Research

JAMA Neurology | Original Investigation

Association of Endovascular Thrombectomy vs Medical
Management With Functional and Safety Outcomes

in Patients Treated Beyond 24 Hours of Last Known Well
The SELECT Late Study

Amrou Sarraj, MD; Timothy J. Kleinig, MBBS(Hons), PhD; Ameer E. Hassan, DO; Pere Cardona Portela, MD; Santiago Ortega-Gutierrez, MD;

Michael G. Abraham, MD; Nathan W. Manning, MD; James E. Siegler, MD; Nitin Goyal, MD; Laith Maali, MD; Spiros Blackburn, MD; Teddy Y. Wu, MBChB;
Jordi Blasco, MD; Arturu Rentl, MD; Navdeep S. Sangha, MD; Juan F. Arenillas, MD; Margy E. McCullough-Hicks, MD; Adam Wallace, MD;

Daniel Gibson, MD; Deep K. Pujara, MBBS; Faris Shaker, MBChB; Mercedes de Lera Alfonso, MD; Marta Olivé-Gadea, MD; Mudassir Farooqui, MD;

Juan S. Vivanco Suarez, MD; Zachary lezzi, BS; Jane Khalife, MD; Colleen G. Lechtenberg, MD; Syed K. Qadri, MD; Rami B. Moussa, BS;

Mohammad A. Abdulrazzak, MD; Tareq S. Almaghrabi, MBBS; Osman Mir, MD; James Beharry, MBChB; Balaji Krishnaiah, MD; Megan Miller, BS;

Najwa Khalil, MBBS; Gagan J. Sharma, MS; Aristeidis H. Katsanos, MD; Ali Fadhil, MD; Kelsey R. Duncan, MD; Yin Hu, MD; Sheryl B. Martin-Schild, MD;
Georgios K. Tsivgoulis, MD; Dennis Cordato, MBBS; Anthony Furlan, MD; Leonid Churilov, PhD; Peter J. Mitchell, MD; Adam S. Arthur, MD;

Mark W. Parsons, MD; James C. Grotta, MD; Clark W. Sitton, MD; Marc Ribo, MD; Gregory W. Albers, MD; Bruce C. V. Campbell, MBBS, PhD

Multimedia
IMPORTANCE The role of endovascular thrombectomy is uncertain for patients presenting

Supplemental content
beyond 24 hours of the time they were last known well.

OBJECTIVE To evaluate functional and safety outcomes for endovascular thrombectomy
(EVT) vs medical management in patients with large-vessel occlusion beyond 24 hours
of last known well.

DESIGN, SETTING, AND PARTICIPANTS This retrospective observational cohort study enrolled
patients between July 2012 and December 2021 at 17 centers across the United States, Spain,
Australia, and New Zealand. Eligible patients had occlusions in the internal carotid artery or
middle cerebral artery (M1or M2 segment) and were treated with EVT or medical
management beyond 24 hours of last known well.

INTERVENTIONS Endovascular thrombectomy or medical management (control).

MAIN OUTCOMES AND MEASURES Primary outcome was functional independence (modified
Rankin Scale score 0-2). Mortality and symptomatic intracranial hemorrhage (sICH) were safety
outcomes. Propensity score (PS)-weighted multivariable logistic regression analyses were
adjusted for prespecified clinical characteristics, perfusion parameters, and/or Alberta Stroke
Program Early CT Score (ASPECTS) and were repeated in subsequent 1:1 PS-matched cohorts.

RESULTS Of 301 patients (median [IQR] age, 69 years [59-81]; 149 female), 185 patients (61%)
received EVT and 116 (39%) received medical management. In adjusted analyses, EVT was
associated with better functional independence (38% vs control, 10%; inverse probability
treatment weighting adjusted odds ratio [IPTW aOR], 4.56; 95% Cl, 2.28-9.09; P < .001)
despite increased odds of sICH (10.1% for EVT vs 1.7% for control; IPTW aOR, 10.65; 95% Cl,
2.19-51.69; P = .003). This association persisted after PS-based matching on (1) clinical
characteristics and ASPECTS (EVT, 35%, vs control, 19%; aOR, 3.14; 95% Cl, 1.02-9.72;

P =.047); (2) clinical characteristics and perfusion parameters (EVT, 35%, vs control, 17%;
aOR, 4.17; 95% Cl, 1.15-15.17; P = .03); and (3) clinical characteristics, ASPECTS, and perfusion
parameters (EVT, 45%, vs control, 21%; aOR, 4.39; 95% Cl, 1.04-18.53; P = .04). Patients
receiving EVT had lower odds of mortality (26%) compared with those in the control group
(41%; IPTW aOR, 0.49; 95% Cl, 0.27-0.89; P = .02).

CONCLUSIONS AND RELEVANCE In this study of treatment beyond 24 hours of last known well,
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ndovascular thrombectomy (EVT) has revolutionized

the management of acute ischemic stroke due to large-

vessel occlusion. Inaugural pivotal trials established
the efficacy and safety of EVT in patients presenting within 6
hours of last known well (defined as the time when they
were last known to be without the symptoms of the current
stroke).!> The DAWN and DEFUSE 3 trials, along with the
subsequent AURORA meta-analysis, extended the therapeu-
tic time window to 24 hours.®® Currently, guidelines from the
American Heart Association/American Stroke Association and
the European Stroke Association provide class 1 recommen-
dations for the use of EVT in selected patients with ischemic
stroke due to large-vessel occlusions up to 24 hours.%1°
However, no randomized trial evidence exists for EVT effi-
cacy and safety beyond 24 hours of last known well.

Most early-window EVT trials used some form of imaging
selection, either noncontrast computed tomography (CT) and
CT angiography with or without perfusion imaging or mag-
netic resonance imaging. The trials DAWN (clinical-core mis-
match) and DEFUSE 3 (perfusion imaging mismatch) used ad-
vanced neuroimaging to establish patient eligibility in the
delayed time window.®” Furthermore, persistent penumbral
tissue was shown to be present beyond 24 hours in a subset
of DEFUSE 3 patients and was associated with subsequent in-
farct progression and worse clinical outcomes.!"'> However,
imaging evidence of salvageable tissue does not guarantee that
reperfusion will be beneficial. Additionally, potential safety is-
sues remain for reestablishing blood flow in the very late time
window, because of the risk of reperfusion potentiating
hemorrhagic transformation in the presence of blood-brain
barrier disruption due to prolonged ischemia. Moreover, evi-
dence of benefit and safety of the EVT procedure for patients
presenting beyond 24 hours of last known well is limited be-
cause of a lack of high-level multicenter data.

We sought to assess functional and safety outcomes of
EVT vs medical management in patients presenting to
thrombectomy-capable centers beyond 24 hours of last
known well in a multicenter, multinational cohort from
high-volume stroke centers. We hypothesized that EVT may
result in better clinical outcomes compared with standard
medical management in patients with anterior circulation
proximal vessel occlusion presenting after 24 hours of the
time they were last known to be well.

Methods

Study Population

The study was designed, analyzed, and prepared according to
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines. The study
population was adults (age =18 years) with acute ischemic
stroke due to large-vessel occlusion in the internal carotid artery
or M1 or M2 segments of the middle cerebral artery who
received treatment beyond 24 hours of stroke onset. They were
patients from 17 high-volume EVT centers across the United
States, Europe, and Australia between July 2012 and December
2021. Based on the treatment received, patients were divided
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Key Points

Question Is endovascular thrombectomy (EVT) associated with
better functional independence compared with medical
management in patients treated beyond 24 hours after they
were last known well?

Findings In this cohort study, patients selected to receive EVT
demonstrated higher odds of functional independence as
compared with those receiving medical management in patients
treated beyond 24 hours of last known well, albeit with increased
odds of symptomatic intracranial hemorrhage (sICH). The findings
were consistent across multiple matched cohorts based on clinical
and imaging characteristics.

Meaning Endovascular thrombectomy conferred better
functional independence but with increased odds of sICH as
compared with medical management in patients treated
beyond 24 hours of last known well.

into 2 groups, EVT or best medical management only (control).
Endovascular thrombectomy was administered by the means
of a stent retriever, aspiration device, or a combination. Best
medical management according to local guidelines was also
provided to all patients. The study was approved by the
institutional review boards at the participating centers. The
requirement for written informed consent was waived because
of the retrospective nature of the study.

Data Collection

Prospective registries were used to identify eligible partici-
pants across 17 participating centers (Get With the Guide-
lines, local comprehensive stroke registries, and EVT regis-
tries). To ensure uniformity in data collection, an instrument
was prepared and shared with the sites a priori, which was
populated by the site investigators using individual site
registry data matching with additional characteristics ab-
stracted from medical record review. The modified Rankin
Scale (mRS) scores at 90-day follow-up were prospectively de-
termined by trained site investigators/coordinators as part of
their ongoing site registries. All sites determined EVT eligibil-
ity on a case-by-case basis. Further details regarding the set-
ting and enrollment are provided in eTable 1in Supplement 1.

Imaging Evaluation

Imaging evaluation was performed at the discretion of the lo-
cal investigators and institutional protocols and consisted of
noncontrast CT, magnetic resonance imaging, CT/magnetic
resonance angiography, and/or perfusion imaging. All re-
ported imaging characteristics represent images acquired at
EVT-capable centers. Occlusion location was determined by
local investigators using CT/magnetic resonance angiogra-
phy. The M1 segment of the middle cerebral artery was de-
fined as the horizontal segment terminating at the genu adja-
cent to the limen insulae. All available baseline noncontrast
CT images were reviewed by a central core laboratory for Al-
berta Stroke Program Early CT Score (ASPECTS) evaluation.
Source perfusion images were reprocessed if available using
RAPID by the central core laboratory to ensure homogenous
evaluation, in cases where local processing of perfusion
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imaging was obtained using other software. Using ischemic core
(measured using regional cerebral blood flow [rCBF] <30%)
and critically hypoperfused tissue (measured using time to
reach maximum [Tmax] >6 seconds), values for mismatch
ratio (critically hypoperfused tissue/ischemic core) and mis-
match volume (critically hypoperfused tissue - ischemic core)
were also calculated, and a definition of perfusion mismatch
more than 10 mL and mismatch ratio of 1.2 or greater was
prespecified.® In patients receiving EVT, successful reperfu-
sion was defined as a Modified Treatment in Cerebral Ische-
mia (mTICI) score of 2b or greater at the end of the procedure,
as read by the local investigators.

Study Outcomes

The primary outcome was functional independence (mRS score
of 0-2) at 90-day follow-up. Safety outcomes included symp-
tomatic intracranial hemorrhage (sICH), defined as parenchy-
mal hemorrhagic transformation type 2 associated with neu-
rological worsening of 4 or more points on the National
Institutes of Health Stroke Scale (NIHSS) at the 24-hour follow-
up, and mortality.!* Additional secondary outcomes included
mRS distribution at 90-day follow-up (nondisabled [mRS 0-1],
ambulatory or bodily-needs capable [mRS 0-3], or requiring
constant care or dead [mRS 5-6]) at 90-day follow-up and
lengths of hospital and ICU stays.

Statistical Analysis

Demographics, baseline clinical and imaging characteristics,
and outcomes were compared between treatment groups.
Continuous variables were expressed using median and IQR,
whereas categorical variables were expressed using count and
proportion (in %). Univariate comparisons were made using a
X2 test or Fisher exact test for categorical variables and using
an unpaired t test or Wilcoxon rank sum test for continuous
variables.

To ascertain the association between treatment approach
and primary and secondary outcomes, we performed analy-
ses to obtain causal inference based on observational data. As
we found sufficient overlap in prespecified key clinical char-
acteristics (defined as common support), propensity scores
based on these characteristics (age, NIHSS score at presenta-
tion, time from last known well to arrival, occlusion location,
and transfer status) were calculated using a probit model.
Multivariable logistic regression analysis adjusted for prespeci-
fied covariates mentioned above, and inverse probability treat-
ment weighting (IPTW) was used to assess the association of
treatment approach with primary and secondary outcomes.
A sensitivity analysis excluding patients with deterministic
probability of treatment (>0.85) or minimal common support
(<0.4) was also performed. Because the proportional odds
assumption was violated, we chose not to report the results
of multivariable ordinal regression analysis for distribution
of modified Rankin Scale scores at 90-day follow-up.

As (1) imaging characteristics are plausibly associated with
both treatment allocation and clinical outcomes and (2) the like-
lihood of treatment beyond 24 hours with poor imaging char-
acteristics is very low, including these characteristics either to
form the propensity scores for the whole cohort or as adjust-
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ment covariates for the primary regression analysis models vio-
lates essential statistical assumptions for this analysis. We
therefore evaluated whether patients who received EVT had
better outcomes as compared with a hypothetical scenario
where they could only receive medical management (coun-
terfactual association) with 1:1 propensity score (PS) match-
ing without replacement using the nearest-neighbor method.
These analyses were performed in a (1) subpopulation with
available CT ASPECTS scores (PS calculated based on age,
NIHSS score at presentation, time from last known well to ar-
rival, occlusion location, transfer status, and CT ASPECTS); (2)
subpopulation with available perfusion imaging characteris-
tics (PS calculated based on age, NIHSS score at presentation,
time from last known well to arrival, occlusion location, trans-
fer status, and perfusion parameters [rCBF <30% volume and
Tmax >6 seconds volumel), and (3) subpopulation with avail-
able CT ASPECTS and perfusion imaging characteristics (PS
calculated based on age, NIHSS score at presentation, time from
last known well to arrival, occlusion location, transfer status,
CT ASPECTS, and perfusion parameters [rCBF <30% volume
and Tmax >6 seconds volume]). We repeated these analyses
after excluding patients presenting before 2015 and patients
from 6 EVT-only centers as sensitivity analyses.

The association of treatment approach and primary/
secondary outcomes in presence of prespecified mismatch
profile (mismatch volume >10 mL with a mismatch ratio >1.2)
was also examined in a PS-matched cohort based on clinical
and perfusion imaging characteristics using logistic regres-
sion adjusting for prespecified covariates (age, NIHSS score at
presentation, time from last known well to arrival, occlusion
location, transfer status, and ischemic core and critically hy-
poperfused tissue volumes). We could not perform multivari-
able logistic regression analysis for patients without a pre-
specified mismatch profile as models were unstable because
of limited sample size.

The association of time from last known well to EVT pro-
cedure with functional independence and sICH, adjusting for
prespecified covariates (age, NIHSS score at presentation, oc-
clusion location, and transfer status), were also examined for
patients receiving EVT. Additionally, for patients receiving
EVT, we evaluated key clinical variables (age, NIHSS score at
presentation, occlusion location, and transfer status) and
imaging variables (CT ASPECTS and ischemic core and criti-
cally hypoperfused tissue volumes) and association with sSICH
in a univariate analysis. Variables with an association P < .10
were included in a backward stepwise regression model to
identify factors independently associated with sICH.

All analyses were performed using Stata version 15 (Stata-
Corp). Two-sided statistical tests were used, and P values <.05
were considered statistically significant.

. |
Results

Study Population and Baseline Characteristics

A total of 301 patients (185 receiving EVT, 116 receiving medi-
cal management) were included in the study cohort (Figure 1).
Table 1 describes the baseline clinical and imaging character-
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Figure 1. Study Flowchart

2369 Patients screened

2068 Excluded

1604 Had no ICA/M1/M2 occlusion

> 52 Had unknown/unavailable
time parameters

412 Other reasons

301 Included in study population
185 Received EVT
116 Received medical management (control)

v v

96 PS-matched population 58 PS-matched population
(clinical characteristics (clinical characteristics,
and CT ASPECTS) CT ASPECTS, and
48 EVT group perfusion parameters)
48 Control group 29 EVT group

29 Control group

82 PS-matched population
(clinical characteristics and
perfusion parameters)

41 EVT group
41 Control group

Patients screened included those with intracranial hemorrhage, subarachnoid
hemorrhage, or transient ischemic attack who presented beyond 24 hours after
last known well. The control group received medical management only.

CT ASPECTS indicates computed tomography Alberta Stroke Program Early CT
Score; ICA/M1/M2, internal carotid artery or M1or M2 segment of the middle
cerebral artery; EVT, endovascular thrombectomy; PS, propensity score.

istics of the study cohort, stratified based on the treatment
received. Overall, the cohort demonstrated similar median
(IQR) age (EVT, 69 years [60-80], vs control, 68.5 years [58-
81]; P = .95) and proportion of female individuals (EVT, 86 of
181 [48%], vs control, 63 of 115 [55%]; P = .22) across treat-
ment modalities. Proportions of patients with wake-up stroke
(EVT, 310f153[20%], vs control, 22 of 111 [20%]; P = .93) were
similar between the 2 treatment groups. However, patients re-
ceiving EVT demonstrated lower stroke severity (median [IQR]
NIHSS score in EVT group, 14 [8-201, vs control, 17 [10-21.5];
P =.01) and earlier arrival to an EVT-capable center (median
[IQR]timein EVT group, 28.1[24.5-38.2], vs control, 31.4 hours
[25.8-47.2]; P = .002). Intravenous thrombolysis was admin-
istered in 7 of 184 patients (4%) in the EVT group and 6 of 116
patients (5%) receiving medical management (P = .57), likely
a combination of off-label administration and administration
under wake-up stroke protocols.

The CT ASPECTS at each EVT center was available for 247
patients (82%), 144 patients (58%) receiving EVT and 103 (42%)
medical management, whereas perfusion imaging param-
eters were available for 187 patients (62%), 132 patients (71%)
receiving EVT and 55 (29%) receiving medical management.
Estimates of ischemic injury were smaller in the EVT group;
on noncontrast CT (median [IQR] CT ASPECTS for those re-
ceiving EVT, 7 [6-9], vs control, 5 [3-7]; P < .001) and CT
perfusion (median [IQR] ischemic core volume for EVT, 4 mL
[0-14.5], vs control, 13.4 mL [0-69] mL; P = .004). However,
critically hypoperfused tissue volumes (Tmax >6 seconds) were
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similar on perfusion imaging (median [IQR] volume, EVT,
79 mL [51.5-148.5], vs control, 91 mL [52-155]; P = .43).

Functional and Safety Outcomes Based on PS Weighting
Patients with similar age, stroke severity, time from last known
well to treatment, and stroke location who were treated with
EVT achieved higher odds of functional independence (38%
vs control, 10%; IPTW adjusted odds ratio [aOR], 4.56; 95% ClI,
2.28-9.09; P < .001) and lower odds of mortality (26%) com-
pared with those who underwent medical management only
(41%; IPTW aOR, 0.49; 95% CI, 0.27-0.89; P = .02) (Figure 2).
However, sICH was significantly higher in patients selected for
EVT (10.1% vs control, 1.8%; IPTW aOR, 10.65; 95% ClI, 2.19-
51.69; P = .003). Table 2 details the functional and safety out-
comes in the study cohort, stratified based on the type of
treatment received.

In a sensitivity analysis excluding patients with determin-
istic treatment probability (P > .85) or minimal common sup-
port (P < .40), the results remained similar: functional inde-
pendence (IPTW aOR, 4.69; 95% CI, 2.26-9.73; P < .001),
mortality (IPTW aOR, 0.44; 95% CI, 0.24-0.84; P = .01),
and sICH (IPTW aOR, 16.03; 95% CI, 1.86-138.60; P = .01).
Additional sensitivity analyses excluding patients from 6
EVT-only centers and those presenting before 2015 demon-
strated similar results (eTable 2 in Supplement 1).

PS-Matched Analysis Using Clinical Characteristics

and CT ASPECTS

When matching based on clinical characteristics as well as
CT ASPECTS, 48 matched pairs were identified, with largely
similar baseline characteristics (eTables 3 and 4 in Supple-
ment 1). Ischemic core estimates were similar, but median
(IQR) critically hypoperfused tissue volume was larger in
patients receiving EVT (108 mL [76-158], vs control, 57.5 mL
[26-99]; P = .03).

Patients receiving EVT demonstrated higher odds of func-
tional independence (35% vs control, 19%; aOR, 3.14; 95% CI,
1.02-9.72; P = .047), but similar mortality (EVT, 31% vs con-
trol, 26%; aOR, 1.12; 95% CI, 0.39-3.22; P = .83) when com-
pared with a matched population receiving medical manage-
ment. Symptomatic ICH was higher with EVT (13% vs 0%
for control; P = .03) (eFigure 1 and eTable 5 in Supplement 1).

PS-Matched Analysis Using Clinical Characteristics

and Perfusion Parameters

When matching on clinical characteristics as well as perfu-
sion parameters (ischemic core and critically hypoperfused tis-
sue), 41 matched pairs were identified. CT ASPECTS, ische-
mic core, and critically hypoperfused tissue volumes were
similar between the 2 groups (eTables 6 and 7 in Supple-
ment 1). Patients receiving EVT demonstrated higher odds of
functional independence (35% vs control, 17%; aOR, 4.17;
95% CI, 1.15-15.17; P = .03) when compared with a matched
population receiving medical management (eFigure 2 in
Supplement 1). No difference in mortality (EVT: 40%, vs con-
trol, 39%; aOR, 0.93; 95% CI, 0.31-2.85; P = .90) was ob-
served. Symptomatic ICH (EVT, 10%, vs control, 0%; P = .12)
was numerically higher with EVT (eTable 8 in Supplement 1).
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Table 1. Baseline Clinical and Imaging Characteristics of Study Population

No./total No. (%)

Medical Endovascular
Total management thrombectomy P value Test
No. of patients 301 116 185
Age, median (IQR), y 69 (59-81) 68.5 (58-81) 69 (60-80) .95 Wilcoxon rank sum
Sex
Female 149/296 (50.3) 63/115 (54.8) 86/181 (47.5) .22 Pearson x2
Male 147/296 (49.7) 52/115 (45.2) 95/181 (52.5)
History
Hypertension 217/284 (76.4) 79/109 (72.5) 138/175 (78.9) 22 Pearson x?
Hyperlipidemia 148/298 (49.7) 62/116 (53.4) 86/182 (47.3) .30 Pearson x2
Atrial fibrillation 78/298 (26.2) 31/116 (26.7) 47/182 (25.8) .86 Pearson x?
Ischemic heart disease 58/282 (20.6) 22/108 (20.4) 36/174(20.7) .95 Pearson x?
Congestive heart failure 40/283 (14.1) 18/108 (16.7) 22/175 (12.6) .34 Pearson x?
Diabetes 85/276 (30.8) 35/106 (33.0) 50/170 (29.4) .53 Pearson x2
Current smoker 77/280 (27.5) 40/107 (37.4) 37/173 (21.4) .004 Pearson x?
Ejection fraction, median (IQR), % 60 (55-65) 60 (55-65) 60 (54-65) 46 Wilcoxon rank sum
Serum glucose, median (IQR), mg/dL 123 (106-165.6) 120 (104-190) 125.5 (107-163.8) .86 Wilcoxon rank sum
Blood pressure, median (IQR), mm Hg
Systolic 150 (131-165) 150 (134.5-165) 148 (125-165.5) .32 Wilcoxon rank sum
Diastolic 80 (70-91) 82 (72.5-93.5) 79 (69-89) .03 Wilcoxon rank sum
Medication
Antiplatelet agents 84/285 (29.5) 24/110 (21.8) 60/175 (34.3) .03 Pearson x?
Anticoagulants 47/289 (16.3) 22/114 (19.3) 25/175 (14.3) .26 Pearson x?
Occlusion location
ICA 118/301(39.2) 38/116 (32.8) 80/185 (43.2) 17 Pearson x?
M1 147/301 (48.8) 64/116 (55.2) 83/185 (44.9)
M2 36/301 (12.0) 14/116 (12.1) 22/185(11.9)
NIHSS score at presentation to EVT hospital, 15(9-21) 17 (10-21.5) 14 (8-20) .01 Wilcoxon rank sum
median (IQR)
Wake-up stroke 53/264 (20.1) 22/111(19.8) 31/153 (20.3) 93 Pearson x?
Transfer status
Direct to EVT center 147/286 (51.4) 63/106 (59.4) 84/180 (46.7) .04 Pearson x?
Transferred to EVT center 139/286 (48.6) 43/106 (40.6) 96/180 (53.3)
CT ASPECTS at EVT center, median (IQR) 7 (5-8) 5(3-7) 7 (6-9) <.001 Wilcoxon rank sum
Ischemic core volume, median (IQR), mL 4 (0-28) 13.4 (0-69) 4 (0-14.5) .004 Wilcoxon rank sum
>50 mL 30/187 (16.0) 18/55 (32.7) 12/132 (9.1) <.001 Pearson X2
Tissue volume, median (IQR), mL
Critically hypoperfused 85 (52-155) 91 (52-155) 79 (51.5-148.5) 43 Wilcoxon rank sum
With Tmax >8 s 46 (15-100) 51.35(16-125) 45 (14.5-94.5) .38 Wilcoxon rank sum
With Tmax >10s 19 (0-62) 35 (4-98) 17.5(0-53) .04 Wilcoxon rank sum
Hypoperfusion intensity ratio, median (IQR) 0.3 (0.0-0.5) 0.5 (0.2-0.6) 0.2 (0.0-0.5) <.001 Wilcoxon rank sum
Time from LKW, median (IQR), h
Arrival at EVT center 29.8(25.0-42.0) 31.4(25.8-47.2) 28.1(24.5-38.2) .002 Wilcoxon rank sum
Acquisition of CT 29.8 (25.3-45.9) 31.7 (26.2-48.8) 28.4 (24.4-41.6) .004 Wilcoxon rank sum
Acquisition of perfusion imaging 31.5(25.6-44.8) 34.6 (27.4-48.2) 30.5 (24.7-42.6) .048 Wilcoxon rank sum
Time, median (IQR), min
From perfusion imaging to groin puncture 76.0 (44.0-118.0) NA 76.0 (44.0-118.0) NA NA
From groin puncture to successful reperfusion 37.5(23.0-65.0) NA 37.5(23.0-65.0) NA NA
or end of procedure
Choice of anesthesia technique during EVT
General 65/160 (40.6) NA 65/160 (40.6) NA NA
Conscious sedation 95/160 (59.4) NA 95/160 (59.4) NA NA
Reperfusion status
Unsuccessful (mTICI 0-2a) 35/185(18.9) NA 35/185 (18.9) NA NA
Successful (mTICI 2b-3) 150/185 (81.1) NA 150/185(81.1) NA NA

Abbreviations: CT, computed tomography; EVT, endovascular thrombectomy; ICA, internal carotid artery; LKW, last known well; M1, M2, segments of the middle cerebral

artery; mTICl, Modified Treatment in Cerebral Ischemia; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale; Tmax, time to reach maximum.

Sl conversion factor: To convert glucose to mmol/L, multiply by 0.0555.
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Figure 2. Distribution of 90-Day Modified Rankin Scale (mRS) Scores
in the Study Population According to Type of Treatment Received

‘mRSscore WMo Ot 2 W: W+ Ws .e‘
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o
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(n=115)

The control group received medical management only. Modified Rankin Scale
scores range from O to 6 with higher scores indicating worse outcomes.

PS-Matched Analysis Using Clinical Characteristics,

CT ASPECTS, and Perfusion Parameters

Afterincluding clinical characteristics, CT ASPECTS, and per-
fusion parameters in matching algorithm, 29 matched pairs
were identified with similar imaging characteristics across
treatment groups (eTables 9 and 10 in Supplement 1). Pa-
tients selected to receive EVT demonstrated higher odds of
functional independence when compared with a matched
population receiving medical management (EVT, 45%, Vs con-
trol, 21%; aOR, 4.39; 95% CI, 1.04-18.53; P = .04) (eFigure 3in
Supplement 1). However, no difference in mortality (EVT:
24%, vs control, 28%; aOR, 0.87; 95% CI, 0.18-4.27; P = .87)
or sICH (EVT, 3% vs control, 0%; P > .99) was observed be-
tween the 2 treatment groups (eTable 11 in Supplement 1).

EVT vs Medical Management in Patients

With Witnessed Stroke Onset

Witnessed onset of stroke symptoms occurred in 37 of 166 pa-
tients (22%) receiving EVT and 24 of 102 patients (24%) in the
control group. In this subgroup, EVT was associated with sig-
nificantly higher odds of functional independence (EVT, 34%,
vs control, 13%; aOR, 7.61; 95% CI, 1.21-47.89; P = .03) after
adjusting for age, NIHSS score, transfer status, time from last
known well to arrival, and occlusion location. Symptomatic ICH
(EVT, 11.8%, vs control, 4.4%; aOR, 0.64; 95% CI, 0.03-14.20;
P =.78) and mortality (EVT, 29%, vs control, 42%; aOR, 0.52;
95% CI, 0.11-2.48; P = .41) did not differ significantly.

Analysis of Perfusion Mismatch Presence

(Mismatch Ratio 21.2 and Mismatch Volume 210 mL)

Of 82 propensity-matched patients based on clinical and per-
fusion imaging (41 pairs), 74 patients (90%) demonstrated pres-
ence of perfusion mismatch (38 EVT, 36 control group). Re-
ceiving EVT was associated with higher odds of functional
independence (EVT, 32%, vs control, 11%; aOR, 4.82; 95% CI,
1.01-23.12; P = .049) in PS-matched patients with perfusion
mismatch, but no difference in mortality (EVT, 43%, vs con-
trol, 42%; aOR, 1.14; 95% CI, 0.35-3.68; P = .83) or SICH (EVT,
11% vs control, 0%; P = .12) was observed. Only 8 patients from
the PS-matched cohort did not demonstrate presence of per-
fusion mismatch (3 EVT, 5 control), with 2 of 3 patients (67%)
receiving EVT and 3 of 5 patients (60%) receiving medical
management achieving functional independence.
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Interaction Between Treatment Group

and Functional Independence Based on CT ASPECTS

and Ischemic Core Volume

Receiving EVT was consistently associated with a higher
proportion of patients achieving functional independence in
ASPECTS 6 through 10 (EVT, 39%, vs control, 21%; P = .04) or
with ASPECTS O through 5 (EVT, 21%, vs control, 5%; P = .02).
Similarly, higher rates of functional independence were also
observed with EVT in patients with small (<50 mL) ischemic
core estimates (EVT, 37%, vs control, 19%; P = .04) and nu-
merically higher rates for the large (=50 mL) ischemic core
group (EVT, 17%, vs control, 0%; P = .15). We did not observe
any significant interaction between EVT and CT ASPECTS
(P = .18 for interaction) or ischemic core size (P = .49 for in-
teraction) on functional independence (mRS score 0-2).

Association of Time to EVT Procedure

With Functional Independence and sICH

Most patients (146 o0f 184) received EVT within 48 hours of the
time they were last known well, whereas 38 patients received
EVT beyond 48 hours. Functional independence was achieved
in 56 (39%) of those treated with EVT within the first 48 hours
and 13 patients (35%) treated beyond 48 hours of last known
well. No statistically significant association between time from
last known well to procedure and functional independence was
observed (aOR, 0.99; 95% CI, 0.98-1.00; P = .20, for each hour
of delay). Symptomatic ICH was observed in 12 patients (9%)
treated within 48 hours and 6 patients (16%) treated beyond
48 hours. For each hour of delay, the aOR of sICH was 1.01
(95% CI, 1.00-1.02; P = .06) (Figure 3).

Evaluation of Variables Associated With sICH

in Patients Receiving EVT

We observed a higher rate of sICH in patients with CT
ASPECTS O through 5 (OR, 3.71; 95% CI, 1.17-11.82; P = .03) with
increasing time from last known well to procedure (OR, 1.01;
95% CI, 1.00-1.02; P = .07) and decrease in age (OR, 0.97;
95% CI, 0.94-1.00; P = .08) in univariate analysis. However, we
could not discern any effect of ischemic core (rCBF <30%)
estimates (OR, 1.00; 95% CI, 0.99-1.02; P = .63), critically
hypoperfused tissue (Tmax >6 seconds) estimates (aOR, 1.00;
95% CI, 1.00-1.01; P = .14), NIHSS score at presentation (OR,
0.99; 95% CI, 0.92-1.06; P = .82), or transfer status (OR, 1.76;
95% CI, 0.62-5.01; P = .29).

In a backward stepwise regression model including all vari-
ables with P < .10 on univariate analysis, only time from last
known well to arrival (aOR, 1.02; 95% CI, 1.00-1.03; P = .02 for
each hour of delay) and CT ASPECTS of O to 5 (aOR, 4.58;
95% CI, 1.35-15.51; P = .01) remained significantly associated
with sICH.

|
Discussion

In a multinational, multicenter cohort of patients with acute
ischemic stroke due to large-vessel occlusion treated after 24
hours since they were last known well, among patients of
similar age, stroke severity, time to treatment, and occlusion
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Table 2. Clinical Outcomes in Study Population

No./total No. (%)

Medical Endovascular
Total management thrombectomy  Pvalue Test
No. of patients 301 116 185

Primary outcome

Independent at 90-d follow-up 81/296 (27.4) 12/115(10.4)

(mRS 0-2)

69/181 (38.1)

Secondary outcomes

mRS Score distribution at 90-d
follow-up

Nondisabled (mRS 0-1)

Ambulatory or bodily-needs
capable (mRS 0-3)

Requiring constant care
or dead (mRS 5-6)

90-d Mortality
Neurological worsening®

Symptomatic ICH (SITS-MOST
definition)

Asymptomatic ICH
Length of stay, median (IQR), d

37/296 (12.5)
119/296 (40.2)

4/115 (3.5)
27/115 (23.5)

116/296 (39.2) 57/115 (49.6)

94/296 (31.8)
63/291 (21.6)
20/293 (6.8)

47/115 (40.9)
21/113 (18.6)
2/114 (1.8)

44/271(16.2)  10/110(9.1)

7(3-18)
2(0-4)

In-hospital 8 (5-18)

ICU 2(1-5) 3(1-5)

33/181(18.2)
92/181 (50.8)

59/181(32.6) .004

47/181(26.0) .007
42/178 (23.6) .31
18/179 (10.1)  .007

34/161(21.1) .008

9(5-18)

<.001  Pearsony?
<.001 Fisher exact
<.001  Pearson >
Pearson x?
Pearson x?
Pearson X Abbreviations: ICH, intracranial

hemorrhage; ICU, intensive care unit;
mRS, modified Rankin Scale;
SITS-MOST, Safe Implementation of

Fisher exact

2
Fearsaniy Thrombolysis in Stroke-Monitoring
Study.
.047 Wilcoxon rank sum 2 Worsening of 4 or more points on
; the National Institutes of Health
.03 Wilcoxon rank sum

Stroke Scale.

Figure 3. Predicted Probability of Symptomatic Intracranial
Hemorrhage (ICH) and Association With Time Between Symptom
Onset and Treatment

100+
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The graphiillustrates the potential increase in the rate of symptomatic ICH as
time progresses (P = .06). Shading indicates 95% Cls. SITS-MOST indicates the
Safe Implementation of Thrombolysis in Stroke-Monitoring Study.

location, those who were treated with EVT achieved higher
odds of functional independence and reduced mortality com-
pared with patients who received medical management only
(the control group). However, the odds of sICH were higher
in patients selected for EVT. Analysis in subsequent propensity-
matched cohorts using clinical and imaging characteristics
demonstrated consistent findings of higher odds of func-
tional independence in patients treated with EVT as com-
pared with matched patients treated with medical manage-
ment. In patients with perfusion mismatch, EVT was associated
with higher functional independence. Significant baseline

jamaneurology.com

imbalances were observed between treatment groups in pa-
tients without perfusion mismatch.

Gathering evidence to address the optimal management
of patients presenting very late is challenging. Patients with
a very extended time since they were last known to be well
have a wide range of true onset times and therefore consid-
erable heterogeneity. These patients represent a very small
portion of acute ischemic stroke presentations in clinical
practice, which may pose logistic challenges for conducting
a randomized clinical trial. We attempted to evaluate the
association of treatment approaches with functional and
safety outcomes using a causal inference analysis frame-
work from observational data. Although previous studies
have demonstrated a viable ischemic penumbra in some
individuals well beyond 24 hours of last known well, %12
these patients are not included in guidelines for any reperfu-
sion therapy because the intravenous thrombolysis window
is considered 4.5 hours, and EVT trials only included
patients presenting before 24 hours of the time they were
last known well. Our findings demonstrate that EVT is fea-
sible and may improve clinical outcomes in selected patients
in the very late time window.

Previous data on EVT beyond 24 hours are limited.
A 3-center, single-group study evaluating outcomes in 21 EVT
patients who presented beyond 24 hours of last known well
but who otherwise met DAWN trial eligibility criteria found
rates of successful reperfusion, functional outcomes, and sICH
similar to the DAWN trial.!* Another study from an Italian
multicenter registry evaluating 34 EVT patients selected based
on CT angiography and CT perfusion also demonstrated
reasonable rates of successful reperfusion and functional
outcomes.!® A single-center study comparing outcomes in
13 patients receiving EVT and 96 receiving medical manage-
ment presenting beyond 24 hours also demonstrated a shift
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toward better functional outcomes with EVT.'® Perfusion
imaging was obtained for all patients. Notwithstanding the
limitations, these exploratory studies demonstrated the fea-
sibility of EVT in patients presenting beyond 24 hours.

Almost four-fifths of our cases had unwitnessed stroke on-
set, consistent with the late-window trials DEFUSE 3 (about
65% unwitnessed strokes) and DAWN (nearly 90% unwit-
nessed strokes). It is uncommon to have a witnessed or a
wake-up onset in patients presenting beyond 24 hours of last
known well. Interestingly, EVT association with better func-
tional independence was preserved in a subgroup analysis of
only patients with witnessed stroke onset, which is consis-
tent with a DEFUSE 3 analysis reporting preserved treatment
effect in this subgroup of patients.”

Most patients treated with EVT beyond 24 hours in our co-
hort had good imaging characteristics. Of patients treated with
EVT with available perfusion imaging evaluation, 81% dem-
onstrated a presence of mismatch. Our data reflect that treat-
ing physicians extrapolated similar imaging profiles of late-
window trials to those presenting beyond 24 hours. Very few
patients (n = 12) with a large ischemic core on perfusion
imaging received EVT in our cohort. Limited data regarding
EVT efficacy and safety exist in patients with a large ischemic
core.'” Several trials (eg, SELECT2, TESLA, LASTE, and
ANGEL-ASPECT) are currently evaluating EVT efficacy and
safety in patients presenting with a large ischemic core up to
24 hours of the time they were last known well.'®22 These
results may further the understanding of the potential of reper-
fusion therapies for patients with a large core and whether it
can be extended to late time windows and beyond.

The risk of symptomatic hemorrhage was higher in pa-
tients treated with EVT as compared with patients treated with
medical management, suggesting a potential relationship be-
tween delayed reperfusion of ischemic brain tissue and hem-
orrhagic transformation. However, despite this, EVT was also
associated with increased functional independence and lower
mortality. Furthermore, we failed to observe a significant as-
sociation between time from last known well and functional
independence in our study cohort, suggesting that patients
with a good imaging profile could plausibly have improved
functional independence with EVT despite long intervals from
symptom onset. Considerations of patient-level clinical and
imaging characteristics and a thorough discussion with pa-
tients and their families about the balance of risks and ben-
efits of EVT is required when deciding whether to offer EVT
beyond 24 hours.

The efficacy and safety of EVT in patients with large-
vessel occlusions presenting within 24 hours of last known well
with significant ischemic changes is still unproven with mul-
tiple ongoing clinical trials. While we did observe worsening
clinical outcomes with increasing ischemic changes in our
study cohort, outcomes with EVT were still favorable as com-
pared with patients receiving medical management. We also
found longer time from last known well to procedure and
ASPECTS 0 through 5 to be independently associated with
sICH in our study population. Our findings suggest higher prob-
ability of benefit in patients with favorable imaging charac-
teristics. However, the observational study design cannot ex-
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clude a benefit of EVT vs medical therapy in any subgroup.
Hypothetically, an increasing risk of sSICH may outweigh po-
tential benefit in patients presenting very late with signifi-
cant ischemic changes and requires further evaluation in pro-
spective studies. Additionally, these findings may help guide
the design of randomized clinical trials in this patient group
by potentially excluding patients with low ASPECTS and those
presenting well beyond 24 hours from last known well.

Perfusion imaging is widely used to evaluate salvageable
penumbral tissue and was commonly used when evaluating
EVT eligibility in our cohort. This is consistent with evidence
from late-time window trials (>6 hours) that used perfusion
imaging to determine clinical-imaging mismatch or imaging
mismatch for EVT eligibility. A pooled analysis of late-
window trials (AURORA) demonstrated an association of mis-
match profile with EVT outcomes.® In the current study, pa-
tients with a perfusion imaging mismatch had significantly
better clinical outcomes when treated with EVT, with almost
4 times the odds of functional independence. Significant dif-
ferences in baseline clinical and imaging characteristics be-
tween patients receiving EVT vs medical management in no-
mismatch subgroup remain a caveat and may have resulted in
the higher functional independence rates associated with EVT.

Significant differences in baseline clinical and imaging
characteristics between the 2 treatment groups existed in our
cohort. Patients who received EVT had better imaging pro-
files and less severe strokes as compared with those who
were treated with medical management only. This reflects se-
lection biases because physicians undoubtedly elected to
perform EVT on patients whom they believed were more
likely to improve with reperfusion. We performed several
matched analyses based on clinical and imaging variables
(both ASPECTS and perfusion) to account for these baseline
imbalances. The association of EVT with higher functional in-
dependence rates remained, with consistent effect sizes in the
different matched cohorts.

Limitations

Our study had several limitations owing to the retrospective
nature of data collection. Imaging evaluation was performed
based on individual site protocols and the discretion of local
investigators. To reduce potential heterogeneity, ASPECTS on
noncontrast CT were reevaluated by a central core laboratory
when source images were available. Perfusion images were also
reprocessed centrally to harmonize the evaluation of ische-
mic core and penumbra estimates with available source im-
ages. Although we adjusted for known differences, we were
unable to adjust for unmeasured covariates that may affect the
outcomes. Treatment decision in the study cohort was not ran-
domized and may have been affected by center-specific prac-
tices and patient-specific characteristics, leading to potential
selection bias. Sites reported that the treatment decision was
made on a case-by-case basis (eTable 2 in Supplement 1). Per-
fusion imaging was frequently used to identify potential EVT
candidates, similar to the approach used in late time win-
dows (6-24 hours), thus resulting in a high proportion of pa-
tients with perfusion imaging in the study. The significant dif-
ferences in baseline characteristics probably influenced the
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decision for treatment because physicians undoubtedly treated
patients they thought might benefit from thrombectomy or de-
teriorate with persistent large-vessel occlusion without inter-
vening. We attempted to account for these differences within
causal analysis framework through propensity-weighted analy-
sis based on clinical characteristics and propensity-matched
analyses based on clinical and imaging characteristics in rel-
evant subsamples with consistent results, but this does not ex-
cluderesidual confounding. Additional selection biases could
also exist because of a combination of patients not consid-
ered for EVT not being transferred to participating centers and
some of the patients receiving medical management not
being captured at the 6 centers that reported EVT cases only.
To address these, we performed additional sensitivity analy-
ses excluding these patients, which also demonstrated largely
similar results supporting better clinical outcomes with
EVT in selected patients. Propensity-matched analyses with
limited samples also resulted in low event rates and limited
precision of event estimates, especially for measures such as
sICH. Infarct volumes on follow-up imaging were not avail-
able, so we could not evaluate whether EVT was associated with
areduction in final infarct volume and infarct growth in this
study population.

To our knowledge, our study is the largest to date to evalu-
ate EVT functional and safety outcomes in patients present-
ing beyond 24 hours of last known well compared with pa-
tients receiving medical management only. Oursis also the first,
to our knowledge, to include evaluation of perfusion imaging
parameters in the analysis. We also attempted to ensure ho-
mogenous imaging evaluation of reprocessing available per-
fusion imaging using a single software platform and evaluat-
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ing all available noncontrast CT scans by a central core
laboratory. Other strengths of the study include PS-based analy-
ses to account for baseline imbalances, with EVT associated
with significantly higher functional independence with con-
sistent effect size across analyses. Our study cohort repre-
sents current clinical practice, with patients being evaluated
using different imaging modalities because of a lack of con-
sensus regarding imaging protocol in these patients. This also
demonstrates the significant heterogeneity in treatment re-
ceived because of a lack of standardized treatment protocols.

Current clinical practice guidelines do not support EVT for
patients who present to stroke centers beyond 24 hours of the
time they were last known well. Our data demonstrated that
EVT is feasible and may improve outcomes in very-late-
window patients, albeit with increased risk of hemorrhage. This
finding, along with evidence of viable ischemic penumbra
beyond 24 hours and subsequent infarct progression with poor
clinical outcomes, may open doors for EVT being potentially
offered to carefully selected group of patients.

. |
Conclusions

In this study with a nonrandomized multicenter interna-
tional cohort, EVT was associated with significantly higher odds
of functional independence compared with medical manage-
ment. This association was consistent across matched co-
horts based on clinical and imaging characteristics and in pa-
tients with presence of a mismatch profile. However, sSICH was
observed more frequently in patients receiving EVT. Future
prospective studies are warranted to confirm these findings.
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