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IMPORTANCE The benefit of intravenous thrombolysis (IVT) for acute ischemic stroke
declines with longer time from symptom onset, but it is not known whether a similar time
dependency exists for IVT followed by thrombectomy.

OBJECTIVE To determine whether the benefit associated with IVT plus thrombectomy vs
thrombectomy alone decreases with treatment time from symptom onset.

DESIGN, SETTING, AND PARTICIPANTS Individual participant data meta-analysis from 6
randomized clinical trials comparing IVT plus thrombectomy vs thrombectomy alone.
Enrollment was between January 2017 and July 2021 at 190 sites in 15 countries. All participants
were eligible for IVT and thrombectomy and presented directly at thrombectomy-capable
stroke centers (n = 2334). For this meta-analysis, only patients with an anterior circulation
large-vessel occlusion were included (n = 2313).

EXPOSURE Interval from stroke symptom onset to expected administration of IVT and
treatment with IVT plus thrombectomy vs thrombectomy alone.

MAIN OUTCOMES AND MEASURES The primary outcome analysis tested whether the
association between the allocated treatment (IVT plus thrombectomy vs thrombectomy
alone) and disability at 90 days (7-level modified Rankin Scale [mRS] score range, 0
[no symptoms] to 6 [death]; minimal clinically important difference for the rates of mRS
scores of 0-2: 1.3%) varied with times from symptom onset to expected administration of IVT.

RESULTS In 2313 participants (1160 in IVT plus thrombectomy group vs 1153 in thrombectomy
alone group; median age, 71 [IQR, 62 to 78] years; 44.3% were female), the median time from
symptom onset to expected administration of IVT was 2 hours 28 minutes (IQR, 1 hour 46
minutes to 3 hours 17 minutes). There was a statistically significant interaction between the
time from symptom onset to expected administration of IVT and the association of allocated
treatment with functional outcomes (ratio of adjusted common odds ratio [OR] per 1-hour
delay, 0.84 [95% CI, 0.72 to 0.97], P = .02 for interaction). The benefit of IVT plus
thrombectomy decreased with longer times from symptom onset to expected administration
of IVT (adjusted common OR for a 1-step mRS score shift toward improvement, 1.49 [95% CI,
1.13 to 1.96] at 1 hour, 1.25 [95% CI, 1.04 to 1.49] at 2 hours, and 1.04 [95% CI, 0.88 to 1.23] at 3
hours). For a mRS score of 0, 1, or 2, the predicted absolute risk difference was 9% (95% CI, 3%
to 16%) at 1 hour, 5% (95% CI, 1% to 9%) at 2 hours, and 1% (95% CI, −3% to 5%) at 3 hours.
After 2 hours 20 minutes, the benefit associated with IVT plus thrombectomy was not
statistically significant and the point estimate crossed the null association at 3 hours 14 minutes.

CONCLUSIONS AND RELEVANCE In patients presenting at thrombectomy-capable stroke
centers, the benefit associated with IVT plus thrombectomy vs thrombectomy alone was
time dependent and statistically significant only if the time from symptom onset to expected
administration of IVT was short.
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C urrent guidelines recommend administration of intra-
venous thrombolysis (IVT) before thrombectomy in all
eligible patients with large-vessel anterior circulation

stroke.1 The Improving Reperfusion Strategies in Ischemic
Stroke (IRIS) Collaborators2 pooled individual participant data
from 6 randomized clinical trials comparing IVT plus throm-
bectomy vs thrombectomy alone in participants presenting di-
rectly to a thrombectomy-capable center. The results were sta-
tistically inconclusive.3 The noninferiority of thrombectomy
alone could not be demonstrated using a noninferiority mar-
gin of 5% for the absolute difference in the rates of functional
independence at 90 days; however, the superiority of IVT plus
thrombectomy was also not shown.2

No randomized clinical trial has ever proven a benefit of
IVT in patients directly admitted to thrombectomy-capable
stroke centers and undergoing thrombectomy. Certain sub-
groups of patients may benefit from a treatment strategy that
combines IVT with thrombectomy, while other subgroups may
not benefit or may experience harm from prior IVT.4,5 The time
from stroke symptom onset to treatment is one potential fac-
tor that could influence the relative effectiveness and safety
of administering IVT before thrombectomy.6,7

This study aimed to determine whether the association of
treatment with IVT plus thrombectomy vs thrombectomy alone
and better outcomes was modified by the time from stroke
symptom onset to treatment. Based on previous results and
pathophysiological considerations, we hypothesized that there
is a benefit associated with IVT plus thrombectomy if IVT is
administered early after stroke symptom onset.

Methods
Study Design and Inclusion Criteria
The IRIS Collaborators conducted an individual partici-
pant data meta-analyses of randomized clinical trials com-
paring IVT plus thrombectomy vs thrombectomy alone in
participants presenting directly to a thrombectomy-capable
stroke center. Only randomized clinical trials using second-
generation thrombectomy devices were eligible if published
before March 9, 2023.

A systematic search strategy was used (eMethods 1 in
Supplement 1) to identify the following 6 randomized clinical
trials including 2334 participants: the Direct Endovascular
Thrombectomy vs Combined IVT and Endovascular Throm-
bectomy for Patients With Acute Large Vessel Occlusion in
the Anterior Circulation Trial (DEVT),8 the Direct Intraarterial
Thrombectomy in Order to Revascularize Acute Ischemic
Stroke Patients With Large Vessel Occlusion Efficiently in
Chinese Tertiary Hospitals: a Multicenter Randomized Clini-
cal Trial (DIRECT-MT),9 A Randomized Controlled Trial of
DIRECT Endovascular Clot Retrieval vs Standard Bridging
Thrombolysis With Endovascular Clot Retrieval Within
4.5 Hours of Stroke Onset (DIRECT-SAFE),10 the Multicenter
Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands Investigating the
Added Benefit of Intravenous Alteplase (MR CLEAN-NO IV),11

the Direct Mechanical Thrombectomy in Acute LVO Stroke

Trial (SKIP),12 and the Solitaire With the Intention for Throm-
bectomy Plus Intravenous t-PA vs DIRECT Solitaire Stent-
Retriever Thrombectomy in Acute Anterior Circulation Stroke
Trial (SWIFT DIRECT).13

The IRIS Collaborators agreed to participate in the current
collaboration and the anonymized individual patient data were
pooled. An overview of the characteristics for each trial appear
in eTable 1 in Supplement 1. This preplanned secondary study
excluded the participants with basilar artery occlusions.

For the individual trials that were included, written in-
formed consent was obtained from patients before random-
ization or deferred consent was used in accordance with na-
tional legislation in the participating countries. For deferred
consent, patients or their legal representatives were asked to
provide written informed consent as soon as possible after ran-
domization. All participants or proxies provided consent for
data collection in the original trials and all data were anony-
mized before pooling.

This meta-analysis was prospectively designed and ap-
proved by the IRIS executive committee. The methods of data
pooling and organizational aspects have been described2,14 and
a new dedicated statistical analysis plan for this subanalysis
was published online15 and was finalized before conducting
the current analysis.

The results and study methods are presented according
to the Preferred Reporting Items for Systematic Review and
Meta-Analyses of Individual Participant Data.16 The interac-
tion being investigated was evaluated for its credibility using
the Instrument to Assess the Credibility of Effect Modifica-
tion Analyses.17

Definition of Time Parameters and Rationale
In all trials, the time of symptom onset was recorded as either
the time point at which the onset of stroke symptoms was
observed, or the time at which the participant was last seen
well. The time point of randomization was automatically
captured in the electronic database. The time point of IVT
administration and arterial access for thrombectomy was reg-
istered by the local investigators of each trial. The time
between the onset of stroke symptoms and the expected

Key Points
Question In patients with acute ischemic stroke undergoing
thrombectomy, does a potential benefit associated with
intravenous thrombolysis vary according to treatment times?

Findings In this individual participant data meta-analysis
(n = 2313) of 6 randomized clinical trials, intravenous thrombolysis
plus thrombectomy was significantly associated with a favorable
shift in functional outcome at 90 days vs thrombectomy alone if
the time from symptom onset to expected administration of
intravenous thrombolysis was within 2 hours 20 minutes.
Thereafter, there was no statistically significant association.

Meaning The findings indicate that the benefit associated with
intravenous thrombolysis prior to thrombectomy was time
dependent and lessened with longer times between symptom
onset and expected administration of intravenous thrombolysis.
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administration of IVT was chosen as the main time metric to
evaluate the modification of the association of IVT plus
thrombectomy with better outcomes.

We used the time between symptom onset and the ex-
pected administration of IVT rather than the time between
symptom onset and randomization so that reported time met-
rics are in accordance with international guidelines for IVT.18

These guidelines refer to the times between symptom onset
and the administration of IVT derived from randomized clini-
cal trials, which evaluated the heterogeneity of the treatment
effect for IVT vs placebo with time.18-20 Moreover, the power
calculation for this substudy was based on time between symp-
tom onset and administration of IVT. Lastly, there were time
delays between randomization and administration of IVT in
the included trials,8-10,12,13 indicating that the time from symp-
tom onset to randomization would not be the best approxi-
mation for treatment times.

For all participants, the time between symptom onset and
expected administration of IVT was derived by adding the re-
spective trial’s mean time from randomization to administra-
tion of IVT (derived from patients allocated to IVT and throm-
bectomy and receiving IVT) to the time interval between
symptom onset and randomization of each individual
patient.20,21 Further explanations and the underlying ratio-
nale for this approach appear in eMethods 2 in Supplement 1.

Primary and Secondary Outcomes
The primary outcome was disability at 90 days after stroke ac-
cording to the ordinal modified Rankin Scale score (7-level vari-
able with scores ranging from 0 [no symptoms] to 6 [death];
minimal clinically important difference for the rates of a modi-
fied Rankin Scale score of 0, 1, or 2: 1.3%).22 The secondary out-
comes included dichotomized functional outcomes (modi-
fied Rankin Scale score of 0, 1, or 2 [referred to as functional
independence] vs a score of 3, 4, 5, or 6), early recanalization
(defined as absence of treatable occlusion on the first angiog-
raphy run or successful reperfusion [an expanded Thromboly-
sis in Cerebral Infarction scale score of 2b, 2c, or 313,23 on the
first angiography runs compared with the occlusion on base-
line cross-sectional imaging]), and final successful reperfu-
sion (expanded Thrombolysis in Cerebral Infarction scale score
of 2b, 2c, or 3 vs 0, 1, or 2a) at the end of the endovascular pro-
cedure. The safety outcomes were intracranial hemorrhage
(any subtype) and symptomatic intracranial hemorrhage; the
ratings and definitions from each individual trial were used in
the current analysis.

Statistical Analysis
A detailed description of the analytic approach appears in the
statistical analysis plan,15 which was registered online on May
7, 2023 (updated on May 15, 2023, and the updated version was
registered on May 21, 2023; eMethods 3 in Supplement 1). The
primary research hypothesis was that the benefit associated
with IVT plus thrombectomy vs thrombectomy alone is modi-
fied by the time between symptom onset to expected admin-
istration of IVT.

The research hypothesis was that participants with shorter
times between symptom onset and expected administration

of IVT would show a greater benefit associated with IVT plus
thrombectomy vs thrombectomy alone than participants in
whom the times were longer. We assumed a linear associa-
tion between the log of the adjusted common odds ratio (OR),
reflecting the benefit associated with IVT plus thrombec-
tomy, and better outcomes. Other nonlinear model assump-
tions were also tested (eMethods 3 in Supplement 1).

The analyses were carried out using a superiority frame-
work. This decision was based on the investigators concerns
whether it is reasonable to assume that the burden of proof
should lie with the simpler rather than the more complex treat-
ment, even when there is no established evidence to support
the latter in the studied population.2 Among patients under-
going thrombectomy who are eligible for IVT, there are no data
showing a statistically significant benefit associated with IVT,
and the burden of proof should therefore lie with IVT plus
thrombectomy rather than with thrombectomy alone.2 The
power considerations of the proposed analysis appear in
eMethods 3 in Supplement 1.

For the primary hypothesis, patients were analyzed ac-
cording to their randomization group and no exclusions or ad-
justments were made on the basis of crossover. The analysis
was performed using mixed-effects ordinal regression (cumu-
lative link mixed model) to test for an interaction between the
treatment allocation and the time from symptom onset to ex-
pected administration of IVT and to calculate the odds of a
1-point shift on the modified Rankin Scale score in the direc-
tion of better outcomes, which was expressed with the ad-
justed common OR.

Treatment allocation, time from symptom onset to
expected administration of IVT (linear), and their interaction
term were used as covariates. Trial and trial × treatment were
used as random intercepts and random slopes. The analyses
were adjusted for the following variables with previously
shown influence on functional outcomes: age, baseline
Alberta Stroke Program Early CT Score, atrial fibrillation,
occlusion location on baseline computed tomographic angio-
gram or magnetic resonance angiogram, baseline National
Institutes of Health Stroke Scale score, and prestroke modi-
fied Rankin Scale score. The model was interpreted by plot-
ting the conditional association of IVT plus thrombectomy
with better outcomes against time from symptom onset to
expected administration of IVT and by reporting the follow-
ing cutoff values: the time point at which the lower boundary
of the 95% CI of the adjusted common OR (association of IVT
plus thrombectomy with better outcomes vs thrombectomy
alone) crossed 1 (the association is statistically significant
until this time point) and when it crossed 1.053 (until this
time point, the association is 97.5% certain to be larger than
an absolute difference of 1.3% for a modified Rankin Scale
score of 0, 1, or 2 [corresponding to the minimal clinically
important difference]) (eMethods 4 in Supplement 1).

Stacked bar charts were used to display the distribution
of the modified Rankin Scale scores per allocation group
stratified by the time from symptom onset to expected
administration of IVT before and after the lower boundary of
the 95% CI of the adjusted common OR crossed 1. This strati-
fication was chosen post hoc. In addition, the following
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cutoffs were defined post hoc: (1) the time point at which the
point estimate of the adjusted common OR crossed 1 (the
time point at which the model suggests there are no differ-
ences in functional outcomes among patients allocated to
IVT plus thrombectomy vs thrombectomy alone); (2) the
time point at which the upper boundary of the 95% CI for the
adjusted common OR crossed 1.222 (the time point at which
the model suggests certainty by 97.5% that the difference in
functional outcomes is smaller than an absolute difference of
5% in modified Rankin Scale scores of 0-2); and (3) the time
point at which the upper boundary of the 95% CI for the
adjusted common OR crossed 1.128 (the time point at which
the model suggests certainty by 97.5% that the difference in
functional outcomes is smaller than an absolute difference of
3% in the modified Rankin Scale scores of 0-2).24 The ratio-
nale for cutoff selection, details on the sensitivity analysis
performed, and assessment of the model assumptions appear
in eMethods 3-4 in Supplement 1.

For exploratory purposes, we also evaluated potential in-
teractions of IVT plus thrombectomy vs thrombectomy alone
according to the time between randomization to thrombec-
tomy start (arterial puncture) using the same methods as out-
lined above. This exploratory analysis was limited to the pre-
specified outcomes of ordinal modified Rankin Scale score
(shift analysis), early recanalization, and symptomatic intra-
cranial hemorrhage (further details appear in eMethods 3 in
Supplement 1).

All results are presented so that an adjusted common OR
or an OR greater than 1 indicates better outcomes or higher risk
(for safety outcomes) with IVT plus thrombectomy vs throm-
bectomy alone. The absolute risk differences (ARDs) and the
corresponding numbers needed to treat were calculated from
the primary model based on marginal effects at the mean, boot-
strapped simulation procedures, or generalized ORs (eMethods
4 in Supplement 1). The ARDs are provided as rate differences
for a modified Rankin Scale score of 0, 1, or 2 at 90 days and
for patients with a modified Rankin Scale score at least 1 point
lower (less disability).

Missing data were handled with multiple imputation
(eMethods 3 in Supplement 1). A total of 5 imputation sets
were produced with 10 iterations. All analyses were based on
pooled results from the 5 imputed data sets in accordance
with Rubin rules (unless stated otherwise). For descriptive
results (including tables and stacked bar charts), only the
observed values are reported. Two investigators (J.K. and
F.C.) and 3 statisticians (L.B., H.L., and D.N.) performed the
statistical analyses.

All analyses were conducted using R version 4.2.1 (R Foun-
dation for Statistical Computing; additional details appear in
eMethods 4 in Supplement 1). All estimates of association in-
clude 95% CIs. The P values are 2-sided with values less than
.05 considered statistically significant for the primary out-
come analysis. All secondary outcome analyses are explor-
atory and were not adjusted for type I error inflation. An in-
dependent nonauthor senior statistician repeated the primary
outcome analysis based on the published statistical analysis
plan using another statistical software package (Stata version
17.0; StataCorp).

Results

Six randomized clinical trials comparing IVT plus thrombec-
tomy vs thrombectomy alone were identified (eFigure 1 in
Supplement 1). Between January 2017 and July 2021, 2334 par-
ticipants were enrolled at 190 sites in 15 countries, spanning 4
continents. Participants enrolled in the DIRECT-SAFE trial10 pre-
senting with a basilar artery occlusion were excluded (n = 21),
leaving 2313 participants with an anterior-circulation large-
vessel occlusion stroke in the final analyses. The pooled data
availability was 97.4% for the time metrics (time from symp-
tom onset to randomization and time from randomization to
administration of IVT) and all prespecified primary and sec-
ondary outcomes; there were 14 650 observations in 15 038 data
points (eTable 2 in Supplement 1). The risk of bias was consid-
ered low for the included trials (eFigure 2 in Supplement 1).

Of the 2313 participants included (median age, 71 years
[IQR, 62-78 years]; 44.3% were female and 55.7% were male;
Table 1), 1160 were allocated to IVT (0.9 mg/kg of alteplase,
maximum dose of 90 mg [n = 1032]; 0.6 mg/kg of alteplase,
maximum dose of 90 mg [n = 103]; or 0.25 mg/kg of tenect-
eplase [n = 25]) plus thrombectomy and 1153 were allocated
to thrombectomy alone. The baseline characteristics by treat-
ment group and by quartiles of time from symptom onset to
expected administration of IVT appear in Table 1.

The median time from symptom onset to randomization
was 2 hours 18 minutes (IQR, 1 hour and 37 minutes to 3 hours
7 minutes). Among the participants who were allocated to and
received IVT before thrombectomy, the median time was 7 min-
utes (IQR, 4-12 minutes) from randomization to administra-
tion of IVT and the mean time was 9.5 minutes (SD, 9.4 min-
utes) (eFigure 3 in Supplement 1). The median time from
symptom onset to expected administration of IVT was 2 hours
28 minutes (IQR, 1 hour and 46 minutes to 3 hours 17 min-
utes) (eFigure 4 in Supplement 1; an overview of treatment
times appears in eFigure 5 in Supplement 1). In the overall co-
hort, there was no statistically significant between-group dif-
ference in the degree of disability at 90 days (adjusted com-
mon OR, 1.12 [95% CI, 0.96-1.32]).2

Primary Outcome Analysis
The descriptive outcome data appear in Table 2. In the over-
all population, the grade of disability at 90 days significantly
increased with longer times from symptom onset to ex-
pected administration of IVT (adjusted common OR, 0.81
[95% CI, 0.75-0.87] for better outcomes per hour delay in all
patients derived from the primary model). In the early time
window, there was a significant benefit associated with IVT plus
thrombectomy vs thrombectomy alone (Figure 1). This ben-
eficial association lessened with longer times from symptom
onset to expected administration of IVT. For every hour of de-
lay, there was a significant reduction in the association of IVT
plus thrombectomy with better outcomes (ratio of adjusted
common OR, 0.84 [95% CI, 0.72-0.97] per hour delay, P = .02
for interaction; Table 3).

At 1 hour after symptom onset, the adjusted common
OR representing the estimated association of IVT before
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thrombectomy and improvement in the modified Rankin Scale
score by 1 point was 1.49 (95% CI, 1.13-1.96) with a predicted
ARD of 9% (95% CI, 3%-16%) to achieve a modified Rankin Scale
score of 0, 1, or 2. At 1 hour and 30 minutes after symptom on-
set, the adjusted common OR was 1.36 (95% CI, 1.09-1.70) with
a predicted ARD of 7% (95% CI, 2%-13%) to achieve a modi-
fied Rankin Scale score of 0, 1, or 2. At 2 hours after symptom
onset, the adjusted common OR was 1.25 (95% CI, 1.04-1.49)
with a predicted ARD of 5% (95% CI, 1%-9%) to achieve a modi-
fied Rankin Scale score of 0, 1, or 2 (Table 3 and eFigure 6 in
Supplement 1). The numbers needed to treat so that 1 more par-
ticipant has a lower score by at least 1 point (less disability) on
the modified Rankin Scale at 90 days were 9 (95% CI, 5-30) at
1 hour, 11 (95% CI, 7-42) at 1 hour and 30 minutes, and 16 (95%
CI, 9-99) at 2 hours (Table 3 and eFigure 6 in Supplement 1).

The estimated symptom onset to expected time of admin-
istration of IVT was 2 hours 20 minutes at which the lower
boundary of the 95% CI for the estimated benefit associated
with IVT before thrombectomy first crossed the line of no as-
sociation (1.0). For the times from symptom onset to ex-
pected administration of IVT that were longer than 2 hours 20
minutes, there was no statistically significant association. The
point estimate crossed the line of no association at 3 hours 14
minutes (Figure 1).

The benefit associated with IVT plus thrombectomy was
estimated to be statistically significantly greater than the mini-
mal clinically important difference if the expected adminis-
tration of IVT occurred within 1 hour and 55 minutes after
symptom onset (eFigure 7 in Supplement 1). According to the
model, the association of IVT plus thrombectomy and better
outcomes with ARDs greater than 5% or 3% in the rates for
modified Rankin Scale scores of 0, 1, or 2 can be excluded with

97.5% certainty if the time from onset to expected adminis-
tration of IVT was longer than 3 hours 3 minutes or longer than
3 hours 59 minutes, respectively (eFigure 7 in Supplement 1).
The credibility of the interaction analysis was rated as mod-
erate according to the Instrument to Assess the Credibility of
Effect Modification Analyses17 (eResults in Supplement 1).

The decline in the association of IVT before thrombec-
tomy with better outcomes was qualitatively comparable with
the data reported in the trials comparing IVT with placebo; how-
ever, the overall magnitude of the observed associations was
smaller in the data included in the current study (eFigure 8 in
Supplement 1). Stratifying participants by expected treat-
ment before vs after 2 hours 20 minutes showed favorable
shifts in functional outcomes associated with IVT plus throm-
bectomy in the early time window (adjusted common OR, 1.31
[95% CI, 1.04-1.66] for <2 hours 20 minutes and a median modi-
fied Rankin Scale score of 2 [IQR, 1-4] for IVT plus thrombec-
tomy vs 2 [IQR, 1-4] for thrombectomy alone), but not in the
later time window (adjusted common OR, 0.97 [95% CI, 0.79-
1.19] for ≥2 hours 20 minutes and a median modified Rankin
Scale score of 3 [IQR, 1-5] for IVT plus thrombectomy vs 3 [IQR,
1-5] for thrombectomy alone) (Figure 2).

Sensitivity Analyses for the Primary Outcome
The prespecified sensitivity analyses yielded similar results.
For all models, the estimated time at which the lower bound-
ary of the 95% CI for the adjusted common OR first crossed
1.0 for the estimated association of IVT before thrombectomy
with better outcomes varied between 2 hours 11 minutes to 2
hours 30 minutes (eTable 3 in Supplement 1). The nonlinear
associations of time from symptom onset to expected admin-
istration of IVT, the influence of relaxing the proportional

Figure 1. Influence of the Time From Symptom Onset to Expected Administration of Intravenous Thrombolysis on the Benefit Associated With
Intravenous Thrombolysis Plus Thrombectomy
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expected administration of intravenous thrombolysis times of <45 minutes or
>320 minutes). In B, the solid dark blue line indicates the best model fit of the
log odds ratio for a favorable shift in the modified Rankin Scale scores at
90 days associated with intravenous thrombolysis plus thrombectomy vs
thrombectomy alone and treatment delay between symptom onset to

expected administration of intravenous thrombolysis. The shaded area reflects
the 95% CI for the adjusted common odds ratio. An adjusted common odds
ratio greater than 1 indicates better outcomes (favorable shifts in the modified
Rankin Scale scores) associated with treatment with intravenous thrombolysis
plus thrombectomy. The dashed blue lines indicate the time points at which the
lower bound of the 95% CI and the point estimate crossed 1.0.
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odds assumption, and the analyses regarding individual trial
effects confirmed the robustness of the primary outcome
result (eTables 4-5 and eFigures 9-14 in Supplement 1).

In a post hoc sensitivity analysis using time from symp-
tom onset to randomization instead of time from symptom on-
set to expected administration of IVT, the estimated time at
which the lower boundary of the 95% CI for the estimated as-
sociation of IVT plus thrombectomy with better outcomes first
crossed 1.0 was at 2 hours 11 minutes, whereas the point esti-
mate crossed the null association at 3 hours 4 minutes.

Secondary Outcomes
For functional independence (modified Rankin Scale score of
0, 1, or 2), there was a significant interaction of the benefit
associated with IVT plus thrombectomy vs thrombectomy
alone and time from symptom onset to expected adminis-
tration of IVT (ratio of adjusted OR per 1-hour delay, 0.82
[95% CI, 0.68-0.98], P = .03 for interaction; Table 3 and eFig-
ure 15 in Supplement 1). If treated early, the rates of func-
tional independence were significantly higher in participants
treated with IVT plus thrombectomy at 1 hour (adjusted OR,
1.54 [95% CI, 1.10-2.17]) and at 2 hours (adjusted OR, 1.26
[95% CI, 1.02-1.56]).

Early recanalization occurred more often in participants al-
located to IVT plus thrombectomy (4.0% vs 1.7% for thrombec-
tomy alone), and the association was stronger in participants
treated later from symptom onset (adjusted OR, 0.95 [95% CI,
0.36-2.54] at 1 hour; adjusted OR, 3.48 [95% CI, 1.44-8.42] at 3

hours); and the ratio of adjusted OR per 1-hour delay was 1.91
(95% CI, 1.05-3.48), P = .03 for interaction; Table 3 and eFig-
ure 16 in Supplement 1). This interaction was not confirmed in
analyses that left out 1 of each included trial of this individual
participant meta-analysis (eTable 6 in Supplement 1). The es-
timated odds for an association between IVT plus thrombec-
tomy vs thrombectomy alone and higher rates of successful
reperfusion declined with extended time from symptom on-
set to expected administration of IVT (adjusted OR, 2.06
[95% CI, 1.29-3.29] at 1 hour; adjusted OR, 1.77 [95% CI, 1.26-
2.47] at 2 hours; and adjusted OR, 1.52 [95% CI, 1.10-2.08] at 3
hours), but this interaction was not statistically significant
(ratio of adjusted OR per 1-hour delay, 0.86 [95% CI, 0.66-1.11],
P = .26 for interaction; eFigure 17 in Supplement 1).

No statistically significant interaction with time from
symptom onset to expected administration of IVT was ob-
served for the outcomes of symptomatic or any intracranial
hemorrhage (Table 3 and eFigures 18-19 in Supplement 1). In
addition, there was no statistically significant interaction be-
tween treatment allocation and the time interval between ran-
domization and thrombectomy start (arterial puncture)
(eTable 7 in Supplement 1).

Discussion
In participants with an anterior-circulation large-vessel occlu-
sion stroke who presented directly to endovascular treatment

Figure 2. Distribution of the 90-Day Modified Rankin Scale Scores by Treatment Group and Dichotomized Intervals From Symptom Onset
to Expected Administration of Intravenous Thrombolysis (IVT)
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If IVT was administered within 2 hours 20 minutes after stroke onset, there was
a favorable shift across the modified Rankin Scale scores at 90 days associated
with IVT plus thrombectomy vs thrombectomy alone (median modified Rankin
Scale score of 2 [IQR, 1-4] for the IVT plus thrombectomy group vs 2 [IQR, 1-4]
for the thrombectomy alone group; adjusted common odds ratio, 1.31 [95% CI,
1.04-1.66]). No between-group differences were observed in participants
treated after 2 hours 20 minutes (median modified Rankin Scale score of 3

[IQR, 1-5] for the IVT plus thrombectomy group vs 3 [IQR, 1-5] for the
thrombectomy alone group; adjusted common odds ratio, 0.97 [95% CI,
0.79-1.19]). The modified Rankin Scale scores at 90 days were available for 2310
of 2313 participants (99.9%). The modified Rankin Scale scores were missing
for 1 patient treated with thrombectomy alone before 2 hours 20 minutes
and 1 patient in each group treated later than 2 hours 20 minutes.
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centers, the benefit associated with IVT in the setting of
endovascular thrombectomy was time dependent. The ob-
served interaction was in the direction of a beneficial associa-
tion of IVT with improved functional outcomes when admin-
istered earlier. Using the only available pooled individual
participant randomized clinical trial data of patients under-
going thrombectomy with vs without IVT, there was a signifi-
cant benefit associated with IVT plus thrombectomy com-
pared with thrombectomy alone if the time between symptom
onset and expected administration of IVT was within 2 hours
20 minutes.

The magnitude of the association between delay to ex-
pected administration of IVT and the change in the magni-
tude of the association between IVT plus thrombectomy and
better outcomes was clinically meaningful. Our results sug-
gest a reasonably large benefit associated with IVT plus throm-
bectomy if IVT was administered early. However, similar to
trials comparing IVT vs placebo, we observed a rapid increase
in the estimated number of patients needed to treat to achieve
benefit when there were longer treatment delays.19,25

Notably, the change in the adjusted common OR ap-
peared to follow a similar relative decline to the change in OR
over time observed in trials comparing IVT vs placebo (end
point of modified Rankin Scale score of 0 or 1).19 Although the
overall association of IVT with better outcomes was smaller
in patients who underwent thrombectomy compared with pa-
tients who did not, this may suggest a partially shared patho-
physiological mechanism.19

Our findings were consistent with the data for observa-
tional comparisons. The Highly Effective Reperfusion Evalu-
ated in Multiple Endovascular Stroke (HERMES) Collaborators21

found that the rates of good outcomes declined more rapidly
in patients undergoing thrombectomy who received IVT than
in patients ineligible for IVT, suggesting a potential differen-
tial effect of time. In addition, recent observational registry data
from the US showed that shorter times from door to adminis-
tration of IVT were associated with improved outcomes in pa-
tients undergoing thrombectomy.7

After the publication of the HERMES results,6,21 theoreti-
cal considerations for and against the use of IVT before throm-
bectomy were presented.4,26 This equipoise was not only theo-
retical, but shared among treating physicians. In a multicenter
analysis using the German Stroke Registry,27 37% of patients
directly admitted to a comprehensive stroke center did not re-
ceive IVT before thrombectomy despite the absence of con-
traindications.

After the main results of the trials included in this meta-
analysis were presented,2 an expedited update of the European
Stroke Organisation-European Society for Minimally Inva-
sive Neurological Therapy thrombectomy guidelines1 un-
equivocally recommended the use of IVT before thrombec-
tomy in all eligible patients. However, the lack of superiority
of IVT before thrombectomy led to ongoing discussions re-
garding this recommendation and the applicability and inter-
pretation of the meta-analytic findings.2 In particular, the cost-
effectiveness, the chosen designs, the potential influence of
ethnic origin, and the margin deemed acceptable to establish
noninferiority were questioned.1,24,28,29

Based on recent international recommendations, the cred-
ibility of this subgroup analysis was moderate, suggesting that
an interaction is likely present and separate associations within
the respective subgroups should be assumed.17 Therefore, we
suggest that the time between symptom onset and expected ad-
ministration of IVT should be considered in the decision-
making process for patients who are directly admitted at stroke
centers to undergo thrombectomy, although there is uncer-
tainty with regard to the association of IVT plus thrombec-
tomy and improved outcomes beyond the time point indicat-
ing a loss of a significant association. For the decision-making
process, it should be taken into consideration that the analysis
provided high certainty that beyond 3 hours IVT was not asso-
ciated with a clinical benefit larger than an ARD of 5% for a modi-
fied Rankin Scale score of 0, 1, or 2.

The abovementioned intervals appear meaningful for clini-
cal routine and future trials. Median treatment delay of IVT
before thrombectomy (from symptom onset to thrombolysis
administration) in patients directly admitted to thrombectomy-
capable centers varied in recent reports, with 1 hour and 22 min-
utes to 1 hour and 30 minutes being reported in large Western
registries,30-32 and 1 hour and 57 minutes reported in a met-
ropolitan Japanese registry.33 The median time from symp-
tom onset to arrival in the emergency department for pa-
tients directly admitted to endovascular treatment–capable
centers was 1 hour and 5 minutes in HERMES6 and 2 hours 35
minutes in the Transfer to the Closest Local Stroke Center vs
Direct Transfer to Endovascular Stroke Center of Acute Stroke
Patients With Suspected Large Vessel Occlusion in the Catalan
Territory (RACECAT) trial.34

Hence, depending on the geographic setting, up to ap-
proximately 50% of patients eligible for IVT may receive a treat-
ment that showed no statistically significant association with
better outcomes according to the data in the current study. If
the current study’s findings are validated, they can help to
stratify cohorts by patients undergoing thrombectomy for
which IVT is likely associated with a significant benefit, pa-
tients in whom there is uncertainty regarding a beneficial as-
sociation of IVT plus thrombectomy with better outcomes, and
patients in whom it appears very unlikely that a potential ben-
eficial association of IVT plus thrombectomy is present.

The mechanism by which IVT was associated with in-
creased odds for better functional outcomes in the early but
not in the late time window could not be determined in the
current study. Even though IVT clearly favors early recanali-
zation before thrombectomy, the absolute differences were
very small and, surprisingly, this association was found to be
stronger in patients treated later. Hence, the classic infarct pro-
gression concept usually put forward to explain a consider-
able proportion of the time dependency observed in IVT vs pla-
cebo trials does not seem to explain the time dependency of
associations observed in the current study. Therefore, fur-
ther research is needed to elucidate the role of different con-
tributors to the interaction observed.

Limitations
First, our results are applicable only to patients presenting di-
rectly at centers with endovascular facilities. Second, central
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adjudication of images was at the study level and images were
not reevaluated centrally.

Third, the use of admission imaging to exclude potential
trial participants with high volumes of likely irreversibly in-
farcted brain tissue based on the protocols of the trials in-
cluded may have influenced the direction and magnitude of
the observed associations with treatment times. Fourth, the
results of the interaction analyses using times from random-
ization to thrombectomy start should be interpreted cau-
tiously because inclusion of the covariates observed after ran-
domization can lead to biased estimates.35-38

Fifth, the included trials were designed so that eligibility
for thrombectomy had to be assessed before randomization,
potentially delaying the administration of IVT depending on
institutional standards of the participating centers. Sixth,
because eligibility for thrombectomy (including anticipated dif-
ficulty of arterial access among others) was evaluated for in-
clusion of participants into the trials, the results may not be
generalizable to cases when eligibility for thrombectomy is
questionable (eg, arterial access is deemed more technically
challenging).

Seventh, almost all participants allocated to IVT plus
thrombectomy were treated with intravenous alteplase, and
only 25 participants were treated with intravenous tenect-
eplase. This number was too small to conduct meaningful sub-
group analyses. Therefore, the results may not be generaliz-
able to IVT with tenecteplase. The updated thrombectomy
guidelines from the European Stroke Organisation-European
Society for Minimally Invasive Neurological Therapy39 cur-
rently recommend administration of 0.25 mg/kg of tenect-
eplase instead of 0.9 mg/kg of alteplase in patients present-
ing with large-vessel occlusion stroke who are eligible for IVT.

The expert consensus favored IVT with tenecteplase fol-
lowed by thrombectomy instead of thrombectomy alone de-
spite the lack of randomized clinical trial evidence to support
this recommendation.39 It should be noted, however, that
superiority of intravenous tenecteplase vs intravenous al-
teplase in directly admitted patients undergoing thrombec-
tomy is not well established.

In patients undergoing thrombectomy included in the In-
travenous Tenecteplase Compared With Alteplase for Acute
Ischemic Stroke in Canada (AcT) trial,40 no significant differ-
ence in outcomes between patients allocated to IVT with al-
teplase vs tenecteplase was observed. Although the influence
of time on clinical outcomes appears similar in patients treated
with alteplase and in patients treated with tenecteplase,41 the
potentially higher efficacy of tenecteplase in patients with large-
vessel occlusion stroke undergoing thrombectomy observed
in the Tenecteplase versus Alteplase Before Endovascular
Therapy for Ischemic Stroke (EXTEND-IA TNK) trial42 may lead
to different magnitudes and cutoffs in the observed associa-
tions. Ongoing trials,43 including the Randomization to Endo-
vascular Treatment Alone or Preceded by Systemic Thromboly-
sis With Tenecteplase in Ischemic Stroke (DIRECT-TNK) trial
(NCT05199194), aim to answer this specific question.

Conclusions
In patients presenting at thrombectomy-capable stroke cen-
ters, the benefit associated with IVT plus thrombectomy vs
thrombectomy alone was time dependent and statistically sig-
nificant only if the time from symptom onset to expected ad-
ministration of IVT was short.
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