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Abstract

Objective: To provide a critical appraisal on the evidence from randomized-controlled clinical trials
(RCTs) on the utility of direct endovascular treatment (dEVT) compared to the combination of
endovascular treatment preceded by intravenous thrombolysis (bridging therapy, BT) for patients with
acute large vessel occlusion (LVO).

Methods: Eligible RCTs were identified by searching Medline and Scopus. We calculated the
corresponding odds ratios (ORs) and 95% confidence intervals (95%CI) and pooled estimates using
random-effects models. The primary outcome was the probability of modified Rankin scale (mRS)
score of 0-2 at 3 months.

Results: We included 3 studies comprising 1092 patients. No difference between dEVT and BT
groups was detected for the outcomes of mRS 0-2 (OR=1.08,95%C]I:0.85-1.38; adjusted OR=1.11,
95%CI:0.76-1.63), mRS 0-1 (OR=1.10, 95%CI:0.84-1.43; adjusted OR=1.16, 95%C]I:0.84-1.61) and
functional improvement at 3 months (common OR=1.08, 95%CI|:0.88-1.34; adjusted common
OR=1.09, 95%CI.0.86-1.37). Patients receiving dEVT had significantly lower likelihood of
successful recanalization prior to the endovascular procedure compared to BT (OR=0.37,
95%CI:0.18-0.77). Patients receiving dEVT had lower intracranial bleeding rates compared to those
receiving BT (OR=0.67, 95%Cl:0.49-0.92), however, without significant difference in the probability
of symptomatic intracranial hemorrhage. No differences in all-cause mortality, serious adverse events
or procedural complications between the two groups were uncovered.

Conclusions: We detected no differences in functional outcomes of IV thrombolysis eligible patients
with an acute LVO receiving dEVT compared to BT. Since uncertainty for most endpoints remains
large and the available data is not able to exclude the possibility of overall benefit or harm, further

RCTs are needed.

Introduction
The safety and efficacy of intravenous thrombolysis (IVT) for patients with large vessel

occlusion (LVO) who are also eligible for endovascular stroke treatment has been quédiiveed.



endovascular thrombectomy (dEVT), bypassing the administration of any intravenous thrombolytic
agent, has been suggested as an alternative therapeutic approach to the combination of IVT followed
by endovascular treatment for acute ischemic stroke (AIS) patients who are eligible for both treatment
modalities and present at a site that can offer prompt endovascular treafiiiéet.hypothesis that
dEVT is a non-inferior option to the current standard of care combination of IVT and endovascular
thrombectomy, referred also as bridging therapy (BT), has been evaluated in the setting of multiple
observational studiésind recently published randomized-controlled clinical trials (RETs).

In the light of the recently published RCTsve performed a systematic review and meta-
analysis to provide a critical appraisal on the current evidence on the relative efficacy and safety of
dEVT compared to BT for AIS patients with LVO eligible for both therapeutic pathways presenting

within 4.5 hours from stroke onset.

Methods

The present systematic review and meta-analysis is reported according to the Preferred
Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA) state@entreview
protocol has not been published or registered.

We searched Medline and Scopus on January 20, 2021 for published RCTs comparing dEVT
with BT for the treatment of patients with AIS. The following combination of keywords was used in
both database searches: "endovascular thrombectomy”, "mechanical thrombectomy"”, "intravenous
thrombolysis”, "tissue plasminogen activator", "alteplase”, "tenecteplase”, "ischemic stroke",
"cerebral ischemia”, "large vessel occlusion”. Only publications in English were considered and the
following filters were applied: Clinical Study, Clinical Trial, Clinical Trial, Phase I, Clinical Trial,
Phase i, Clinical Trial, Phase lll, Clinical Trial, Phase IV, Multicenter Study, Pragmatic Clinical
Trial, Randomized Controlled TrialAll observational studies and RCTs not randomizing patients
according to IVT administration prior to the endovascular procedure were excluded. We assessed the
risk of bias for relevant domains in each included study with the Cochrane Collaboration tool and
evaluated the quality of summary evidence for each outcome of interest using the recommendations
from the Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working
Group. Literature search, data extraction and quality assessment was performed by three independent

authors (AHK, LP, MS). All emerging conflicts were resolved after discussion with a tie-breaking



author (GT). The primary efficacy outcome of interest was the probability of modified Rankin Scale
(mRS) score of 2 or less at 3 months. Secondary efficacy outcomes of interest included the probability
of: 1. excellent outcome at 3-months (defined as mRS scores of 0 or 1), 2. functional improvement at
3-months (assessed with ordinal logistic regression analysis on the per 1-point decline in the ordinal
MRS score [range, 0-6]), 3. successful recanalization prior to the endovascular procedure amending
its performance, 4. successful recanalization after the endovascular procedure (according to the
definition used in each study), 5. difference in time from randomization to groin puncture between
patients receiving dEVT or BT. The primary safety outcome of interest was the probability of all-
cause mortality at 3-months. Secondary safety outcomes of interest included the probability of 1.
symptomatic intracranial hemorrhage (ICH; according to the definition used in each study), 2. any
ICH, 3. serious adverse events, 4. any procedural complication, 5. vessel dissection, 6. puncture site
complications, 7. contrast extravasation in follow-up scan.

For each outcome of interest we extracted or calculated the unadjusted odds ratios (ORs) and
corresponding 95% confidence intervals (95%CI). All adjusted ORs and corresponding 95%ClIs were
extracted as provided by each individual study. For continuous outcomes reported in median values
and corresponding interquartile ranges, we estimated the sample mean and standard deviation using
the quantile estimation methddStudy estimates were pooled under the random-effects model.
Heterogeneity was assessed with tharld Cochran Q statistics. Number needed to treat (NNT) and
number needed to harm (NNH) were calculated using the formula NNT/NNH=1/[(1-RR) x outcome

rate in the BT group.

Results

Literature search and study identification process is outlined in Figure 1. After excluding non-
RCTs!”** we identified 3 RCTs including a total of 1092 patients (Tabfe’ Bor DIRECT-MT we
highlight the risk of performance bias due to the difference in the percentages of patients allocated to
the BT (9.4%) and dEVT (5.2%) arms in whom endovascular treatment was ultimately not performed.
In the same study/9.1% and 1.2% of the patients allocated to the BT group either did not receive
full-dose or any alteplase, respectively (Figure 2).

An overview of the efficacy endpoints analyses is provided in Table 2. The variables used for

adjusting associations reported in each study are presented in Table 1. No difference between dEVT



and BT groups was detected for the outcomes of mRS 0-2 (unadjusted OR=1.08, 95%CI. 0.85-1.38,
1°=0%, p for Cochran Q=0.57; adjusted OR=1.11, 95%CI:0.76-12638%, p for Cochran Q=0.24),

MRS 0-1 (unadjusted OR=1.10, 95%CI: 0.84-1.23)%, p for Cochran Q=0.51; adjusted OR=1.16,
95%Cl: 0.84-1.61,%0%, p for Cochran Q=0.52) and functional improvement per 1-point increase in
the mRS scale at 3 months (unadjusted common OR=1.08, 95%CI: 0.88084, p for Cochran
Q=0.85; adjusted common OR=1.09, 95%C]I:0.86-1 3%, p for Cochran Q=0.84). Although no
difference in the probability of successful recanalization after the end of the endovascular procedure
was found between the two groups (unadjusted OR=0.77, 95%Cl: 0.54°=0#, Ip for Cochran
Q=0.56), patients allocated to receive dEVT had significantly lower likelihood of successful
recanalization prior the initiation of endovascular thrombectomy compared to those receiving
intravenous alteplase (OR=0.37, 95%CI: 0.18-0.77, NNT=33 for 80%, p for Cochran Q=0.79).

No difference in the elapsed time from randomization to groin-puncture was uncovered between
patients randomized to dEVT or BT (mean difference= -1.67 minutes, 95%Cl: -4.13 tG€0%8, p

for Cochran Q=0.71).

Analyses on the safety endpoints are summarized in Table 3. No difference between the two
groups was uncovered in the likelihood of 3-month mortality (unadjusted OR=0.93, 95%CI. 0.68-
1.29, f=0%, p for Cochran Q=0.99). Patients receiving dEVT had lower intracranial bleeding rates
compared to those receiving BT (unadjusted OR=0.67, 95%CI: 0.49-0.92, NNH=11 fG=BaY0l
p for Cochran Q=0.24). There was no difference in the odds of symptomatic intracranial hemorrhage
after the endovascular procedure (unadjusted OR=0.75, 95%CI: 0.45%Q%;, Ip for Cochran
Q=0.93). Also, no difference was found in the probability of any serious adverse event (unadjusted
OR=1.05, 95%CI: 0.80-1.40°40%, p for Cochran Q=0.56) or procedural complication (unadjusted
OR=0.83, 95%CI: 0.49-1.40°456%, p for Cochran Q=0.13), including vessel dissection (unadjusted
OR=1.37, 95%Cl: 0.47-3.97?40%, p for Cochran Q=0.37) or puncture access site complication
(unadjusted OR=0.54, 95%Cl: 0.04-6.43;58%, p for Cochran Q=0.12) between the two groups.
Contrast extravasation in follow-up scan was detected at similar rates between the dEVT and BT
groups (unadjusted OR=0.81, 95%Cl: 0.45-1.4#0%, p for Cochran Q=0.47). From all the
aforementioned efficacy and safety analyses evidence of heterogeneity was only present in the

analyses of proceduraf€56%) and puncture access complicatiofrs5@%).



Discussion

Our meta-analysis detected no difference in functional outcomes between direct
thrombectomy and combination with bridging IV thrombolysis in Asian stroke patients with LVO.
Intravenous alteplase pretreatment was associated with a higher likelihood of successful reperfusion
prior to endovascular thrombectomy and a higher probability of intracranial bleeding after
endovascular treatment, without increasing the risk for symptomatic intracranial hemorrhage.

Effect estimates from available RCTs, presented in the current systematic review and meta-
analysis, when compared to those provided by observational $tralsconcerns for heterogeneity
in inclusion criteria and the possibility for selection bias within published cohorts. As an example, the
lack of treatment delays for patients allocated to receive BT in RCTs (Table 2) contradicts previous
observational studies associating IVT administration with prolongation of the time to initiate an
endovascular proceduf®Although hemorrhagic infarction type 2 and parenchymal hematoma type 2
after endovascular stroke thrombectomy have previously been associated with worse functional
outcomes? the increased likelihood of intracranial bleeding of any type found in patients allocated to
BT compared to dEVT did not translate into worse functional outcomes in the includedRCTs.

The issue of generalizability of the evidence from individual RC&sd the results from the
current meta-analysis beyond the Asian population deserves particular attention. The prevalence of
intracranial atherosclerosis is known to be higher in Asians, including the Chinese and Japanese
populations?* Taking into consideration the possibility for an increased attributable fraction of
patients with LVO due to intracranial atherosclerosis in included RCisjether with the less
pronounced effect of thrombolysis in platelet-rich thrombi associated with atherosclerotic disease, as
uncovered in experimental modélst may be hypothesized that any beneficial effect of IVT in the
BT arm could be significantly attenuated. Additionally, it should be kept in mind that alteplase is not
reimbursed in China and this may introduce substantial selection bias in the BT°group.

Although in two of the trials (DEVT and DIRECT-MT) the non-inferiority margin was
technically mef,° the margins in all of the trials were overly generous and not selected using clinical
reasoning based on the minimal clinically important difference, but rather estimated using the fixed-
margin method.” Specifically, DIRECT-MT and SKIP pre-specified as statistical thresholds for
noninferiority a common OR of 0.8 for the ordinal analysis of the mRS score at 90 days and an OR of

0.74 for the dichotomous outcome of favorable outcome (MRS of 0 to 2) at 90 days, resgediively.



DEVT a difference 10% in the rates of functional independence (mRS of O to 2) at 90 days was used
as the non-inferiority margihBased on the 1.3% and 5% non-inferiority margins, derived from two
previous surveys of stroke experts to establish the minimally clinically important difference for stroke
therapies and which were used in a previous meta-analysis comparing two thrombolytic agents in
acute stroke treatmehtthe pooled estimate of included RCTs justifies the non-inferiority claim only
when using the less conservative margin of 5%, with none of the individual studies however being
able to surpass either the 1.3% or 5% non-inferiority margins (Figure 3). Additionally, the early
termination of one of the including trials poses the risk for overestimation in the reported effett sizes,
while the wide prediction intervals from the pooled analyses further highlight the increased
uncertainty regarding true effect estimates and need for additional RCTs (Figure 3). The effect of IVT
to induce successful reperfusion for patients presenting with acute LVOs, amending the need for
endovascular treatment, has previously been acknowlétiged.

Given that evidence are still inconclusive and cannot exclude the possibility of either benefit
or harm, particularly for specific subgroups, additional trials are needed. Ongoing trials in Europe and
Australia (MR CLEAN-NO 1V, ISRCTN80619088; SWIFT-DIRECT, NCT03192332; DIRECT-
SAFE, NCT03494920) will also determine whether these findings generalize to non-Asian patients
The results of currently published and ongoing trials can apply only to mothership patients, as BT

should be the only option to consider for drip and ship patients.
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Table 1. Overview of included studies

Study dEVT/ Country  Median Females Median Median LVO (%) Alteplase sICH Adjusted for
name BT (centers) age (years) (%) NIHSS ASPECTS dose definiti
patients (mg/kg) on
DEVT [5] 116/118 China 70 (60-78) 44 16 8 (7-9) ICA: 15 0.9 HBC age, baseline NIHSS
(33) M1-MCA: 82 score, baseline
M2-MCA: 2 ASPECTS, onset to
Tandem: N/A randomization time,
occlusion site
DIRECT- 326/ 328 China 69 (61-76) 44 17 9 (7-10) ICA: 35 0.9 HBC age, baseline NIHSS,
MT [6] (41) M1-MCA: 52 onset to randomization
M2-MCA: 11 time, baseline mRS,
Tandem: 10 collateral status
SKIP[7]  101/103 Japan 74 (67-80) 37 18 8 (6-9) ICA: 35 0.6 SITS-  N/A
(23) M1-MCA: 50 MOST
M2-MCA: 15
Tandem: 11

NIHSS: National Institutes of Health Stroke Scale, ASPECTS: Alberta Stroke Program Early CT Score, LVO: large vessel occlusion, sICH:

symptomatic intracranial hemorrhage, ICA: internal carotid artery, MCA: middle cerebral artery, HBC: Heidelberg bleeding classification, mRS:

modified Rankin Scale score, SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study, N/A: not available



Table 2. Overview of the analyses on efficacy endpoints

Anticipated absolute effect*

f Certai f Relative
Outcomes Ne O ertainty o effect i : ; :
participants  the evidence (95% CI) Risk with  Risk difference
(studies)  (GRADE) BT with dEVT
Efficacy outcomes
MRS 0-2at3 1092 o000 ?ORS%'?S 428 per 133”3252?1 g'ggo
months (3 RCTs) LOW P 138 1,000 Tore
mRS 0-2 at 3 888 OO0 OR1.11
months (2 RCTs) VERY LOW (0.76 to - -
(adjusted) abd 1.63)
mRSO-1at3 1092 o000 (()oRsi'%g 286 per 2(232‘;5\2‘:1 1,090
months (3 RCTs) LOW &P 143 1,000 more
mRS 0-1 at 3 888 ®OOC0 OR1.16
months (2 RCTS) VERY LOW (0.84 to - -
(adjusted) abd 1.61)
imFunctlonal 1092 o0 cOR 1.08
provement at (3 RCTS) LOW a0 (0.88to - -
3 months 1.34)
Functional
improvement 3 888 V?&?gw c(%l'\éé.t? i i
months (2 RCTs) o 1‘ 37)
(adjusted) '
30 fewer per
Successful 1095 odd(O  ORO0.37 49 per 1.000
recanalization MODERATE (0.18to ’
before EVT (3 RCTs) a 0.77) 1,000 (40 ;gzvvg)to 11
33 fewer per
Successful .
rec:nalizat?on 1056 @909 ?OR.Scé)l Zg 868 per 1,000
after EVT (3 RCTs) LOW * 1.08) 1,000 (88 ;?(\;\;2; to9
Randomization The mean MD 1.67minutes
10 Sunciure 1094 DO i time was lower
?[ime (3 RCTs) LOW 2P 33 (4.13 lower to 0.79

minutes higher)

*expressed as the risk difference (with corresponding 95% CI) and based on the
baseline risk in the BT group and the relative effect of dEVT

Cl: confidence interval; OR: odds ratio; cOR: common odds ratio; MD: mean difference a.
risk of selection and performance bias within studies, b. confidence intervals fail to exclude

benefit or harm , d. effect estimate provide by two studies



Table 3. Overview of the analyses on safety endpoints

Anticipated absolute effect*

out Ne of Certainty of Re]lfatl\;e
utcomes participants  the evidence eoec Risk with  Risk difference
(studies)  (GRADE) (9% C) gT with dEVT
Safety
outcomes
10 fewer per
mcﬁltlr;\(l:i? Jatoo 1092 ®OeO0) ?ORG%?og Leger 1,000
e (3RCTs)  LOW®" ' 1,000 (47 fewer to 39
ays 1.29) More
16 fewer per
Symptomatic 1092 100 ?OR 405'35 66 per 1,000
ICH (3RCTs) LOW &P 1 25) 1,000 (35 fewer to 15
' more)
93 fewer per
Any ICH 1092 M(GDBI?EEI';CA)TE ?0R4%?Z 417 per 1,000
y (3 RCTSs) - 0.92) 1,000 (158 fewer to 20
' fewer,
11 more per
Serious adverse 890 OO (()ORS%)ICt)c? 329 per 1,000
events (2 studies)  LOw 2P 1 40) 1,000 (47 fewer to 78
' more)

® OO ORO0.83 30 fewer per

Any procedural 886 213 per 1,000
complication (2 RCTs) VE%I,CIQOW (01'1%;0 1,000 (96 fewer to 62
' more)
vessel g @e00  GRET aper SOrenenone
H H a,b,d .
dissection (2 RCTs) LOW 3.97) 1,000 more)
Puncture access 890 ®O00 OR 0.54 16 per 7 fewer per 1,000

complications (2 RCTs) VE%‘I’C'BOW (0.04 to 1,000 (15 f;Vc\)lfé)tO 77

6.43)

11 fewer per
Contrast 888 OO ?OR4%'?§ 61 per 1,000
extravasation (2 RCTs) LOW b4 1 47) 1,000 (32 fewer to 26
' more)

*expressed as the risk difference (with corresponding 95% CI) and based on the

baseline risk in the BT group and the relative effect of dEVT

Cl: confidence interval; OR: odds ratio; MD: mean difference a. risk of selection and
performance bias within studies, b. confidence intervals fail to exclude benefit or harm, c.

presence of heterogeneity between studies, d. effect estimate provide by two studies



FIGURES

Figure 1. Flow chart on the selection of eligible studies
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Figure 2. Risk of bias summary: review authors' judgments about each risk of bias item for

each included study.
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Figure 3. Absolute risk difference on the outcome of modified Rankin Scale score of 2 or less

at 3 months between patients randomized to direct endovascular treatment or endovascular

treatment preceded by intravenous thrombolysis. The dashed blue vertical lines represent the

minimally clinically important differences for stroke therapies set at 5% and 1.3%

respectively.
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