
SYSTEMATIC REVIEW
published: 30 April 2021

doi: 10.3389/fneur.2021.602370

Frontiers in Neurology | www.frontiersin.org 1 April 2021 | Volume 12 | Article 602370

Edited by:

Osama O. Zaidat,

Northeast Ohio Medical University,

United States

Reviewed by:

Teddy Y. Wu,

Christchurch Hospital, New Zealand

Carmen Parra-Farinas,

University of Toronto, Canada

*Correspondence:

Xiao-Fang Li

lxf2530@163.com

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Endovascular and Interventional

Neurology,

a section of the journal

Frontiers in Neurology

Received: 03 September 2020

Accepted: 15 March 2021

Published: 30 April 2021

Citation:

Chen Z-J, Li X-F, Liang C-Y, Cui L,

Yang L-Q, Xia Y-M, Cao W and

Gao B-L (2021) Comparison of Prior

Bridging Intravenous Thrombolysis

With Direct Endovascular

Thrombectomy for Anterior Circulation

Large Vessel Occlusion: Systematic

Review and Meta-Analysis.

Front. Neurol. 12:602370.

doi: 10.3389/fneur.2021.602370

Comparison of Prior Bridging
Intravenous Thrombolysis With
Direct Endovascular Thrombectomy
for Anterior Circulation Large Vessel
Occlusion: Systematic Review and
Meta-Analysis
Zhao-Ji Chen †, Xiao-Fang Li*†, Cheng-Yu Liang, Lei Cui, Li-Qing Yang, Yan-Min Xia,

Wei Cao and Bu-Lang Gao

The Third ward of Neurology Department, Affiliated Hospital of Hebei University, Baoding, China

Background:Whether bridging treatment combining intravenous thrombolysis (IVT) and

endovascular thrombectomy (EVT) is superior to direct EVT alone for emergent large

vessel occlusion (LVO) in the anterior circulation is unknown. A systematic review and a

meta-analysis were performed to investigate and assess the effect and safety of bridging

treatment vs. direct EVT in patients with LVO in the anterior circulation.

Methods: PubMed, EMBASE, and the Cochrane library were searched to assess the

effect and safety of bridging treatment and direct EVT in LVO. Functional independence,

mortality, asymptomatic and symptomatic intracranial hemorrhage (aICH and sICH,

respectively), and successful recanalization were evaluated. The risk ratio and the 95%

CI were analyzed.

Results: Among the eight studies included, there was no significant difference in the

long-term functional independence (OR = 1.008, 95% CI = 0.845–1.204, P = 0.926),

mortality (OR = 1.060, 95% CI = 0.840–1.336, P = 0.624), recanalization rate (OR =

1.015, 95% CI = 0.793–1.300, P = 0.905), and the incidence of sICH (OR = 1.320,

95% CI = 0.931–1.870, P = 0.119) between bridging therapy and direct EVT. After

adjusting for confounding factors, bridging therapy showed a lower recanalization rate

(effect size or ES = −0.377, 95% CI = −0.684 to −0.070, P = 0.016), but there

was no significant difference in the long-term functional independence (ES = 0.057,

95% CI = −0.177 to 0.291, P = 0.634), mortality (ES = 0.693, 95% CI = −0.133

to 1.519, P = 0.100), and incidence of sICH (ES = −0.051, 95% CI = −0.687 to

0.585, P = 0.875) compared with direct EVT. Meanwhile, in the subgroup analysis

of RCT, no significant difference was found in the long-term functional independence

(OR = 0.927, 95% CI = 0.727–1.182, P = 0.539), recanalization rate (OR = 1.331,

95% CI = 0.948–1.867, P = 0.099), mortality (OR = 1.072, 95% CI = 0.776–

1.481, P = 0.673), and sICH incidence (OR = 1.383, 95% CI = 0.806–2.374, P =

0.977) between patients receiving bridging therapy and those receiving direct DVT.
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Conclusion: For stroke patients with acute anterior circulation occlusion and who are

eligible for intravenous thrombolysis, there is no significant difference in the clinical effect

between direct EVT and bridging therapy, which needs to be verified by more randomized

controlled trials.

Keywords: bridging intravenous thrombolysis, endovascular thrombectomy, systematic review, anterior

circulation, large vessel occlusion

INTRODUCTION

In the past 20 years, although intravenous thrombolysis (IVT)
had been recognized as the most effective approach for acute
ischemic stroke (AIS) (1), studies have shown that IVT presented
inadequate response to emergent large vessel occlusion (ELVO)
(2–4). Some landmark randomized clinical trials (RCTs) have
provided some firm evidence that combining endovascular
thrombectomy (EVT) with prior IVT (bridging treatment) is
conspicuously superior to IVT alone (5–9). According to the
above proof, the primary treatment strategy for ELVO in the
anterior circulation is the bridging treatment recommended by
the 2018 guidelines for the early treatment of patients with AIS
by the American Heart Association/American Stroke Association
(10). However, whether pretreatment with IVT is necessary is
still debatable. Some studies hold the opinion that prior IVT
was able to facilitate early recanalization and avoid further EVT
(11–13). Additionally, pretreatment with IVT could soften the
clot, thus shortening the EVT procedure, promoting the rate of
mechanical recanalization, and reducing the number of passes of
thrombectomy needed to achieve successful recanalization (11–
13). On the contrary, some scholars thought that pretreatment
with IVT would cause potential hemorrhagic complications, clot
fragmentation, and distal embolization, possibly leading to a
delay in the initiation of subsequent EVT (14–16). However,
these concerns were only explored by retrospective analyses and
observational studies, with low level of evidence. Moreover, some
studies enrolled patients who were eligible for IVT into the direct
EVT arm (17–20), whereas others enrolled patients who were
not eligible for IVT into direct EVT treatment (21–24), which
made these studies uncomparable. Recently, three RCTs have
shown that bridging treatment was not superior to direct EVT
for patients who were also eligible for IVT (25–27). Because
of the controversies in this field regarding the application of
bridging treatment (combining prior IVT and EVT) and direct
EVT, a meta-analysis was needed to explore the advantages and
disadvantages of both approaches of treatment in patients with
IVT eligibility.

Abbreviations: IVT, intravenous thrombolysis; AIS, acute ischemic stroke;

ELVO, emergent large vessel occlusion; RCT, randomized clinical trial; EVT,

endovascular thrombectomy; mRS, modified Rankin Scale; sICH, symptomatic

intracranial hemorrhage; aICH, asymptomatic intracerebral hemorrhage; OTGT,

mean time from onset to groin puncture time; PL, procedure length; NI,

neurologic improvement; OR, odds ratio; SMD, standardized mean difference;

CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; FI,

functional independence; ES, effect size.

MATERIALS AND METHODS

Search Strategy
This meta-analysis followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) format
guidelines (28). The protocol had been registered in the
International System Evaluation Expected Register (PROSPERO;
registration number CRD42020197147).

The electronic databases of PubMed, EMBASE, and Cochrane
Library (deadline: May 22, 2020) were systematically searched
using the title and the abstract retrieval method with no
language restrictions: ((((((((Tissue Type Plasminogen
Activator [Title/Abstract]) OR Plasminogen Activator,
Tissue [Title/Abstract]) OR Alteplase [Title/Abstract])
OR Activase [Title/Abstract]) OR Tissue Plasminogen
Activator [Title/Abstract]) OR thrombolysis [Title/Abstract]))
AND ((((Thrombectomy[Title/Abstract]) OR mechanical
thrombectomy [Title/Abstract]) OR endovascular reperfusion
therapies [Title/Abstract]) OR endovascular treatment
[Title/Abstract])) AND (((((acute ischemic stroke
[Title/Abstract]) OR cerebral ischemia [Title/Abstract]) OR
cerebral ischemia [Title/Abstract]) OR large vessel occlusion
[Title/Abstract]) OR acute cerebral infarction [Title/Abstract]).

The selection criteria for articles eligible for this study were:
(1) studies investigating patients who were older than 18 years;
(2) studies with AIS patients of the anterior circulation; and
(3) studies comparing outcomes between bridging (prior IVT
+ EVT) and direct EVT therapies. Articles which met the
following exclusion criteria were excluded: (1) intra-arterial
thrombolysis; (2) AIS of the posterior circulation; (3) lack of
detailed information of patients with eligibility for IVT or EVT;
and (4) patients ineligible for intravenous thrombolysis.

Data Extraction and Assessment
Two researchers carefully read the literature, extracted the
data, and reached an agreement on all items. Data obtained
from the original studies were baseline data, primary outcome,
and secondary outcomes. The primary outcome was functional
independence (FI) used for assessing the efficacy of bridging
treatment compared to direct EVT, which was defined as a
modified Rankin Scale (mRS) score of 0–2 at 3 months. The
secondary outcome included the long-term mortality defined
as a mRS score of 6 at 90 days, successful reconstruction
was defined as thrombolysis in cerebral infarction scores from
2b to 3, and safety outcomes were defined as symptomatic
intracranial hemorrhage (sICH) and asymptomatic ICH (aICH)
based on the criteria of the Heidelberg Bleeding Classification
(8, 29). sICH refers to intracranial hemorrhage that compresses
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intact brain tissue, causing neurological symptoms and an
increase in the NIHSS (National Institutes of Health Stroke
Scale) score, with an increase of four or more points or
an increase of two or more points of a NIHSS subcategory
as a relevant change in neurological status, and potentially
associated with a worsened long-term prognosis (29). Moreover,
the mean time from hospital admission to groin puncture time
(HTGT) was also analyzed. Subgroup analysis was used to
explore the effect of different alteplase doses on the clinical
outcomes (Supplementary Table 1). The data were adjusted for
confounding factors before further analysis.

Quality Evaluation of the Included Studies
The Newcastle-Ottawa Scale was used to evaluate the quality of
the enrolled studies based on the selection of research population,
comparability of establishment, and measurement of results
(Supplementary Table 2) (30). After evaluation, eight articles
with scores greater than or equal to 6 were considered high-
quality articles, and one article with a score of< 6 was considered
a low-quality article and excluded (31). The publication bias of
the studies included was categorized as high, low, or unclear
risks and was assessed by two researchers (ZJC and CYL)
independently according to the method provided in the study
by Higgins et al. (32) including selection bias, performance
bias, detection bias, attrition bias, reporting bias, and other
potential biases. Any discrepancies were resolved by discussion
or consultation with a third reviewer (XFL).

Statistical Analysis
Statistical analysis was performed with the STATA software
(version 14.0, Stata Corp. LP, College Station, TX, USA). A
fixed-effects model pooled the data across trials and then
compared with a random-effects model for the results. The odds
ratio (OR) and standardized mean difference (SMD) with 95%
confidence interval (CI) were used to evaluate the outcomes.
Heterogeneity was assessed with the Cochran Q and I2 statistics.
High heterogeneity was defined as I2 values ≥50%. Subgroup
analysis was performed to evaluate the sources of heterogeneity.
Publication bias was assessed using the Harbord’s test with
pseudo 95% confidence limits.

RESULTS

Results of the Search and Characteristics
of the Included Studies
A total of 3,821 articles were retrieved from three databases.
After careful evaluation, 195 duplicate studies were excluded,
2,751 reports were eliminated because of improper titles and
abstracts, and 836 articles were excluded due to the different
reasons demonstrated in Figure 1. Among 39 studies in the
qualitative synthesis, 21 full-text articles were further excluded
mainly because these articles included patients with posterior
circulation occlusion. Moreover, nine articles which included
patients ineligible for IVT and one article with low quality were
also excluded (31). Finally, eight articles met the inclusion criteria
and were enrolled for analysis (Figure 1) (17–20, 25–27, 33). The
flow diagram of the procedure for choosing the studies is shown

FIGURE 1 | Flow diagram of study identification and selection.

in Figure 1, and the basic characteristics of the enrolled studies
are shown in Table 1.

Study Outcomes
Overall Results of the Pooled Data

The pooled results showed that bridging therapy was not superior
to direct EVT. In terms of primary outcome, we found no
significant difference in FI (OR = 1.008, 95% CI = 0.845–1.204,
P = 0.926) (Figure 3) between bridging therapy and direct EVT.
Meanwhile, there was no significant difference in the mortality
rate at 90 days (OR = 1.060, 95% CI = 0.840–1.336, P = 0.624)
(Figure 2), recanalization rate (OR = 1.015, 95% CI = 0.793–
1.300, P = 0.905) (Figure 4), and risk of sICH (OR= 1.320, 95%
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TABLE 1 | Essential characteristics of the studies included in the meta-analysis.

References Country Study type Combined MT + IVT Direct MT Adjustment

method

Follow-up

time

N Male

(%)

Mean age Baseline

NIHSS

OTGT (min) N Male

(%)

Mean age Baseline

NIHSS

OTGT (min)

Broeg-Morvay

et al. (19)

Switzerland Retrospective

analysis

156 52.6% 73 17.7 ± 25.4 262.2 ± 85.2 40 62.5% 77 19.7 ± 26.1 228.6 ± 78.6 PS matching 90 days

Bellwald et al.

(18)

Switzerland;

Germany

Retrospective

analysis

249 51% 73 16 (1–36) 4.26 ± 2.02 111 55.5% 75 15 (0–38) 3.23 ± 1.37 Multivariable

regression

90 days

Wang et al.

(20, 34)

China Retrospective

analysis

138 56.5% 67 (58.75–73) 17 (13–21.25) Unknown 138 55.1% 67 (58.75–75) 16 (13–21) Unknown PS matching 90 days

Balodis et al. (17)Latvia; UK Prospective,

observational

study

84 45.2% 72 15 (12–18) Unknown 62 45.2% 72 16.5 (14–20) Unknown Unknown 90 days

Gong et al. (33) China Retrospective

analysis

42 64% 69 13 (6–21) 184.86 ± 56.8 31 48% 71 15 (6–22) 216.17 ± 88.3 PS matching 90 days

Yang et al. (25) China RCT 329 55% 69 (61–76) 17 (14–22) Unknown 327 57.8% 69 (61–76) 17 (12–21) Unknown Multivariable

regression

90 days

Suzuki et al. (26) Japan RCT 103 70% 76 (67–80) 17 (12–22) Unknown 101 55% 74 (67–80) 19 (13–23) Unknown Unknown 90 days

Zi et al. (27) China RCT 118 55.9% 70 (60–78) 16 (13–20) 210 (179–255) 116 56.9% 70 (60–77) 16 (12–20) 200 (155–247) Multivariable

regression

90 days

PS matching, propensity score matching.
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CI= 0.931–1.870, P= 0.119) (Figure 5) between the two groups.
However, bridging therapy significantly increased the risk of
aICH compared to direct EVT (OR = 1.547, 95% CI = 1.242–
1.927, P = 0.000) (Supplementary Figure 3). Interestingly, after
adjustment for confounders, the vascular recanalization rate
(effect size or ES = −0.377, 95% CI = −0.684 to −0.070, P =

0.016) (Figure 4) of bridging therapy was significantly lower than
that of direct EVT. However, there was no significant change in
FI (ES= 0.057, 95% CI=−0.177 to 0.291, P= 0.634) (Figure 3),
mortality rate at 90 days (ES= 0.693, 95% CI=−0.133 to 1.519,
P= 0.100) (Figure 2), and sICH (ES=−0.051, 95% CI=−0.687
to 0.585, P = 0.875) (Figure 5).

Significant heterogeneity was found in the outcome of
adjusted mortality at 90 days (I2 = 65.2%, P = 0.035) (Figure 2),
and age was a major source of heterogeneity by subgroup
analysis. Compared with direct EVT, the long-term mortality in
patients older than 70 years who received bridging therapy was
significantly improved (OR = 1.178, 95% CI = 0.527–1.829, P =

0.000) (Figure 6).

Subgroup Analysis of Study Type
Five non-RCT and three RCT studies were included in our study.
In the non-RCT study, there was no significant difference in
long-term mortality (OR = 1.047, 95% CI = 0.751–1.460, P =

0.787) (Figure 2), recanalization rate (OR = 0.750, 95% CI =
0.516–1.089, P = 0.131) (Figure 4), FI (OR = 1.111, 95% CI
= 0.856–1.441, P = 0.428) (Figure 3), and sICH (OR = 1.276,
95% CI = 0.809–2.013, P = 0.850) (Figure 5) between bridging
therapy and EVT, but bridging therapy had a significantly
increased risk of aICH than EVT (OR = 2.069, 95% CI = 1.462–
2.929, P= 0.000) (Supplementary Figure 3). In the RCT studies,
bridging therapy did not have significant advantages in long-
term mortality (OR = 1.072, 95% CI = 0.776–1.481, P = 0.673)
(Figure 2), recanalization rate (OR = 1.331, 95% CI = 0.948–
1.867, P = 0.099) (Figure 4), FI (OR = 0.927, 95% CI = 0.727–
1.182, P = 0.539) (Figure 3), and risk of sICH (OR = 1.383,
95% CI = 0.806–2.374, P = 0.977) (Figure 5) in comparison
with EVT. However, the pooled data from RCTs showed that
the bridging treatment is more likely to improve the time from
hospital admission to groin puncture than EVT, even thoughwith
no significant difference (OR= 0.101, 95% CI=−0.017 to 0.220,
P = 0.095) (Supplementary Figure 2).

Subgroup Analysis of Alteplase With
Different Doses
In the bridging treatment group, two articles used either a two-
third dose (0.6 mg/kg) or a full dose (0.9 mg/kg) of alteplase on
the patients (18, 19), four articles used a full dose of alteplase
(0.9 mg/kg) (17, 20, 25, 27), one article used a two-third dose
(0.6 mg/kg) (26), and one article (33) did not describe the means
of IVT (Supplementary Table 1). In the subgroup analysis, we
mainly compared the patients’ clinical outcomes who received
either a two-third dose or a full dose of alteplase with those who
only received a full dose of alteplase (Supplementary Table 3).
Although the results showed that there are no significant
difference between the two subgroups, the tendency of better
clinical outcomes was found for the study using the full dose of

alteplase than the study adopting the different dose of alteplase,
with a lower mortality at 90 days (OR = 1.025, 95% CI = 0.767–
1.370), higher FI at 90 days (OR= 0.998, 95% CI= 0.800–1.246),
a higher recanalization rate (OR= 1.075, 95% CI= 0.791–1.461),
and a lower risk of sICH (OR= 1.242, 95% CI= 0.838–1.840).

Sensitivity, Publication Bias, and Quality of
the Studies
Based on the analysis using the Newcastle-Ottawa Scale (30),
eight studies were of high quality while one was of low quality.
The primary outcomes were tested with the Harbord statistical
test, with no significant (P > 0.1) publication bias detected
(Supplementary Figure 5). To investigate the stability of the
primary outcomes, a sensitivity analysis was further performed,
and no studies were found to significantly affect the outcomes
(Supplementary Figure 4).

DISCUSSION

In this meta-analysis, five retrospective studies and three RCTs
were included. The pooled results showed that bridging therapy
was not superior to direct EVT in patients who underwent
direct EVT with ELVO of the anterior circulation; however,
bridging therapy increased the risk of aICH compared with direct
EVT. After adjusting for confounding factors, bridging therapy
showed a significantly lower recanalization rate than direct EVT.
Moreover, the pooled results from the RCTs demonstrated that
patients eligible for IVT who received direct EVT showed no
significant difference in long-term mortality, FI, recanalization
rate, and incidence of sICH compared with those who underwent
the bridging treatment.

Some meta-analyses had also compared direct EVT and
bridging treatment (35–38). In comparison with patients who
experienced mechanical thrombectomy (MT) only in the study
by Mistry et al. (37) patients receiving MT + IVT had better
functional outcomes (mRS score = 0–2, summary OR = 1.27,
95% CI = 1.05–1.55, P = 0.02), lower mortality (OR = 0.71,
95% CI = 0.55–0.91, P = 0.006), and a higher rate of successful
recanalization (OR = 1.46, 95% CI = 1.09–1.96, P = 0.01). A
greater number of MT + IVT patients required two or fewer
passes with a neurothrombectomy device to achieve successful
recanalization (OR = 2.06, 95% CI = 1.37–3.10, P = 0.0005).
In the meta-analysis by Pan et al. (38) significantly more
patients who received MT + IVT obtained higher functional
independence (OR = 1.21, 95% CI = 1.13–1.30) and successful
recanalization rate (OR = 1.09, 95% CI = 1.02–1.15) than
patients with MT alone. However, the pooled results showed a
significantly lower mortality (OR = 0.74, 95% CI = 0.66–0.83)
for patients who received MT + IVT. In the study by Liu and Li
(36), compared with patients who received bridging treatment,
patients treated with direct EVT had a similar likelihood of
achieving good functional outcome at 3 months (OR = 0.93,
95% CI = 0.85–1.01, P = 0.094), similar mortality at 3 months
(OR = 1.10, 95% CI = 0.91–1.33, P = 0.33), and sICH (OR
= 1.06, 95% CI = 0.74–1.51, P = 0.75), with a lower risk
of intracranial hemorrhage (OR = 0.76, 95% CI = 0.60–0.95,
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FIGURE 2 | Mortality at 90 days. (A) Non-RCT. (B) RCT. RCT, randomized controlled trial; ES, effect size.

FIGURE 3 | Functional independence at 90 days. (A) Non-RCT. (B) RCT. RCT, randomized controlled trial; ES, effect size.
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FIGURE 4 | Recanalization. (A) Non-RCT. (B) RCT. RCT, randomized controlled trial; ES, effect size.

FIGURE 5 | Symptomatic intracranial hemorrhage. (A) Patients ineligible for IVT. (B) Patients eligible for IVT. IVT, intravenous thrombolysis; ES, effect size.

P = 0.02). In the meta-analysis by Kaesmacher et al. (35) the
rate of successful reperfusion was not significantly different in
patients receiving direct EVT and bridging treatment (OR =

0.93, 95% CI = 0.68–1.28). In studies including IVT-ineligible
patients in direct EVT, patients undergoing direct EVT tended to
have lower rates of functional independence and higher odds of a
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FIGURE 6 | Adjusted mortality at 90 days. (A) Age > 70 years; (B) age ≤ 70 years. ES, effect size.

fatal outcome as compared to patients with bridging treatment
(OR = 0.78, 95% CI = 0.61–1.01 and OR = 1.45, 95% CI
= 1.22–1.73, respectively). However, no such treatment effect
was found when the analyses were confined to cohorts with a
lower risk of selection bias (including IVT-eligible direct EVT
patients). The results of the meta-analyses by Mistry et al. (37)
and Pan et al. (38) were not consistent with the conclusion of
our study because they enrolled patients ineligible for IVT in
the direct EVT group, but without further subgroup analysis,
thus resulting in a conclusion favorable for IVT. The results
of the meta-analyses by Liu and Li (36) and Kaesmacher et al.
(35) were consistent with our conclusion; however, the study
by Liu and Li. (36) did not investigate other variables except
FI, besides enrollment of patients with large vessel occlusion in
the posterior circulation. Kaesmacher et al. (35) studied patients
eligible for IVT and were of the opinion that direct EVT did
not have significantly different effects from bridging treatment;
however, only three studies enrolled patients eligible for IVT.
Moreover, their study (35) also enrolled patients with large vessel
occlusion in the posterior circulation. Thus, these meta-analyses
were uncomparable to ours, which enrolled only patients with
ELVO in the anterior circulation.

There are currently three RCTs suggesting that there was no
significant difference between direct EVT and bridging therapy
in stroke patients with acute anterior circulation occlusion of the
great vessels and who are eligible for IVT (25–27). Two RCT
trials from China have confirmed the non-inferiority of EVT
alone vs. bridging therapy in long-term functional independence
(mRS score of 0–2) (25, 27). However, this conclusion was not

confirmed in a study from Japan (26). It is worth noting that
the dosage of alteplase used in the bridging group in the study
by Suzuki et al. is 0.6 mg/kg (26), which is inconsistent with
the standard dosage recommended by the latest guidelines (10).
In addition, Suzuki et al. also mentioned in the article that the
non-inferiority margin was calculated based on the data of full-
dose alteplase (0.9 mg/kg), which may lead to errors in the recent
research results (26). Actually, in our included studies, different
therapeutic doses of alteplase were used in the bridging group
of some studies, including full dose (0.9 mg/kg) (17, 25, 27, 34)
and two-third dose (0.6 mg/kg) (26) of alteplase; the two doses
were present at the same time (18, 19) (Supplementary Table 1).
Based on these limited data, we can only discuss the clinical
outcomes of all patients receiving full-dose alteplase and those
receiving different doses of alteplase. Our study revealed the
tendency of better clinical outcomes for the studies using the full
dose of alteplase than those adopting different doses of alteplase
(Supplementary Table 3).

In terms of adverse events, Zi et al. reported that patients in the
bridging group had a higher risk of aICH (15.7 vs. 25.6%) (27),
which is consistent with our conclusion. Suzuki et al. reported
that patients in the bridging group had a significantly increased
rate of any ICH at 36 h from onset (33.7 vs. 50.5%) (26). However,
Yang et al. did not find any significant difference in the bleeding
events between the two groups (25), partly because 30 patients
(9.1%) in the bridging group did not receive a full dose (n = 20)
or any dose (n = 10) of alteplase, whereas 37 patients (11.2%)
did not receive thrombectomy. In our study, we mainly evaluated
the risk of patients with sICH and aICH, and the results showed
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that the risk of patients with aICH was significantly higher with
bridging therapy. Current studies have suggested that increased
bleeding events after endovascular treatment are associated with
poor clinical outcomes (39, 40). However, due to the different
doses of alteplase used in some studies, our conclusion needs
further confirmation.

Unfortunately, due to limited data available, more clinical
outcomes could not be analyzed between the two treatment
approaches. Although our study found no significant difference
in the time from hospital admission to groin puncture in
RCTs between the two groups of therapy, bridging therapy
tended to prolong the puncture time. In addition, Suzuki’s
researchmentioned 22 patients (21.4%) in the bridging treatment
group who had groin puncture before receiving intravenous
thrombolytics (26). It was further pointed out that recombinant
tissue plasminogen activator (rt-PA) administration might not be
a disadvantage to the starting of mechanical thrombosis. In fact,
in the real world, bridging therapymay bemore complicated, and
patients may have already received drug thrombolytic therapy
before presentation to the hospital for mechanical thrombosis,
making bridging therapy even longer. The STRATIS Study found
that patients with interrupted bridging therapy experienced a
124-min difference between interhospital transfer therapy and
direct in-hospital treatment and had better clinical outcomes
(mRS = 0–1) (48.7 vs. 39.9%, OR = 1.43, 95% CI = 1.03–1.99,
P = 0.04) (41). This conclusion is consistent with the results
from the HERMES meta-analysis and a real-world data from
Melbourne (42, 43). Unfortunately, none of the studies included
in our study explored this question. In addition, the pre-hospital
management systems in different countries are not consistent,
resulting in limited data and outcomes in this area available for
analysis (25).

Interestingly, the recanalization rate in the bridging treatment
was lower after than before adjustment for confounders, which
was probably caused by the exclusion of patients who had
achieved early successful recanalization following prior IVT
in some studies (18, 19, 33). Early recanalization caused by
pretreatment with IVT was non-negligible in real life and was
probably the advantage of prior IVT. However, our meta-
analysis did not include any case with early recanalization.
There was only one study reporting pretreatment with IVT in
patients with ELVO eligible for EVT that resulted in successful
recanalization in 1 of 10 cases (44). It is worth noting that the
efficacy of a new thrombolytic drug, tenecteplase, a genetically
modified variant of alteplase for promoting early recanalization
of great vessel occlusion, has been the focus of attention since
its introduction (44). Compared with alteplase, tenecteplase
has the fibrin specificity increased by 14 times, the fibrinogen
preservation rate increased by 10 times, and the resistance to
plasminogen activator inhibitor-1 activity increased by 80 times,
with faster thrombolysis, reduced plasma clearance rate, longer
half-life, and convenient administration (45). Tenecteplase has
been compared with alteplase in a large number of clinical trials;
however, the advantage of tenecteplase in early recanalization of
large vessel occlusion was only confirmed in some RCTs with

small samples (46, 47). In addition, other studies reported the
inconsistent efficacy of tenecteplase (48–50). The latest RCT
showed that compared with alteplase, tenecteplase significantly
increased the early recanalization rate (22 vs. 10%) and reduced
the long-term mortality (10 vs. 18%) in stroke patients with
large vessel occlusion, but had no significant difference in the
bleeding risk (51). However, it should also be noted that the final
recanalization rate was not significantly different (52 vs. 57%)
between tenecteplase and alteplase. In addition, due to the small
sample size in the study, the long-term mortality rate still needs
to be confirmed in large samples of RCTs.

Stent retrievers have been recommended for mechanical
thrombectomy in the 2015 and 2018 AHA–ASA guidelines (10,
52). Among our studies, five articles mentioned the combination
of aspiration and stent recovery technology in the EVT arm
(17, 25–27, 33), one study only used stent recovery technology
(19), and the remaining two did not mention this technology
at all (18, 20). At present, the 2018 AHA–ASA guideline still
recommended the stent recycling technology, pointing out that
there was no significant difference between aspiration and stent
recycling technology (10). However, insufficient information was
obtained from the enrolled studies in our meta-analysis about
endovascular treatment using the stent technology; it was thus
impossible to evaluate the outcomes of stent aspiration and
mechanical thrombectomy.

Some limitations exist in our study. There were only three
RCTs; all other articles were of a retrospective nature. More
RCT studies are needed. Furthermore, some studies had high
heterogeneity whose source was not found due to limited data.
The currently enrolled limited studies restricted the coverage of
all clinical outcomes. Future studies will have to resolve all these
issues for better outcomes.

In conclusion, in patients with acute anterior occlusion
and IVT compliance, direct DVT and bridging therapy
have no significant prognostic difference, but bridging
therapy may significantly increase the risk of asymptomatic
intracranial hemorrhage.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

Z-JC, X-FL, and B-LG: study design and data analysis. Z-JC,
C-YL, LC, L-QY, Y-MX, andWC: data collection. Y-MX andWC:
study supervision. All authors: approval of the study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.602370/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org 9 April 2021 | Volume 12 | Article 602370

https://www.frontiersin.org/articles/10.3389/fneur.2021.602370/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Bridging Thrombolysis and Endovascular Thrombectomy

REFERENCES

1. Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis

for acute ischaemic stroke. Cochrane Database Syst Rev. (2014)

2014:CD000213. doi: 10.1002/14651858.CD000213.pub3

2. Bhatia R, Hill MD, Shobha N, Menon B, Bal S, Kochar P, et al. Low rates

of acute recanalization with intravenous recombinant tissue plasminogen

activator in ischemic stroke: real-world experience and a call for action. Stroke.

(2010) 41:2254–8. doi: 10.1161/STROKEAHA.110.592535

3. De Silva DA, Brekenfeld C, Ebinger M, Christensen S, Barber PA, Butcher KS,

et al. The benefits of intravenous thrombolysis relate to the site of baseline

arterial occlusion in the echoplanar imaging thrombolytic evaluation trial

(epithet). Stroke. (2010) 41:295–9. doi: 10.1161/STROKEAHA.109.562827

4. Rha JH, Saver JL. The impact of recanalization on ischemic

stroke outcome: a meta-analysis. Stroke. (2007) 38:967–

73. doi: 10.1161/01.STR.0000258112.14918.24

5. BerkhemerOA, Fransen PS, BeumerD, van den Berg LA, LingsmaHF, YooAJ,

et al. A randomized trial of intraarterial treatment for acute ischemic stroke.

N Engl J Med. (2015) 372:11–20. doi: 10.1056/NEJMoa1411587

6. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al.

Endovascular therapy for ischemic stroke with perfusion-imaging selection.N

Engl J Med. (2015) 372:1009–18. doi: 10.1056/NEJMoa1414792

7. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al.

Randomized assessment of rapid endovascular treatment of ischemic stroke.

N Engl J Med. (2015) 372:1019–30. doi: 10.1056/NEJMoa1414905

8. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al.

Thrombectomywithin 8 hours after symptom onset in ischemic stroke.NEngl

J Med. (2015) 372:2296–306. doi: 10.1056/NEJMoa1503780

9. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, et al. Stent-

retriever thrombectomy after intravenous t-pa vs. T-pa alone in stroke.N Engl

J Med. (2015) 372:2285–95. doi: 10.1056/NEJMoa1415061

10. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,

Becker K, et al. 2018 guidelines for the early management of patients

with acute ischemic stroke: a guideline for healthcare professionals from

the American heart association/American stroke association. Stroke. (2018)

49:e46–110. doi: 10.1161/STR.0000000000000172

11. Angermaier A, Michel P, Khaw AV, Kirsch M, Kessler C, Langner S.

Intravenous thrombolysis and passes of thrombectomy as predictors for

endovascular revascularization in ischemic stroke. J Stroke Cerebrovasc Dis.

(2016) 25:2488–95. doi: 10.1016/j.jstrokecerebrovasdis.2016.06.024

12. Guedin P, Larcher A, Decroix JP, Labreuche J, Dreyfus JF, Evrard

S, et al. Prior iv thrombolysis facilitates mechanical thrombectomy

in acute ischemic stroke. J Stroke Cerebrovasc Dis. (2015) 24:952–

7. doi: 10.1016/j.jstrokecerebrovasdis.2014.12.015

13. Mueller L, Pult F, Meisterernst J, Heldner MR, Mono ML, Kurmann R,

et al. Impact of intravenous thrombolysis on recanalization rates in patients

with stroke treated with bridging therapy. Eur J Neurol. (2017) 24:1016–

21. doi: 10.1111/ene.13330

14. Barreto AD. Intravenous thrombolytics for ischemic stroke.

Neurotherapeutics. (2011) 8:388–99. doi: 10.1007/s13311-011-0049-x

15. Grotta JC, HackeW. Stroke neurologist’s perspective on the new endovascular

trials. Stroke. (2015) 46:1447–52. doi: 10.1161/STROKEAHA.115.008384

16. Tsivgoulis G, Katsanos AH, Mavridis D, Alexandrov AW, Magoufis G, Arthur

A, et al. Endovascular thrombectomy with or without systemic thrombolysis?

Ther Adv Neurol Disord. (2017) 10:151–60. doi: 10.1177/1756285616680549

17. Balodis A, Radzina M, Miglane E, Rudd A, Millers A, Savlovskis J, et al.

Endovascular thrombectomy in anterior circulation stroke and clinical value

of bridging with intravenous thrombolysis. Acta Radiol. (2019) 60:308–

14. doi: 10.1177/0284185118780897

18. Bellwald S, Weber R, Dobrocky T, Nordmeyer H, Jung S, Hadisurya J, et al.

Direct mechanical intervention versus bridging therapy in stroke patients

eligible for intravenous thrombolysis: a pooled analysis of 2 registries. Stroke.

(2017) 48:3282–8. doi: 10.1161/STROKEAHA.117.018459

19. Broeg-Morvay A, Mordasini P, Bernasconi C, Buhlmann M,

Pult F, Arnold M, et al. Direct mechanical intervention versus

combined intravenous and mechanical intervention in large artery

anterior circulation stroke: a matched-pairs analysis. Stroke. (2016)

47:1037–44. doi: 10.1161/STROKEAHA.115.011134

20. Wang H, Zi W, Hao Y, Yang D, Shi Z, Lin M, et al. Direct

endovascular treatment: an alternative for bridging therapy in anterior

circulation large-vessel occlusion stroke. Eur J Neurol. (2017) 24:935–

43. doi: 10.1111/ene.13311

21. Ferrigno M, Bricout N, Leys D, Estrade L, Cordonnier C,

Personnic T, et al. Intravenous recombinant tissue-type plasminogen

activator: influence on outcome in anterior circulation ischemic

stroke treated by mechanical thrombectomy. Stroke. (2018)

49:1377–85. doi: 10.1161/STROKEAHA.118.020490

22. Kaesmacher J, Kleine JF. Bridging therapy with i. V. Rtpa in mca

occlusion prior to endovascular thrombectomy: A double-edged sword? Clin

Neuroradiol. (2018) 28:81–9. doi: 10.1007/s00062-016-0533-0

23. Merlino G, Sponza M, Petralia B, Vit A, Gavrilovic V, Pellegrin A, et al.

Short and long-term outcomes after combined intravenous thrombolysis

and mechanical thrombectomy vs. direct mechanical thrombectomy: a

prospective single-center study. J Thromb Thrombolysis. (2017) 44:203–

9. doi: 10.1007/s11239-017-1527-8

24. Sallustio F, Koch G, Alemseged F, Konda D, Fabiano S, Pampana E,

et al. Effect of mechanical thrombectomy alone or in combination with

intravenous thrombolysis for acute ischemic stroke. J Neurol. (2018)

265:2875–80. doi: 10.1007/s00415-018-9073-7

25. Yang P, Zhang Y, Zhang L, Zhang Y, Treurniet KM, Chen W, et al.

Endovascular thrombectomy with or without intravenous alteplase in acute

stroke. N Engl J Med. (2020) 382:1981–93. doi: 10.1056/NEJMoa2001123

26. Suzuki K, Matsumaru Y, Takeuchi M, Morimoto M, Kanazawa R,

Takayama Y, et al. Effect of mechanical thrombectomy without vs. with

intravenous thrombolysis on functional outcome among patients with acute

ischemic stroke: the skip randomized clinical trial. JAMA. (2021) 325:244–

53. doi: 10.1001/jama.2020.23522

27. ZiW,Qiu Z, Li F, SangH,WuD, LuoW, et al. Effect of endovascular treatment

alone vs intravenous alteplase plus endovascular treatment on functional

independence in patients with acute ischemic stroke: the devt randomized

clinical trial. JAMA. (2021) 325:234–43. doi: 10.1001/jama.2020.23523

28. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.

The prisma statement for reporting systematic reviews and meta-analyses of

studies that evaluate health care interventions: explanation and elaboration.

PLoS Med. (2009) 6:e1000100. doi: 10.1371/journal.pmed.1000100

29. von Kummer R, Broderick JP, Campbell BC, Demchuk A, Goyal M, Hill

MD, et al. The heidelberg bleeding classification: classification of bleeding

events after ischemic stroke and reperfusion therapy. Stroke. (2015) 46:2981–

6. doi: 10.1161/STROKEAHA.115.010049

30. Stang A. Critical evaluation of the newcastle-ottawa scale for the assessment

of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol.

(2010) 25:603–5. doi: 10.1007/s10654-010-9491-z

31. Casetta I, Pracucci G, Saletti A, Saia V, Padroni M, De Vito A, et al.

Combined intravenous and endovascular treatment vs. primary mechanical

thrombectomy. The italian registry of endovascular treatment in acute stroke.

Int J Stroke. (2019) 14:898–907. doi: 10.1177/1747493019851279

32. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The

cochrane collaboration’s tool for assessing risk of bias in randomised trials.

BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

33. Gong L, Zheng X, Feng L, Zhang X, Dong Q, Zhou X, et al.

Bridging therapy vs. direct mechanical thrombectomy in patients with

acute ischemic stroke due to middle cerebral artery occlusion: a clinical-

histological analysis of retrieved thrombi. Cell Transplant. (2019) 28:684–

90. doi: 10.1177/0963689718823206

34. Wang X, Robinson TG, Lee TH, Li Q, Arima H, Bath PM, et al. Low-dose

vs standard-dose alteplase for patients with acute ischemic stroke: secondary

analysis of the enchanted randomized clinical trial. JAMA Neurol. (2017)

74:1328–35. doi: 10.1001/jamaneurol.2017.2286

35. Kaesmacher J, Mordasini P, Arnold M, Lopez-Cancio E, Cerda N, Boeckh-

Behrens T, et al. Direct mechanical thrombectomy in tpa-ineligible and -

eligible patients vs. the bridging approach: a meta-analysis. J Neurointerven

Surg. (2019) 11:20–7. doi: 10.1136/neurintsurg-2018-013834

36. Liu M, Li G. Is direct endovascular treatment as an alternative

of bridging therapy in acute stroke patients with large

vessel occlusion? J Stroke Cerebrovasc Dis. (2019) 28:531–

41. doi: 10.1016/j.jstrokecerebrovasdis.2018.10.007

Frontiers in Neurology | www.frontiersin.org 10 April 2021 | Volume 12 | Article 602370

https://doi.org/10.1002/14651858.CD000213.pub3
https://doi.org/10.1161/STROKEAHA.110.592535
https://doi.org/10.1161/STROKEAHA.109.562827
https://doi.org/10.1161/01.STR.0000258112.14918.24
https://doi.org/10.1056/NEJMoa1411587
https://doi.org/10.1056/NEJMoa1414792
https://doi.org/10.1056/NEJMoa1414905
https://doi.org/10.1056/NEJMoa1503780
https://doi.org/10.1056/NEJMoa1415061
https://doi.org/10.1161/STR.0000000000000172
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.024
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.12.015
https://doi.org/10.1111/ene.13330
https://doi.org/10.1007/s13311-011-0049-x
https://doi.org/10.1161/STROKEAHA.115.008384
https://doi.org/10.1177/1756285616680549
https://doi.org/10.1177/0284185118780897
https://doi.org/10.1161/STROKEAHA.117.018459
https://doi.org/10.1161/STROKEAHA.115.011134
https://doi.org/10.1111/ene.13311
https://doi.org/10.1161/STROKEAHA.118.020490
https://doi.org/10.1007/s00062-016-0533-0
https://doi.org/10.1007/s11239-017-1527-8
https://doi.org/10.1007/s00415-018-9073-7
https://doi.org/10.1056/NEJMoa2001123
https://doi.org/10.1001/jama.2020.23522
https://doi.org/10.1001/jama.2020.23523
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1161/STROKEAHA.115.010049
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1177/1747493019851279
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1177/0963689718823206
https://doi.org/10.1001/jamaneurol.2017.2286
https://doi.org/10.1136/neurintsurg-2018-013834
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.10.007
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Bridging Thrombolysis and Endovascular Thrombectomy

37. Mistry EA, Mistry AM, Nakawah MO, Chitale RV, James RF, Volpi JJ,

et al. Mechanical thrombectomy outcomes with and without intravenous

thrombolysis in stroke patients: a meta-analysis. Stroke. (2017) 48:2450–

6. doi: 10.1161/STROKEAHA.117.017320

38. Pan X, Liu G, Wu B, Liu X, Fang Y. Comparative efficacy and safety

of bridging strategies with direct mechanical thrombectomy in large

vessel occlusion: a systematic review and meta-analysis. Medicine. (2019)

98:e14956. doi: 10.1097/MD.0000000000014956

39. van Kranendonk KR, Treurniet KM, Boers AMM, Berkhemer OA, van

den Berg LA, Chalos V, et al. Hemorrhagic transformation is associated

with poor functional outcome in patients with acute ischemic stroke

due to a large vessel occlusion. J Neurointervent Surg. (2019) 11:464–

8. doi: 10.1136/neurintsurg-2018-014141

40. Jiang F, Zhao W, Wu C, Zhang Z, Li C, Che R, et al. Asymptomatic

intracerebral hemorrhage may worsen clinical outcomes in acute ischemic

stroke patients undergoing thrombectomy. J Stroke Cerebrovasc Dis. (2019)

28:1752–8. doi: 10.1016/j.jstrokecerebrovasdis.2019.02.006

41. Froehler MT, Saver JL, Zaidat OO, Jahan R, Aziz-Sultan MA,

Klucznik RP, et al. Interhospital transfer before thrombectomy

is associated with delayed treatment and worse outcome in the

stratis registry (systematic evaluation of patients treated with

neurothrombectomy devices for acute ischemic stroke). Circulation. (2017)

136:2311–21. doi: 10.1161/CIRCULATIONAHA.117.028920

42. Saver JL, Goyal M, van der Lugt A, Menon BK, Majoie CB, Dippel

DW, et al. Time to treatment with endovascular thrombectomy and

outcomes from ischemic stroke: a meta-analysis. JAMA. (2016) 316:1279–

88. doi: 10.1001/jama.2016.13647

43. Ng FC, Low E, Andrew E, Smith K, Campbell BCV, Hand PJ, et al.

Deconstruction of interhospital transfer workflow in large vessel

occlusion: real-world data in the thrombectomy era. Stroke. (2017)

48:1976–9. doi: 10.1161/STROKEAHA.117.017235

44. Tsivgoulis G, Katsanos AH, Schellinger PD, KohrmannM, Varelas P, Magoufis

G, et al. Successful reperfusion with intravenous thrombolysis preceding

mechanical thrombectomy in large-vessel occlusions. Stroke. (2018) 49:232–

5. doi: 10.1161/STROKEAHA.117.019261

45. Warach SJ, Dula AN, Milling TJ Jr. Tenecteplase thrombolysis

for acute ischemic stroke. Stroke. (2020) 51:3440–

51. doi: 10.1161/STROKEAHA.120.029749

46. Campbell BA-O, Mitchell PJ, Churilov L, Yassi N, Kleinig TJ, Yan B, et al.

Tenecteplase versus alteplase before endovascular thrombectomy (extend-ia

tnk): a multicenter, randomized, controlled study. Int J Stroke. (2018) 13:328–

34. doi: 10.1177/1747493017733935

47. Parsons M, Spratt N, Bivard A, Campbell B, Chung K, Miteff F, et al. A

randomized trial of tenecteplase vs. alteplase for acute ischemic stroke. N Engl

J Med. (2012) 366:1099–107. doi: 10.1056/NEJMoa1109842

48. Logallo N, Novotny V, Assmus J, Kvistad CE, Alteheld L, Ronning OM, et al.

Tenecteplase versus alteplase for management of acute ischaemic stroke (nor-

test): a phase 3, randomised, open-label, blinded endpoint trial. Lancet Neurol.

(2017) 16:781–8. doi: 10.1016/S1474-4422(17)30253-3

49. Van De Werf F, Adgey J, Ardissino D, Armstrong PW, Aylward P, Barbash G,

et al. Single-bolus tenecteplase compared with front-loaded alteplase in acute

myocardial infarction: the assent-2 double-blind randomised trial. Lancet

Neurol. (1999) 354:716–22. doi: 10.1016/S0140-6736(99)07403-6

50. Zalewski J, Bogaerts K, Desmet W, Sinnaeve P, Berger P, Grines C,

et al. Intraluminal thrombus in facilitated vs. primary percutaneous

coronary intervention: an angiographic substudy of the assent-4 pci

(assessment of the safety and efficacy of a new treatment strategy with

percutaneous coronary intervention) trial. J Am Coll Cardiol. (2011) 57:1867–

73. doi: 10.1016/j.jacc.2010.10.061

51. Campbell BA-O, Mitchell PJ, Churilov L, Yassi N, Kleinig TJ, Dowling RJ,

et al. Tenecteplase versus alteplase before thrombectomy for ischemic stroke.

N Engl J Med. (2018) 378:1573–82. doi: 10.1056/NEJMoa1716405

52. Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, et al. 2015

American heart association/American stroke association focused update

of the 2013 guidelines for the early management of patients with acute

ischemic stroke regarding endovascular treatment: a guideline for healthcare

professionals from the American heart association/American stroke

association. Stroke. (2015) 46:3020–35. doi: 10.1161/STR.0000000000000074

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Chen, Li, Liang, Cui, Yang, Xia, Cao and Gao. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 11 April 2021 | Volume 12 | Article 602370

https://doi.org/10.1161/STROKEAHA.117.017320
https://doi.org/10.1097/MD.0000000000014956
https://doi.org/10.1136/neurintsurg-2018-014141
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.02.006
https://doi.org/10.1161/CIRCULATIONAHA.117.028920
https://doi.org/10.1001/jama.2016.13647
https://doi.org/10.1161/STROKEAHA.117.017235
https://doi.org/10.1161/STROKEAHA.117.019261
https://doi.org/10.1161/STROKEAHA.120.029749
https://doi.org/10.1177/1747493017733935
https://doi.org/10.1056/NEJMoa1109842
https://doi.org/10.1016/S1474-4422(17)30253-3
https://doi.org/10.1016/S0140-6736(99)07403-6
https://doi.org/10.1016/j.jacc.2010.10.061
https://doi.org/10.1056/NEJMoa1716405
https://doi.org/10.1161/STR.0000000000000074~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Comparison of Prior Bridging Intravenous Thrombolysis With Direct Endovascular Thrombectomy for Anterior Circulation Large Vessel Occlusion: Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Search Strategy
	Data Extraction and Assessment
	Quality Evaluation of the Included Studies
	Statistical Analysis

	Results
	Results of the Search and Characteristics of the Included Studies
	Study Outcomes
	Overall Results of the Pooled Data

	Subgroup Analysis of Study Type
	Subgroup Analysis of Alteplase With Different Doses
	Sensitivity, Publication Bias, and Quality of the Studies

	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


