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Abstract

Objective:

To evaluate the comparative safety and efficaayireict endovascular thrombectomy(dEVT)
compared to bridging therapy(BT:IV-tPA+EVT) andessif BT potential benefit relates to

stroke severity, size and initial presentation YoI'E/s. non-EVT center.

Methods:

In a prospective multicenter cohort-study of imagselection for endovascular
thrombectomy[SELECT], anterior-circulation largessel occlusion (LVO) patients presenting
to EVT-capable centers within 4.5hours from lastwkn-well were stratified into BT vs. dEVT.
The primary outcome was 90-day functional indepandpnodified Rankin Scale(mRS)=0-2].
Secondary outcomes included a shift across 90-d&$ grades, mortality, symptomatic
intracranial hemorrhag®Ve also performed subgroup-analyses accordingtialipresentation

to EVT-capable center (direct versus transferpkstiseverity and baseline infarct core volume.

Results: We identified 226 LVOs (54%:men, mean age:65.668jdars, median NIHSS-score:
17, 28% received dEVT). Median time from arrivabroin-puncture did not differ in BT-
patients when presenting directly[dEVT:1.43 (IQRE3E1.90) hours vs. BT:1.58(IQR=1.27-
2.02)hours,p=0.40] or transferred to EVT-capablges[dEVT:1.17 (IQR: 0.90-1.48) hours vs.
BT:1.27 (IQR: 0.97-1.87) hours,p=0.24]. BT was assted with higher odds of 90-day
functional independence (57% vs. 44%,a0OR=2.02,95%l-4.03,p=0.046) and functional
improvement (adjusted cOR=2.06,95%CI:1.18-3.60,@£D), and lower likelihood of 90-day
mortality (11% vs. 23%,aOR: 0.20,95%CI:0.07-0.58,0963). No differences in any other

outcomes were detected. In subgroup-analyses, Banpawith baseline NIHSS-scores<15 had



higher functional independence likelihood compaeedEVT (aOR=4.87,95%CI:1.56-
15.18,p=0.006); this association was not evidenp&tients with NIHSS-score$5
(aOR=1.05,95%CI:0.40-2.74,p=0.92). Similarly, fuantl outcomes improvements with BT
were detected in patients with core volume strigizhémic core <50cc: aOR: 2.10, 95%
Cl:1.02-4.33, p=0.044 vs ischemic cai®0cc: aOR: 0.41,95% CI:0.01-16.02,p=0.64) and
transfer status (transferred: aOR: 2.21,95% CI:9.853,p=0.29 vs direct to EVT center:

aOR:1.84,95%CI:0.80-4.23,p=0.15).

Conclusions: Bridging therapy appears to be associated wittebelinical outcomes, especially
with milder NIHSS-scores, smaller presentation aaleimes and those who were “dripped and
shipped”. We did not observe any potential berafliridging therapy in patients with more

severe strokes.

Classification of Evidence: This study provides Class Il evidence that foligrats with
ischemic stroke from anterior-circulation LVO with4.5 hours from last-known-well, bridging
therapy compared to direct endovascular thrombegteads to better 90-day functional

outcomes.



I ntroduction

Endovascular thrombectomy (EVT) is the curreandard of care treatment for acute
ischemic stroke (AIS) patients with a proximal krgessel occlusion (LVO) in the anterior
circulation! as it has been robustly associated with both fgmit functional improvement and
survival increasé.Despite the fact that more than 80% of the paaicis in pivotal EVT trials
received intravenous alteplase (tPA) prior to EVTand that current international
recommendations advocate intravenous thromboly¢iE) (prior to the initiation of EVT for all
eligible LVO patients (Class of Recommendation éyél of evidence)’ concerns have been
raised regarding the utility of tPA pretreatment [&/O patients that have been selected for
EVT.>”’

The arguments in favor of direct EVT (dEVT) incaudhe potential delay in EVT
initiation with tPA pretreatment, the low over a#lcanalization rates with IV tPA prior to
thrombectom¥®, increased thrombus fragility and migration withcieased risk of distal
embol®, increased risk for systemic and hemorrhagic carapbns with bridging therapy (BT:
IVT plus EVT), and the increased costs of tPA adstiatiorr " *2The utility of IVT
pretreatment has been further questioned afterpthmication of observational registry data
suggesting better outcomes for LVO patients présgmlirectly to an EVT capable stroke center
bypassing the interhospital transfers from primatgyoke centers that can only initiate tPA

administration >t

On the other hand, there are arguments in favév dfirombolysis prior to EVT such as
the potential for early reperfusion that was obsdrin 7-8% of early window EVT trials’

patients®®, thrombus softening and facilitation of succességerfusion’, potential role of IV



tPA in patients who do not achieve successful fapem with EVT, and the effect on distal
residual occlusions following EVT.

Additionally, the potential adjunctive benefit inolVT may not occur across all patients
receiving EVT and rather would be spcific to sedecsubgroups as related to stroke severity at
the time of presentation and whether IVT is delxkat non-EVT center “drip and ship” or
presenting directly to an EVT-capable center.

We aimed to investigate the comparative safetyetfidacy of dEVT compared to BT for AIS
patients with anterior circulation LVO presentinghin 4.5 hours from last known well in the
SELECT (Optimizing Patient Selection for Endovaaculreatment in Acute Ischemic Stroke -
NCT02446587) study. We also sought to assess iptitential effect of bridging therapy was
mediated by stroke severity, stroke size measugetdhemic core volume and presentation

status to the EVT-capable center (direct versusrsiary transfer).

Methods

SELECT Trial Methods

The methods and results of SELECT cohort study hmeaen published previoust™ Briefly,
consecutive acute ischemic stroke patients witkramtcirculation large vessel occlusion (ICA,
M1 or M2 segments of MCA), no or minimal pre-stroleficit (MRS 0-1) and National
Institutes of Health Stroke Scale (NIHSS) score>®f presenting to 9 US large volume EVT
centers from January 2016 to February 2018 werelledrin the study. The initial enroliment
window was up to 8 hours from last known well (LKW@)groin puncture for EVT patients and
LKW to Emergency Room arrival for medical managetranly. This window was extended to

up to 24 hours after results of DAWN study werespreged in May 2017. All patients received a



unified pre-specified imaging protocol with NCCT,T&, and CTP with core infarct and
mismatch determination using RAPID software (iSch¥rew, Menlo Park, CA). The pre-
specified favorable profiles on CT (ASPEC*®%®) and CTP (i. core-volume measured on CBF
(rCBF <30%) of <70cc and ii. ratio between theically hypoperfused tissue (Tmax>6 seconds)
and ischemic core (rCBF <30%) volumé.2 with an absolute difference ofLl0 cc) were
provided to the site investigators, but the deaidio proceed with thrombectomy vs medical
management alone was left at the discretion otréeting physician. Final infarct volume was
measured on MR DWI sequences obtained after theepuwe (up to 24-72 hours from stroke
onset) using manual segmentation of the regiontefest (ROI). If post-procedure MRI was not
available, non-contrast CT was used to evaluate fih@ infarct size. An independent
neuroimaging core lab blinded to clinical outconaesl enroliment site evaluated all imaging.
Assessors blinded to treatment allocation and talvyemaging evaluations obtained modified
Rankin Scale (mRS) score assessment at 90-daywfolo Written informed consent was
obtained from all patients or their legally autlzed representatives prior to enrollment. The
study aimed to evaluate different selection methmgles for endovascular therapy, to assess the
correlation between the profiles on CT and CTP whke treatment decision and clinical
outcomes after thrombectomy, to compare them agasxsh other and identify which method

provides the highest predictive ability in the sélen of patients for EVT.

Study Population
We performed a prespecified subanalysis of SELE€Iuding patients with LVO who arrived

at the EVT-capable center within 4.5 hours from LKWl patients who received EVT were



included in this subanalysis. The study cohort satified based on IV tPA administration
status into bridging therapy if they received NAtprior to thrombectomy (BT: IVT + EVT) and
direct EVT (dEVT) if they did not receive IV tPAERECT trial inclusion criteria mandated that
patients only receive IV tPA if they met the AHA idelines for IV tPA administration

SELECT was an intention to treat (ITT) study, thpatients who were taken to for
thrombectomy but demonstrated reperfusion on &rgjiogram run were included in the EVT

arm and in the BT group for this analysis.

Standard Protocol Approvals, Registrations, and Patient Consents

The study protocol for SELECT was approved at logatitutional review boards for all sites
and the study was prospectively registered atazltmals.gov (NCT02446587). All participants
and/or their legally authorized representativesvioled written informed consent prior to

enrollment in the study.

| nterventions

All endovascular procedures were performed with tise of stent retrievers or other
devices approved by the US Food and Drug AdmirtisttaStandard endovascular procedures,
according to the practice of each site, were fodldwAdministration of tPA was decided based
on patient eligibility criteria if they met the AHAyuidelines and recommendationg.he
decision to proceed with direct EVT instead of Basvat the discretion of the local investigators
in a non-randomized fashion, and after taking iat@ount the absolute and relative contra-

indications for tPA administratioh.



Outcomes

The primary efficacy outcome was the rate of fiomal independence, defined as
modified Rankin Scale (mRS) scores of 0-2 at 9Csd#jer AlS onset. We also evaluated the
following efficacy outcomes: 1) the rate of patentith excellent functional outcomes at 90
days (defined as mRS scores of 0-1), 2) functiangfovement at 90 days defined as a 1-point
decrease across all mRS grades (shift analysis).

Safety outcomes included 1) the rates of symptiwmatracerebral hemorrhage (ICH)
per ECASS Il and SITS-MOST criteria, defined asseming of the National Institutes of Health
Stroke Scale (NIHSS) score of 4 or more accompawigd evidence of any ICH on follow-up
imaging (ECASS II) or parenchymal hemorrhage type Il (SITS MOST)!*!’ 2) the rates of
asymptomatic ICH on follow-up neurcimaging, 3) tiages of neurological worsening within 24
hours from symptom onset, defined as an increaeeilNIHSS score of 4 or more points within
24 hours from hospital admission, 3) the rates|btause 90-day mortality. Procedural and
Imaging outcomes included 1) the rates of succkessperfusion (mTICI> 2b) and rates of
successful reperfusion after first pass 2) thel finfarct volume measured on follow-up MRI
diffusion weighted images or CT scans, when follggvMRI was not available and 3) the
absolute infarct growth after comparing baselireheésnic core on CT Perfusion and follow-up

MRIs.



Statistical Analysis

Continuous variables were presented as meanswitasponding standard deviations, or
medians with corresponding interquartile rangeshBiomous variables were presented with
their absolute numbers and percentages. In casentihuous variables, baseline characteristics
and outcomes between the two groups were compatkedhe use of t-test if the variables had a
normal distribution or Mann-Whitney U test if thanables had a non-normal distribution, and
with the Pearson’g2 test if the all expected cell values were abowe Bisher’s exact test if any
expected cell values were below 5 for categorieaiables. Shapiro Wilk test was used to assess
the normality of distribution. Time metrics inclindj time from arrival to EVT capable center to
groin puncture were compared between the two groupse likelihood of functional
independence (MRS 0-2) at 90 days according IVirgasment history was also assessed in
univariable and multivariable binary logistic regg®n models, adjusting for the potential
predefined confounders of age, National InstituwéHealth Stroke Scale (NIHSS) score at
presentation, baseline ischemic core volume, seglunose at presentation, location of the
intracranial occlusion, transfer status and tinemfrsymptom onset to arrival to EVT capable
center. The distribution of mRS scores (0-6 poiats)0 days between patients receiving dEVT
or BT was assessed using Cochran Mantel Haenstedgavell as unadjusted and adjusted (for
the same baseline variables used in the binarystiogregression models) ordinal logistic
regression analyses (shift analys@&s$)e unadjusted and adjusted odds ratios (OR) aminom
odds ratios (cORSs) with the corresponding 95% clamite intervals (95% CIs) were reported for

all univariable and multivariable logistic regressianalyses.



We further explored the effect of tPA pretreatmemtthe primary outcome of functional
independence (MRS 0-2) at 90 days in pre-definédyreup analyses according to 1) stroke
severity using an admission NIHSS-score of 15 aauteoff, and 2) ischemic core volume
(relative cerebral blood flow<30%) on admissionngsa cut-off of 50cc on CTP. A sensitivity
analysis using the cutoff of 17 for presentatiorHS$ score was also performed. We also
evaluated the effect of bridging therapy by thelusion location at the time of presentation.

Finally, we performed further analyses on all @attibaseline characteristics, outcomes of
interest and subgroup comparisons for patientswieaeé admitted within 4.5 hours directly to
EVT-capable comprehensive stroke care centers khisasvehose who presented initially to non-
EVT center then were transferred to an EVT-capabider “drip and ship” cases. In all analyses
we reported P values as 2-sided, and P valuesthess0.05 were considered as statistically
significant for reported associations. Statistsighificance for reported interactions was set at

p<0.1.

Data Availability
The individual patient data will not be made aValéa Analysis codes and outputs will be made
available upon reasonable requests after reviewth®y study steering and publication

committees.

Results
Baseline Characteristics
Overall, of 285 patients who received EVT, we ideed a total of 226 LVO patients

(54% men, Figure 1) fulfilling our prespecified lasion criteria. Mean age was 65.6+14.6 years



and median NIHSS score at presentation was 17 (IQR21). 66% (n=150) patients presented
directly to EVT center while 34% (76) were transfeMedian time from last known well to
groin puncture was 3.3 (IQR: 1.9 — 4.4) hours. drasi with BT (n=162, 72%) were younger
(p=0.001) and had significantly lower prevalenceafgestive heart failure (p<0.001), coronary
artery disease (p<0.001), atrial fibrillation (p&02) and diabetes mellitus (p=0.033) compared
to patients receiving dEVT (Table 1). Median timeni last known well to IV tPA bolus was 1.6
(IQR: 1.2 — 2.3) hours. On baseline neuroimagirgtjepts receiving BT had lower median
ASPECTS score on admission CT (8 vs. 9, p=0.00d)larger ischemic core volumes median
(IQR) (11.4 (1.5 — 37) ml vs. 3.9 (0-32.15 p=0.042) compared to patients receiving dEVT
(Table 1). The reasons for IV tPA ineligibility alisted in table e-1 (Data available from Dryad
https://doi.org/10.5061/dryad.sxksn0323). Treatmesith anticoagulation or a coagulopathy
disorder and recent major surgery were the two memsons for not receiving IV tPA. 3 patients
in the BT group demonstrated successful reperfusiofirst angiogram run and did not receive
further intervention. Primary occlusion was obsdrue ICA in 41(18%), in MCA-M1 in 136
(60%) and in MCA-M2 in 49 (22%) patients. Furthesults based on occlusion location are

provided in the supplemental results.

Time Metrics for Direct EVT vs Bridging Therapy

No statistically significant difference (p=0.99) svabserved in median time from last
known well to arrival to EVT-capable center for ipats who received BT [1.5 (IQR: 0.9-2.9)
hours] and dEVT [1.6 (IQR: 0.8-2.9) hours]. The medtimes from arrival to EVT-capable
center to groin puncture did not differ betweentihie groups [BT: 1.6 (IQR: 1.1-2.0) hours vs

dEVT: 1.3 (IQR: 1.1-1.8) hours, p=0.21]. The ovktahes from last known well to groin



puncture (including transfer times) also were samibetween patients who received IV tPA
(median (IQR): 3.35 (2.47-4.38) hours) and patievtie did not receive IV tPA (median (IQR):
3.28 (2.12-4.45) hours), p=0.45.

An analysis of patients who presented directly @31o EVT-capable centers within 4.5
hours of LKW demonstrated that dEVT patients (n=gBsented at 1.0 (IQR: 0.6-2.2) hours,
whereas patients who received bridging therapy @Qi@¥presented at 1.1 (IQR: 0.7-1.6) hours
from LKW. Median time from arrival at EVT capablenter to groin puncture did not differ
between the two groups [dEVT: 1.4 (IQR: 1.1-1.9uMsovs. BT: 1.6 (IQR: 1.3-2.0) hours,
p=0.40]. 53 (50%) patients received thrombectonogedure within less 1 hour of IV tPA bolus.
Table 2 describes the various time metrics forgpasi who directly presented to EVT capable
centers within 4.5 hours of stroke onset and receENVT.

Similarly, evaluating patients who were transferfed76) to EVT capable centers within
4.5 hours of LKW demonstrated that dEVT (n=21) preéed at 2.8 (IQR: 2.4-3.2) hours,
whereas BT (n=55) presented at 3.0 (IQR: 2.5-3@)r&r Median time from arrival at EVT
capable center to groin puncture did not diffemissn the two groups [dEVT: 1.2 (IQR: 0.9-1.5)
hours vs BT: 1.3 (IQR: 1.0-1.9) hours, p=0.24], [€ab. Four (7%) of the fifty five transferred
patients in the BT group received IV tPA after dng at the EVT capable center, while 51

(93%) were thrombolyzed at the non-EVT center piodiransfer.

Outcomes of Direct EVT vs Bridging Therapy
Table 3 and Figure 2 show the comparisons ofcadinand imaging outcomes between
the two groups. No statistically significant di#eice in 90-day functional independence between

BT group and dEVT group (BT: 56.8% vs. dEVT: 43.8@R:1.69, 95% CI: 0.94-3.03,



p=0.077). In addition, the distribution of mMRS-s®@|t 90 days was lower with a shift towards
better functional outcomes (p=0.046 by Cochran MlaHaenszel test) in the BT group (Figure
3) that corresponded to a cOR of 1.66 (95%CIl: @9%, p=0.053) for 90-day functional
improvement on unadjusted ordinal logistic reg@ssanalyses. When these associations were
adjusted for potential confounders, IV-tPA admir@son prior to EVT was independently
associated with higher likelihood of both functibmadependence (adjusted OR=2.02, 95%ClI:
1.01-4.03, p=0.046) and a shift towards bettertional outcomes (adjusted cOR=2.06, 95% CI:
1.18-3.60, p=0.011).

We also observed lower mortality rates at 90 daysatients treated with BT compared to dEVT
(20.5% vs. 21.9%, OR:0.42; 95% CI: 0.19-0.91; p26)0with reduced 3-month mortality odds
with IV tPA administration (aOR: 0.20, 95% CI: 0:058, p=0.003) in a multivariable analysis.
No other difference between the two groups weredletl with regards to the remaining safety
outcomes including symptomatic (ECASS Il - 6.298ihvs. 6.3% in dEVT, OR: 0.98, 95% CI:
0.30-3.27; p>0.99, SITS-MOST - 1.2% in BT vs 0%EVT) and asymptomatic ICH (37.7%
in BT vs. 29.7% in dEVT; OR: 1.43; 95% CI: 0.77-2,$=0.26).

Procedural outcomes for EVT did not differ betwgatients who received and did not receive
bridging therapy, with rates of successful repediusnTICI>2b (BT: 133 (83.1%) vs dEVT: 53
(82.8%), OR: 1.02; 95% CI. 0.47-2.20; p=0.96) andcessful reperfusion achieved with first
pass of stent retriever (BT: 72 (47.2%) vs dEVT(4284%), OR: 1.11, 95% CI: 0.58-2.10;
p=0.82) similar in both groups. The rates of TIGI(BT: 13.1% vs dEVT: 14.1%), TICI 2c (BT:
13.1% vs dEVT: 12.5%) and TICI 3 (BT: 56.9% vs dE$6.2%) were also similar between the

two groups.



Final infarct volume (BT: 28.20 (5.47, 77.74) mldBVT: 14.45 (2.55, 70.32) ml, p=0.23) and
infarct growth (BT: 12.56 (0.12, 51.6) ml vs dEMA.01 (0.48, 46.67) ml, p=0.47) also were not

statistically significantly different between thed groups.

Outcomes Based on Presentation Stroke Severity

In the pre-defined subgroup analyses (Figure &)jepts presenting with baseline NIHSS
scores less than 15 points treated with BT hadfsgntly higher rates and likelihood of 90-day
functional independence (BT: 83% vs. dEVT: 50%,uatjd OR=4.87, 95%CI: 1.56-15.18,
p=0.006) (Table e-2); this association was not @vidin patients presenting with baseline
NIHSS-scores 15 points (BT: 41.2% vs. dEVT: 38.2%, adjusted QRS, 95%CI: 0.40-2.74,
p=0.92; Table e-3). An interaction on the treatmeffect according to baseline stroke severity
was also uncovered (p for interaction: 0.04). FegdA illustrates the higher likelihood of
achieving functional independence in BT patientshwNIHSS<15 as compared to patients
receiving dEVT, which decreases as NIHSS increases.

Similarly, patients treated with BT also demon&dabwer rates of mortality (BT: 0% vs
dEVT: 13%, p=0.011) in those with baseline NIHS®rec<15. The rates of mortality were
numerically lower in patients with NIHSS15 (BT: 17% vs dEVT: 29%; OR: 0.47, 95% CI:
0.19-1.18, p=0.11), but the difference did not hesiatistical significance. The rates of sICH and
neurological worsening were similar across treatraems in both NIHSS strata.

A sensitivity analysis using the cutoff of 17 aldemonstrated similar results with better
functional independence (BT: 78% vs dEVT: 54%, aQR4, 95% CI=1.04-6.37, p=0.042) and
reduced mortality (BT: 1.1% vs dEVT: 13.5%, p=0.p®dth NIHSS17; and no statistically

significant difference in functional independen®&T( 33% vs dEVT: 30%, aOR: 1.07, 95%



Cl1=0.34-3.37, p=0.91) and mortality (BT: 21.1% \B&WI: 33.3%, p=0.21) with NIHSS >17. An
interaction term between NIHSS stratall vs >17) and IV thrombolysis on functional

independence demonstrated a p-value of 0.008.

Outcomes Based on Presentation | schemic Core Size

Patients presenting with baseline ischemic coramel of less than 50cc treated with BT
had significantly higher rates and likelihood of@dy functional independence (BT: 61.9% vs.
dEVT: 46.4%, adjusted OR=2.10, 95%CI: 1.02-4.33).p44) compared to patients receiving
dEVT (Table e-4); this association was not evidenpatients presenting with ischemic core
volume of> 50cc (BT: 26% vs. dEVT: 25%, adjusted OR=0.41, 95%0.01-16.02, p=0.64)
(Table e-5). However, the interaction term on treatment effect according to the baseline
ischemic core volume was not significant (p forenaction: 0.23). An almost inverse linear
association between the baseline ischemic coremeland the likelihood of good functional
outcome at 90 days was uncovered for both patieatded with dEVT and BT. Figure 4B
illustrates the higher likelihood of achieving ftional independence at 90 days in BT patients
with small core infarcts as compared to dEVT wiferage marginal probabilities decreasing in
both groups as core infarcts increase. Signifigaiotiver deaths were observed in patients with
ischemic core volume of <50cc treated with BT (BBP6 vs dEVT: 18%, OR:0.24, 95% CI:
0.09-0.68; p=0.004), while mortality rates were ifamin patients with ischemic core volume of
>50cc (BT: 43% vs dEVT: 50%, OR: 0.77, 95% CI: 03L86; p>0.99). No difference in the
rates of symptomatic ICH (BT: 4% vs dEVT: 5%, OR8@ 95% CI: 0.19-3.30, p=0.72) and
neurological worsening (BT: 7% vs dEVT: 9%, OR: &).B5% CI. 0.25-2.39; p=0.66) were

observed in patients with ischemic core < 50cc.il@nhg, in patients with ischemic coreb0cc,



the rates of neurological worsening (BT: 36% vs @EN3%, OR: 4.0, 95% CI: 0.41-38.65,
p=0.37) and symptomatic hemorrhage (BT: 17% vs dEAMSPo, OR: 1.47, 95% CI: 0.14-15.55,

p>0.99) did not differ significantly.

Outcomes Based on Presentation Status - Direct versus Transfer

In patients presented directly within 4.5 hour&WT capable centers (n=150, 29% treated with
dEVT), rates of excellent outcomes (BT: 49 (46%0&/T: 19 (44%), OR: 1.06, 95% CI: 0.52-
2.17, p=0.86) did not differ between BT and dEVTrtRermore, there were no significant
differences in functional independence (BT: 66 (622 dEVT: 22 (51%), OR=1.54, 95% CI:
0.75-3.14, p=0.24) and lower mortality (BT: 10 (9% dEVT: 8 (19%), OR: 0.45, 95% CI:
0.16-1.23, p=0.11) in patients receiving BT (Tablé, Figure e-1a). In adjusted multivariable
logistic regression analyses, there was no assmtidietween BT and 90-day functional
independence (adjusted OR=1.84, 95%CI: 0.80-4.230.15) and 90-day functional
improvement (COR=1.41, 95%CI: 0.76-2.65, p=0.28 adgisted cOR=1.80, 95%CI:0.91-3.55,
p=0.089). We did not observe a significant intacacof BT in patients presenting directly to the
EVT-capable center after stratification for baselstroke severity (p for interaction=0.39) or
infarct core volume (p for interaction=0.41).(Figwe-2)

When analyzing patients who were transferred t&h capable center within 4.5 hours
of last known well (n=76), the rates of excelleatammes were significantly higher in patients
receiving BT (20 (36%) vs dEVT: 2 (10%), OR: 5.45% CI: 1.14-25.76, p=0.024), but with
no difference in functional independence (BT: 28%4 vs dEVT: 6 (29%), OR: 2.24, 95% CI:
0.76-6.63, p=0.14) and mortality rates (BT: 7 (33% dEVT: 6 (29%), OR: 0.36, 95% CI:

0.11-1.25, p=0.10). However, there was an ovelait ®owards better functional outcomes with



BT (adj cOR: 4.51 (95% CI: 1.44-14.15), p=0.010alfTe e-7, Figure e-1b). Logistic regression
models, however, did not show significant improvama functional independence with BT in
adjusted (aOR: 2.21 (95% CI: 0.50-9.65), p=0.29lyses. Subgroup analyses demonstrated a
significant interaction of BT prior to transfer pétients to the EVT center after stratification for

baseline stroke severity (p=0.014).

Discussion

This prespecified subanalysis of the SELECT cblstudy** showed that IV
tPA administration prior to EVT in AIS patients Wwitanterior circulation LVOs may be
associated with increased likelihood of functiomalependence and functional improvement at
90 days for, while it is also related to a decraadbe odds of 90-day mortality. We observed no
difference in other efficacy or safety outcomesgluding the risk of symptomatic or
asymptomatic ICH and neurological worsening. Adhdlly, IVT was not associated with
delays in EVT as the median time from hospitaiatrto groin puncture were similar in the two
groups. Furthermore, we detected an interactioh ey modify the beneficial effect of BT
compared to dEVT in LVO patients. More specificaBBT appears to be more effective in LVO
patients with mild or moderate baseline stroke sBvéNIHSS-scores<15 points), who were
transfers to EVT centers and thoe with smallerrgtfeore volume.

Prior observational studies attempted to assesadjuective benefit of bridging therapy
on endovascular thrombectomy outcomes with mixesblt®& Some demonstrated better
outcomes with IV TPA*? whereas others showed no improvement in fundtioa@pendence
or mortality rate$™*?* However, many of these studies represented soagiter datg 8202324

,)’L8,21,23,24

small sample sizes (<106 and/or retrospective study desigh&



Our results are in accordance with a recent systentaview and meta-analysis
suggesting that bridging therapy is independemigted to a higher likelihood of 3-month good
functional outcome without any evidence for saf@ycerns, including the risk of symptomatic
ICH.?® However, this was not a patient-level meta-analysth adjustments only limited to the
studies level. Since the rate of successful repenfuwith first or multiple passes were similar
between the two groups, the beneficial effect of pMfetreatment on clinical outcomes may be
related to improvement in collateral circulationc@ese of dissolution of distal microthrombi,
and reduction of the likelihood of infarction in we(previously unaffected territory)
complicating EVT>’ Our findings do not support previous results sstigg that pretreatment
with IVT is associated with increased risk of si@rd time delays in the onset of EVT.

Our results suggested a modulation of potential Bfflect by stroke severity. These
findings may be related to increased baseline NHd&8es being indicative of high clot burden,
which is in turn associated with reduced drug petigy and low probability of successful
recanalization following IVF*?®Recent reports underscored that the length of i8/@versely
associated with the likelihood of tPA-induced resdaation and good functional outcomes in
patients receiving IV tPA onl§*° However, the relationship of IV thrombolysis effegith
stroke severity and clot length is not well essti®d in patients undergoing EVT. This finding
has potential implications for in-field triage s@gging that patients with milder stroke might be
the best candidates to transport to the nearesPA centers, while those with more severe
strokes should be taken directly to EVT capableeren This is supported by our finding that
transferred patients with less severe strokes wene likely to benefit from bridging therapy as
compared to those with more severe strokes. Tlielohseverity-based paramedic triage scales

(RACE, LAMS, ACT-FAST etc) have been demonstratetidve reduced sensitivity to identify



patients with LVO, but milder strokes. While notfidéive, the data demonstrating benefit for
IV tPA in milder strokes and LVO may help balanbe heed for timely EVT intervention vs
bridging with IV tPA administration as well as pesting overtriage to EVT centers using these
triage scores.

Our study identified patients with mild to moderaoke severity (NIHSS <15) at
presentation derive significant benefit from britgitherapy, with limited if any benefit was
observed in patients with more severe strokes. &\t study population excluded minor stroke
patients, these were evaluated in a recent studyemers et af- in a multicenter retrospective
cohort study. They identified an adjunctive benefithrombectomy in these group of patients
over IV thrombolysis. These results suggest a 8aamt role of IV thrombolysis in patients with
minor strokes and a large vessel occlusion that fpayefit from adjunctive reperfusion
therapies. Further randomized data is required efinitively identify the optimal treatment
strategies in these patients with minor strokestduarge vessel occlusions.

While functional independence was significantly nowed by bridging therapy in
patients with smaller baseline ischemic core, #tes were similar in patients who did and did
not receive tPA if the baseline ischemic core veagdr than 50 cin Our findings are consistent
with prior reports assessing the relationship betw®/ tPA with stroke size and suggesting
lower recanalization rates and worse outcomestiemta with lower ASPECTS. A recent post-
hoc analysis from the Highly Effective Reperfusewaluated in Multiple Endovascular Stroke
Trials (HERMES) collaboration uncovered no effecdification of EVT by baseline ischemic
core volume, as quantified by the ASPECTS stor@imilarly, another study describing the
analysis based on the ischemic core volume meadoyederfusion or diffusion weighted

imaging found EVT to be effective in patients withto 125-150 cc of infarct core volurfie.



While these studies examined the effect of EVTampmared to no EVT, our study examined the
potential effect of bridging therapy in patientsomteceived EVT and found it to be effective
only in patients with smaller ischemic core.

We used the cutoffs of Ischemic core size of 5Grred NIHSS of 15 or more for the
subgroup analysis. Ischemic core size of 50 cc orenhas been one of the standardized
definitions, used in SWIFT PRIMEand SELECT large core analyéislt has also been the
definition for enrollment for ongoing SELECT®*2randomized clinical trial assessing the
efficacy and safety of EVT in patients with largae strokes. Additionally, since stroke severity
remains a vital clinical variable that cliniciareyr heavily on while making treatment decisions
for acute ischemic strokes, we aimed to identifyugoff that clinically determines moderately
severe versus severe strokes. Within large vessdligions, a severity of 15, is a reasonable
clinical cutoff for that strata. We further condedta sensitivity analysis with an NIHSS cutoff of
17, since this cutoff was the median in prior thbattomy RCT® and was assessed in recent
trials assessing bridging therdfywith similar findings to the NIHSS cutoff of 1%iat we
utilized in the SELECT cohort.

The modulation of IV thrombolysis effect on EVT oames by stroke severity and initial
infarct size may be clinically relevant as sevdR&@lTs are assessing bridging therapy versus
direct thrombectomy. Since thrombolysis potentigatment effect appear to be driven by
patients with milder strokes and smaller to modenafarcts, our results suggest that such
studies should be powered to detect a differeritedtment effect based on baseline stroke
severity.

Prior data suggested shorter times from strokeetoms thrombectomy in patients

receiving direct thrombectorfiy Our data did not show IV tPA administration toadssociated



with delays in time metrics since both patientsspreing directly to EVT-capable center and
those who were transferred has similar times frast known well and EVT arrival to the
initiation of thrombectomy. Our results are coranst with recent large registry results
suggesting no delay with IV tPA in both transfed atirect patient.

Finally, we identified no improvement with bridginherapy in the outcomes of patients
who presented directly to an EVT capable strokdere®n the other hand, we observed higher
likelihood of better outcomes with BT in transfetrpatients. It should be noted that in half of
the patients directly presenting to EVT capabletersn the |V tPA infusion was not complete at
the time of the beginning of EVT procedure (TimenirtPA bolus to groin puncture <60 min),
which may have affected the overall efficacy oftRA in those patients. It is plausible that more
time afforded for the IV tPA to work in transfertfgnts may have resulted in better outcomes as
compared to transfer patients who did not receWetRA. This finding also highlights the
importance of swift tPA delivery, irrespective tietsetting, as earlier onset to treatment times
are associated with faster and more frequent tRlded recanalization, with earlier onset-to-
recanalization time finally being the key deternmingor improved functional recovery. This
finding is also important since direct access toTEN the US is limited to only 1/50f the
populatiort’. Thus, until more effective in-field triage algiwins are available, most EVT
patients will continue to be seen and treated Wit at the nearest non-EVT stroke centers first.
Randomized trials are ongoing to evaluate theabtiirect EVT vs bridging therapy in IV tPA
eligible patients"*2
Recently, 3 Randomized trials evaluating the réldiect EVT vs bridging therapy in EVT
eligible patients who presented directly to EVT @l centers were published. DIRECT-fAT

and DEVT* found non-inferiority of direct EVT as comparedaiadging therapy with IV tPA,



whereas SKI? failed to achieve non-inferiority of dEVT approadtil three trials set up
generous non-inferiority margins: of 20% effectesiz DIRECT-MT"; 26% effect size in

SKIP*" and 10% absolute clinical effect (43% vs 33% fiomal independence) in DEVT trfdl

In DIRECT-MT, 27% of the eligible study populatideclined to participate and 10% of the
study population did not receive thrombectomy. kemnore, in line with our findings, the trial
reported 87% of the enrolled patients not compdetireir IV tPA infusion before the start of
EVT. SKIP and DEVT did not report the proportiobst specified beginning of EVT as soon as
possible, prior to completion of IV thrombolysis.the SKIP trial, the times from randomization
to the initiation of thrombectomy was 20 and 22 mes in the EVT alone and bridging groups
respectively, while randomization to IV tPA time svat a mean of 14 minutes, leaving a mean
of 8 minutes from the initiation of IV tPA to gropuncture. These represent very short times
which are inadeqaute for IV thrombolysis completwdmch plausibly reduce the potential
benefit with bridging therapy. The SKIP trial alstlized a lower dose thrombolysis regimen
(0.6 mg/kg instead of the standard 0.9 mg/kg d6é$¥ alteplase). These considerations have

been described in detail in a recent commentaIRECT-MT & SKIP trials®

The most common scenario in practice is for pasiémpresent initially to the closest center with
capability to deliver thrombolysis, and then tf@ngo an EVT center, allowing the Alteplase
time to work. All aforementioned trials includedippatients who presented directly to EVT
centers, thus excluding patients who are mostylitebenefit from the bridging therapy. In
contrast, 34% of our study cohort includes pati¢raissferred to EVT capable centers and our
finding that “drip and ship” patients were moreelk to benefit from bridging therapy may be

due to the fact they had time for thrombolysis étiwer its potential effect. These trials also



lacked evaluation using advanced perfusion imaghalglitionally, in SELECT cohort we
evaluated perfusion imaging parameters, which veagvailable in the aforementioned trials,
and found that in patients with large ischemic deff ml), bridging therapy was not associated
with improved functional outcomes.Our results pdavan insight on the potential subgroups of
patients who may benefit from IV thrombolysis priorEVT. Specifically, we found that those
with mild to moderate strokes and those small talenate infarct size are more likely to have
adjunctive benefit from bridging therapy. Thesalings highlight that trials assessing bridging
therapy potential benefit may only show significanfcthey were enriched with selected
subpopulations. Furthermore, our results suppdftatihe adjunctive benefit of IV tPA are
more likely in transferred patients as compareithése presenting directly to a thrombectomy
capable center. This finding is particularly reletvaince the decision to bridge or not bridge
with tPA is often made in the non-EVT center befibis even certain that the patient will be
receiving EVT. To accurately assess the true aagandf bridging therapy versus direct
thrombectomy will require a randomized intentiontremat analysis of BT vs no BT in LVO
patients who meet both tPA and EVT treatment gateresenting to both non-EVT and EVT
hospitals.

Our analysis based on clot location did not shaynificant improvement in functional
independence with bridging therapy, nor we fourglgaificant interaction of bridging therapy
with clot location. However, our analysis may hdeen underpowered because of the small
number of patients with M2 occlusions (n=49) in dataset. This does not preclude more distal
locations to be potential targets for IV thrombddyss we report the highest unadjusted
improvement in functional independence of 24% wbtidging therapy in patients with M2

occlusion



Our study has several limitations. Patients wererandomized to BT vs dEVT, and
there is a risk for potential unmeasured confountlesit cannot be incorporated in multivariable
models including a risk for selection bias as mdhtment decisions were made by the treating
physicians at the participating institutions. Owlye patient who did not receive IV tPA was
actually eligible for IV tPA, which may create pot&al selection bias as compared to RCTs
evaluating IV tPA adjunctive benefit where only tRRAgible patients are randomized. The two
groups, however, had largely similar baseline dattarastics. Another limitation is the relatively
small sample size of some of our subgroups resultmlow statistical power to uncover
significant differences. Especially for subgroupmslgses complex associations can confound
analysis of clinical outcomes. Finally, while SELE@dopted an intention-to-treat paradigm for
enrolled patients, there is a possibility that grais achieving successful recanalization after 1V-
tPA administration and before the initiation of EWEre excluded from enroliment in SELECT.
As it has been previously estimated that approeigat out of 10 AIS patients with LVO
achieve successful reperfusion after tPA infushaat bbviates the need for further endovascular
reperfusion therapie®, this additional advantage of tPA pretreatment he=o very relevant,
particularly for patients transferred from non-E¥ol'an EVT-capable center in order to receive
thrombectomy. With EXTEND-IA TNK demonstrating ingwed recanalization rates while
using IV tenecteplase, the effect observed can bedarger, especially in countries which have
deferred to the Tenecteplase based managemerggisatfor acute stroké8.In addition, a
recent meta-analysis of available RCTs reported plagéients with confirmed LVO receiving
Tenecteplase had higher odds of mRS-scores 0 @RZZ.06 [95% CI: 1.15-3.69]), successful

recanalization (OR=3.05 [95% CI: 1.73-5.40]), anddtional improvement defined as 1-point



decrease across all MRS grades (common OR=1.84 (85%18-2.87]) at 3 months compared
with patients with confirmed LVO receiving altepdds

In conclusion, we found that bridging therapy nbayassociated with more favorable 90-
day functional outcomes, without safety concernalié patients with anterior circulation LVO
specially in patients with milder strokes, smaitetial infarcts and those who were “dripped and
shipped”. Ongoing randomized-controlled clinicahls comparing dEVT to BT in tPA-eligible
AIS patients with LVO will provide more definitivéata. Our findings shed light on how those
studies might be optimally designed and interprefenl now, it is appropriate to follow current

guidelines that recommend IVT pretreatment foehdlible patients.



Appendix 1: Authors

Name

Location

Contribution

Amrou Sarraj, MD

Houston, TX, USA

Concept and Dasig
Acquisition, analysis, or
interpretation of data,
Drafting of the manuscript,
Administrative, technical, or
material support, Supervisio

-

James Grotta, MD

Houston, TX, USA

Critical revisinirthe
manuscript

Gregory W. Albers, MD

Stanford, CA, USA

Acquisiticanalysis, or
interpretation of data, Critical
revision of the manuscript

Ameer E. Hassan, DO

Harlingen, TX, USA

Acquisitianalysis, or
interpretation of data, Critical
revision of the manuscript

Spiros Blackburn, MD

Houston, TX, USA

Acquisiticamalysis, or
interpretation of data, Critical
revision of the manuscript

Arthur L. Day, MD

Houston, TX, USA

Critical revisioof the
manuscript

Clark Sitton, MD

Houston, TX, USA

Acquisition, agais, or
interpretation of data, Critical
revision of the manuscript

Michael Abraham, MD

Kansas City, KS, USA

Acquisitjianalysis, or
interpretation of data, Critical
revision of the manuscript

Chunyan Cai, PhD

Houston, TX, USA

Statistical Asady Critical
revision of the manuscript

Mark Dannenbaum, MD

Houston, TX, USA

Acquisitionadysis, or
interpretation of data, Critical
revision of the manuscript

Deep Pujara, MBBS

Houston, TX, USA

Statistical Arséd, Critical
revision of the manuscript

William Hicks, MD

Columbus, OH, USA

Acquisition, alysis, or
interpretation of data, Critical
revision of the manuscript

Ronald Budzik, MD

Columbus, OH, USA

Acquisition adysis, or
interpretation of data, Critical
revision of the manuscript

Nirav Vora, MD

Columbus, OH, USA

Acquisition, ansly, or
interpretation of data, Critical
revision of the manuscript

Ashish Arora, MD

Greensboro, NC, USA

Acquisitionadysis, or
interpretation of data, Critical




revision of the manuscript

Bader Alenzi, MD

Toledo, OH, USA

Critical revisiaf the
manuscript

Wondwossen G. Tekle, MD

Harlingen, TX, USA

Criticalision of the
manuscript

Haris Kamal, MD

Houston, TX, USA

Critical revisiari the
manuscript

Osman Mir, MD

New York, NY, USA

Critical revisiorf the
manuscript

Andrew D. Barreto, MD

Houston, TX, USA

Critical rision of the
manuscript

Maarten Lansberg, MD

Stanford, CA, USA

Acquisitianalysis, or
interpretation of data, Critical
revision of the manuscript

Rishi Gupta, MD

Atlanta, GA, USA

Acquisition, analy, or
Interpretation of data, Critical
revision of the manuscript

Sheryl Martin-Schild, MD

New Orleans, LA, USA

Caél revision of the
manuscript

Sean Savitz, MD

Houston, TX, USA

Critical revisiohthe
manuscript

Georgios Tsivgoulis, MD

Athens, Greece

Drafting anitical revision
of the manuscript




Appendix 2: Coinvestigators

Name

Location

Role

Contribution

Peng R. Chen

The University of
Texas Health Science
Center at Houston,
Hosuton TX, USA

Site Co-investigator

enrollment at local
site

-

Diogo Haussen Emroy University, Site Principal- Overseeing executio
Atlanta GA, USA investigator of the study at local
site, enrollment at
local site
Raul G Nogueira Emroy University, Site Principal- Overseeing executio
Atlanta GA, USA investigator of the study at local

site, enrollment at
local site

Michael Frankel

Emroy University,
Atlanta GA, USA

Site sub-investigator

enrollment at local
site

Indrani Acosta

Florida University,
Gainesville FL, USA

Site Principal-
investigator

Overseeing executio
of the study at local
site, enrollment at
local site

-

Evan Allen

Florida University,
Gainesville FL, USA

Site sub-investigator

enrollment at local
site

Frank Hellinger

Florida University,
Gainesville FL, USA

Site Co-investigator

enrollment at local
site

Randall Edgell

Saint Louis University
St Louis MO, USA

, Site Principal-
investigator

Overseeing executio
of the study at local
site, enrollment at
local site

-

Jennifer Mejilla

Riverside Methodist
Hospital — Ohio Health

Site Co-investigator

Columbus OH, USA

enrollment at local
site




Appendix 2 Coinvestigators-http://links.lww.com/WHKA383

References:

1. Powers WJ, Rabinstein AA, Ackerson T, et alidélines for the Early Management of
Patients With Acute Ischemic Stroke: 2019 Updatihée 2018 Guidelines for the Early
Management of Acute Ischemic Stroke: A GuidelineHealthcare Professionals From
the American Heart Association/American Stro&eoke. 2019;50(12):e344-e418.

doi:10.1161/STR.0000000000000211

2. Katsanos AH, Malhotra K, Goyal N, et al. MotiaRisk in Acute Ischemic Stroke
Patients With Large Vessel Occlusion Treated Wigchanical Thrombectomy.Am

Heart Assoc. 2019;8(21):€014425. doi:10.1161/JAHA.119.014425

3. Goyal M, Menon BK, van Zwam WH, et al. Endovaac thrombectomy after large-
vessel ischaemic stroke: a meta-analysis of indaligatient data from five randomised
trials. Lancet (London, England). 2016;387(10029):1723-1731. doi:10.1016/S0140-

6736(16)00163-X

4, Wabhlgren N, Moreira T, Michel P, et al. Mechatithrombectomy in acute ischemic
stroke: Consensus statement by ESO-Karolinska Stogdate 2014/2015, supported by
ESO, ESMINT, ESNR and EANnt J Stroke. 2016;11(1):134-147.

doi:10.1177/1747493015609778

5. Fischer U, Kaesmacher J, Mendes Pereira \I, Biract Mechanical Thrombectomy

Versus Combined Intravenous and Mechanical Throtobgcin Large-Artery Anterior



10.

11.

Circulation Stroke: A Topical Revievdroke. 2017;48(10):2912-2918.

doi:10.1161/STROKEAHA.117.017208

Fischer U, Kaesmacher J, Molina CA, Selim Miexandrov A V, Tsivgoulis G. Primary
Thrombectomy in tPA (Tissue-Type Plasminogen AdtveEligible Stroke Patients With
Proximal Intracranial OcclusionStroke. 2018;49(1):265-269.

doi:10.1161/STROKEAHA.117.018564

Katsanos AH, Tsivgoulis G. Is intravenous thboiiysis still necessary in patients who
undergo mechanical thrombectom@@rr Opin Neurol. 2019;32(1):3-12.

doi:10.1097/WC0O.0000000000000633

Berkhemer OA, Fransen PSS, Beumer D, et aladdBmized Trial of Intraarterial
Treatment for Acute Ischemic Stroke Engl J Med. 2015;372(1):11-20.

doi:10.1056/NEJM0al1411587

Saver JL, Goyal M, Bonafe A, et al. Stent-Reter Thrombectomy after Intravenous t-
PA vs. i-PA Alone in StrokeN Engl J Med. 2015;372(24):2285-2295.

doi:10.1056/NEJM0a1415061

Kaesmacher J, Boeckh-Behrens T, Simon S, Bisit of Thrombus Fragmentation
during Endovascular Stroke Treatme®iNR Am J Neuroradiol. 2017;38(5):991-998.

doi:10.3174/ajnr.A5105

Tsivgoulis G, Katsanos AH, Mavridis D, Magau@, Arthur A, Alexandrov A V.
Mechanical Thrombectomy Improves Functional Outcomneependent of Pretreatment
With Intravenous Thrombolysi§troke. 2016;47(6):1661-1664.

doi:10.1161/STROKEAHA.116.013097



12.

13.

14.

15.

16.

17.

Hassan AE, Kotta H, Garza L, et al. Pre-threotdimy intravenous thrombolytics are
associated with increased hospital bills withouypriaved outcomes compared with
mechanical thrombectomy alonkENeurointerv Surg. 2019;11(12):1187-1190.

doi:10.1136/neurintsurg-2019-014837

Leker RR, Pikis S, Gomori JM, Cohen JE. IsiBing Necessary? A Pilot Study of
Bridging versus Primary Stentriever-Based Endovias®eperfusion in Large Anterior
Circulation Strokes] Stroke Cerebrovasc Dis. 2015;24(6):1163-1167.

doi:10.1016/j.jstrokecerebrovasdis.2015.01.008

Sarraj A, Hassan AE, Savitz S, et al. Outcooi&ndovascular Thrombectomy vs
Medical Management Alone in Patients With Largd&suic Cores: A Secondary
Analysis of the Optimizing Patient’s Selection Emdovascular Treatment in Acute
Ischemic Stroke (SELECT) StudJAMA Neurol. July 2019.

doi:10.1001/jamaneurol.2019.2109

Sarraj A, Hassan AE, Grotta J, et al. OptingZPatient Selection for Endovascular
Treatment in Acute Ischemic Stroke (SELECT): Adpective, Multicenter Cohort Study

of Imaging SelectionAnn Neurol. 2020;87(3):419-433. doi:10.1002/ana.25669

Wahlgren N, Ahmed N, Davalos A, et al. Throgbis with alteplase for acute ischaemic
stroke in the Safe Implementation of ThrombolyeiStroke-Monitoring Study (SITS-
MOST): an observational studyancet (London, England). 2007;369(9558):275-282.

doi:10.1016/S0140-6736(07)60149-4

Hacke W, Kaste M, Fieschi C, et al. Randomamable-blind placebo-controlled trial of

thrombolytic therapy with intravenous alteplase@ute ischaemic stroke (ECASS II).



18.

19.

20.

21.

22.

23.

Second European-Australasian Acute Stroke StudgshinyatorsLancet (London,

England). 1998;352(9136):1245-1251. doi:10.1016/s0140-673©E020-9

Rai AT, Boo S, Buseman C, et al. Intravenbusrhbolysis before endovascular therapy
for large vessel strokes can lead to significahiijner hospital costs without improving

outcomesJ Neurointerv Surg. 2018;10(1):17-21. doi:10.1136/neurintsurg-2012880

Sallustio F, Koch G, Alemseged F, et al. Bftdanechanical thrombectomy alone or in
combination with intravenous thrombolysis for acistthemic stroked Neurol.

2018;265(12):2875-2880. doi:10.1007/s00415-018-9073

Guimaraes Rocha M, Carvalho A, Rodrigues MJ.ePrimary Thrombectomy Versus
Combined Mechanical Thrombectomy and Intravenousfmbolysis in Large Vessel
Occlusion Acute Ischemic Strok&Stroke Cerebrovasc Dis. 2019;28(3):627-631.

doi:10.1016/j.jstrokecerebrovasdis.2018.11.002

Bourcier R, Alexandre P-L, Eugene F, et abridging therapy still required in stroke due
to carotid artery terminus occlusions®eurointerv Surg. 2018;10(7):625-628.

doi:10.1136/neurintsurg-2017-013398

Bellwald S, Weber R, Dobrocky T, et al. Dirbtstchanical Intervention Versus Bridging
Therapy in Stroke Patients Eligible for Intravendimsombolysis: A Pooled Analysis of 2

RegistriesStroke. 2017;48(12):3282-3288. d0i:10.1161/STROKEAHA.TI'B459

Choi JH, Im SH, Lee KJ, Koo JS, Kim BS, Shia.YComparison of Outcomes After
Mechanical Thrombectomy Alone or Combined with avnous Thrombolysis and
Mechanical Thrombectomy for Patients with Acutenksmic Stroke due to Large Vessel

Occlusion.World Neurosurg. 2018;114:e165-e172. doi:10.1016/j.wneu.2018.02.12



24,

25.

26.

27.

28.

29.

30.

Broeg-Morvay A, Mordasini P, Bernasconi CaktDirect Mechanical Intervention
Versus Combined Intravenous and Mechanical Inteéiwemn Large Artery Anterior
Circulation Stroke: A Matched-Pairs Analys&roke. 2016;47(4):1037-1044.

doi:10.1161/STROKEAHA.115.011134

Katsanos AH, Malhotra K, Goyal N, et al. Inaous thrombolysis prior to mechanical
thrombectomy in large vessel occlusioAsn Neurol. 2019;86(3):395-406.

doi:10.1002/ana.25544

Tandberg Askevold E, Naess H, Thomassen ldi®oes for recanalization after
intravenous thrombolysis in acute ischemic strdk&roke Cerebrovasc Dis.

2007;16(1):21-24. doi:10.1016/j.jstrokecerebrovasti{l06.08.002

Meyne JK, Zimmermann PR, Rohr A, et al. Threntbmy vs. Systemic Thrombolysis in
Acute Embolic Stroke with High Clot Burden: A Retpmctive AnalysisRofo.

2015;187(7):555-560. doi:10.1055/s-0034-1399222

Bilgic AB, Gocmen R, Arsava EM, Topcuoglu MPhe Effect of Clot Volume and
Permeability on Response to Intravenous Tissuaritagen Activator in Acute Ischemic
Stroke.J Siroke Cerebrovasc Dis. 2020;29(2):104541.

doi:10.1016/j.jstrokecerebrovasdis.2019.104541

Rohan V, Baxa J, Tupy R, et al. Length of esidn predicts recanalization and outcome
after intravenous thrombolysis in middle cerebrédry stroke Stroke. 2014;45(7):2010-

2017. doi:10.1161/STROKEAHA.114.005731

Seners P, Delepierre J, Turc G, et al. Thrantlauingth Predicts Lack of Post-

Thrombolysis Early Recanalization in Minor Strokéth Large Vessel Occlusion.



31.

32.

33.

34.

35.

36.

Stroke. 2019;50(3):761-764. doi:10.1161/STROKEAHA.118.423

Seners P, Perrin C, Lapergue B, et al. Briglginerapy or IV Thrombolysis in Minor
Stroke with Large Vessel Occlusiofnn Neurol. 2020;88(1):160-1609.

doi:https://doi.org/10.1002/ana.25756

Tsivgoulis G, Saqqur M, Sharma VK, Lao AY, MeoSL, Alexandrov A V. Association
of pretreatment ASPECTS scores with tPA-induceeriaitrecanalization in acute middle
cerebral artery occlusiod.Neuroimaging. 2008;18(1):56-61. doi:10.1111/].1552-

6569.2007.00169.x

Roman LS, Menon BK, Blasco J, et al. Imageafiires and safety and efficacy of
endovascular stroke treatment: a meta-analysisdofidual patient-level datdancet

Neurol. 2018;17(10):895-904. doi:10.1016/S1474-4422 (184304

Campbell BC V, Majoie CBLM, Albers GW, et Benumbral imaging and functional
outcome in patients with anterior circulation isetmc stroke treated with endovascular
thrombectomy versus medical therapy: a meta-arsabfandividual patient-level data.

Lancet Neurol. 2019;18(1):46-55. doi:10.1016/S1474-4422(18)36814

SELECT 2: A Randomized Controlled Trial to @pze Patient’s Selection for
Endovascular Treatment in Acute Ischemic Strokell Fext View - ClinicalTrials.gov.

https://clinicaltrials.gov/ct2/show/NCT03876457.c&ssed May 29, 2020.

Goyal M, Menon BK, van Zwam WH, et al. Endaxdar thrombectomy after large-
vessel ischaemic stroke: a meta-analysis of iddadi patient data from five randomised
trials. Lancet (London, England). 2016;387(10029):1723-1731. doi:10.1016/S0140-

6736(16)00163-X



37. Suzuki K, Matsumaru Y, Takeuchi M, et al. Etffef Mechanical Thrombectomy Without
vs With Intravenous Thrombolysis on Functional €ame Among Patients With Acute
Ischemic Stroke: The SKIP Randomized Clinical THAMA. 2021;325(3):244-253.

doi:10.1001/jama.2020.23522

38. Froehler MT, Saver JL, Zaidat OO, et al. Intspital Transfer Before Thrombectomy Is
Associated With Delayed Treatment and Worse Outdontiee STRATIS Registry
(Systematic Evaluation of Patients Treated Withidguwombectomy Devices for Acute
Ischemic Stroke)Circulation. 2017;136(24):2311-2321.

doi:10.1161/CIRCULATIONAHA.117.028920

39. Tsivgoulis G, Saqqur M, Sharma VK, et al. mgof Recanalization and Functional
Recovery in Acute Ischemic Strokkstroke. 2020;22(1):130-140.

doi:10.5853/j0s.2019.01648

40. Sarraj A, Savitz S, Pujara D, et al. Endoviasclhrombectomy for Acute Ischemic

Strokes Stroke. 2020;51(4):1207-1217. doi:10.1161/STROKEAHA.128850
41. MR CLEAN-NOIV. https://www.mrclean-noiv.nl/.cgessed April 24, 2020.

42. The SWIFT DIRECT trial | SWIFT DIRECT. httgsavw.swift-direct.ch/the-swift-

direct-trial/. Accessed April 24, 2020.

43. Yang P, Zhang Y, Zhang L, et al. Endovasciitanmbectomy with or without
Intravenous Alteplase in Acute StrokéEngl J Med. 0(0):null.

doi:10.1056/NEJM0a2001123

44. ZiW, Qiu Z, Li F, et al. Effect of EndovasaulTreatment Alone vs Intravenous Alteplase



45.

46.

47.

Plus Endovascular Treatment on Functional Indepecelin Patients With Acute
Ischemic Stroke: The DEVT Randomized Clinical TriE8MA. 2021;325(3):234-243.

doi:10.1001/jama.2020.23523

Nogueira RG, Tsivgoulis G. Large Vessel Odolustrokes After the DIRECT-MT and

SKIP Trials.Stroke. 2020;51(10):3182-3186. doi:10.1161/STROKEAHA.TIBD796

Campbell BC V, Mitchell PJ, Churilov L, et @enecteplase versus Alteplase before
Thrombectomy for Ischemic Stroks.Engl J Med. 2018;378(17):1573-1582.

doi:10.1056/NEJM0al1716405

Katsanos AH, Safouris A, Sarraj A, et al.denous Thrombolysis With Tenecteplase in
Patients With Large Vessel OcclusioSsoke. 0(0):STROKEAHA.120.030220.

doi:10.1161/STROKEAHA.120.030220



Figure Legends

Figure 1. Flow diagram of SELECT participants included in gmalysis

Enrolled
(N =361) Excluded (n = 135):
* MM only (76)

* Presented outside of |V tPA eligibility window
(4.5 hours from last known well) (59)

v
Bridging therapy (BT) Direct endovascular therapy (dEVT)
(n=162) (n=64)
v v v v
Transferred to EVT-capable center Direct to EVT-capable center Transferred to EVT-capable center Direct to EVT-capable center
(n=55) (n=107) (n=21) (n=43)

Figure 2. Distribution of the modified Rankin Scale scoreS@idays according to the history of
intravenous tissue plasminogen activator pretreatinepatients presenting within 4.5 hours
from stroke onseflhe distribution of mRS-scores between the two gsouas compared using
Cochran Mantel Haenszel test, with patients treafiéid bridging therapy demonstrating

significantly better functional outcomes at 90-dajow-up. (p=0.046).
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Figure 3 Subgroup analyses on the probability of functiandependence (MRS 0-2) at 90 days
according to the history of intravenous tissue miasgen activator pretreatment. Bridging
therapy was associated with a significantly higbéds of functional independence in patients
with NIHSS <15 and ischemic core <50cc, whereassigmificant difference in functional
independence was observed in patients with NIEES and ischemic cord0cc. The effect of
tPA was more pronounced in patients who were tearexi to the EVT capable center as

compared to patients who presented directly.

Adj. OR (95% Cl)  p value

(interaction)

NiHSS < 15 —_— 4.87 (1.56, 15.18)
0.04
NIHSS > 15 —s 1.05(0.40, 2.74)
Ischemic core < 50cc —— 2.10(1.02, 4.33) 0.23
Ischemic core > 50cc . 2 0.41 (0.01, 16.02)
Transferred S 2.21(0.93, 9.65) 0.65
Direct to EVT-capable center 1 — 1.84(0.80, 4.23)
Overall e — 2.02(1.01, 4.03)
I [ I I
0.01 0.10 1.00 10.00 100.00

Favors direct EVT Favors bridging therapy

Figure 4. A) Graphical representation on the associationth® marginal probability for
functional independence (MRS 0-2) according to NBHoke Scale score at presentation,
stratified by the history of intravenous alteplaseministration prior to endovascular
thrombectomyl n patients with NIHSS<15 (indicated by the blue area), the average marginal
probabilities are significantly higher in patients receiving bridging therapy, whereas in
patients with NIHSS>15 (indicated by the red area), the difference between average marginal
probabilities decreases and then inverts so that the average marginal probabilities for direct
EVT ishigher than for bridging therapy.

B) Graphical representation on the association h&f iarginal probability for functional

independence (MRS 0-2) according to baseline ischeone volume, stratified by the history of



intravenous alteplase administration prior to erdoular thrombectomyln patients with
ischemic core <50 ml (indicated by the blue area), the average marginal probabilities are
significantly higher in patients receiving bridging therapy; whereas in patients with ischemic
core >50 ml (indicated by the red area), the difference between average marginal probabilities
decreases and marginal probabilities in both groups become almost similar as the ischemic

core sizeincreases.
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TABLES

Table 1. Baseline characteristics of included patientsgmésg within 4.5 hours

No IV-tPA Received IV-tPA | p-value
(n=64) (n=162)
Age, median (IQR) 73.5 (64, 80.5)] 65 (54, 75) 07001
Males, n (%) 34 (53.1%) 87 (53.7%) 0’94
Serum Glucose (mg/dL), median (IQR) 125.5 (105.5) 122 (106, 148) 0.45
161.5)
Hypertension, n (%) 53 (82.8%) 117 (72.7%) 6.11
Congestive Heart Failure, n (%) 17 (27.0%) 11 (6.8% <0.00F
Coronary Artery Disease, n (%) 24 (38.1%) 24 (15.1% <0.007
Atrial Fibrillation, n (%) 32 (50.8%) 47 (29.0%) a2
Diabetes Mellitus, n (%) 24 (37.5%) 38 (23.5%) 303
Prior Transient Ischemic Attack (%) 5 (8.1%) 7 04)3 0.27
Prior Stroke, n (%) 11 (17.5%) 17 (10.6%) 0.16
Current Smoking, n (%) 6 (9.8%) 25 (16.2%) 6.23
Past Smoking, n (%) 13 (20.6%) 32 (21.1%) B.95
Clot location, n (%) ICA: O (14.1%)| 32 (19.8%) P27
MCA-M1: 37 99 (61.1%)
(57.8%)
MCA-M2: 18 | 31 (19.1%)
(28.1%)
Transfer to study site, n (%) 21 (32.8%) 55 (34.0%) 0.87
Time from Last known well to arrival to | 1.63 (0.75, 2.88] 1.50 (0.85, 2.85 0.99
EVT capable center (Hours), median (IQR)
Time from Last Known well to IV tPA 1.60 (1.24 - 2.33
Bolus (Hours), median (IQR)
NIH Stroke Scale score, median (IQR) 15 (10, 22) (17 21) 0.53
Time from arrival to EVT capable center 1010 (4.5, 21) 10 (4, 17) 0.52
CT acquisition (minutes), median (IQR)
Time from arrival to EVT capable center [td9 (11.5, 36) 18.5 (10, 28) 031
CTP acquisition (minutes), median (IQR)
ASPECTS on Baseline CT, median (IQR 9 (7.5, 10) 6,®) 0.007




No IV-tPA Received I V-tPA | p-value
(n=64) (n=162)

Ischemic Core Volume, median (IQR) 3.9(0,32.15) 1.4X1.5, 37) 0.042

Time from Last Known Well to Procedure 3.28 (2.12, 4.45) 3.35(2.47,4.38 4.45
(Hours), median (IQR)

General Anesthesia 24 (37.5%) 77 (47.8%) 0.16

IV-tPA: intravenous tissue plasminogen activat@QRl interquartile range, ICA: internal carotid ayte
MCA: middle cerebral artery, NIH: National Institst of Health, CT: computed tomography, CTP: CT
perfusion, ASPECTS: Alberta Stroke Program EarlyStore.

#Assessed using Mann-Whitney U Test
® Assessed using PearsopZTest

¢ Assessed using Fisher’s Exact Test



Table 2. Time metrics in patients transferred to EVT cdpaenter and patients presenting

directly to EVT capable center within 4.5 hourdasit known well

Time metricsfor patientstransferred to EVT capable center

Received | V-tPA

No IV-tPA

Time from Last Known Well to Arrival to EVT Capabenter (minutes), median

(IQR)

182 (151, 225)

169 (145, 184

)

Time from Last Known Well to IV tPA Bolus (minuteshedian (IQR) 86 (67, 133) N/A
Time from IV tPA Bolus to Arrival to EVT Capable @&r (minutes), median (IQR) 75 (56, 108) N/A
Time from Arrival to CTP Acquisition (minutes), mad (IQR) 14 (7, 23) 18 (14, 30)
Time from CTP Acquisition to Procedure (minutesgdian (IQR) 62.5 (47, 93) 46 (36, 69)
Time from Groin Puncture to Successful Reperfug&ad/of Procedure, median (IQR 40 (30, 59) 32 603,
Time metricsfor patientspresenting directly to EVT capable center Received | V-tPA No IV-tPA
Time from Last Known Well to Arrival to EVT Capabenter (minutes), median 63 (40, 98) 58 (38, 129)
(IQR)
Time from Arrival to CTP Acquisition (minutes), mad (IQR) 20 (13, 33) 19 (9, 40)
Time from CTP Acquisition to IV tPA Bolus (minuteshedian (IQR) 14 (4, 28) N/A
Time from IV tPA Bolus to Procedure (minutes), na&d{IQR) 57 (39, 81) N/A
Time from CTP Acquisition to Procedure (minutesgdian (IQR) 70 (51, 94) 65 (50, 77)
Time from Groin Puncture to Successful Reperfusiad/of Procedure, median (IQR 35 (23, 59) 35 629,




Table 3. Outcomes of included patients presenting withthhburs

No IV-tPA (n=64) Received IV-tPA (n=162) | p-value
90-day Functional Independence (mRS 0-2), n (%) (428%) 92 (56.8%) 0.077
90-day Excellent Functional Outcome (mRS 0-1), i (% | 21 (32.8%) 69 (42.6%) 0.18
90-day Mortality, n (%) 14 (21.9%) 17 (10.5%) 0.625
Symptomatic ICH, n (%) — ECASS | 4 (6.3%) 10 (6)2% >0.99
Hemorrhagic Transformation type | 1(1.6%) 35L06)
Hemorrhagic Transformation type |l 1(1.6%) (130%)
Parenchymal Hemorrhage type | 2 (3.1%) 0 (0%)
Parenchymal Hemorrhage type Il 0 (0%) 2 (1.2%)
Symptomatic ICH, n (%) — SITS MOST 0 (0%) 2 (1.2%) >0.99
Asymptomatic ICH, n (%) 19 (29.7%) 61 (37.7%) 0.26
Neurological Worsening, n (%) 6 (9.7%) 18 (11.4%) 710
Successful Reperfusion (mTIEI2b), n (%) 53 (82.8%) 133 (83.1%) 0°96
Successful Reperfusion with single pass, n (%) 42840%) 72 (46.2%) 0.82
Reperfusion status 0.27
0 1 (1.5%) 5 (3.1%)
1 4 (6.3%) 0 (0%)
2a 6 (9.4%) 22 (13.8%)
2b 9 (14.1%) 21 (13.1%)
2c 8 (12.5%) 21 (13.1%)
3 36 (56.3%) 91 (56.9%)
Final Infarct Volume (cc), median (IQR) 14.45 (2.59.32) 28.20 (5.47, 77.74) 0%23
Infarct Growth (cc), median (IQR) 6.01 (0.48, 40.6 12.56 (0.12, 51.6) 0.47

mTICI: modified Thrombolysis in Cerebral Ischemlid; intravenous, tPA: tissue plasminogen activator,

mMRS: modified Rankin Scale, ICH: intracranial herhage, DWI: diffusion weighted imaging, IQR:

interquartile range

#Assessed using Mann-Whitney U Test
® Assessed using PearsopTest

¢ Assessed using Fisher’s Exact Test




