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Objective : The primary treatment goal of current endovascular thrombectomy (EVT) for emergent large-vessel occlusion (ELVO)
is complete recanalization after a single maneuver, referred to as the ‘first-pass effect’ (FPE). Hence, we aimed to identify the predic-
tive factors of FPE and assess its effect on clinical outcomes in patients with ELVO of the anterior circulation.

Methods : Among the 129 patients who participated, 110 eligible patients with proximal ELVO (intracranial internal carotid artery
and proximal middle cerebral artery) who achieved successful recanalization after EVT were retrospectively reviewed. A compara-
tive analysis between patients who achieved FPE and all others (defined as a non-FPE group) was performed regarding baseline
characteristics, clinical variables, and clinical outcomes. Multivariate logistic regression analyses were subsequently conducted for
potential predictive factors with p<0.10 in the univariate analysis to determine the independent predictive factors of FPE.

Results : FPE was achieved in 31 of the 110 patients (28.2%). The FPE group had a significantly higher level of functional indepen-
dence at 90 days than did the non-FPE group (80.6% vs. 50.6%, p=0.002). Pretreatment intravenous thrombolysis (IVT) (odds ratio
[OR], 3.179; 95% confidence interval [CI], 1.025-9.861; p=0.045), door-to-puncture (DTP) interval (OR, 0.959; 95% Cl, 0.932-0.987;
p=0.004), and the use of balloon guiding catheter (BGC) (OR, 3.591; 95% Cl, 1.231-10.469; p=0.019) were independent predictive
factors of FPE.

Conclusion : In conclusion, pretreatment IVT, use of BGC, and a shorter DTP interval were positively associated with FPE, increasing
the chance of acquiring better clinical outcomes.
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INTRODUCTION landmark randomized controlled trials*'**. With the gradual
development of thrombectomy techniques and equipment,

Endovascular thrombectomy (EVT) is the standard treat- the reperfusion rate has improved to 280% in patients with
ment for patients with acute ischemic stroke (AIS) due to ELVO™". There has been a shift in interest toward a rapid,
emergent large-vessel occlusion (ELVO) of the anterior circu- high level of revascularization that may lead to a favorable

lation™. Efficacy of EVT has been demonstrated in several prognosis”*'"”. Recent studies have shown that the number of
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device passes required for recanalization serves as a predictive
factor of functional outcome™”. It has also been suggested
that patients with a modified Thrombolysis in Cerebral In-
farction (mTICI) score of 3 achieved better clinical outcomes
as compared with those with a score of mTICI 2b™". This in-
dicates that complete recanalization after a single maneuver
might be the primary treatment goal of the current EVT tech-
niques.

Recently, the first-pass effect (FPE) has intrigued neuro-in-
terventionists; it is defined as the achievement of a complete
reperfusion of the AIS with a single pass of a device without
rescue therapy during EVT, and its significant correlation
with favorable outcomes has been well described in the litera-
ture™. It is essential to identify predictive factors of the FPE to
improve outcomes of the EVT by preoperatively modifying
the relevant factors. Despite consistent reports regarding a sig-
nificant correlation between FPE and good functional out-
comes of EVT"'**”, controversial data exist regarding predic-

8,16,23,27,30) MOI‘eOVer
. >

tors of FPE in patients undergoing EVT
the majority of the previously published studies which identify
predictors of FPE have compared the FPE group with all oth-
ers comprising a heterogeneous cohort, including those with
mTICI <2a%7.

Hence, in this retrospective study, we aimed to identify pre-
dictive factors of FPE and assess its effects on clinical outcomes
in a limited number of patients who achieved successful recan-

alization after EVT for ELVO of the anterior circulation.

MATERIALS AND METHODS

The current study was approved by the Institutional Review
Board (IRB) of Korea University Ansan Hospital (IRB No.
2022AS50264). Given that it was designed retrospectively, the

written informed consent was waived.

Study design

We retrospectively collected electronic data from the pa-
tients with AIS who had been hospitalized at our academic in-
stitution between March 2015 and December 2021. Among
consecutive patients with AIS due to ELVO of the anterior cir-
culation treated by EVT, those who only had successful recan-
alization (achieving mTICI 2b/3 on the final cerebral angiog-

raphy) were included. Additionally, we limited this study to
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Anterior circulation ELVO with
successful recanalization following EVT
(n=129)

Excluded (n=19)
Distal MCA (M2) and ACA (n=10)
Intracranial-extracranial tandem occlusion (n=2)
Symptom onset to puncture time >6 hours (n=4)

v Incomplete data (n=1)

Lost to follow-up (n=2)

\4

Eligible patients who met the
inclusion criteria (n=110)

,, l

FPE group
(n=31,28.2%)

Non-FPE group
(n=79, 71.8%)

A
mTICI 2 mTICI 3
(n=42, 38.2%) (n=37, 33.6%)

Fig. 1. Flowchart of patient enrollment. ELVO : emergent large vessel
occlusion, EVT : endovascular thrombectomy, MCA : middle cerebral
artery, ACA : anterior cerebral artery, FPE : first-pass effect, mTICl : modified
Thrombolysis in Cerebral Infarction.

occlusion of the intracranial internal carotid artery (ICA) and
proximal middle cerebral artery (MCA-M1) established using
cerebral angiography. A flowchart of patient enrollment is

demonstrated in Fig. 1.

Patient data and variables

Baseline characteristics of the patients included sex, age,
medical history, history of antithrombotic medications, pre-
procedural National Institutes of Health Stroke Scale (NTHSS)
score assessed by a stroke neurologist at the department of
emergency medicine, and etiology of AIS, which was classified
based on the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria”.

Pre-procedural variables included the Alberta Stroke Pro-
gram Early CT Score (ASPECTS) on admission based on
brain computed tomography (CT) scan, site of vascular occlu-
sion, clot burden score assessed on baseline brain CT angiog-
raphy scored on a scale of 0 to 10™, onset-to-door (OTD) time
defined as the time from stroke onset to hospital arrival, and

pretreatment intravenous thrombolysis (IVT) with tissue
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plasminogen activator (tPA).

Procedural variables included door-to-puncture (DTP)
time defined as the time from hospital arrival to procedure,
onset-to-puncture (OTP) time defined as the time to proce-
dure from stroke onset, procedure time, use of balloon guid-
ing catheter (BGC), and first-line EVT strategy. All the time-

related variables were assessed in 5-minute intervals.

EVT protocol

All procedures were performed by three experienced neuro-
interventionists in the neuro-angiography suite under local
anesthesia alone or in combination with conscious sedation
depending on the patient’s condition. Prior to the EVT, the el-
igible patients were administered tPA intravenously within 4.5
hours of stroke onset at a maximum dose of 0.9 mg/kg by
stroke neurologists according to the conventional guide-
lines™.

EVT was performed using either the second-generation stent
retriever (Solitaire, Medtronic, Irvine, CA, USA; Trevo, Stryker,
Fremont, CA, USA) or an aspiration catheter (SOFIA, Mi-
crovention, Tustin, CA, USA), or both at the attending neuro-
interventionists” discretion. An 8-F BGC (Cello, Medtronic;
FlowGate2, Stryker) was also used to reduce the embolic bur-
den in the new territory by achieving proximal flow control at
the discretion of the attending neuro-interventionists. Other-
wise, a 6- or 7-F Shuttle sheath (Cook Medical, Bloomington,
IN, USA) was used as the guiding catheter.

In most patients, clot retraction was performed using a stent
retriever with an 8-F BGC. Using a microcatheter, a stent re-
triever was advanced and placed at the occlusion site for 3-5
minutes, followed by inflation of a balloon of BGC. The stent
was retrieved with a manual aspiration of the BGC using a 60-
mL syringe. In some patients, a coaxial intermediate catheter
was additionally utilized for a combined EVT technique char-
acterized by using a stent retriever with simultaneous aspira-
tion'”. In other patients, contact aspiration using a direct aspi-
ration first-pass technique was adopted as the initial treatment
method for EVT™.

Recanalization and clinical outcome assessment
After each pass of the device, on angiography, recanaliza-

tion status was assessed based on the mTICI score. The FPE

was defined as achieving a complete recanalization (mTICI

score 3) of the ELVO after a single pass of the thrombectomy
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device without the use of rescue therapies such as balloon an-
gioplasty, implantation of a stent, or intra-arterial drug ad-
ministration”.

Post-procedural hemorrhagic complication revealed on
brain CT scans performed within 24 hours was regarded as
symptomatic intracranial hemorrhage if the NIHSS score in-
creased by 4 points or greater’’. Outcome measures included
the NTHSS scores at discharge, 90-day modified Rankin Scale
(mRS) scores, and mortality at 90 days. We defined the mRS

scores of 02 at 90 days as functional independence.

Statistical analysis

All data are expressed as meantstandard deviation or me-
dian with interquartile range for continuous variables and the
number of patients with percentage for categorical variables,
where appropriate. Comparative analyses between patients
who achieved FPE and all others regarding baseline character-
istics, clinical variables, and clinical outcomes were performed
using the Student’s t-test, Mann-Whitney U test, chi-squared
test, and Fisher’s exact test, as appropriate. To identify predic-
tors of FPE, potential predictive factors with p<0.10 in the
univariate analysis were entered into the multivariate logistic
regression analysis, for which odds ratios (ORs) and 95% con-
fidential intervals (Cls) were provided. All statistical analyses
were conducted using SPSS ver. 23.0 software (IBM Corp., Ar-
monk, NY, USA). A p-value of <0.05 was considered statisti-

cally significant.

RESULTS

A consecutive series of 110 patients (mean age, 69.5%12.1
years; M : F ratio, 54 : 56) were finally included in the current
study. FPE was achieved in 31 patients (28.2%), and the non-
FPE group (n=79, 71.8%) comprised mTICI 2b (n=42, 38.2%)
and mTICI 3 (n=37, 33.6%) (Fig. 1).

Differences in characteristics between the FPE
group and the non-FPE group

Table 1 summarizes the differences in baseline characteris-
tics and clinical variables between the two groups. No signifi-
cant differences in demographics, stroke severity, stroke etiol-
ogy, or use of antithrombotic medications were found in both

groups. More patients in the FPE group revealed MCA-M1



Table 1. Comparison of baseline characteristics and clinical variables
between the FPE and non-FPE groups

Variable FPE Non-FPE p-value
(n=31) (n=79)
Male 15 (48.4) 39 (494) 0928
Age (years) 67.7£10.8 70.2+124 0300
Medical history
Hypertension 16 (51.6) 40 (50.6) 0.928
Diabetes mellitus 6 (194) 23(29.1) 0.275
Atrial fibrillation 9(29.0) 23(29.0) 0993
Dyslipidemia 9(29.0) 27 (34.2) 0.609
Coronary heart disease 8(25.8) 19 (24.1) 0.849
Previous ischemic stroke 309.7) 14(17.7) 0.249
Antiplatelet medication 12 (38.7) 25(31.6) 0485
Anticoagulant medication 5(16.1) 16 (20.3) 0.624
NIHSS score on admission 15(10-19) 17 (11-20)  0.200
Stroke etiology
Large-artery 6 (19.4) 21 (26.6) 0433
atherosclerosis
Cardioembolic 23(74.2) 54 (68.4) 0.552
Other or unknown 2(6.5) 4(5.7) 0.775
ASPECTS 9(8-9) 8(8-9) 0.231
Site of occlusion 0.172
MCA-M1 23(74.2) 48 (60.8)
Intracranial ICA 8(25.8) 31(39.2)
Clot burden score 71+09 6.9+1.1 0.214
Pretreatment VT 26 (83.9) 48 (60.8) 0.010*
Time metrics
Onset-to-door (minutes) ~ 193.7+£58.5 195.1+56.7 0.907

Median (IQR) 215 (152.5-237.5) 200 (157.5-240)
Door-to-puncture 58.9+17.1 73.2421.2 0.001*
(minutes)
Median (IQR) 55 (45 -67.5) 70 (60-85)
Onset-to-puncture 252.6456.1 26844526 0.166
(minutes)
Median (IQR) 265 (210-295) 280 (242.5-302.5)
Use of BGC 25 (80.6) 43 (54.4) 0.006*
First-line strategy
Stent retriever 14 (45.2) 49 (62.0) 0.110
Contact aspiration 6 (19.4) 15 (19.0) 0.965
Combined technique 11 (35.5) 15 (19.0) 0.099%

Values are presented as mean+standard deviation, median (IQR), or
number (%) unless otherwise indicated. *Included in the multivariate
analysis. FPE : first-pass effect, NIHSS : National Institutes of Health
Stroke Scale, ASPECTS : Alberta Stroke Program Early CT Score, MCA :
middle cerebral artery, ICA : internal carotid artery, IVT : intravenous
thrombolysis, IQR : interquartile range, BGC : balloon-guiding catheter
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occlusion on cerebral angiography than in the non-FPE group
(74.2% vs. 60.8%), but there was no statistical significance
(p=0.172).

Pretreatment IVT (p=0.010), DTP interval (p=0.001), use of
BGC (p=0.006), and choice of combined technique as a first-
line strategy (p=0.099) were found as potential predictive fac-
tors of FPE (p<0.10).

Predictive factors of FPE

The results of the multivariate analysis for the predictive
factors of FPE are demonstrated in Table 2. Pretreatment IVT
(OR, 3.179; 95% CI, 1.025-9.861; p=0.045), DTP interval (OR,
0.959; 95% CI, 0.932-0.987; p=0.004), and the use of BGC
(OR, 3.591; 95% CI, 1.231-10.469; p=0.019) were found to be
significantly associated with FPE. The adoption of the com-
bined technique as a first-line strategy was not reported as an
independent predictor of FPE, while it trended toward signifi-
cance (p=0.068).

Table 2. Multivariate analysis for independent predictive factors of FPE

Variable Odds ratio (95% Cl) p-value
FPE vs. non-FPE
Pretreatment IVT 3.179 (1.025-9.861) 0.045%
Door-to-puncture, per 1-minute  0.959 (0.932-0.987) 0.004*
increase
Use of BGC 3.591(1.231-10469)  0.019*

Combined technique 2723 (0.928-7.985) 0.068

*Statistical significance. FPE : first-pass effect, Cl : confidence interval, IVT :
intravenous thrombolysis, BGC : balloon-guiding catheter

Table 3. Comparison of procedure time and clinical outcomes in the FPE
versus non-FPE groups

Variable itz L -value
(n=31) n=79) P

Procedure time (minutes) 35(27.5-42.5)  50(40-575) <0.001*

NIHSS score at discharge 4(1.5-6.5) 8 (6-10) <0.001*
time (minutes)

Functional independence, 25 (80.6) 40 (50.6) 0.002*
mRS 0-2

Mortality at 90 days 2(6.5) 8 (10.1) 0.551

Symptomatic ICH 2(6.5) 10(12.7) 0.352

Values are presented as median (interquartile range) or number (%).
*Statistical significance. FPE : first-pass effect, NIHSS : National Institutes
of Health Stroke Scale, mRS : modified Rankin Scale, ICH : intracranial
hemorrhage
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Outcomes in the FPE versus non-FPE groups

The median procedure time in the FPE group was signifi-
cantly shorter compared with the non-FPE group (35 vs. 50
minutes, p<0.001). Patients who achieved the FPE had lower
median NIHSS scores at discharge (4 vs. 8 points, p<0.001).
Furthermore, we noted that significantly higher proportions
of patients with FPE had functional independence than those
in the non-FPE group (80.6% vs. 50.6%, p=0.002) (Table 3).

DISCUSSION

The current study revealed independent predictive factors
that could have an impact on the occurrence of FPE in pa-
tients with ELVO of the anterior circulation who achieved
successful reperfusion after EVT. The significant findings of
this study were that pretreatment IVT, use of BGC, and short-
er DTP intervals were positively associated with FPE. Notably,
patients in the FPE group showed significantly shorter proce-
dure times, lower NTHSS scores at discharge, and higher rates
of 90-day functional independence. The present study was
performed after limiting the patient cohort to those who
achieved successful recanalization after EVT. This may show
the effects of FPE on clinical outcomes more directly and in-
crease the validity of the predictive factors that we identified.

Since the new concept referred to as the FPE has been pro-
posed as a novel metric of successful EVT", subsequent stud-
ies have highlighted the association between first-pass reper-
fusion and a higher rate of favorable outcomes”'**”, According
to a previous matched-cohort analysis conducted on 164 pa-
tients with anterior circulation ELVO, the favorable outcome
was almost doubled in patients who achieved complete recan-
alization after the first device pass™. More recently, a retro-
spective study was conducted to identify the predictors of FPE
in a limited cohort after excluding patients who failed throm-
bectomy (mTICI <2b) using the contact aspiration technique.
The authors described the benefits of achieving recanalization
on the first pass, demonstrating that good functional out-
comes at 90 days were found in 80.3% of patients (53/66)'.
Similarly, in our results, we demonstrated more than 1.5-fold
of functional independence in patients who achieved FPE
(80.6% vs. 50.6%).

According to a recent meta-analysis, patients who under-
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went EVT after IVT showed a higher probability of obtaining
successful recanalization only through a lower number of de-
vice passes’”. Presumably, this might be because IVT may dis-
solve or soften the thrombus, thus making it easier to perform
contact aspiration and stent retrieval, thereby facilitating EVT

10,22,
' These re-

with fewer passes of the thrombectomy device
sults support the current national guidelines for administer-
ing IV tPA to eligible patients™”. It cannot be overlooked, how-
ever, that the incidence of distal embolization may increase
because of clot fragmentation induced by IVT". But there is
also a contradictory study showing that distal embolization
had no significant correlation with pretreatment IVT". Fur-
ther studies are therefore warranted to assess the net clinical
benefit of pretreatment IV'T, therefore being mandatory to ex-
amine whether the effect of pretreatment IVT in softening the
thrombus could offset the risk of distal embolization.

To date, the efficacy of BGC in patients with ELVO under-
going EVT has been well described in the literature™****”. In
our results, patients who achieved FPE had a higher propor-
tion of BGC use (80.6% vs. 54.4% in non-FPE patients). In ad-
dition, we found that BGC use had a significant positive cor-
relation with a higher rate of FPE in multivariate analysis. This
concurs with a recent meta-analysis demonstrating that the
utilization of BGC during EVT had a significant correlation
with excellent angiographic outcomes, including a higher pro-
portion of successful reperfusion and FPE”. In detail, patients
in whom BGC was used versus those in whom it was not used
have disparities in mTICI 2b/3 and mTICI 3 rates of 12% and
20%, respectively. This indicates a potential advantage of BGC :
the use of BGC was effective in inhibiting clot fragmentation
and distal embolization through antegrade flow arrest during
the clot retrieval procedure™. In the aspect of required force
to clot retrieval, the inflation of the BGC might markedly de-
crease the impaction force arising from the pressure gradient
across the thrombus and proximal systemic blood pressure
bearing on the clot. This can boost the effectiveness of throm-
bectomy devices™**. In support of the aforementioned theo-
retical basis, several recent studies show that BGC utilization
was an independent predictor of FPE, which is similar to our
results.

Recently, several studies have been conducted on the inter-
action between successful reperfusion and time-related vari-
ables™®*"** According to a recent meta-analysis, the chance

of successful recanalization decreases significantly with a lon-



ger hospital arrival-to-groin puncture time corresponding to
the DTP interval defined in the current study.” Moreover, a
recent retrospective study on 257 patients showed that a de-
creased DTP interval improved the odds of first-pass reperfu-
sion (mTICI 2b/3)””. Presumably, this might be due to time-
dependent changes in the thrombus : its components become
abundant in fibrin and transform into a denser and more
compact structure. Therefore, a greater number of passes of
the EVT device is required to achieve successful recanaliza-
tion™"”. Interestingly, the other time-related variables, OTD
and OTP intervals, had no significant correlation with FPE in
our results, which is in line with previous studies™*”. This
might be attributed to the variable reliability of the exact time
point of stroke onset compared with the accurately recorded
hospital arrival time. In this context, we highlight the impor-
tance of rapid patient triage and initiation of EV'T without de-
lay to shorten the DTP interval as a modifiable factor. This is
essential for optimizing recanalization, although there was
only approximately 15-minute difference in the absolute value
of the DTP interval between the two groups in our series.

Although EV'T with a stent retriever is the standard treat-
ment for AIS due to ELVO™, the potential synergistic effect of
the combined technique (stent retriever plus simultaneous as-
piration) in association with FPE has been recently de-
scribed™"**”. The combined technique allows continuous nega-
tive-pressure aspiration at a location proximal to the thrombus
during stent retrieval, thus making it possible to achieve a high-
er proportion of successful reperfusion. Contrary to previous
studies, we failed to present a statistically significant correlation
between the combined technique and FPE, whereas a trend for
FPE was observed in the univariate analysis. This result might
have originated from the small series of enrolled patients in the
present study. There was also no balanced distribution of adop-
tion of the first-line thrombectomy strategy because it is usual
for a single institution to prefer one technique over another.
Further large-scale multi-center studies comparing various
thrombectomy techniques will help to define the ideal techni-
cal strategy to increase the rate of first-pass recanalization.

Our results cannot be generalized. The limitations of the
current study are as follows : first, we included a relatively
small series of patients in the current single-center retrospec-
tive study. Further investigations designed with multi-center
larger cohorts are warranted to generalize our results. Second,

we failed to assess potentially relevant factors contributing to
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the achievement of FPE, such as clot histology (thrombus

.. 17 . . 29 . .
composition)”, size of stent retriever”, and carotid tortuosi-
33)

ty
mogeneity of our cohort (mTICI >2b) in contrast to the het-

. Nonetheless, our results deserve special attention; the ho-

erogeneous cohort (including mTICI less than 2b) included in
previous studies may increase the validity of predictive factors
that we identified.

CONCLUSION

We identified predictive factors of FPE in patients with
ELVO of the anterior circulation who achieved successful re-
perfusion following EV'T. Pretreatment IV'T, use of BGC, and
a shorter DTP interval were positively associated with FPE,

increasing the chance of acquiring better clinical outcomes.
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