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Background: The efficacy of intravenous thrombolysis (IVT) in treating acute ischemic stroke (AIS) has shown a rapid decline with
time; however, the impact of this trend on IVT prior to endovascular thrombectomy (EVT) remains uncertain.

Methods: This study retrospectively analyzed patients from multicenter trials who received EVT after IVT in the anterior circulation.
The endpoints included unfavorable outcomes (defined as a 90-day modified Rankin Scale score of 3—6) and hemorrhagic complica-
tions. Patients were stratified into two groups based on onset-to-needle time (ONT), with a 2-hour threshold. ONT was defined as the
interval from the first observed stroke symptoms (or the last known well state) to the initiation of IVT. Multivariate logistic regression
and propensity score matching (PSM) were used to compare outcomes.

Results: Among the 176 patients following PSM (with a median age of 67.5 years and 60.8% being female), the median ONT was
120 minutes (85 minutes vs 176 minutes in early and late phase group), with 88 patients in each group. Multivariate analysis revealed
that late phase IVT (ONT > 2 hours) was significantly associated with unfavorable outcomes (odds ratio [OR] = 2.213; 95%
confidence interval [CI] = 1.078-4.646; P = 0.032). No significant differences were observed in mortality and hemorrhagic
complications between the groups. Subgroup analysis revealed no significant disparities among the predefined subgroups.
Conclusion: Early phase IVT (ONT < 2 hours) before EVT was linked to reduced unfavorable outcomes for AIS. No significant
differences were observed among predefined subgroups.
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Introduction

Endovascular thrombectomy (EVT) has emerged as the gold standard for anterior circulation acute ischemic stroke (AIS)
patients since 2015." Clinical trials demonstrated that EVT after intravenous thrombolysis (IVT) was non-inferior to
using monotherapy.>> A randomized study noted that, using the combined approach, 46.6% (vs 54.3% EVT alone)
achieved independence at 3 months, with similar mortality (17.8% vs 17.2%) and hemorrhage rates (6.8% vs 6.1%).°
Therefore, the American and European guidelines all recommended this strategy in eligible patients.®’ Specifically, EVT
after IVT benefited certain groups, and even caused harm in some cases. Identifying optimal patients was complex, with
challenges including occlusion site, stroke type, and thrombus features.® Further investigation into the potential influen-

cing factors was warranted.
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Early administration was associated with proportionally greater benefits in AIS, making the timing of EVT after IVT
crucial to functional outcomes.”'° The deformability and softness of thrombi on the early stage boosted the probability of
complete recanalization.'' Onset-to-needle (ONT) has been recognized as the potential factor that influences the out-
comes of EVT after IVT.'? The improving reperfusion strategies in Ischemic Stroke (IRIS) collaborators emphasized that
ONT of less than 2 hours 20 minutes, followed by EVT after IVT, was statistically associated with functional outcomes.'?
An observational study found a 21.4-39.4% complete recanalization rate with an ONT of 1 hour.” A meta-analysis of six
trials indicated improved outcomes with IVT within 2 hours."?

Based on previous research, Our study hypothesized that early phase IVT (ONT < 2 hours) after EVT was associated
with reduced unfavorable outcomes, potentially being more pronounced in specific subgroups. We aimed to help refine
patient selection or optimize emergency decision-making for EVT after IVT.

Methods

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Study Design and Participants
We included patients from two multicenter prospective studies, the Captor trial (ChiCTR1900025256, https://www.chictr.

org.cn) and SINOMED SR trial (NCT04973332, clinicaltrials.gov), and a multicenter retrospective registry between
January 2019 and January 2020. Meanwhile, most of the other inclusion and exclusion criteria aligned closely with the
detailed explanations in the Chinese guidelines for EVT of AIS. The inclusion criteria were 1) age > 18 years; 2) the
National Institutes of Health Stroke Scale (NIHSS) > 6 at enrollment; 3) pre-stroke modified Rankin Scale (mRS) < 2; 4)
AIS due to large-vessel occlusion in the anterior circulation confirmed by CT angiography, MR angiography, or digital
subtraction angiography; and 5) treatment of EVT after IVT within the thrombolysis time window. The exclusion criteria
were 1) CT or MR imaging evidence of intracranial hemorrhage; 2) pre-stroke mRS > 2; 3) presence of active bleeding
and known bleeding tendency; 4) with heart, lung, liver, kidney function failure or other severe diseases to interventional
surgery; 5) no available data on ONT and follow-up information; and 6) with contraindications for IVT. Our study was
approved by the Medical Ethics Committee of Linyi People’s Hospital (YX200655) to exempt informed consent, as it
was a retrospective analysis using existing medical records, with no risk to participant identities, privacy, or safety. Our
study was performed in adherence to the ethical standards of the 1964 Helsinki Declaration and its later amendments.

Clinical and Imaging Data

Demographic details, medical history, laboratory tests, and radiological images were collected in a standard process.
Stroke severity was measured with NIHSS score at baseline and 24-48 hours after admission. Stroke subtypes were
classified according to Trial of Org 10172 in Acute Stroke Treatment (TOAST). Radiological images were independently
reviewed by two experienced neurologists who were blinded to treatment allocation and outcomes. Early ischemic
changes were evaluated using the Alberta Stroke Program Early CT score (ASPECTS). Cerebral reperfusion was
assessed with the modified Thrombolysis in Cerebral Infarction (mTICI).

Treatment and Time Parameters

All patients enrolled received EVT after IVT. IVT was administered within the therapeutic window based on the
thrombolysis agents as determined by neurologists, including recombinant tissue-plasminogen activator (rt-PA), uroki-
nase, and Tenecteplase (TNK). The subsequent EVT frequently relied on thrombectomy with retrievers, as well as rescue
procedures such as stent implantation, balloon angioplasty, intra-atrial thrombolysis, or tirofiban when recanalization
failed. EVT was initiated as soon as possible without waiting for clinical responses from IVT.

In all trials, the time of stroke onset was recorded as either the moment the symptoms of AIS were first noticed or the
last known time of the participants’ normal condition. The time point of IVT administration, arterial access, and cerebral
reperfusion for thrombectomy was registered by the local investigators of each center for recording time parameters such
as ONT, onset to puncture time (OTP), and puncture to recanalization time (PTR).
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Clinical Outcome

The unfavorable outcome was defined as mRS score of 3—6 at 90 days after stroke. The score ranged from 0-6, where
larger values indicated a higher degree of disability and 6 represented death. Successful recanalization was defined as
a final mTICI grade of 2b or 3 at the end of the endovascular procedure — corresponding to reperfusion of at least 50% of
the affected vascular territory. Symptomatic intracranial hemorrhage (SICH) was defined as the occurrence of intracranial
hemorrhage (ICH) confirmed by CT or MRI, accompanied by an increase in the NIHSS score of at least 4 points.
Hemorrhagic complications included ICH, as well as extracranial bleeding, such as at puncture sites, the gastrointestinal
tract, and the urinary tract.

Statistical Analysis

Data on baseline characteristics were summarized using frequencies and proportions for categorical variables and means
(or medians) with standard deviations (or interquartile range) as appropriate for continuous variables. Differences in
baseline characteristics were analyzed using the Fisher exact test or * test for categorical variables and the r-test or
Mann—Whitney U-test for continuous outcomes.

Propensity score-matching (PSM) was used to minimize the potential effect of between-group differences in key
variables. The propensity score was generated with variables with a P < 0.1 in univariable analyses or with variables
known to impact clinical outcomes. Patients were then matched in a 1:1 ratio based on the nearest-neighbor algorithm
without replacement within the caliper distance of 0.2. We used multiple imputation for missing data.

Restricted cubic splines (RCS) were performed to evaluate the potential nonlinear relationship between ONT and
unfavorable outcomes, with four knots at the 5th, 35th, 65th, and 95th percentiles. We divided the ONT into the early
phase (< 2 hours) and the late phase (> 2 hours). The RCS revealed a significant increase in the risk of unfavorable

outcomes when ONT > 2 hours (Supplementary Figure 1). Moreover, previous clinical trials and meta-analyses have
9,12-14

indicated a striking reduction in the time benefit after approximately 120 minutes.

Univariable logistic regression was performed to explore the predictors of the unfavorable outcomes. Differences
between the early phase group and late phase group in clinical outcomes were reported separately using unadjusted
(Model 1) and adjusted (Model 2) multivariable logistic analysis (adjusted for age, gender, hypertension, diabetes
mellitus, atrial fibrillation, hyperlipidemia, smoking status, NIHSS score, ASPECTS score, glucose (GLU), OTP, and
PTR). Furthermore, we did a prespecified subgroups analysis to test the heterogeneity of treatment effect on unfavorable
outcomes by relevant variables, including age, gender, hypertension, diabetes, AF, and NIHSS score. Odds ratio and
associated P values of each interaction term were estimated from separate logistic regression models across the
prespecified subgroups.

All reported P values were two-sided, with P < 0.05 considered statistically significant. Statistical analysis was
performed using R studio (version 4.4.1 R Foundation).

Results

Study Population
We obtained data of 215 patients treated with EVT after IVT (median age was 68 years, and 60.5% of patients were
female) from three trials after excluding 430 patients due to missing related data.

Of 215 patients, 99 received IVT in the early phase (< 2 hours) when the median ONT was 1 hour 25 mins vs 116 in
the late phase (> 2 hours) when the median ONT was 3 hours. In total, 71.6% of patients had a history of hypertension,
15.8% had diabetes, 19.5% had hyperlipidemia, and 39.1% had atrial fibrillation (AF) (Supplement Table 1). Patients in
the ONT < 2 hours group had higher ASPECTS scores, lower mRS at 90 days, shorter OTP, and less unfavorable
outcomes (all P <0.05, Supplement Table 1).

After PSM, 176 participants remained for evaluation, and 88 patients in the ONT < 2 hours group were matched to

88 patients in the ONT > 2 hours group. The differences in the two groups were reduced with an absolute mean
difference < 0.20 for variables that were included in the propensity score formula, except ASPECT score
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(Supplementary Figure 2). Patients in the ONT < 2 hours group had a shorter period of OTP, lower mRS at 90 days,

lower proportions of MCA artery occlusion and less unfavorable outcome (all P <0.05, Table 1).

Clinical Outcomes
After PSM, the rates of unfavorable outcomes were 42% in the early phase group and 60.2% in the late phase group, with
an absolute risk reduction (ARR) of 18.2% and a number needed to treat (NNT) of six. The rates of SICH (9.1% vs
5.7%) and ICH (26.1% vs 20.5%) were also higher in the late phase group (Table 1).

The RCS revealed a nonlinear relationship between ONT and unfavorable outcomes, indicating that the risk of
unfavorable outcomes decreased when ONT was between 70 and 120 hours. Conversely, the risk increased when ONT

Table | Baseline characteristics of patients accepting EVT after IVT according to ONT after PSM

Characteristics Overall <2h >2h P value
(n=176) (n = 88) (n = 88)
Age, year, median (IQR) 67.5 (58.0-74.3) 67 (58.0-75.0) 68 (58.0-74.0) 0.982
Female, n (%) 107 (60.8) 55 (62.5) 52 (59.1) 0.757
Medical history
Hypertension, n (%) 127 (72.2) 62 (70.5) 65 (73.9) 0.737
Diabetes mellitus, n (%) 23 (13.1) I (12.5) 12 (13.6) 1.000
Hyperlipidemia, n (%) 33 (18.8) 17 (19.3) 16 (18.2) 1.000
Atrial fibrillation, n (%) 61 (34.7) 30 (34.1) 31 (35.2) 1.000
Smoking, n (%) 51 (29.0) 24 (27.3) 27 (30.7) 0.740
Imaging characteristics
ASPECTS score, median (IQR) 9.0 (8.0-10.0) 9.0 (8.0-10.0) 9.0 (8.0-10.0) 0.099
Occlusion site 0.026
ICA, n (%) 16 (9.1) 10 (11.4) 6 (6.8)
MCA, n (%) 126 (71.6) 55 (62.5) 71 (80.7)
Other, n (%) 34 (19.3) 23 (26.1) I (12.5)
Stroke etiology 0.493
LAA, n (%) 89 (50.6) 41 (46.6) 48 (54.5)
CE, n (%) 65 (36.9) 34 (38.6) 31 (35.2)
Other, n (%) 22 (12.5) 13 (14.8) 9 (10.2)
Clinical examination at arrival
NIHSS score, median (IQR) 14.0 (9.0-18.0) 14.0 (10.0-17.0) 14.0 (8.0-18.0) 0.532
SBP, mmHg, median (IQR) 150.0 (134.8-160.0) 149.0 (140.0-158.0) 150.0 (129.8-160.0) 0.829
GLU, mmol/L, median (IQR) 6.8 (5.8-8.2) 6.8 (5.7-8.0) 6.9 (5.9-8.4) 0.612
Workflow times
ONT, min, median (IQR) 119.5 (85.0-174.0) 85.0 (60.0-100.0) 176.0 (148.8-232.5) < 0.001
OTP, min, median (IQR) 220.0 (175.0-302.5) 180.0 (140.0-240.0) 294.0 (208.8-351.3) < 0.001
PTR, min, median (IQR) 76.5 (50.0-110.0) 79.0 (55.0-120.0) 75 (50.0-110.0) 0.426
Outcomes
Recanalization, n (%) 162 (92.0) 83 (94.3) 79 (89.8) 0.403
SICH, n (%) 13 (7.4) 5(5.7) 8 (9.1) 0.564
ICH, n (%) 41 (23.3) 18 (20.5) 23 (26.1) 0.476
90-day mRS, median (IQR) 3.0 (1.04.0) 2.0 (1.0-3.0) 3.0 (1.04.0) 0.010
90-day Mortality, n (%) 21 (11.9) 8 (9.1) 13 (14.8) 0.352
Unfavorable Outcome, n (%) 90 (51.1) 37 (42.0) 53 (60.2) 0.024

Abbreviations: ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CE, cardio-embolism; EVT, endovascular thrombectomy;
GLU, fasting blood glucose; ICA, internal carotid artery; ICH, intracerebral hemorrhage; IVT, intravenous thrombolysis; LAA, large-artery
atherosclerosis; MCA, middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; ONT, onset to
needle; OTP, onset to puncture; PSM, the propensity score—matching algorithm; PTR, puncture to recanalization; SBP, systolic blood pressure; SICH,
symptomatic intracranial hemorrhage.
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Table 2 Odds ratio (95% ClI) for outcomes accepting EVT after IVT according to ONT after PSM

Outcome Incidence rate Model | Model 2

<2h(n=288) | >2h (n=288) | OR (95% CI) P value | OR (95% CI) P value
Unfavorable Outcome | 37 (42%) 53 (60.2%) 2.087 (1.149-3.833) | 0.016 2.213 (1.078-4.646) 0.032
Recanalization 83 (94.3%) 79 (89.8%) 0.529 (0.157-1.599) | 0.272 0.381 (0.078-1.454) 0.182
ICH 18 (20.5%) 23 (26.1%) 1.376 (0.683-2.807) | 0.374 1.507 (0.669-3.499) 0.328
SICH 5 (5.7%) 8 (9.1%) 1.66 (0.531-5.693) 0.391 3.064 (0.657-17.392) | 0.170
90-day Mortality 8 (9.1%) 13 (14.8%) 1.733 (0.691-4.600) | 0.249 1.985 (0.667-6.491) 0.231

Notes: Model |: Unadjusted. Model 2: Adjusted for age, gender, hypertension, diabetes mellitus, atrial fibrillation, hyperlipidemia, smoking status, NIHSS
score, ASPECTS score, GLU, SBP, and DBP.

Abbreviations: ASPECTS, Alberta Stroke Program Early Computed Tomography Score; Cl, confidence interval; DBP, diastolic blood pressure; EVT,
endovascular thrombectomy; GLU, fasting blood glucose; ICH, intracerebral hemorrhage; IVT, intravenous thrombolysis; NIHSS, National Institute of
Health Stroke Scale; ONT, onset to needle time; OR, odds ratio; PSM, the propensity score—-matching algorithm; SBP, systolic blood pressure; SICH,
symptomatic intracranial hemorrhage.

> 2 hours (Supplementary Figure 1). In univariable analysis, age, AF, high NIHSS score, low ASPECT score, and GLU
were the independent predictors of unfavorable outcomes (all P < 0.05, Supplement Table 3).

In multivariable analysis, the late phase IVT had a significant association with unfavorable outcomes in model 1
(OR = 2.087; 95% CI = 1.149-3.833; P = 0.016) and model 2 (OR = 2.213; 95% CI = 1.078-4.646; P = 0.032;
Table 2). We did not observe a significant relationship between ONT and successful recanalization, ICH, SICH, and
mortality before and after PSM (Supplement Table 2). At 90 days, the early phase IVT was linked with a shift in the
distribution of mRS score toward better outcomes (Figure 1).

In subgroup analysis, there was no statistical evidence of heterogeneity in treatment effect on unfavorable outcomes.
Although the P value for males indicated statistical significance, the broad 95% CI suggested a low precision in the
estimated true effect (OR = 3.603; 95% CI = 1.644-8.165, P = 0.033, Figure 2).

mRS =0 mRS =1 mRS =2 mRS =3 mRS =4 mRS =5 mRS =6
o
i
£ 17% 11% 18% 22% 6% 15%
&
A
=)
i
= 23% 16% 18% 1% 3% 9%
S
vi

Proportion of patients (%)

Figure | Scores on the modified Rankin Scale at 90 days. Distribution of mRS scores at 90 days in the early phase and late phase groups.
Abbreviations: EVT, endovascular thrombectomy; IVT; intravenous thrombolysis; mRS, modified Rankin Scale.
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Discussion

In AIS patients treated with EVT after IVT, IVT administrated within 2 hours was significantly associated with the
reduction in unfavorable outcomes at 90 days. There was no significant difference in the rates of SICH, ICH, and
mortality between patients receiving IVT in the early phase and those in the late phase.

Time was identified as a determinant factor of outcomes in AIS patients. In a recent meta-analysis, Kaesmacher et al
reported EVT after IVT lost benefits at about 2 hours from stroke symptom onset.'* Hence, we chose 2 hours as the ONT
threshold to classify in our study. Another meta-analysis suggested that the benefit of EVT after IVT was statistically
significant only when ONT was short, with the magnitude of benefit decreasing as ONT extended.'? In addition, Gregg
et al observed that shorter door to needle time (DNT) was linked with better outcomes and lower mortality.'* Obviously,
our findings were consistent with the previous researches.

The abovementioned finding appeared meaningful for clinical routine. The median ONT reported in recent clinical
trials varied. In a Dutch registry,'” the median ONT was 1 hour and 22 mins for patients directly admitted to

7 was 1 hour and

endovascular-capable centers; An American study'® reported 1 hour and 29 mins, and Japan’s
57 mins. We reported the median ONT was 2 hours. Therefore, despite geographical variations, up to approximately
50% of patients were eligible for early phase IVT that showed a significant association with functional outcome.

Our study suggested that the NNT was 6, implying that early phase IVT provided significant clinical advantages. We
observed a rapid increase in NNT with treatment delay in similar trails.'® The predicted absolute risk difference (ARD)
varied from 9% at 1 hour, to 5% at 2 hours, and 1% at 3 hours, when comparing EVT following IVT with EVT alone.'?

Therefore, we recommended that patients selected the nearest endovascular-capable hospital, physicians initiated IVT as

Subgroup No of patients OR (95% CI) P for interaction

Age 0.7
<65 74 . 2.375(0.937-6.211)
>65 102 . 1.864 (0.848-4.164)

Sex 0.033
Female 107 —_——— 0.941 (0.364-2.429)
Male 69 — > 3.603 (1.644-8.165)

Hypertension 0.485
No 49 . 1.467 (0.471-4.654)
Yes 127 . 2.367 (1.167-4.89)

Diabetes mellitus 0.814
No 153 . 2.154 (1.135-4.143)
Yes 23 . 1.714 (0.285-11.3)

Atrial fibrillation 0.772
No 115 . 2.265 (1.076-4.862)
Yes 61 . 1.869 (0.654-5.533)

NIHSS score 0.566
<15 112 . 1.718 (0.811-3.684)
>15 64 . 2.507 (0.889-7.323)

0 1 2 3 4
Odds ratio (95% Cl)

Figure 2 Forest plot showing adjusted treatment effect for unfavorable outcomes in prespecified subgroups with P values for heterogeneity across subgroups.
Abbreviations: Cl, confidence interval; OR, odds ratio; NIHSS, National Institutes of Health Stroke Scale.
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soon as possible for ONT < 2 hours, and chose direct EVT for ONT > 2 hours, while carefully weighing the economic
pressures, bleeding risks, and clinical benefits.

No evidence of treatment effect heterogeneity was detected in the six prespecified subgroups, except for gender. The
moderate sample size constrained the analysis’s power. However, the 95% CI for males (1.644-8.165) was excessively
broad, indicating a very low precision in the estimated true effect. Previous studies have conducted analysis of
subpopulations. Grossberg et al pointed out that AF patients receiving EVT after IVT suffered more hemorrhagic
complications and less functional outcomes.'? Diabetes impacted the sensitivity to the time window and was associated
with a higher incidence of ICH.?® Males had higher rates of effective reperfusion, while females had more cases of futile
reperfusion.”’ However, these findings were merely the results of subgroup analysis, and further randomized controlled
trials targeting specific populations such as AF and diabetes status were required.

The observed inconsistency between functional outcomes and successful recanalization rates prompted us to further
investigate the underlying mechanism. The “no-reflow” phenomenon, characterized by reduced microvascular reperfu-
sion after complete recanalization, could be the rationale behind this.?> A pooled analysis of three RCTs showed that
cerebral “no-reflow” was common and linked to poor prognosis.>> The formation of microthrombi was an important
factor. Recent research indicated that administering alteplase to dissolve microthrombi in patients with complete
recanalization after EVT improved outcomes.>* The deformability and softness of thrombi on the early stage led to an
increased risk of microthrombi.>*®

Our study had several limitations. First, our study combined the data from two prospective studies, and a retrospective
registry. Merging the three datasets might generate potential biases because of the different inclusion and exclusion
criteria. The retrospective study, prone to selection bias and missing data, was the main source, potentially affecting
causality and follow-up. Second, our study lacked data on variables that might influence clinical outcomes due to the
original study design, such as post-operative ASPECTS score and collateral status due to study design. Two prospective
studies only contributed 54/215 subjects (38/176 post-PSM) due to extensive missing ONT. Third, the statistical power of
our findings might be reduced due to the relatively small sample size, especially subgroup analysis. Board 95% CI for
unfavorable outcomes (OR = 2.213; 95% CI = 1.078-4.646; P = 0.032) might suggest a degree of uncertainty. Fourth, the
potential superiority of EVT following early-phase IVT VS alone EVT was not explored.

In conclusion, our study suggested that early phase IVT was associated with a lower risk of unfavorable outcomes
than those in the late phase, without increasing hemorrhagic risk and mortality. ONT was a crucial factor for physicians
to consider when selecting optimal candidates for EVT after IVT, physicians should initiate IVT as soon as possible for
ONT < 2 hours, and chose direct EVT for ONT > 2 hours. Larger prospective studies were warranted to validate these
findings and explore the underlying mechanisms.
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