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Abstract
Purpose Although the current guidelines recommend bridging thrombolysis (BT) therapy, which is intravenous throm-
bolysis (IVT) followed by endovascular thrombectomy (EVT), for patients with acute ischemic stroke from large vessel
occlusion (AIS-LVO), the effectiveness and safety of IVT remain controversial. We performed a meta-analysis to demon-
strate the non-inferiority of direct EVT alone (DEVT) compared to BT for the efficacy and safety in patients with AIS-LVO
who were eligible for IVT.
Methods The literature was searched in big databases between 1 January 1990 and 1 April 2021. The search included
both randomized clinical trials (RCTs) and nonrandomized studies (NRSs) that compared DEVT with BT for patients
with AIS-LVO who were eligible for IVT (time from stroke onset ≤4.5h). Only NRSs with good intergroup variable
matching were included in the study. Outcomes measured included 90-day functional independence, mortality, symptomatic
intracranial hemorrhage (sICH), and successful recanalization. The noninferiority margin for risk difference was set at 5%
from the literature review.
Results Three RCTs (n= 1094) and four NRSs (n= 1366) were included in the meta-analysis. There were 1227 patients
(49.9%) in the DEVT group and 1233 patients (50.1%) in the BT group. A statistically significant noninferiority of DEVT
compared to BT was concluded in 90-day functional independence, mortality and successful reperfusion. Even in the sICH
rate, DEVT group showed a superiority (risk difference, –2%; 95% confidence interval, –4 to –0.002%).
Conclusion Evidence from RCTs and observational NRSs supports the use of DEVT (without IVT) as the first choice for
treatment of patients with AIS-LVO within a time span of 4.5h or less from stroke onset.
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Introduction

The current guidelines recommend bridging thrombolysis
(BT) therapy, which is intravenous thrombolysis (IVT) fol-
lowed by endovascular thrombectomy (EVT), for patients
with acute ischemic stroke from large vessel occlusion
(AIS-LVO) [1]. Although it has been proven that IVT is
a reperfusion strategy with substantial efficacy, the exis-
tence of inherent unfavorable effects cannot be ignored.
Implementation of IVT may delay initiation of EVT and
induce worse clinical outcomes [2, 3] and IVT can result
in distal migration due to thrombus fragmentation. In addi-
tion, various studies have reported increased symptomatic
intracranial hemorrhage (sICH) rates in addition to higher
costs of procedures [4].
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To verify the effectiveness of IVT, various research stud-
ies that compared direct EVT alone (DEVT) with BT have
been published and have shown conflicting results. Over
several years, the investigators of several systematic reviews
found that there was no significant difference in outcomes
between the two reperfusion strategies [5, 6]. In contrast,
the results of other meta-analyses suggested that BT had
better outcomes than DEVT [7, 8]; however, those stud-
ies were likely to have a high risk of selection bias owing
to a comparison of two patient groups with different eligi-
bilities for IVT, such as stroke etiology, comorbidities, and
time window from stroke onset. To minimize the aforemen-
tioned selection bias, a recent meta-analysis of patients who
were only eligible for IVT found that DEVT may provide
similar safety and efficacy compared with BT [9]; however,
the meta-analysis did not include any randomized clinical
trials (RCTs).

Therefore, we performed a meta-analysis to conclude the
noninferiority of DEVT compared to BT for the efficacy
and safety in patients with AIS-LVO who were eligible
for IVT (with time from stroke onset ≤4.5h), using both
RCTs and nonrandomized studies (NRSs). Our study was
designed to maximize patient matching.

Material andMethods

This research-level meta-analysis was guided and presented
in a manner that adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [10]. Because the data supporting this study
were derived from published literature, no institutional
review board approval was required. The supplementary
material describes the guidelines in detail (Supplementary
Table S1).

Search Strategy and Eligibility Criteria

Two investigators (K.M.J. and H.H.C.) conducted a sys-
tematic search of the PubMed, EMBASE, and Cochrane
Library Central Register of Controlled Trials databases for
relevant articles, which included RCTs and NRSs, between
1 January 1990, and 1 April 2021 The predefined search
strategy was established in accordance with the Population,
Intervention, Comparison, and Outcome (PICO) format us-
ing a combination of terms supplemented with keywords or
MeSH terms (Supplementary Table S2). Additional manual
screening was performed if necessary for additional can-
didate articles found during full-text review. The search
strategy placed no restrictions on the publication language,
study period, or sample size. All search results were trans-
ferred to EndNote software (version X9, Clarivate Analyt-
ics, Philadelphia, PA, USA) and electronically removed du-

plications. After this process, we reviewed only titles with
abstracts, and we excluded studies that were not relevant
to this subject or were unpublished studies, conference ab-
stracts, letters, or case reports.

The articles identified by the full-text review were sub-
jected to the following inclusion criteria: (1) patients aged
18 years or older and diagnosed with AIS-LVO; (2) ho-
mogeneous cohorts consisting of only patients who were
eligible for IVT, including a time window from stroke on-
set of less than or equal to 4.5h; (3) RCTs and NRSs that
conducted patient matching using propensity scores; (4) a
comparison of clinical and radiologic outcomes for patients
who had undergone DEVT vs. BT; (5) a presentation of
outcomes with regard to modified Rankin Scale (mRS) of
0–2at the 90-day mark for mortality, sICH, and successful
recanalization rates by groups and (6) EVT procedures, in-
cluding all methods such as stent retriever, direct aspiration
technique, and intra-arterial thrombolysis.

Studies were excluded if they (1) enrolled patients who
were not eligible for IVT but were assigned to the DEVT
group, especially with a time window from time to stroke
onset of greater than 4.5h and (2) reported results of ad-
ditionally performed subgroup analyses in RCTs not origi-
nally designed as DEVT vs. BT groups. Two investigators
(K.M.J., and H.H.C.) independently screened the titles and
abstracts, identified duplicates, reviewed full-text articles,
and determined their eligibility. Consensus was established
through discussion with the corresponding author (Y.D.C.)
in cases of a discrepancy between decisions.

Data Extraction and Outcomes

A standardized extraction sheet was used to extract the
baseline and outcome characteristics of each included study.
The data were extracted by two investigators (K.M.J. and
H.H.C.) and cross-checked by a corresponding investigator
(Y.D.C.). The primary outcome was defined as the rate of
patients who achieved functional independence at 90 days
from stroke onset, corresponding to a mRS of less than
or equal to 2 (90-day functional independence). Secondary
outcomes were (1) all-cause mortality within 90 days of
stroke onset (mortality); (2) the incidence rates of sICH as
defined by the Heidelberg bleeding classification [11] and
the European Cooperative Acute Stroke Study II criteria
[12] and (3) the rates of successful recanalization accord-
ing to a thrombolysis in cerebral infarction grade of greater
than or equal to 2b/3 (successful recanalization).

Quality Assessment

The quality assessment of the included studies was pre-
sented in a manner adherent to Cochrane Collaboration’s
tool for assessing the risk of bias, version 2.0 (RoB 2.0) for
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RCTs and the Review of the Development of the Risk Of
Bias In Nonrandomized Studies of Interventions (ROBINS-
I), which included detailed guidance for the review of meta-
analyses. The following five domains of the RoB 2.0 were
assessed for individual trials: randomization process, in-
tended intervention, missing data, outcome measurement,
and result selection. The risk of bias was evaluated with the
following three categories: low, some concerns, and high,
and was assigned an overall risk by the algorithm. The
checklist with seven domains in ROBINS-I was evaluated
for NRS: confounding, participant selection, intervention
classification, intended intervention, missing data, outcome
measurement, and result selection. After a comprehensive
evaluation of the judgment of each domain, the overall risk
was specified according to the algorithm. The “traffic light”
plots of the domain-level judgments for each result were
presented in a graphical format [13].

Statistical Analysis

All analyses in this study were performed using the Review
Manager (RevMan), version 5.3 (The Cochrane Collabora-
tion, Oxford, UK), and Stata/SE, version 15.0 (Stata Corp
LP; College Station, TX, USA), software using the metan,
metabias, metareg and metafunnel commands. Risk differ-
ence (RD) with 95% confidence intervals (CI) from each
study were combined to estimate the pooled RD with 95%
CIs for the primary and secondary outcomes. The Man-
tel-Haenszel random-effects model was used to comparing
the DEVT with BT (the RD and 95% CIs). All 2-sided p-
values <0.05 were considered to indicate statistical signif-
icance. Combined analysis was performed individually for
the primary and secondary outcomes, and each subgroup
analysis was presented by dividing it into RCTs and NRSs.

The noninferiority margin was determined based on
a prior, large scale systematic review, meta-analysis and
RCTs [14, 15]. The margin was set at 5%, as per a large
survey of stroke experts to establish the minimally clini-
cally important difference for stroke treatment [16]. Based
on the noninferiority margin of 5%, DEVT was concluded
to be noninferior to BT for an outcome when the lower
95% CI bound for treatment outcome was above the mar-
gin of –5% or the upper 95% CI bound for adverse effect
was below the margin of 5%. In addition, when the 95%
CI interval did not cross 0, DEVT was concluded to be
superior to BT.

Statistical heterogeneity was estimated using the I2 statis-
tic, which measures the degree of inconsistency across stud-
ies in a meta-analysis. An I2 value less than 25%, less than
50%, less than 75%, and greater than 75% was considered
to indicate low, moderate, high, and severe heterogeneity,
respectively. Publication bias in each study was investigated
by visually estimating its asymmetry within the plots of

RDs against error or variance of the study (funnel plots).
If asymmetry was suspected, the Begg rank correlation test
and Egger regression test were conducted; 2-tailed p-values
<0.05 were considered to indicate potential bias.

To confirm the results and make them comparative, sen-
sitivity analysis was additionally performed by omitting any
individual studies that showed statistically significant dif-
ferences from the pooled analysis for mortality, sICH, and
successful recanalization. After the subgroup analysis, we
consequently calculated and presented the pooled RDs with
95% CIs for the remaining studies.

Results

Study Selection and Baseline Characteristics

As the literature search flow diagram presented in Fig. 1
indicates, the search strategy yielded 110 articles after re-
moval of duplicates. After retrieving 39 articles for full-text
review, 7 studies (3 RCTs [17–19] and 4 NRSs [20–23])
met the eligibility criteria and were included in the meta-
analysis.

The baseline characteristics of these seven studies are
presented in Table 1. The 7 studies contained a total of
2460 patients with AIS who underwent DEVT or BT; we
compared the outcomes of 90-day functional independence,
mortality, sICH, and successful recanalization among these
patients. Only one study was designed within a single in-
stitutional setting, and the remaining six had multicenter
settings. Most studies included LVO of the anterior circu-
lation, whereas a posterior circulation stroke involving the
basilar artery and posterior cerebral artery was included in
only one study.

A total of 1227 patients (49.9%) in the DEVT group and
1233 patients (50.1%) in the BT group were consequently
enrolled for quantitative analysis. All included studies only
enrolled patients who presented within 4.5h of stroke onset
and had no contraindications to IVT. Alteplase was admin-
istered at a dose of 0.6–0.9mg/kg in the BT group; the
mechanical thrombectomy was performed using stent-re-
trievers or catheter aspiration or combination method. En-
dovascular treatment strategies with details of individual
studies are presented in supplementary table S3.

Quality Assessment and Publication bias of Included
Studies

Individual risk of bias of the enrolled studies was evalu-
ated using RoB 2.0 suitable for RCTs and ROBINS-I for
NRSs. Among the enrolled 3 RCTs, all of the ROB 2.0
domains were judged to have a low risk of bias except for
one trial. The Suzuki trial could not completely rule out
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Fig. 1 Flow diagram for the
selection of relevant studies.
RCT randomized controlled
trial, NRS non-randomized study

the possibility that the carers delivering the intervention
would recognize the exposure group during the trial. Due
to the limitations of the inherent characteristics of an NRS,
the results evaluated through the ROBINS-I tool showed
an overall higher level of risk of bias compared with the
RoB for RCTs. Domain 1 referred to confounding bias,
although it was not possible to completely control the con-
founder owing to the properties of an NRS; therefore, it was
judged that there was no serious residual confounding effect
by minimizing the expected risk through propensity score
matching. In addition, because it is almost impossible to
achieve complete assessor blindness to intervention in the
outcome measurement domain, all studies were judged as
a moderate risk of bias. The authors did not exclude in-
dividual studies with moderate risk of bias because it was
assumed that their individual results would not alter the
overall results of the combined analysis. Traffic light plots

and summary graphs are each presented for RoB 2.0 and
ROBINS-I in Fig. 2a,b, respectively.

There was no considerable visual asymmetry in the
funnel plots for 90-day functional independence and sICH,
whereas minor or moderate asymmetry was observed for
mortality and successful recanalization (Supplementary
Fig. 1). Although the presence of plot asymmetry was
detected, the Begg and Egger test revealed p> 0.05, which
indicated that no significant publication bias was detected.

90-day Functional Independence

The combined analysis of the RCTs and NRSs revealed
a 90-day functional independence overall rate of 43.5%
(1055/2423). The DEVT and BT groups achieved this pri-
mary end point at the following rates: 44.4% (537/1209)
and 42.7% (518/1214), respectively. Combined result from
the random-effect model showed the RD for 90-day func-
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Fig. 2 Reviewers’ judgments for risk of bias (RoB, a) and Risk Of Bias In Non-randomized Studies—of Interventions (ROBINS-I, b)

Fig. 3 Forest plot presenting the association of direct endovascular thrombectomy alone (DEVT), compared with bridging thrombolysis (BT),
with 90-day functional independence (defined as modified Rankin Scale of 0–2) in all included studies stratified by study design (RCT vs. NRS).
Tests for heterogeneity are described using I2 and P value. RCT randomized controlled trial, NRS non-randomized study

tional independence was 2% (95% CI, –2 to 6%), which
was concluded to be a statistically significant non-inferi-
ority of DEVT to BT. Subgroup analysis of both RCTs
and NRSs demonstrated relatively similar results which the
DEVT group presented a non-inferiority compared to BT
in 90-day functional independence (RCT RD, 2%; 95% CI,
–4 to 7% and NRS RD 2%; 95% CI, –4 to 7%). Further-
more, I2 was found to be 0%, indicating low heterogeneity
between the enrolled studies in the combined and subgroup
analysis (Fig. 3).

Mortality and sICH

In the combined analysis, the mortality rate was 18.8%
(455/2423), and the rates of the DEVT and BT groups were
17.8% (215/1209) and 19.8% (240/1214), respectively. The
integrated results indicated the RD for mortality was –2%
(95% CI, –6% to 2%). Subgroup analysis showed that the
RD was RCT –1% (95% CI –5% to 3%) and NRS –5%
(95% CI, –14% to 4%), respectively (Fig. 4a).

The pooled results for sICH showed that DEVT pre-
sented a superiority. The overall sICH rates were DEVT
6.3% (76/1210), BT 8.5% (103/1210), RD –2% (95% CI,
–4% to –0.002%). Subgroup analysis indicated the RD of
RCT –2% (95% CI, –5% to 1%) and NRS –1% (95% CI,
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Fig. 4 Forest plot presenting
the association of direct en-
dovascular thrombectomy alone
(DEVT), compared with bridg-
ing thrombolysis (BT) in all
included studies stratified by
study design (RCT versus NRS)
with a mortality, b symptomatic
intracranial hemorrhage, and
c successful recanalization (de-
fined as thrombolysis in cerebral
infarction grade ≥2B). Tests for
heterogeneity are described us-
ing I2 and P value. RCT random-
ized controlled trial, NRS non-
randomized study
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–4% to 2%) (Fig. 4b). Meanwhile, there were no substantial
heterogeneities between the included studies in the com-
bined analysis for mortality and sICH.

Successful Recanalization

In the combined analysis, 85.7% (2078/2424) of patients
achieved successful recanalization. Among the specific
groups, 85.2% (1027/1206) of patients achieved recanaliza-
tion in the DEVT group compared with 86.3% (1051/1218)
of patients in the BT group. The combined analysis in-
dicated that DEVT was non-inferior for the successful
recanalization compared to BT. The pooled results indi-
cated the total RD 0% (95% CI, –4% to 4%), RCT RD –3%
(–8% to 1%) and NRS RD 3% (–5% to 10%) (Fig. 4c).

Sensitivity Analysis

Although none of the studies enrolled for the 90-day func-
tional independence test showed biased results, further anal-
yses were required for mortality, sICH, and successful re-
canalization. After eliminating eccentric studies, the com-
bined analysis showed that DEVT was consistently non-
inferior to BT for mortality, sICH, and successful recanal-
ization (RD, –1%; 95% CI, –4% to 2%; RD, –1%; 95% CI,
–3% to 1%; and RD, –3%; 95% CI, –4% to 0%, respec-
tively) (Supplementary Fig. 2). Even in sub-analysis except
for one study involving posterior circulation stroke, non-in-
feriority was maintained in the 90-day functional indepen-
dence test. (RD, 2%; 95% CI, –3% to 6%) (Supplementary
Fig. 3).

Discussion

Although the current guidelines recommend BT for patients
with AIS-LVO, the effectiveness and safety of IVT using
alteplase have been controversial in the current EVT era.
In this meta-analysis, a statistically significant non-inferi-
ority of DEVT compared to BT was concluded in 90-day
functional independence, mortality and successful reperfu-
sion in patients with AIS-LVO who were eligible for IVT
(time from stroke onset ≤4.5h). Even in the sICH rate,
DEVT group showed a superiority, where the additional
cost associated with IVT can also be avoided. The re-
sults of this meta-analysis that incorporated three recently
published RCTs and four patient-matched NRSs suggest
that DEVT alone offers clinically non-inferior effectiveness
compared with BT in patients with AIS-LVO who were el-
igible for both reperfusion strategies.

Various previous meta-analyses that have compared clin-
ical outcomes between DEVT and BT have been reported.
Similar to our findings, some systematic reviews indicated

no significant differences in clinical outcomes between
DEVT and BT in patients with AIS-LVO [5, 6]. Although
these reviews included both unadjusted or nonrandomized
studies, results revealed that DEVT had equal clinical ef-
fectiveness to BT. Liu et al. [5] reported that DEVT was
associated with a lower risk of intracranial hemorrhage
compared with BT.

On the contrary, Mistry et al. [7] conducted a pooled
analysis of 13 studies, including the Highly Effective Reper-
fusion Evaluated in Multiple Endovascular Stroke Trials
(HERMES) collaboration [24]. Results of the integrated
analysis suggested that patients with BT had better 90-day
functional outcomes, lower mortality, higher recanalization
rate, and equal odds of sICH compared with DEVT; how-
ever, as the possibility of selection bias could exist, those
findings should be interpreted with caution. These discrep-
ancies noted among several meta-analyses could partially
be due to two major limitations: a difference in study de-
sign and the confounding effect of IVT eligibility. Because
those RCTs [25–29] were originally designed as IVT alone
vs. BT, studies with participants repurposed and reclassi-
fied through post hoc or subgroup analysis were likely to
be subject to substantial confounding bias.

Indeed, IVT eligibility has been presumed to be a con-
founder of these contradictory findings [21]. It has been
known that patients who are ineligible for IVT are more
likely to have underlying factors predicting a relatively
worse clinical outcome. For example, these patients may
have received treatment beyond the 4.5-h window from
stroke onset, or they may have pre-existing comorbidities,
such as cardiac disease or prior stroke [9, 30]. In particu-
lar, the association of time delay with poorer outcomes was
demonstrated in measures of probability of functional inde-
pendence [3]. Patients with ischemic stroke and past history
of atrial fibrillation have relatively worse clinical outcomes
than those without comorbidities [31].

In this respect, in an effort to minimize risk of bias or
confounding effects, recent meta-analyses have attempted
to obtain comparable baseline profiles by conducting a sub-
group analysis suitable for both DEVT and BT through ad-
justments for IVT eligibility [5, 9]. The results of these
studies were generally consistent with our findings for both
the primary and secondary outcomes. In particular, Kaes-
macher et al. [9] suggested that an RCT format is necessary
because IVT ineligibility itself can be a confounder that
causes poor technical and clinical success. In this respect
our updated meta-analysis included three recently published
RCTs with relatively substantial patient samples with var-
ious clinical variables and IVT eligibility that were ade-
quately controlled; results showed that DEVT alone could
offer similar non-inferior effectiveness and safety compared
with BT.
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Various studies have reported that IVT increases the risk
of ICH [1]. Furthermore, sICH was reported to be asso-
ciated with a worse 90-day functional independence and
higher mortality. Our study reinforced these results be-
cause DEVT was found to have a statistically lower sICH
rate compared with IVT in patients with AIS. Therefore,
it would be estimated that DEVT alone has advantages in
terms of 90-day clinical outcome and mortality of patients.
In addition, IVT was known as a sole factor that induced
clot migration and retriever inaccessibility [4, 32]. These
periprocedural findings distinctly observed in the patients
treated with BT would make it difficult to achieve a first-
pass effect or ultimately have a lower score on the throm-
bolysis in cerebral infarction (TICI) grading scale. Of note,
given that a higher first-pass effect and TICI grade indicate
better outcomes [33, 34], it may be consequently deduced
that patients treated with BT would have worse outcomes
than those treated with DEVT alone.

Shortening of the time from stroke onset has been proven
to be an essential factor associated with better outcomes in
patients with AIS-LVO. Given this consideration, these pa-
tients should receive direct transport to a DEVT-capable
stroke center equipped with an angiography suite to reduce
the time delay before implementation of DEVT [35]. Mean-
while, because delaying the door-to-puncture time in BT
has been proved through many published studies [36], we
investigated patient outcomes with or without IVT in the
current meta-analysis. Our results suggest a non-inferior
effectiveness of DEVT compared with BT. These findings
may provide the rationale for conducting related studies in
the future. Although it would be challenging to apply these
results to all patients with AIS-LVO, the specific strategy
with DEVT could be an alternative option to current treat-
ment strategies for AIS-LVO, including IVT alone and BT,
based on individual patient clinical profiles.

Several limitations were inherent to our study. First, the
protocols (i.e. thrombectomy procedure) of the studies in-
cluded in this analysis were not completely consistent. Al-
though all EVT procedures such as stent retriever, catheter
aspiration, and intra-arterial thrombolysis were included,
we could not analyze the confounding effect of individ-
ual procedural differences. In particular, with the exception
of three RCTs, in most of the NRSs, the procedure was
selected at the discretion of the clinician. Therefore, a cor-
responding potential bias could exist, and cautious consid-
eration might be required when interpreting these results or
changing the treatment strategy for patients with AIS-LVO.
Second, we were unable to perform meta-regression anal-
ysis on the variable of time delay, which is an important
factor in the judgment of patient eligibility for IVT. This is
because the results of subgroup analyses that used time in-
terval as an independent variable could not be found in the
enrolled studies. In the future, individual studies on the ef-

fect of time delay on the comparison of DEVT and BT will
be required. Third, due to the inherent limitations of NRSs,
the variables identified or not identified in individual stud-
ies may represent potential confounding factors that cannot
be excluded despite propensity score matching. A larger
volume meta-analysis including additional ongoing RCTs
will be needed to improve study quality and reliability and
to ensure generalization of DEVT to all patients with AIS-
LVO who are eligible to receive DEVT, BT, or both. Fi-
nally, this study could not demonstrate non-inferiority for
the most stringent margin of 1.3% [37]. The current con-
sensus for selection of the margin recommends the strictest
figure should be applied; however, the discrepancies be-
tween the scientific and the “real-world” applicable margin
would be substantially challenging for conducting the non-
inferior analysis. In fact, even in the previously published
meta-analyses, the margin of 1.3% has not demonstrated
the non-inferiority [14, 15]. Moreover, our study met all of
the fairly stringent non-inferiority margin of 5% assessed
for key efficacy outcomes. It represents a strong evidence
base for the non-inferiority of DEVT compared to BT.

Conclusion

The current meta-analysis of 7 studies, including 2460 pa-
tients with AIS-LVO who were eligible for treatment with
both DEVT and BT, compared efficacy and safety between
the two reperfusion strategies. The results of this analy-
sis demonstrated that DEVT alone management of AIS re-
vealed non-inferior effectiveness in 90-day functional inde-
pendence, mortality, and recanalization outcomes compared
with BT and may result in a significantly lower incidence
of sICH. Although it is recognized that all patients with
AIS-LVO could not be subject to this reperfusion strategy
randomly, our results contribute to the hierarchy of evi-
dence for DEVT and reveal various potential management
options, including IVT alone, BT, and DEVT, depending
on the individual characteristics of each patient with AIS-
LVO.
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