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ABSTRACT
Background  Higher expanded Treatment In Cerebral 
Ischemia (eTICI) reperfusion scores after endovascular 
treatment (EVT) are associated with better outcomes. 
However, the influence of the number of passes on this 
association is unclear. We aimed to compare outcomes of 
single-pass good reperfusion (eTICI 2B) with multiple-
pass excellent/complete reperfusion (eTICI 2C/3) in daily 
clinical practice.
Methods  We compared outcomes of patients in the 
MR CLEAN Registry with good reperfusion (eTICI 2B) in a 
single pass to those with excellent/complete reperfusion 
(eTICI 2C/3) in multiple passes. Regression models were 
used to investigate the association of single-pass eTICI 
2B versus multiple-pass eTICI 2C/3 reperfusion with 90-
day functional outcome (modified Rankin Scale (mRS)), 
functional independence (mRS 0–2), per-procedural 
complications and safety outcomes.
Results  We included 699 patients: 178 patients with 
single-pass eTICI 2B, and 242 and 279 patients with 
eTICI 2C/3 after 2 and ≥3 passes, respectively. Patients 
with eTICI 2C/3 after 2 or ≥3 passes did not achieve 
significantly better functional outcomes compared with 
patients with single-pass eTICI 2B (adjusted common OR 
(acOR) 1.06, 95% CI 0.75 to 1.50 and acOR 0.88, 95% 
CI 0.74 to 1.05 for 90-day mRS, and adjusted OR (aOR) 
1.24, 95% CI 0.78 to 1.97 and aOR 0.79, 95% CI 0.52 
to 1.22 for functional independence).
Conclusions  Our results did not show better outcomes 
for patients who achieved eTICI 2C/3 in multiple, that 
is, two or more, passes when compared with patients 
with single-pass eTICI 2B. However, this concerns 
observational data. Further research is necessary to 
investigate the per-pass effect in relation to reperfusion 
and functional outcome.

INTRODUCTION
The procedural goal of endovascular treatment 
(EVT) for acute ischemic stroke is to remove the 
causative thrombus and achieve successful reperfu-
sion of the ischemic brain tissue as fast as possible.1 
EVT is considered successful if >50% of the area 

distal from the original thrombus is reperfused, 
scored as an extended Thrombolysis in Cerebral 
Ischemia (eTICI)  ≥2B (good reperfusion).2 3 A 
further improved reperfusion grade to eTICI 2C 
(indicating excellent, 99% reperfusion) or 3 (indi-
cating complete, 100% reperfusion) is associated 
with a further improved functional outcome.4 5

However, additional EVT device passes 
have been associated with worse functional 
outcomes.1 6–12 As such, too many additional 
attempts could ultimately outweigh the benefit 
of an improved reperfusion grade. Previous 
studies have indeed found that the positive effect 
on functional outcome of reaching excellent/
complete reperfusion over good reperfusion 
diminishes with an increasing number of passes 
and prolonged procedure time.6 13 Greater 
infarct volumes, increased clot fragmentation 
with distal embolization, and accumulated endo-
thelial damage after multiple passes are possible 
explanations for this negative association 
between increasing number of passes and func-
tional outcome.13–16

The question arises whether during EVT, addi-
tional passes to achieve eTICI 2C/3 should be 
undertaken when eTICI 2B has been achieved 
after one pass. Although it is known that more 
attempts lead to worse outcomes,1 6–12 it is 
unknown whether an optimal or maximum 
number of attempts can be defined when trying 
to achieve the highest possible reperfusion 
grade if sufficient reperfusion has already been 
achieved during the procedure. This question 
hinges on when the disadvantages associated 
with additional passes begin to outweigh the 
expected benefit of improved tissue reperfusion.

Therefore, we aimed to explore the relation 
between number of passes, final reperfusion 
score and functional outcome. To this end, we 
compared functional outcomes of single-pass 
good reperfusion (eTICI 2B) with multiple-pass 
excellent/complete reperfusion (eTICI 2C/3) in 
a large dataset of patients treated with EVT in 
daily clinical practice.
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METHODS
Patient selection
Patients included in this study were recruited from the MR 
CLEAN Registry: a prospective, observational multicenter 
registry that collected data of patients treated with EVT for 
acute ischemic stroke due to intracranial large vessel occlusion in 
17 intervention hospitals in the Netherlands, since the comple-
tion of the MR CLEAN trial in March 2014.17 The central 
medical ethics committee of the Erasmus MC gave permission 
to carry out the study as a registry (MEC-2014–235).17 With 
this approval it was approved by the research board of each 
participating center. At UMC Utrecht, approval to participate 
in the study was obtained from their own research board and 
ethics committee. Source data of this study will not be available 
due to privacy regulations, but analytic methods, study materials 
and scripts of the statistical analysis are available on reasonable 
request.

The current study reports on patients treated between March 
14, 2014 and November 1, 2017. All patients without contra-
indications received 0.9 mg/kg intravenous alteplase before 
EVT. We used the following inclusion criteria: intracranial 
proximal occlusion in the anterior circulation (internal carotid 
artery (ICA), M1 or M2 segments of the middle cerebral artery), 
age  ≥18 years, onset to groin  <6.5 hours, and treatment 
performed in a MR CLEAN trial center. We excluded patients 
who did not receive mechanical thrombectomy due to access 
problems or patients with reperfusion on the first intracranial 
digital subtraction angiography (DSA) run.

Imaging analyses
All patients underwent the standard acute ischemic stroke 
imaging protocol at baseline, as advised by the Dutch guidelines, 
including non-contrast computed tomography (NCCT) and CT 
angiography (CTA). The following imaging characteristics were 
evaluated by the MR CLEAN Registry imaging core lab, whose 
members were blinded to all clinical data except for occlusion 
side 17: Alberta Stroke Program Early CT Score (ASPECTS) on 
baseline NCCT, clot burden score, 4-grade collateral score, pres-
ence of cervical carotid lesions, and location of the occlusion on 
baseline CTA. Reperfusion status, occurrence of per-procedural 
embolization to a new territory (ENT) and vessel perforation 
were evaluated by the imaging core lab on DSA imaging.

Post-treatment reperfusion status was evaluated according 
to the eTICI score.18 Complete post-intervention DSA imaging 
including anteroposterior and lateral views were mandatory in 
order to evaluate successful reperfusion (eTICI  ≥2B). Good 
reperfusion was defined as eTICI 2B (≥50% reperfusion), excel-
lent reperfusion as eTICI 2C (99% reperfusion), and complete 
reperfusion as eTICI 3 (100% reperfusion). We only included 
the patients who achieved eTICI 2B in a single pass and patients 
who achieved eTICI 2C/3 after multiple passes according to 
the core lab assessment. In the MR CLEAN Registry, only post-
treatment reperfusion score was recorded and per pass informa-
tion was not available.

EVT procedure
EVT consisted of arterial catheterization with a microcatheter to 
the intracranial occlusion location, followed by stent retrieval, 
aspiration thrombectomy, or a combined approach, with or 
without additional intra-arterial thrombolytics. Patients treated 
with a combined approach were included in the first-line stent 
retriever group. The exact method of EVT and material choice 
were left to the discretion of the treating neurointerventionalist.

Outcome assessment
Primary outcome was the ordinal modified Rankin Scale (mRS), 
a 7-point scale ranging from 0 (no symptoms) to 6 (death).19 20 
The mRS score was assessed at 90 days after stroke by local 
investigators as part of usual care. Secondary outcomes were 
functional independence (mRS 0–2), 24 hour National Institutes 
of Health Stroke Scale (NIHSS) and ΔNIHSS (median improve-
ment between baseline NIHSS and 24–48 hour NIHSS); 24 
hour NIHSS and ΔNIHSS were reported as descriptive outcome 
measures. Patients who had died before NIHSS assessment, 
24–48 hours after treatment, received the maximum NIHSS 
score of 42.

Safety outcomes were 90-day mortality, stroke progression 
(defined as a worsening of stroke symptoms of ≥4 points 
on the NIHSS not due to hemorrhage), new ischemic stroke 
(defined as new stroke outside the previous ischemic territory 
resulting in neurological deterioration or death), and symp-
tomatic intracranial hemorrhage. An adverse events committee 
consisting of two vascular neurologists and one neuroradiol-
ogist evaluated the safety variables based on discharge letters 
and follow-up imaging. According to the Heidelberg criteria, 
intracranial hemorrhage was considered symptomatic if the 
patient died or deteriorated neurologically (increase of  ≥4 
points on the NIHSS), and the hemorrhage was related to the 
deterioration.21

Statistical analysis
Continuous data are displayed as medians and IQRs. Cate-
gorical data are displayed as frequencies and percentages. For 
our primary analyses, we compared baseline, treatment and 
outcome variables in patients with single-pass good reperfusion 
(eTICI 2B) and patients with excellent/complete reperfusion 
(eTICI 2C/3) in two, or three or more passes as adjudicated by 
the imaging core lab. Group comparisons were made using the 
Pearson χ2 test for trend and Kruskal-Wallis test appropriate to 
the type of data.

We used ordinal logistic regression to evaluate the associa-
tion between good reperfusion in a single pass versus excellent/
complete reperfusion in multiple passes and ordinal 90-day mRS 
score, resulting in an unadjusted and adjusted common odds 
ratio (cOR and acOR) for a one-step shift towards a better func-
tional outcome with 95% confidence interval (95% CI). We used 
binary logistic regression to assess the association between good 
reperfusion in a single pass versus excellent/complete reperfu-
sion in multiple passes for dichotomous outcomes, resulting in 
unadjusted and adjusted ORs (OR, aOR) with 95% CI. Based 
on baseline imbalances and prespecified prognostic factors, we 
adjusted for age, sex, time from onset to groin puncture, admin-
istration of intravenous alteplase, baseline NIHSS, and occlusion 
location in multivariable regression models. To assess the effect 
of longer procedure times in patients with multiple passes we 
performed an additional analysis where we added onset to reper-
fusion time to the multivariable regression model instead of time 
from onset to groin puncture.

For the regression analyses only, missing data were imputed 
using multiple imputation based on relevant covariates and 
outcomes.22 Since reperfusion can only be reliably assessed when 
biplane DSA imaging is available,23 reperfusion scores of eTICI 
2A or higher assessed in a single direction (anteroposterior or 
lateral only) were recoded as missing and imputed for regression 
analyses. Conventional levels of α were used. All statistical anal-
yses were performed with SPSS Statistics 26.0.
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Sensitivity analysis
A previously performed study demonstrated that interventional-
ists tend to score higher reperfusion grades (for their own proce-
dures) than core lab members (blinded to all clinical details).24 In 
order to evaluate the effect of this difference on outcomes, we 
additionally performed regression analyses when post-treatment 
reperfusion score was assessed by the local interventionalist 
instead of the core lab as a sensitivity analysis. Additionally, we 
performed sensitivity analysis for our primary and secondary 
outcomes in patients with M1 occlusions only.

RESULTS
Baseline and treatment characteristics
In total, 1520/2123 (72%) of the patients achieved successful 
reperfusion (eTICI ≥2B) as adjudicated by the core lab (online 
supplemental figure lI). We included 699/1520 patients: 178 
patients with single-pass eTICI 2B were compared with patients 
with excellent/complete reperfusion (eTICI 2C/3) in two and 
three or more passes (n=242 and n=279, respectively) (table 1 
and online supplemental table I). In patients with single-pass 
eTICI 2B, baseline NIHSS was significantly lower than in patients 
with multiple-pass eTICI 2C/3 (p=0.02). ICA occlusions were 
less often present in the single-pass eTICI 2B group (p=0.003). 
A collateral score of 3 (100% filling of the occluded territory) 
was most often seen in patients with single-pass eTICI 2B and 

patients with eTICI 2C/3 after two passes (p=0.03). Procedure 
duration was significantly shorter in patients with single-pass 
eTICI 2B compared with patients with multiple-pass eTICI 2C/3 
(p<0.001). Similarly, onset to reperfusion time was significantly 
shorter in patients with single-pass eTICI 2B compared with 
patients with eTICI 2C/3 in three or more passes: median 236 
min (IQR 186–291) for patients with single-pass eTICI 2B versus 
median 262 min (IQR 208–322) for patients with eTICI 2C/3 
in three or more passes (p<0.001). A stent retriever was most 
often used during the first pass in all groups of patients: 119/175 
(68%) in patients with eTICI 2B in a single pass, 170/232 (73%) 
in patients with eTICI 2C/3 in two passes, and 193/272 (71%) 
in patients with eTICI 2C/3 after three or more passes (table 1).

Primary outcome
Multiple-pass eTICI 2C/3 compared with patients with single-pass 
eTICI 2B was not significantly associated with better 90-day mRS 
scores (acOR 1.06, 95% CI 0.75 to 1.50 for 2 passes, and acOR 
0.88, 95% CI 0.74 to 1.05 for ≥3 passes) (table 2, figure 1). When 
adding onset to reperfusion time to the adjustments, instead of 
onset to groin puncture time, similar results were seen.

Secondary outcomes
Functional independence rates 90 days after EVT were compa-
rable between patients with multiple-pass eTICI 2C/3 and 

Table 1  Baseline and treatment characteristics in patients with single-pass good reperfusion (eTICI 2B) compared with excellent/complete 
reperfusion (eTICI 2C/3) in multiple passes

Baseline characteristics eTICI 2B in 1 pass (n=178) eTICI 2C/3 in 2 passes (n=242) eTICI 2C/3 in ≥3 passes (n=279)

Age – median, IQR, total n 73 (61–82), 178 71 (61–79), 242 71 (62–78), 279

Male – n/total n (%) 90/178 (51) 141/242 (58) 148/279 (53)

Baseline NIHSS – median (IQR), total n 15 (12–19),175 16 (11–20), 240 17 (13–20), 277*

Imaging characteristics

Occlusion location on CTA – n/total n (%)

ICA 33/171 (19) 63/234 (27) 94/270 (35)*

M1 114/171 (67) 144/234 (62) 148/270 (55)

M2 24/171 (14) 27/234 (12) 28/270 (10)

Clot burden score – median (IQR), total n 6 (5–8), 141 6 (4–8), 194 6 (4–7), 226

ASPECTS – median (IQR), total n 9 (7–10), 170 9 (7–10), 236 9 (8–10), 271

Collaterals – n/total n (%)

0. 0% filling of the occluded territory 5/168 (3) 10/229 (4) 19/265 (7)*

1. >0% and ≤50% filling of the occluded territory 58/168 (35) 80/229 (35) 95/265 (36)

2. >50% and <100% filling of the occluded territory 69/168 (41) 94/229 (41) 114/265 (43)

3. 100% filling of the occluded territory 36/168 (21) 45/229 (20) 37/265 (14)

Ipsilateral atherosclerotic carotid artery stenosis >50% – n/
total n (%)

20/162 (12) 15/212 (7) 20/252 (8)

Intravenous alteplase treatment – n/total n (%) 133/178 (75) 179/242 (74) 209/277 (75)

Treatment variables

Onset to groin time in min – median (IQR), total n 195 (145–246), 177 181 (140–237), 242 190 (155–246), 278

Onset to reperfusion time – median (IQR), total n† 236 (186–291), 175 235 (187–291), 241 262 (208–322), 277*

Procedure duration, min – median (IQR), total n 43 (34–55), 171 55 (42–70), 229 77 (63–100), 265*

First-line EVT approach – n/total n (%)

Stent retriever 119/175 (68) 170/232 (73) 193/272 (71)

Aspiration device 56/175 (32) 62/232 (27) 79/272 (29)

Categorical variables are presented as n/N and percentage. Continuous variables are presented as median (IQR), total number.
*Significant at p<0.05.
†Or last contrast bolus.
ASPECTS, Alberta Stroke Program Early CT Score; CTA, CT angiography; DSA, digital subtraction angiography; eTICI, expanded Thrombolysis In Cerebral Infarction; EVT, endovascular treatment; ICA, 
internal carotid artery; M1/M2, M1 and M2 segments of the middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale.
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single-pass eTICI 2B (aOR 1.24, 95% CI 0.78 to 1.97 for 
2 passes, and aOR 0.79, 95% CI 0.52 to 1.22 for ≥3 passes) 
(table 2, figure 1). Similar ORs were seen when adding onset to 
reperfusion time to the adjustments, instead of onset to groin 
time.

Post-treatment NIHSS
Twenty-four hour NIHSS was significantly worse in patients with 
multiple-pass eTICI 2C/3 compared with patients with single-
pass eTICI 2B (p<0.001; table  3). Median ΔNIHSS was not 
significantly different between the groups. However, a decline 
in ΔNIHSS was seen with more passes needed to achieve eTICI 
2C/3 (online supplemental figure II).

Per-procedural complications
The occurrence of ENT was similar between patients with eTICI 
2B in a single pass compared with eTICI 2C/3 in three or more 
passes (aOR 0.91, 95% CI 0.35 to 2.38 for 2 passes, and aOR 
1.02, 95% CI 0.42 to 2.47 for ≥3 passes) (table 3 and online 
supplemental table II). Vessel perforation most often occurred in 
patients with eTICI 2C/3 after ≥3 passes (p=0.07).

Safety outcomes
Mortality rates were comparable between multiple-pass eTICI 
2C/3 and single-pass eTICI 2B (aOR 1.23, 95% CI 0.73 to 
2.07 for 2 passes, and aOR 1.58, 95% CI 0.95 to 2.61 for ≥3 
passes) (table 3 and online supplemental table II, figure 1). No 
significant differences were found between the groups for the 
occurrence of stroke progression (aOR 0.84, 95% CI 0.38 to 
1.83 for 2 passes, and aOR 1.35, 95% CI 0.65 to 2.79 for ≥3 
passes), new ischemic stroke (aOR 1.24, 95% CI 0.26 to 5.81 
for 2 passes, and aOR 0.64, 95% CI 0.10 to 3.99 for  ≥3 
passes), and symptomatic intracranial hemorrhage (aOR 1.53, 
95% CI 0.63 to 3.71 for 2 passes, and aOR 0.95, 95% CI 0.39 
to 2.30 for ≥3 passes) (table 3 and online supplemental table 
II).

Table 2  Ordinal and binary logistic regression to compare outcomes 
in patients with single-pass good reperfusion (eTICI 2B) and patients 
with excellent/complete reperfusion (eTICI 2C/3) in multiple passes 
(reference category: single-pass eTICI 2B)

Single pass eTICI 2B vs 
eTICI 2C/3 in 2 passes

Single pass eTICI 2B vs 
eTICI 2C/3 in ≥3 passes

Primary outcome

mRS at 90 days

 � cOR (95% CI) 1.08 (0.77 to 1.49) 0.90 (0.77 to 1.04)

 � acOR (95% CI)† 1.06 (0.75 to 1.50) 0.88 (0.74 to 1.05)

 � acOR (95% CI)‡ 1.09 (0.77 to 1.54) 0.92 (0.78 to 1.10)

Secondary outcomes

mRS 0–2 at 90 days

 � OR (95% CI) 1.18 (0.80 to 1.73) 0.82 (0.58 to 1.16)

 � aOR (95% CI) † 1.24 (0.78 to 1.97) 0.79 (0.52 to 1.22)

 � aOR (95% CI)‡ 1.27 (0.80 to 2.02) 0.86 (0.57 to 1.31)

*P<0.05.
†Adjustments: age, sex, time from onset to groin, administration of intravenous alteplase, 
baseline NIHSS and occlusion location.
‡Adjustments: age, sex, time from onset to reperfusion, administration of intravenous 
alteplase, baseline NIHSS and occlusion location.
(a)cOR, (adjusted) common odds ratio; (a)OR, (adjusted) odds ratio; eTICI, expanded 
Thrombolysis In Cerebral Infarction; mRS, modified Rankin Scale; NIHSS, National Institutes 
of Health Stroke Scale.

Figure 1  Ninety-day modified Rankin Scale score (mRS) in patients with single-pass eTICI 2B compared with patients with eTICI 2C/3 in multiple 
passes. *Number of patients with available mRS scores. eTICI, expanded Thrombolysis In Cerebral Infarction.
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Sensitivity analyses
When reperfusion status was assessed by the intervention-
alist during EVT, 1703/2097 (81%) of the patients achieved 
successful reperfusion (online supplemental figure III). For the 
sensitivity analysis we included 714/1703 patients: 191 patients 
with single-pass eTICI 2B and 523 patients with multiple-pass 
eTICI 2C/3. Similar to our main analysis, no significant differ-
ences in outcomes were seen between patients with multiple-
pass eTICI 2C/3 and patients with single-pass eTICI 2B (online 
supplemental table III, online supplemental figure IV).

Results from our sensitivity analysis in patients with M1 occlu-
sions (n=406) were similar to our main analysis (online supple-
mental table IV and V). Multiple-pass eTICI 2C/3 compared 
with patients with single-pass eTICI 2B was not significantly 
associated with better 90-day mRS scores (acOR 0.91, 95% CI 
0.58 to 1.42 for 2 passes, and acOR 0.87, 95% CI 0.68 to 1.12 
for ≥3 passes). No significant differences were seen in 24 hour 
NIHSS between the groups, and median Δ NIHSS was 6 in all 
groups.

DISCUSSION
In this study, we compared functional outcomes of patients with 
single-pass eTICI 2B and multiple-pass eTICI 2C/3 in order to 
explore the relation between number of passes, final reperfu-
sion score and functional outcome. We did not find significantly 
better functional outcomes when excellent/complete reperfusion 
was achieved in multiple passes compared with good reperfusion 
in a single pass.

Excellent and complete reperfusion (eTICI 2C and 3) are 
associated with better functional outcomes (90-day mRS) than 
good reperfusion (eTICI 2B).4 5 In general, increasing the 
number of passes and increasing the treatment time to achieve 
successful reperfusion were shown to lead to worse functional 
outcome.1 6–12 This trend to worse functional outcome was also 
seen when excellent or complete reperfusion (eTICI 2C/3) was 
reached.6 13 However, in patients with complete reperfusion a 
decline in the odds of post-stroke functional independence was 
only seen if more than three passes were necessary to achieve this 
result, while in patients with a final eTICI score of 2B this decline 
had already occurred if more than two passes were necessary.6 
Prolonged procedure time, greater infarct volumes, increased 
clot fragmentation with distal embolization, and accumulated 

endothelial damage after multiple passes are possible explana-
tions for this negative effect of an increasing number of passes 
on functional outcome.13–16

While a previously performed MR CLEAN Registry sub-study 
focused on the effect of the number of passes on functional 
outcome and found that first-pass reperfusion was associated 
with favorable functional outcome,25 we went one step further 
and compared single pass good reperfusion with multiple pass 
excellent/complete reperfusion. In line with a previous descrip-
tive analysis,6 we found that if three or more passes were neces-
sary to achieve excellent/complete reperfusion, functional 
outcome was not better compared with good reperfusion in a 
single pass. There might be several explanations for this finding. 
First, we found a non-significant shift towards a higher occur-
rence of per-procedural complications (vessel perforation and 
ENT) in patients with multiple-pass eTICI 2C/3 compared with 
single-pass eTICI 2B. This finding was probably not significant 
because of low statistical power. Furthermore, we cannot rule 
out the possibility that clot fragmentation and, more specifi-
cally, microembolic shower more often occurred in patients with 
multiple pass excellent/complete reperfusion and negatively 
affected clinical outcome. An in vitro study demonstrated that 
the number of passes is one of the most important determinants 
of embolic shower and that most of these emboli were microem-
boli <20 µm, which cannot be seen on DSA or post-intervention 
MRI but might worsen clinical outcome.15 26 Another explana-
tion for the diminished benefit of achieving excellent/complete 
reperfusion with three or more passes over single-pass eTICI 2B 
might be the non-significant trend towards a higher occurrence 
of stroke progression in patients with excellent/complete reper-
fusion after three or more passes, which is probably caused by 
the longer procedure and onset to reperfusion times. This expla-
nation is supported by a smaller non-significant shift towards 
worse functional outcome in patients who achieved eTICI 2C/3 
after three or more passes compared with patients with single-
pass eTICI 2B when we adjusted for onset to reperfusion time 
instead of onset to groin puncture time.

There are limitations to our study. First, since we did not 
have information on the reperfusion grade achieved after each 
individual pass, we were not able to give the true value of 
additional passes because the patients with eTICI 2C/3 after 
multiple passes did not necessarily have a first-pass eTICI 2B. 

Table 3  Clinical outcomes, per-procedural complications and safety outcomes in patients with single-pass good reperfusion (eTICI 2B) compared 
with patients with excellent/complete reperfusion (eTICI 2C/3) in multiple passes

eTICI 2B in 1 pass (n=178) eTICI 2C/3 in 2 passes (n=242) eTICI 2C/3 in ≥3 passes (n=279)

Outcomes – median (IQR), total n

NIHSS at 24 hours 7 (3–15), 168 8 (3–15), 226 11 (5–17), 260*

Δ NIHSS 6 (1–9), 167 6 (2–12), 225 5 (1–10), 260

Per-procedural complications on DSA – n/total n (%)

ENT 6/163 (4) 11/226 (5) 14/264 (5)

Vessel perforation 0/163 (0) 0/222 (0) 3/263 (1)

Safety outcomes – n/total n (%)

Stroke progression 11/178 (6) 14/242 (6) 27/279 (10)

New ischemic stroke 3/178 (2) 4/242 (2) 3/279 (1)

Symptomatic intracranial hemorrhage 8/178 (5) 17/242 (7) 10/279 (4)

Mortality 35/168 (21) 57/228 (25) 71/255 (28)

Categorical variables are presented as n/N and percentage. Continuous variables are presented as median (IQR), total number.
ΔNIHSS: median difference between baseline NIHSS and NIHSS after 24–48 hours.
*Significant at p<0.05.
DSA, digital subtraction angiography; ENT, embolization to a new territory; NIHSS, National Institutes of Health Stroke Scale.
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Without the per pass reperfusion score, we were not able to 
define a certain number of passes that are justified to under-
take after good reperfusion has been achieved successfully 
to achieve excellent or complete reperfusion. However, we 
demonstrated that the advantage of an eTICI 2C/3 diminishes 
with an increasing number of passes. Therefore, eTICI 2C/3 is 
not always better than eTICI 2B. Second, occlusion location 
on CTA was different between the groups. Patients with eTICI 
2C/3 after three or more passes more often had an ICA occlu-
sion at baseline. Baseline NIHSS was also highest in this group 
of patients. While we adjusted for both baseline NIHSS and 
occlusion location, residual confounding might be present. 
However, a sensitivity analysis in patients with M1 occlusions 
only showed similar results to our main analysis. Third, timing 
to stop EVT was at the interventionalist’s discretion. Ideally, 
randomization after single pass good reperfusion between 
continuing to achieve excellent or complete reperfusion and 
stopping would provide information on the best procedural 
strategy. Fourth, we chose to use core lab assessment of post-
treatment reperfusion score instead of assessment by the inter-
ventionalist in our primary analyses. One could argue that for 
this specific research question, it would be better to use the 
interventionalist’s reperfusion scores since the intervention-
alist will decide whether to continue or stop the procedure. 
However, a previously performed study demonstrated that 
interventionalists tend to score higher reperfusion grades (for 
their own procedures) than core lab members (blinded to all 
clinical details).24 While this did not significantly affect clinical 
outcome,24 we think that in our study the use of core lab reper-
fusion assessment leads to a more conservative and objective 
comparison of the different groups of patients. This is further 
supported by the supplemental analyses performed in this 
study using the interventionalist’s reperfusion scores which 
demonstrated similar outcomes between patients with single 
pass good reperfusion and multiple-pass excellent/complete 
reperfusion. Finally, we did not distinguish between eTICI 
2B50 (50–66% reperfusion) and 2B67 (67–89% reperfusion) 
as the 7-point eTICI scale was not yet validated at the time of 
the core lab assessment of post-treatment reperfusion scores. 
As such, those data were unfortunately not collected. eTICI 
2B covers a broad range of reperfusion results (50–90%) and 
previous research has shown that a 7-point eTICI scale allows 
for a more accurate outcome prediction.27 So, it is important to 
acknowledge that a patient with TICI 2B50 after one attempt 
might very well benefit from further recanalization.

CONCLUSIONS
Our results did not show better outcomes for patients who 
achieved eTICI 2C/3 in multiple, that is, two or more, passes 
when compared with patients with single-pass eTICI 2B. 
However, this concerns observational data. Further research is 
necessary to investigate the per-pass effect in relation to reper-
fusion and functional outcome.
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