 
07/2015-04/2018) were screened for inclusion. The German 
Stroke Registry—Endovascular Treatment is an ongoing, open-
label, prospective, multi-center registry of consecutively col-
lected EVT patients, with 25 participating sites in Germany.10

The inclusion criteria for the present study were (1) acute 
ischemic stroke due to large-vessel occlusion in patients >18 
years, (2) decision to perform EVT, (3) large-vessel occlusion in 
the anterior circulation confirmed on digital subtraction angiog-
raphy and with documented location of occlusion (4) available 

data on the Alberta Stroke Program Early CT Score (ASPECTS) 
on admission imaging, admission National Institutes of Health 
Stroke Scale (NIHSS) score, number of retrieval attempts, final 
TICI following angiography, and modified Rankin Scale (mRS) 
score at 90 days (mRS90). Exclusion criteria were occlusions 
of the extracranial internal carotid artery or internal carotid 
artery proximal to the carotid-T, as well as concomitant stenting 
of the extracranial internal carotid artery.

Study protocols and procedures were conducted in com-
pliance with the Declaration of Helsinki and in accordance to 
ethical guidelines (the leading ethics committee of the Ludwig-
Maximilians University Munich approved the German Stroke 
Registry—Endovascular Treatment and the study obtained addi-
tional approval from the local ethics committees of the partici-
pating hospitals).

Data Acquisition and Management
Data acquisition was performed according to the protocol of 
the German Stroke Registry—Endovascular Treatment, as pre-
viously described.10,11 In summary, all data were collected by 
the local neurointerventionalists and neurologists, and the col-
lected data underwent standardized quality checks to control 
for consistency, plausibility, and completeness.

ASPECTS was determined on preintervention nonenhanced 
computer tomography scans or diffusion-weighted imaging 
(in the case of magnetic resonance imaging). The TICI score 
was assessed on the final angiographic series by the attend-
ing interventionalist. Successful reperfusion was defined as a 
final TICI score of 2b or 3. The total number of retrievals per-
formed was documented following intervention by the neuro-
interventionalist and included both aspiration attempts, as well 
as retrievals with stent retriever devices. Good clinical outcome 
was defined as mRS90 of ≤2.

Statistical Analysis
All analyses were performed with the R statistics program 
(v.3.5.2, R Core Team 2018, Vienna Austria; RStudio IDE v. 
1.1.463, Boston, MA).12 Normally distributed variables are dis-
played as mean and SD. Non-normally distributed data are 
displayed as median and interquartile range (IQR). Categorical 
variables are reported as proportions.

The number of retrieval attempts needed to achieve suc-
cessful reperfusion was included in the multivariable analysis. 
Patients requiring >6 retrieval attempts were combined into 
one category. Patients who did not achieve successful reperfu-
sion at the end of the procedure after any number of attempts 
were used as the reference group. We performed complete-
case analyses using the well-established framework of gener-
alized mixed-effects models with random intercepts to account 
for the cluster effect of the participating centers while using 
the binomial link function when modeling the primary outcome, 
mRS90, binarized at mRS score ≤2 versus mRS score >2.13,14 
The distribution of the random effects was considered to follow 
a gaussian distribution. To increase comparability with previ-
ous studies15 and the HERMES (Highly Effective Reperfusion 
evaluated in Multiple Endovascular Stroke Trials) meta-anal-
yses,16 the applied mixed-effect logistic regression model 
was also adjusted for (fixed effects of) age, baseline stroke 
severity (NIHSS) score, baseline ASPECTS, and successful 

Nonstandard Abbreviation and Acronyms

ASPECTS Alberta Stroke Progrm Early CT score
EVT endovascular therapy
IQR interquartile range
mRS modified Rankin Scale
mRS90 mRS score at 90 days
NIHSS  National Institutes of Health Stroke 

Scale
OR odds ratio
TICI Thrombolysis in Cerebral Infarction



CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Flottmann et al Retrieval Attempts and Outcome in Thrombectomy

484  February 2021 Stroke. 2021;52:482–490. DOI: 10.1161/STROKEAHA.120.029830

reperfusion of the N-th retrieval attempt. In line with findings 
of recent meta-analyses, we chose to omit sex and the site of 
intracranial occlusion.17,18 Nonetheless, as sensitivity analyses, 
we investigated the robustness of the base model’s estimates 
by additionally adjusting for sex and time from groin puncture 
to flow restoration (Table I in the Data Supplement) and site 
of intracranial occlusion (terminal internal carotid artery, middle 

cerebral artery [proximal M1, distal M1, M2], and anterior cere-
bral artery; Table II in the Data Supplement). We furthermore 
investigated the effect of combining the groups of successful 
reperfusion achieved after ≥4 retrievals on the predictor esti-
mates of the primary model (Table III in the Data Supplement). 
Model fits were compared using the likelihood-ratio test,13,14 
as well as the Bayesian- and Akaike-information criteria.19 To 
facilitate the clinical application of our results, we additionally 
calculated average marginal predicted probabilities with 95% 
CI overall levels of the random effects (all centers). Thus, we 
can provide the average fixed effect of the number of retrievals 
required and the corresponding probability of good functional 
outcome (mRS score ≤2) across the range of baseline model 
predictors, which should be representative on a populational 
level for all (participating) German neurointerventional centers. 
Figures were created using the ggplot2 grammar of graphics. 
P<0.05 were considered significant. Due to the explorative 
nature of our analyses, P values were not adjusted for multiple 
testing.

RESULTS
Baseline Characteristics
We identified 2611 patients in the complete data set, 
1225 of which fulfilled the inclusion criteria (patient 
selection flowchart, Figure I in the Data Supplement). 
Among these, 53.1% were female, and the mean age 
was 73.0 (±13.2) years (Table 1). The median NIHSS 
score on admission was 15 (IQR, 10–19). The median 
ASPECTS on admission imaging was 9 (minimum: 1, 
IQR: 7–10, maximum: 10). The median number of retriev-
als was 2 (minimum: 0, IQR 1–3, maximum: 20).

The primary outcome mRS90 showed an almost uni-
form distribution across scores 0 to 5 (minimum–max-
imum: 8.3%–14.9%) while a score of 6 accounted for 
28.3%. Hence, generalized mixed-effects models using 
binomial regression frameworks were used on binarized 
mRS scores (poor outcome: mRS score >2, 62.5% ver-
sus favorable outcome: mRS score ≤2, 37.5%).

Table 1. Baseline Clinical Data

Variable  

Age, y (mean, SD) 73.0 (13.2)

Female sex (%) 53.1%

Hypertension (%) 74.7%

Diabetes (%) 20.2%

Dyslipidemia (%) 32.4%

Atrial fibrillation (%) 44.5%

Initial NIHSS score (median, Q1–Q3) 15 (10–19)

Initial ASPECTS (median, Q1–Q3) 9 (7–10)

Initial occlusion site, %

 Left hemisphere 51.0%

Location of vessel occlusion

 Carotid-T 14.3%

 M1 proximal 37.1%

 M1 distal 22.0%

 M2 21.8%

Intravenous tPA, n (%) 55.7%

Onset to admission, min (median, Q1–Q3)* 116 (55–193)

Stroke cause

 Cardioembolism 56.3%

 Dissection 0.8%

 Atherosclerosis 18.6%

 Other determined cause 5.0%

 Unknown cause 19.2%

ASPECTS indicates Alberta Stroke Program Early CT score; NIHSS, National 
Institutes of Health Stroke Scale; and tPA, tissue-type plasminogen activator.

*Available for 747/1225 patients.

Table 2. Patient Characteristics and Outcome by Number of Retrieval Attempts and Reperfusion Status Table 2. Continued

Final retrieval/aspiration attempt, number of 
patients

No attempt  
performed (n=38) First attempt (n=536) Second attempt (n=281) Third attempt (n=171) Fourth attempt (n=77) Fifth attempt (n=46) ≥6 attempts (n=76)

TICI score at end of procedure 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a

No. of patients 38 (100%) 502/1225 (41.0%) 34/1225 (2.8%) 235/648 (36.2%) 46/648 (7.1%) 148/367 (40.3%) 23/367 (6.2%) 58/196 (29.6%) 19/196 (9.7%) 35/119 (29.4%) 11/119 (9.2%) 44/76 (57.8%) 32/76 (42.1%)

Age, y (mean, SD) 77.4 (12.3) 73.3 (13.0) 74.5 (13.6) 73.0 (13.6) 72.2 (14.8) 73.5 (12.6) 74.0 (10.2) 72.5 (13.5) 69.3 (12.3) 71.6 (14.6) 65.1 (17.2) 69.6 (13.2) 70.6 (12.4)

Female sex (%) 57.9% 51.7% 55.9% 56.1% 50.0% 50.0% 69% 53.4% 52.6% 60% 45.5% 45.4% 56.3%

Admission NIHSS score† (median, Q1–Q3) 14.5 (8–20) 15 (10–18) 15 (8–18) 15 (9–19) 14.5 (12–18) 15 (11–19) 16 (10–19) 17 (15–20) 15 (9–18) 17 (14–19) 21 (17–22) 15 (12–17) 16 (14.5–19.5)

ASPECTS on admission imaging (median, Q1–Q3) 8 (7–9) 9 (7–10) 8 (6–9) 9 (7.5–10) 8.5 (6–10) 9 (7–10) 9 (7–10) 8.5 (8–9) 8 (6.5–9) 8 (7–10) 7 (6–8) 8 (7–9.25) 8 (6–9)

Time from groin puncture to final TICI score, min 
(median, Q1–Q3)†

58 (34–82) 28 (20–44) 40 (31–66) 37 (28–55) 48 (31–64) 51 (30–75) 85 (71–98) 56.5 (35–85) 68 (52–74) 60 (53–88) 125 (118–179) 93 (64–117) 80 (61–122.5)

Good clinical outcome (mRS score at 90 days 
≤2, %)

23.7% 49.4% 32.4% 42.1% 19.6% 33.1% 4% 22.4% 10.5% 31.4% 9.1% 18.2% 3%

(Continued ) ASPECTS indicate Alberta Stroke Program Early CT score; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and TICI, Thrombolysis 
in Cerebral Infarction.

*Included in multivariable analysis.
†Available for 1090/1225 patients.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
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Seventeen centers contributed patients who fulfilled 
all inclusion criteria and the number of patients showed 
a highly skewed distribution. The top 4 recruiting cen-
ters (each of which treated >10% of the total collective) 
generated ≈55% of the study cohort. Another 7 centers, 
each providing 2% to 10% of the cases, accounted for 
≈37%. The remaining 6 (contributing <2% of the collec-
tive each) provided ≈8% of the total. Similarly, the inclu-
sion of cluster effects resulted in a strong trend towards 
improved model fit (χ2=3.27, PLRT=0.071) compared with 
the base model without the random term for participating 
centers.

Patient Characteristics by Number of Retrieval 
Attempts
In 536/1225 (43.8%) patients, only one retrieval attempt 
was performed (Table 2). The mean age was 73.5 
years, the median NIHSS score was 15, and the median 
ASPECTS was 9. Of these patients, 257 (48%) had a 
good clinical outcome. In 76 patients, >5 retrievals were 
performed. These patients were younger (mean age 70 
years), and their median NIHSS score was slightly higher 
at 16, while their median ASPECTS was slightly lower 
at 8. Of these, 11.8% had a good clinical outcome. In 
38 patients, no retrieval attempt was performed due to 
technical or procedural difficulties, with final TICI scores 
of 0 to 2a. Of these, 23.7% had a good clinical outcome.

Cumulative Analysis of Reperfusion and Good 
Clinical Outcome by Number of Retrievals
Successful reperfusion after one retrieval attempt 
was achieved in 502/1225 patients (41.0%), 
increasing to 83.4% after considering the total num-
ber of attempts (Figure 1A). While 4 or more passes 
resulted in higher rates of successful reperfusion, 
no substantial improvement in clinical outcome was 

observed (Figure 1B). In general, the greater the 
number of attempts, the worse the mRS90, with the 
exception of cases in which 5 retrieval attempts were 
required (Figure 1C).

Primary Multivariate Analyses
The primary mixed-effects logistic regression model 
(Table 3) showed a model fit Akaike information crite-
rion=1247, which was significantly (PLRT <0.001) better 
than any combination or subset of the included predic-
tors. The random effects intercept for centers showed a 
variance of 0.048 and SD=0.22 on the logit scale. The 
inclusion of center-based cluster effects showed a trend 
towards (P=0.12) improved model fit compared with fit-
ting the same model using ordinary logistic regression 
with no clustering.

The model revealed highly significant negative asso-
ciations between older age and higher baseline NIHSS 
score and mRS90 ≤2. A positive association was 
observed for ASPECTS of 8 to 9 and 10 (P=0.011 and 
0.013, respectively). Success after the first, second, 
and third retrievals showed a highly significant positive 
association with mRS score ≤2 at 90 days. The effect 
sizes gradually decreased from success after the first to 
the fourth retrieval with OR of 6.45 to 1.70, respectively 
(Table 3). Interestingly, successful reperfusion after the 
fifth retrieval attempt was significantly associated with 
a larger positive effect (OR, 2.90 [95% CI, 1.11–7.59]). 
The estimated effect on outcome then reverted to nega-
tive in cases requiring 6 or more retrievals, without sta-
tistical significance (OR, 0.82 [95% CI, 0.32–2.14]). The 
primary model-based estimates of averaged marginal 
probabilities of good clinical outcome (mRS score ≤2) 
across all centers with respect to number of retrievals 
required for successful reperfusion adjusted for age, 
baseline NIHSS score, and ASPECTS are depicted in 
Figure 1D.

Table 2. Patient Characteristics and Outcome by Number of Retrieval Attempts and Reperfusion Status Table 2. Continued

Final retrieval/aspiration attempt, number of 
patients

No attempt  
performed (n=38) First attempt (n=536) Second attempt (n=281) Third attempt (n=171) Fourth attempt (n=77) Fifth attempt (n=46) ≥6 attempts (n=76)

TICI score at end of procedure 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a 2b/3* 0–2a

No. of patients 38 (100%) 502/1225 (41.0%) 34/1225 (2.8%) 235/648 (36.2%) 46/648 (7.1%) 148/367 (40.3%) 23/367 (6.2%) 58/196 (29.6%) 19/196 (9.7%) 35/119 (29.4%) 11/119 (9.2%) 44/76 (57.8%) 32/76 (42.1%)

Age, y (mean, SD) 77.4 (12.3) 73.3 (13.0) 74.5 (13.6) 73.0 (13.6) 72.2 (14.8) 73.5 (12.6) 74.0 (10.2) 72.5 (13.5) 69.3 (12.3) 71.6 (14.6) 65.1 (17.2) 69.6 (13.2) 70.6 (12.4)

Female sex (%) 57.9% 51.7% 55.9% 56.1% 50.0% 50.0% 69% 53.4% 52.6% 60% 45.5% 45.4% 56.3%

Admission NIHSS score† (median, Q1–Q3) 14.5 (8–20) 15 (10–18) 15 (8–18) 15 (9–19) 14.5 (12–18) 15 (11–19) 16 (10–19) 17 (15–20) 15 (9–18) 17 (14–19) 21 (17–22) 15 (12–17) 16 (14.5–19.5)

ASPECTS on admission imaging (median, Q1–Q3) 8 (7–9) 9 (7–10) 8 (6–9) 9 (7.5–10) 8.5 (6–10) 9 (7–10) 9 (7–10) 8.5 (8–9) 8 (6.5–9) 8 (7–10) 7 (6–8) 8 (7–9.25) 8 (6–9)

Time from groin puncture to final TICI score, min 
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58 (34–82) 28 (20–44) 40 (31–66) 37 (28–55) 48 (31–64) 51 (30–75) 85 (71–98) 56.5 (35–85) 68 (52–74) 60 (53–88) 125 (118–179) 93 (64–117) 80 (61–122.5)

Good clinical outcome (mRS score at 90 days 
≤2, %)

23.7% 49.4% 32.4% 42.1% 19.6% 33.1% 4% 22.4% 10.5% 31.4% 9.1% 18.2% 3%

(Continued ) ASPECTS indicate Alberta Stroke Program Early CT score; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and TICI, Thrombolysis 
in Cerebral Infarction.

*Included in multivariable analysis.
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Secondary Analyses Including Time From Groin 
Puncture to Flow Restoration
Time from groin puncture to flow restoration was available 
in 88.1% (1090/1225) of patients. It showed a skewed 
distribution with a median time from groin puncture to 
flow restoration of 38.0 minutes (IQR, 25–61). The sub-
set of patients with available time from groin puncture to 
flow restoration achieved successful reperfusion in 91% 
of the cases. Figure 2 depicts the influence of number 
of retrievals on clinical outcome, stratified by time from 
groin puncture to flow restoration. The secondary mixed-
effects model was additionally adjusted for time from 
groin puncture to flow restoration and sex, as well as pre-
dictors of the base model (Table 3). Detailed estimates 
of this secondary model are available in (Table I in the 
Data Supplement). The effect sizes remained robust for 
age, NIHSS score, and ASPECTS 8 to 10. Likewise, the 
positive association between success after the first (OR, 
4.56 [95% CI, 2.47–8.44]), second (OR, 3.30 [95% CI, 
1.72–6.35]), and third (OR, 2.14 [95% CI, 1.07–4.28]) 
retrieval and good outcome were significant, although 

effect sizes were slightly reduced. Furthermore, although 
not statistically significant, the estimated coefficients of 
the effects of the fourth and fifth retrievals (p4th=0.55, 
p5th=0.18) remained positive, whereas 6 or more retriev-
als resulted in a negative effect size (OR, 0.59 [95% CI,  
0.21–1.64]).

As a sensitivity analysis, the model was further expanded 
and adjusted for treatment with intravenous thromboly-
sis and site of intracranial occlusion (Table II in the Data 
Supplement). The significant association with good out-
come (including both the effect sizes and their directions) 
remained fairly constant for age, NIHSS score, and success 
at the first, second, and third retrieval attempts, while treat-
ment with intravenous thrombolysis and ASPECTS 8 to 9 
and 10 narrowly escaped the 0.05 significance threshold. 
None of the considered occlusion sites showed a signifi-
cant association. This was primarily done for comparability 
to the model applied in the HERMES meta-analysis.

Results of the sensitivity analysis refitting the primary 
model by combining the heterogenous subgroups of suc-
cess at >4 retrieval attempts remained highly consistent 

Figure 1. Association of the number of retrieval attempts with good clinical outcome (modified Rankin Scale score at 90 d 
[mRS90] ≤2) and successful reperfusion (Thrombolysis in Cerebral Infarction [TICI] score of 2b/3).
A, Cumulative proportion of good clinical outcome and successful reperfusion by the number of retrieval attempts needed to achieve successful 
reperfusion. B, Contribution of each successful retrieval attempt to the absolute proportion of patients with successful reperfusion (TICI score of 
2b/3). C, Relative proportion of mRS90 by number of retrieval attempts needed to achieve successful reperfusion. D, Primary mixed-effects model-
based estimates of averaged marginal probabilities of good clinical outcome (mRS score ≤2) with 95% CI across all participating centers with 
respect to number of retrievals required for successful reperfusion, adjusted for age, baseline National Institutes of Health Stroke Scale score, and 
Alberta Stroke Program Early CT score. 0 denotes no successful reperfusion achieved (TICI score of 0–2a); 6, aggregation of ≥6 attempts. 

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.120.029830
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with the above results and are available in Table III in the 
Data Supplement.

DISCUSSION
In this large multi-center cohort of patients with EVT for 
anterior circulation stroke, multivariate outcome analyses 
were performed to investigate the association between 
number of EVT retrieval attempts and clinical outcome. 
The main finding of our in-depth analyses is that, after 
adjusting for well-known confounders (age, NIHSS 
score, and ASPECTS), successful reperfusion achieved 
during the first, second, and third retrieval attempt was 
significantly associated with improved clinical outcome 
compared with patients without successful reperfusion. 
These positive effects persisted after adjusting for pro-
cedural time from groin puncture to flow restoration, as 
well as for intravenous thrombolysis or site of occlu-
sion.16 However, the effect size gradually decreased with 
increasing number of attempts.

This is the first multi-center register study investigat-
ing the relationship between number of retrieval attempts 
and good clinical outcome, adjusting both for confound-
ers, and for cluster effects possibly caused by multi-
center data acquisition. Adjusting for the cluster effect 
of treating centers by using random effects terms has a 
fundamental conceptual difference and advantage com-
pared with using ordinary multivariate logistic regression 
to evaluate multi-centric registry data,6 because, by doing 

so, we do not assume that the treatment effect within 
each center is deterministically equal, but rather that it is 
drawn from a common distribution centered on the over-
all effect across centers.16 Furthermore, we expect that 
good clinical outcome and number of retrievals required 
for reperfusion are correlated within the centers. To 
emphasize this concept, for the first time, we also pro-
vided model estimates of averaged marginal probabilities 
of good clinical outcome (mRS90 ≤ 2) across all centers 
with respect to number of retrievals required for suc-
cessful reperfusion adjusted for age, baseline NIHSS 
score, and ASPECTS (Figure 1D), which should be rep-
resentative of the entire underlying population (ie, par-
ticipating German centers). These probability estimates 
can be directly interpreted in the clinical decision-making 
process, unlike estimates on the odds ratio scale.20

Improved clinical outcome after successful reperfu-
sion with one retrieval has been previously reported as 
the first-pass effect, but the cohort used for comparison 
was heterogenous (TICI 0–3).3 In their study, Nikoubash-
man et al4 addressed this issue and were able to confirm 
a true first-pass effect when comparing TICI 3 reperfu-
sion after one device pass versus multiple passes in a 
matched cohort of patients. Following their argumenta-
tion, we compared outcomes in patients with success-
ful reperfusion, stratified by number of retrievals, as a 
means to look beyond the (true) first-pass effect. We 
found that the odds for good clinical outcome decreased 
within the first 3 retrievals leading to reperfusion, even 
after adjusting for the time from groin puncture to flow 
restoration. It is of note that the investigated patient col-
lective (n=1225) is large in comparison to the pooled 
patient data of 5 trials included in the EVT treatment 
path of the HERMES meta-analysis (n=645), further 
supporting the robustness of our estimates. Our rate of 
good clinical outcome (37.7%) was comparable to the 
HERMES analysis (46%)16; the difference is most likely 
explained by the stricter inclusion criteria of randomized 
controlled trials.

The rate of successful reperfusion after the first 
retrieval attempt was 41%, decreasing to ≈30% with sub-
sequent attempts, as has been previously published.5,8 It 
is perhaps intuitive that, although the first attempt is the 
most important, subsequent attempts are still effective 
to achieve reperfusion. Nevertheless, as shown in Fig-
ure 1A, although >3 device passes improves the rate of 
reperfusion, the rate of good clinical outcome does not 
increase, which has been previously reported.5,6

Bai et al6 investigated the effect of mechanical throm-
bectomy in a similarly multi-centric (n=21) registry study 
including 698 patients from Chinese centers. They used 
ordinary multivariate logistic regression without incorpo-
rating cluster (ie, center) effects. The number of passes 
were dichotomized at ≤3 versus >3. The proportion of 
>3 passes required (65/472; 13.8%) was comparatively 
low and was almost identical to our cohort (137/1022; 

Table 3. Summary Table of Predictor Estimates by the Pri-
mary Multivariate Mixed-Effects Logistic Regression Model 
With Cluster Effects for Centers

Predictor variable OR (95% CI)*

Age† 0.94 (0.93–0.95)

NIHSS score† 0.88 (0.85–0.90)

ASPECTS 0–5 Reference level

ASPECTS 6–7 0.99 (0.53–1.84)

ASPECTS 8–9 2.10 (1.19–3.72)

ASPECTS 10 2.12 (1.17–3.82)

No Success (TICI 0–2a) Reference level

Success at first retrieval 6.45 (4.00–10.39)

Success at second retrieval 4.56 (2.69–7.73)

Success at third retrieval 3.16 (1.77–5.64)

Success at fourth retrieval 1.70 (0.74–3.92)

Success at fifth retrieval 2.90 (1.11–7.59)

Success at sixth retrieval 0.82 (0.32–2.14)

(Intercept) 66.0 (22.7–192.3)

Coefficients and standard errors are reported on the logit scale. ASPECTS 
indicates Alberta Stroke Program Early CT score; NIHSS, National Institutes of 
Health Stroke Scale; OR, odds ratio; and TICI, Thrombolysis in Cerebral Infarction.

*Please note that CIs are not necessarily symmetrical for mixed-effects 
models.

†Age and NIHSS score were treated as continuous variables; ASPECTS and 
success at N-th retrieval were treated as factors.
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13.4%). Bai et al found poorer clinical outcomes after 
>3 device passes, which is also confirmed by our results.

A recent study by Bourcier et al15 investigated the 
effect of ≤3 versus >3 passes on adverse events, par-
ticularly with regard to symptomatic intracranial hemor-
rhage in acute anterior ischemic stroke. They employed 
a similar statistical framework of mixed-effects model to 
our study, albeit in a considerably smaller cohort of 281 
patients, and reported a tendency towards negative clini-
cal outcome when >3 device passes with stent retrievers 
were needed to achieve reperfusion.

In contrast, Tonetti et al reported that the number of 
passes is not an independent predictor of good clini-
cal outcome. They compared patients with successful 
reperfusion after >3 passes to patients without reperfu-
sion. However, the comparison group of patients without 
reperfusion was very small (n=20). Furthermore, none of 
the patients without reperfusion had a good clinical out-
come (compared with 16.7% in our study).

One could argue that the number of retrieval attempts 
is a surrogate for the procedure time. However, as shown 
in Figure 2, ≥4 retrievals were generally associated with 

lower rates of good clinical outcome, independent of the 
time from groin puncture to flow restoration. The sec-
ondary analysis, corrected for this time frame, revealed 
2 findings: first, the procedure time was not a significant 
predictor of clinical outcome. This might be due to the 
fact that the time from groin puncture to flow restora-
tion is only a small portion of the total vessel occlusion 
time. Second, the odds of good clinical outcome by num-
ber of retrievals changed only marginally, with the first 3 
retrievals still being significantly superior compared with 
no reperfusion at all.

In our study cohort, success during the first 3 and 
fifth attempts had a significant positive association with 
good outcome (when not correcting for time from groin 
puncture to flow restoration). The positive association 
observed for the fifth retrieval might be explained by a 
random subsample of cases with a higher proportion 
of better collaterals. However, this effect diminished in 
the expanded models, which also included time from 
groin puncture to flow restoration and sex (Table I in the 
Data Supplement), along with intravenous thrombolysis 
and site of intracranial occlusion (Table II in the Data 

Figure 2. Relative proportion of good clinical outcome (modified Rankin Scale [mRS] score at 90 0-2) by successful retrieval, 
stratified by quartiles of time from groin puncture to final Thrombolysis in Cerebral Infarction (TICI) score.
Even after adjusting for time from groin puncture to final TICI score, up to 3 retrieval attempts were significantly associated with good clinical 
outcome in secondary multivariate analyses. 0 denotes no successful reperfusion achieved (TICI score of 0–2a); 6, aggregation of ≥6 attempts.
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Supplement). Interestingly, the odds ratio estimator for 
≥6 retrievals remained negative, albeit not significantly 
so. However, it potentially suggests that successful 
retrievals after >5 attempts could result in a worse clini-
cal outcome when compared with no retrieval attempt 
at all. Further studies are warranted to investigate this 
hypothesis. A possible cause for the negative effects 
of multiple retrieval attempts could be vessel damage 
induced by the stent retriever and aspiration devices.21

Further studies should consider different locations of 
occlusion (eg, posterior circulation strokes), investigate 
the influence of different procedural techniques (aspira-
tion or stent-retriever first), and try to identify patients 
who benefit (or are possibly harmed) from reperfusion 
after multiple attempts.

The present study includes data from 17 different 
stroke centers. We adjusted our results for the most 
important confounders (age, NIHSS score, ASPECTS). 
However, other known predictors of stroke severity could 
not be considered (eg, time from symptom onset, collat-
eral status, EVT technique). Dichotomizing patients into 
successful reperfusion (TICI score of 2b/3) and unsuc-
cessful reperfusion (TICI score of 0–2a) leads to infor-
mation loss, as TICI 2a represents a heterogenous group 
of patients and clinical outcome can differ substantially 
between TICI 2b and 3.22,23 We did not elaborate on rea-
sons for failure of reperfusion and resulting termination 
of procedure.24 We could not differentiate the underlying 
cause for multiple retrieval attempts, especially between 
intracranial atherosclerosis, persistent occlusions, and re-
occlusions,25,26 and no distinction was possible between 
sudden and step-wise recanalization.27 Some variables 
had missing data, which led to the exclusion of patients 
and, therefore, a possible selection bias, although the 
average rate of missing data for the primary multivari-
ate analysis was considerably low with 9.7% (Figure I 
and Table IV in the Data Supplement). Furthermore, 
the determination of ASPECTS on admission, final TICI 
score, as well as the documentation of the number of 
retrievals, was done by the treating interventionalist and 
is subject to interrater variability.28

SUMMARY
Our analyses provide detailed insights about the associa-
tion between clinical outcome and the number of attempts 
leading to successful reperfusion in a large multi-centric 
register study. In EVT for anterior circulation strokes, at 
least 3 retrieval attempts should be performed in cases 
of persistent occlusion; in up to 5 attempts, a beneficial 
association with good clinical outcome is expected.
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