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IMPORTANCE The efficacy and safety of endovascular thrombectomy (EVT) in patients with Supplemental content
large ischemic cores remains unknown, to our knowledge.
OBJECTIVE To compare outcomes in patients with large ischemic cores treated with EVT and
medical management vs medical management alone.

DESIGN, SETTING, AND PARTICIPANTS This prespecified analysis of the Optimizing Patient's
Selection for Endovascular Treatment in Acute Ischemic Stroke (SELECT) trial, a prospective
cohort study of imaging selection that was conducted in 9 US comprehensive stroke centers,
enrolled patients between January 2016 and February 2018, and followed them up for 90
days. Patients with moderate to severe stroke and anterior circulation large-vessel occlusion
presenting up to 24 hours from the time they were last known to be well were eligible for the
cohort. Of these, patients with large ischemic cores on computed tomography (CT) (Alberta
Stroke Program Early CT Score <6) or CT perfusion scanning (a volume with a relative cerebral
blood flow <30% of =50 cm?) were included in analyses.

EXPOSURES Endovascular thrombectomy with medical management (MM) or MM only.

MAIN OUTCOMES AND MEASURES Functional outcomes at 90 days per modified Rankin scale; safety
outcomes (mortality, symptomatic intracerebral hemorrhage, and neurological worsening).

RESULTS A total of 105 patients with large ischemic cores on either CT or CT perfusion images
were included: 71 with Alberta Stroke Program Early CT Scores of 5 or less (EVT, 37; MM, 34),
74 with cores of 50 cm? or greater on CT perfusion images (EVT, 39; MM, 35), and 40 who
had large cores on both CT and CT perfusion images (EVT, 14; MM, 26). The median
(interquartile range) age was 66 (60-75) years; 45 patients (43%) were female. Nineteen of
62 patients (31%) who were treated with EVT achieved functional independence (modified
Rankin Scale scores, 0-2) vs 6 of 43 patients (14%) treated with MM only (odds ratio [OR],
3.27[95% Cl, 1.11-9.62]; P = .03). Also, EVT was associated with better functional outcomes
(common OR, 2.12 [95% Cl, 1.05-4.31]; P = .04), less infarct growth (44 vs 98 mL; P = .006),
and smaller final infarct volume (97 vs 190 mL; P = .001) than MM. In the odds of functional
independence, there was a 42% reduction per 10-cm? increase in core volume (adjusted OR,
0.58[95% Cl, 0.39-0.87]; P = .007) and a 40% reduction per hour of treatment delay
(adjusted OR, 0.60 [95% Cl, 0.36-0.99]; P = .045). Of 10 patients who had EVT with core
volumes greater than 100 cm?, none had a favorable outcome.

CONCLUSIONS AND RELEVANCE Although the odds of good outcomes for patients with large Author Affiliations: Author
cores who receive EVT markedly decline with increasing core size and time to treatment, af‘;‘_"ft"’”s arelisted at the end of this
article.

these data suggest potential benefits. Randomized clinical trials are needed.
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ndovascular thrombectomy is safe and efficacious up
to 24 hours after stroke onset in selected patients with
acute ischemic strokes caused by large-vessel occlu-
sion in the anterior circulation."” The clinical trials evaluat-
ing thrombectomy inclusion criteria have focused on pa-
tients with minimal ischemic changes on imaging prior to
thrombectomy on noncontrast computed tomography (CT) (Al-
berta Stroke Program Early CT Score [ASPECTS], >26)>* or small
ischemic cores (a volume with a relative cerebral blood flow
<30% of <50 cm? or <70 cm? on computed tomographic per-
fusion [CTP]images).>” These criteria have resulted in largely
excluding patients with large ischemic cores at baseline.
Patients with larger ischemic changes on noncontrast CT
or CTP are less likely to achieve high rates of functional inde-
pendence, given that substantial stroke evolution already has
taken place and irreversible damage has occurred. Moreover,
there are safety concerns; reperfusion of large infarcted areas
carries a higher risk of hemorrhagic transformation. Thus, the
risk-benefit ratio for thrombectomy is not well established in
the subpopulation with large cores or low ASPECTS.
Furthermore, the definition of a large ischemic core dif-
fers between CT and perfusion imaging, given the difference
of the 2 imaging modalities in the assessment of brain ische-
mia. While a CT scan that incorporates the ASPECTS detects
hypodense tissue, perfusion imaging identifies regions of very
low blood flow or volume. This difference could affect treat-
ment decisions and result in a variability of thrombectomy

clinical outcomes.

We describe and compare the clinical outcomes and safety
of endovascular thrombectomy in patients with large ische-
micinfarct on CT or CTP images compared with medical man-
agement alone. We also assess the variability of endovascular
thrombectomy outcomes in association with the volume of the
early ischemic lesion and time to thrombectomy treatment.

Methods

The study was a prespecified subanalysis of the Optimizing Pa-
tient Selection for Endovascular Treatment in Acute Ische-
mic Stroke (SELECT): a Prospective Multicenter Cohort Study
of Imaging Selection (NCT02446587). The SELECT trial
enrolled patients with stroke attributable to large-vessel
occlusion who were treated with endovascular thrombectomy
plus medical management (termed EVT herein) or medical
management alone, based on CT or CTP findings, up to 24 hours
from the point that they were last known to be well.

All patients received noncontrast CT, CT angiography, and
CTP using RAPID software (iSchemaView) for automated mis-
match determination, as well as a follow-up magnetic reso-
nance image (MRI) or noncontrast CT more than 24 to 36 hours
after enrollment. An independent core laboratory (headed by
C.S.) at University of Texas McGovern Medical School, blinded
to clinical outcomes, site, and imaging selection modality,
evaluated all available imaging. Modified Rankin Scale (mRS)
score assessment was performed at 90 days by assessors
blinded to the core laboratory reading and treatment assign-

ment (EVT vs medical management).
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Key Points

Question Do patients with large stroke with substantial ischemic
changes on imaging achieve reasonable functional and safety
outcomes with thrombectomy compared with medical
management only?

Findings This prespecified secondary analysis of a cohort study
analyzed 105 patients with substantial ischemic changes on
computed tomographic or computed tomographic perfusion
imaging, of whom 62 received endovascular thrombectomy.
Functional independence was achieved in 31% of patients who
received endovascular thrombectomy vs 14% who received
medical management only, while deaths, neurological worsening,
and symptomatic intracerebral hemorrhage were observed in
similar proportions in both groups; also, the likelihood of
functional independence declined by 40% with each hour delay
and 42% with each 10-cm? increase in stroke volume.

Meaning Endovascular thrombectomy may result in therapeutic
benefits for patients with large infarcts, especially if they are
treated early and have a core volume less than 100 cm?.

The CTP protocols for each site were adjusted to harmo-
nize acquisition parameters. The criteria were brain coverage
of at least 8 cm on the z-axis, temporal sampling resolution of
no more than 1.8 seconds, a tube voltage of 580-kV peak, a vol-
ume CT dose index of less than 360 mGy, a scan duration be-
tween 60 and 90 seconds, a contrast agent with a high iodine
concentration (eg, iohexol oriopamidol), an injection flow rate
between 4 and 6 mL/s, and an amount of contrast injected be-
tween 40 and 50 mL, with no scan delay after bolus injection.
Allowed scan modes used were burst mode (GE, Toshiba,
Philips), jog mode (Philips), or dynamic helical shuttle (Sie-
mens). For CT equipment with a detector width less than 8 cm,
either 2 CTP runs or the use of dynamic helical shuttle mode
were required. Iterative reconstruction methods were avoided
to reduce variability between vendors.

The study protocol was approved by the institution
review board at each participating site prior to the start of
the study. Written informed consent was obtained from
the patient or his or her guardian or legal representative
prior to data entry into the SELECT database and up to 7
days postprocedure.

Study Population

Patients with large cores were defined as having an ASPECTS
of 5 or less on noncontrast CT or an ischemic core volume of
50 cm? or more on CTP based on the volume of tissue with a
relative cerebral blood flow less than 30% at presentation. Pa-
tients were divided based on the treatment received into a
group receiving EVT vs a group receiving medical manage-
ment alone. The decision to proceed with EVT vs medical man-
agement alone was made at the discretion of the local inves-
tigators in a nonrandomized fashion. The study initially
included patients up to 8 hours after stroke onset, with the en-
rollment window extended up to 24 hours after the results of
the Clinical Mismatch in the Triage of Wake Up and Late Pre-
senting Strokes Undergoing Neurointervention With Trevo
(DAWN) trial® were announced.
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Study Treatments and Interventions

Mechanical thrombectomy primarily included the use of stent
retrievers or other US Food and Drug Administration-
approved devices as recommended by the American Heart As-
sociation guidelines.® Adjunctive use of aspiration was al-
lowed. Use of intra-arterial lytics and stenting was allowed as
per individual site treatment protocols.

Each study site was allowed to use their standard throm-
bectomy procedure practices for femoral access, sedation,
monitoring, and other tasks. Standard American Heart Asso-
ciation guideline-directed medical management was pro-
vided to all patients.

Study Outcomes

The primary outcome was the 90-day mRS score. A good out-
come was defined as functional independence (mRS scores,
0-2). Good to moderate functional dependence was defined
as an mRS score of O to 3, since the mRS score of 3 is consid-
ered areasonable outcome in patients with large ischemic cores
and substantial ischemic changes on imaging. Safety out-
comes included symptomatic intracerebral hemorrhage (wors-
ening of National Institutes of Health Stroke Scale [NIHSS] score
of 4 or more, with evidence of any intracerebral hemorrhage
on follow-up imaging),® neurological worsening (a worsen-
ing of the NIHSS score of 4 or more at 24 hours after the pre-
sentation NIHSS score was recorded), and mortality at 90 days.
Imaging outcomes for patients treated with EVT were post-
procedure modified treatment in cerebral ischemia scores (with
a successful reperfusion defined by a score of >2b) and final
infarct volumes measured on follow-up MRI diffusion-
weighted images or CT scans when MRIs were not available.

Statistical Analysis
Demographic factors, medical history, and baseline charac-
teristics of the patient cohort were described and compared
between patients who received EVT and those who received
medical management only. Characteristics were compared by
2-sample t test or Wilcoxon rank sum test for continuous vari-
ables and ¥ test or Fisher exact test for categorical variables.
First, the clinical outcomes were compared between the
groups receiving EVT vs medical management only. A shift analy-
sis of mRS scores (of 0-6 points) based on the proportional odds
model was performed using ordinal logistic regression model, ad-
justing for the potential confounders of age, NIHSS scores at pre-
sentation, baseline core volume, serum glucose at presentation,
clotlocation, intravenous tissue plasminogen activator status, and
time. Patients with mRS scores of O and 1 were combined for shift
analysis because of the limited sample size. The adjusted com-
mon odds ratios (aORs) of shifting from 1 category to the next were
reported with 95% ClIs. Furthermore, a comparison of 90-day
functional independence rates was also performed to compare
the EVT and medical management groups, after adjusting for the
same baseline variables using logistic regression model. The ad-
justed odds ratios (aORs; with 95% CIs) of having functional
independence were reported. Additional detailed analyses of pa-
tients with large ischemic cores on CT (ASPECTS <6), CTP (a vol-
ume with a relative cerebral blood flow <30% of >50 cm?®), and
both imaging modalities were also reported.
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Second, in patients treated with EVT, we assessed the
variables independently associated with 90-day functional
independence through a multivariable logistic regression
model. Clinically important variables (eg, intravenous tissue
plasminogen activator status and clot location), as well as
variables with P < .10 in a univariable analysis assessing
their association with good outcomes, were entered into the
model. A stepwise method was used for variable selection.
The aORs (with 95% ClIs) of functional independence were
reported.

We further assessed the outcomes associated with the dif-
ferent volume thresholds on CTP as well as ASPECTS on the
outcomes of EVT. A sensitivity analysis was performed to as-
sess for changes in the results in patients with an ischemic core
volume cutoff of more than 70 cm?>. Because prior EVT clini-
cal trials® have used ASPECTS score of 6 as the cutoff for
imaging exclusion criteria, a sensitivity analysis of outcomes
in patients with ASPECTS score of 6 or less was also per-
formed (eTable 6 in the Supplement).

Stata version 15 (StataCorp; 2017) and SAS version 9.4 (SAS
Institute) were used to perform data analyses. All reported
P values are 2-sided, and P values less than .05 were consid-
ered statistically significant.

. |
Results

Patients Cohort and Baseline Characteristics

Of 4722 screened patients in the SELECT study between
January 2016 and February 2018, 445 were eligible and con-
sented; 84 did not meet study criteria and were excluded
from analyses. Of the 361 remaining individuals, 105 (29.1%)
were classified as having large cores on CT (ASPECTS, 0-5) or
CTP (ischemic core volume, >50 cm?®) at the time of presen-
tation. Sixty-two patients received medical management
plus EVT, while 43 had medical management alone. Forty
patients (EVT, 14; medical management, 26) had demon-
strated large ischemic cores on both CT and CTP, whereas 31
had large ischemic cores on CT alone, and 34 patients had
large ischemic cores on CTP alone. Figure 1 shows a flow-
chart of patients enrolled in the SELECT trial, including
patients with large ischemic cores and their distribution,
based on the treatment received and imaging profile. Of
note, 53 patients had an ischemic core volume greater than
70 cm?® (EVT, 24; medical management, 29).

The demographics, medical history, baseline, imaging char-
acteristics, and procedural characteristics of the patients were
described and compared based on the treatment received (EVT
and medical management) (Table 1). Key differences be-
tween the 2 groups were the time elapsed from the point when
the patient was last seen well to arrival to the enrollment site,
the size of the baseline ischemic core volume, and the rate of
transferred patients to EVT-capable centers. All patients re-
ceiving EVT and all but 1 patient receiving medical manage-
ment had a mismatch of more than 20% between the ische-
mic core volume and the lesion on CTP, with a mismatch
volume (eg, the volume of the brain tissue with a time-to-
maximum (T-max) value >6 seconds but a relative cerebral
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Figure 1. Flowchart of Patients Enrolled in the Optimizing Patient's Selection for Endovascular Treatment in Acute Ischemic Stroke (SELECT) Study,
Patients With Large Cores, and Distribution Based on Treatment and Imaging Profile

445 Were enrolled

256 Did not meet the inclusion criteria with CT with ASPECTS 26 and CTP
with a volume with a relative cerebral bloodflow <30% of <50 cm3

84 Excluded
54 Did not pass screening
20 Had technically inadequate perfusion imaging
6 Had distal clot migration
3 Had incomplete occlusion
1 Had computed tomographic angiography motion abnormality

‘ 105 Had CT with ASPECTS <6 or CTP with a volume with regional cerebral bloodflow <30% of 50 cm3 ‘

|

|

‘ 31 Had a large core on CT only ‘

‘ 40 Had a large core on CT and CTP ‘

‘ 34 Had a large core on CTP only ‘

| ! |

| | |

23 Had endovascular 8 Had medical 14 Had endovascular
thrombectomy management only thrombectomy

26 Had medical 25 Had endovascular 9 Had medical
management only thrombectomy management only

The number enrolled refers only to the 445 individuals who were eligible after screening and consented to participate. ASPECTS indicates Alberta Stroke Program
Early CT Score; CT, computed tomography; and CTP, computed tomographic perfusion (imaging).

blood flow of >30%) of 10 cm? or more. The median (inter-
quartile range) mismatch volume was 121 (78-168) cm? in pa-
tients treated with EVT and 95 (70-144) cm? in those treated
with medical management.

Outcomes of EVT vs Medical Management

There were higher rates of functional independence at 90
days in the EVT group (19 of 62 [31%]) compared with those
treated only with medical management (6 of 43 [14%]; OR,
3.27 [95% CI, 1.11-9.62]; P = .03; Table 2), and there was also
a shift toward better outcomes across the mRS categories
with EVT (common OR, 2.12 [95% CI, 1.05-4.31]; P = .04;
Figure 2). Good to moderate outcomes (mRS scores, 0-3)
were numerically more common (EVT, 25 of 62 [40%] vs
medical management, 13 of 43 [30%]), but the difference
did not reach statistical significance (P = .29). After adjust-
ment for potential confounders, there was a nonsignificant
finding of better outcome with EVT (patients with mRS
scores of O to 2: aOR, 3.95 [95% CI, 0.62-25.35]; P = .15;
eTable 1 in the Supplement; shift analysis: common OR, 1.61
[95% CI, 0.71-3.63]; P = .25; eTable 2 in the Supplement). In
regard to imaging outcomes, patients treated with EVT com-
pared with those who received medical management only
had smaller final infarct volumes (median [interquartile
range], 97 (43-189) mL vs 190 (127-252) mL; P < .001) and
less infarct growth (44 [0.7-107.6] mL vs 98 [63-149] mL;
P =.006). There was a numerically higher but not signifi-
cantly different rate of symptomatic intracerebral hemor-
rhage (ICH) with EVT (EVT, 8 of 62 [13%] vs medical man-
agement, 3 of 43 [7%]; P = .51) but no difference in
neurological worsening (EVT, 13 of 62 [21%] vs medical
management, 8 of 43 [20%]; P = .87) or mortality with EVT
(18 of 62 [29%]) compared with medical management (8 of
63 [42%]; P = .17).
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Outcomes by Imaging Modality

Large Cores on CT

Of 71 patients with large cores on CT, 37 (52%) received EVT,
and 34 (48%) were treated with medical management only.
Functional independence rates were numerically but non-
significantly higher in patients treated with EVT (13 [35%])
compared with medical management only (6 [18%]; P = .10;
eFigure 1 in the Supplement). There was also a shift toward
better outcomes across the mRS categories with EVT, which
did not reach statistical significance (adjusted common OR,
1.76 [95% CI, 0.67-4.62]; P = .25). eTable 3 in the Supplement
displays the unadjusted and adjusted logistic and ordinal
logistic regression models for EVT outcomes on functional
independence and 90-day mRS score distribution in
patients with large cores by imaging modality. Rates of
safety outcomes, namely symptomatic ICH (4 [11%] vs 3
[9%]; P > .99) and neurological worsening (7 [19%] vs 4
[13%]; P = .53), were similar between the EVT and medical
management arms. Mortality rates (EVT, 6 [16%] vs medical
management, 13 [38%]; P = .06) did not reach statistical sig-
nificance. Similar results were observed in a sensitivity
analysis in patients with ASPECTS of 6 or less (eTable 6 in
the Supplement).

Large Cores on CTP

Of 74 patients with large cores on CTP, 39 (53%) received
EVT, and 35 (47%) received medical management only.
Rates of functional independence (8 [21%] vs 1 [3%]; P = .03)
were significantly higher in patients treated with EVT (eFig-
ure 1in the Supplement) There was a numerical difference
in functional outcome that was not statistically significant
(adjusted common OR, 1.53 [95% CI, 0.54-4.30]; P = .42;
eTable 3 in the Supplement). Rates of symptomatic ICH
(7 [18%] vs 3 [9%]; P = .24) and neurological worsening
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Table 1. Baseline Characteristics of the Cohort Based on Treatment Received

Patients, No. (%)

Endovascular Medical
Thrombectomy  Management

Characteristic (n=62) Only (n = 43) P Value
Age, median (IQR), y 66 (59-74) 66 (60-81) .542
Female 25 (40) 20(47) .53b
Serum glucose, median (IQR), 130(114-177) 131(113-158) .76°
mg/dL
Hypertension 49 (80) 34(79) .88P
Congestive heart failure 8(13) 5(12) .80°
Coronary artery disease 11(18) 8(19) .94b
Atrial fibrillation 14 (23) 10 (24) .92b
Diabetes 23(38) 15 (35) 77°
Prior transient ischemic attack 3 (5) 8(19) .05¢
Prior stroke 8(13) 3(7) .35¢
Smoker

Current 6(11) 11 (26) .04b

Past 11(19) 4(10) .18¢
Blood pressure at presentation,
median (IQR), mm Hg

Systolic 139(125-162)  150(130-163) .19°

Diastolic 80 (72-87) 81 (66-90) 922
Clot location

Internal carotid artery 19(31) 16 (37)

Middle cerebral artery P

M1 segment 37 (60) 20(47) ’
M2 segment 6(10) 7 (16)

Transferred to endovascular 27 (44) 30(70) .01P
thrombectomy-capable center
Arrival to endovascular 135 (58-256) 246 (153-351) .001°
thrombectomy-capable
hospital, median (IQR), min
Intravenous tissue plasminogen 43 (69) 26 (60) .35P
activator given
National Institutes of Health 20 (16-23) 21(17-23) .562
Stroke Scale score at
presentation, median (IQR)
Door to computed tomographic 12 (2-20) 9 (0-20) .58
imaging time, median (IQR)
Door to computed tomographic 20 (13-29) 15 (6-27) .06°
perfusion imaging time,
median (IQR)
Time from last seen well to 223.5 NA NA
endovascular thrombectomy, (152-339)
median (IQR), min
Alberta Stroke Program Early 5(4-7) 4 (3-5) <.001°
CT Score, median (IQR)
Volume with a relative cerebral  60.0 86.6 .0027
blood flow <30%, median (IQR) (37.0-87.4) (64.7-118.0)
Mismatch volume, 120.9 95.0 .16°
median (IQR) (78.0-168.0) (70.1-144.0)
Passes, No.

Multiple 32(52) NA NA

Single 29 (48) NA
Anesthesia

Conscious sedation 36 (58) NA NA

General anesthesia 26 (42) NA

Abbreviations: CT, computed tomography; IQR, interquartile range; NA, not

applicable.

Sl conversion factor: To convert serum glucose to millimoles per liter, multiply

by 0.0555.

2 Pvalue obtained using Wilcoxon rank sum test.

b pvalue obtained using Pearson x? test.

€ Pvalue obtained using Fisher exact test.
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Table 2. Clinical and Radiographic Outcomes of the Cohort
Based on Treatment Received

Patients, No. (%)

Endovascular Medical
Thrombectomy Management

Characteristic (n=62) Only (n = 43) P Value
90-d modified
Rankin Scale score

0 5(8) 1(Q2)

1 4(6) 1(Q2)

2 10 (16) 4(9)

3 6(10) 7 (16) .032

4 15 (24) 7 (16)

5 4 (6) 5(12)

6 18(29) 18 (42)
Good outcomes 19 (31) 6 (14) .05°
Good to moderate 25 (40) 13 (30) .29P
outcomes®
Neurological worsening 13 (21) 8(20) .87°
Symptomatic intracranial 8 (13) 3(7) 514
hemorrhage
Any intracranial 37 (60) 15 (36) .02°
hemorrhage
Death 18 (29) 18 (42) 170
Successful reperfusion® 50 (81) NA NA
Final infarct volume, 97 (43-189) 190 (127-252) .001f
median (IQR), cm?
Infarct growth, median 44 (1-108) 98 (63-149) .006"

(IQR), cm®

Abbreviation: NA, not applicable.

2 Pvalue obtained using univariate ordinal logistic regression.
®pvalue obtained using the Pearson x? test.

¢ Defined as modified Rankin Scale scores of O to 3.

9P value obtained using the Fisher exact test.

€ Modified treatment in cerebral ischemia grade of 2b or greater.

f P value obtained using Wilcoxon rank sum test.

(12 [32%] vs 7 [21%]; P = .33) were numerically but nonsig-
nificantly higher in patients treated with EVT. Mortality
rates (17 [44%] vs 17 [49%]; P = .67) were similar between
patients who received EVT vs those who received medical
management.

Large Cores on CT and CTP

Forty patients had large cores on both imaging modalities. Of
these, 14 (35%) were treated with EVT, and 26 (65%) were
treated with medical management only. Functional indepen-
dencerates were found in 2 individuals (14%) in the EVT group
compared with 1individual (4%) in the medical management
group (P = .28; eFigure 1in the Supplement). Multivariable or-
dinal logistic regression model showed a nonsignificant dif-
ference in 90-day mRS scores (adjusted common OR, 3.24 [95%
CI, 0.71-14.72]; P = .13; eTable 3 in the Supplement). Patients
treated with EVT had significantly higher rates of neurologi-
cal worsening (6 [46%] vs 3 [13%]; P = .04). Symptomatic ICH
(3 [21%] vs 3 [12%]; P = .65) and deaths (5 [36%] vs 12 [46%];
P = .74) were similar between patients treated with EVT vs
medical management only.
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Figure 2. Ninety-Day Modified Rankin Scale Score Distribution in Patients Treated With Endovascular

Thrombectomy vs Medical Management Only
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Outcomes Associated With Reperfusion

The successful reperfusion rate with EVT (modified treat-
ment in cerebral ischemia >2b) was found in 50 of 62 individu-
als (81%). Patients who achieved successful reperfusion had
numerically higher rates of functional independence (17 of 50
[34%] vs 2 0f 12 [17%] in those who had modified treatment in
cerebral ischemia scores of O to 2a), but this difference did not
reach statistical significance (aOR, 2.50 [95% CI, 0.15-41.22];
P = .52; eFigure 2 in the Supplement).

Outcomes Associated With Stroke Size on CTP

and Noncontrast CT

Patients with ischemic core volumes of 50 to 100 cm?® had good
outcomes rates (8 of 29 [28%]), whereas no patient (O of 10)
with a core volume greater than 100 cm? had functional inde-
pendence at 90 days (eFigure 3 in the Supplement). The odds
of a good outcome declined by 42% for each 10-cm? increase
in stroke volume on CTP (aOR, 0.58 [95% CI, 0.39-0.87];
P =.007). Similarly, rates of the safety outcomes increased, al-
beit nonsignificantly, with increasing core volume for pa-
tients with core volumes of 50 to 100 cm? vs greater than 100
cm? (symptomatic ICH, 3 0of 29 [10%] vs 4 0f 10 [40%]; P = .06;
neurological worsening, 7 of 29 [25%] vs 5 0f 10 [50%]; P = .24;
and mortality, 10 of 29 [34%] vs 7 of 10 [70%]; P = .05).
Figure 3A and B illustrate the outcomes of volume and time
on the probability of 90-day functional independence
with EVT.

The functional independence rates in patients receiving
EVT were 40% (8 of 20) for those with ASPECTS of 5, 40% (4
of 10) for those with ASPECTS of 4, and 14% (1 of 7) for those
with ASPECTS of 3. Of 34 patients with ASPECTS between O
and 5 who were treated with medical management only, 2 of
11 patients (18%) with ASPECTS of 5, 3 of 6 (50%) with ASPECTS
of 4, and 1 0f 10 (10%) with ASPECTS of 3 achieved functional
independence. No patient with ASPECTS of O to 2 achieved
functional independence at 90 days, although all received
medical management (eTable 4 in the Supplement). Restrict-
ing the comparison to patients with ASPECTS of 3 to 5, func-
tional independence rates were numerically but nonsignifi-
cantly higher in patients treated with EVT (13 0of 37 [35%] vs 6
of 27 [22%]; P = .26).

Figure 3C illustrates how the outcome of time to proce-
dure changed with each ASPECTS increment. The interaction
between ASPECTS and time to procedure on functional inde-
pendence was not statistically significant. Good outcome rates

JAMA Neurology October 2019 Volume 76, Number 10

numerically declined as the ASPECT decreased (a 14% reduc-
tion for each point reduction in ASPECTS), but these differ-
ences were not significant (aOR, 0.86 [95% CI, 0.54-1.37];
P = .52; eFigure 4 in the Supplement).

Sensitivity Analysis for Ischemic Core Volume

Greater Than 70 cm?

To assess 2 different ischemic core volume cutoffs (>70 cm?®
and >50 cm?), a sensitivity analysis was performed to evalu-
ate the likelihood of a shift toward better EVT outcomes in pa-
tients with an ischemic core volume greater than 70 cm?vs 50
to 70 cm®. Both groups had a similar reduction in the odds of
good outcome compared with those with a baseline core vol-
ume less than 50 cm? (those with volumes of 50-70 cm?: aOR,
0.29[95% CI, 012-0.70]; P = .005; those with volumes >70 cm?:
aOR, 0.30 [95% CI, 0.16-0.56]; P < .001).

Nonimaging Variables Independently Correlating

With Good Outcomes After EVT

Younger age (aOR, 1.13 [95% CI, 1.00-1.28]; P = .049 per year),
milder stroke severity on the NIHSS (aOR, 0.71 [95% CI, 0.54-
0.93]; P = .01 with each NIHSS score increment), and shorter
times from stroke onset to EVT (aOR, 0.60 [95% CI, 0.36-
0.99]; P = .045 per hour) were independently correlated with
good outcome (eTable 5 in the Supplement). There was a very
low (<10%) probability of achieving functional independence
when EVT occurred more than 12 hours after the time that the
patient was last known to be well (Figure 3D).

|
Discussion

Patients with an acute ischemic stroke with large-vessel oc-
clusion presenting with a substantial area of infarcted tissue
visible on imaging is an important subpopulation. They made
up almost one-fourth of all patients enrolled in the SELECT
study and thus this cohort. Treating physicians face uncer-
tainty on whether to proceed with EVT in these patients be-
cause of the lack of evidence from randomized clinical trials
supporting the efficacy of the intervention and safety con-
cerns regarding the consequences of futile reperfusion of large
territories of established ischemia.

Large cores on CTPimaging was assessed in a pooled analy-
sis of 50 patients with ischemic core volume of 70 cm? or
greater from the 7 clinical trials in the Highly Effective Reper-
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Figure 3. Association of Time and Stroke Size With Thrombectomy Outcomes in Patients With Large Core on Computed Tomographic

and Computed Tomographic Perfusion Images
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A, Association of volume (with a relative cerebral blood flow [rCBF] <30%) and
time with the probability of a good outcome (90-day modified Rankin Scale
score, 0-2) with endovascular thrombectomy (with ischemic core volume in
categories of 50-100 cm? or >100 cm?). A good outcome is associated with core
volume and time of computed tomographic (CT) perfusion imaging. There is a
decrease in likelihood of a good outcome with increase in the volume and as the
time progresses. B, Association of volume (with rCBF <30%) and time with the
probability of good outcome with endovascular thrombectomy (ischemic core
volume as a continuous variable). A good outcome is associated with the core
volume and time of CT perfusion imaging. There is a decrease in the likelihood

of a good outcome with increases in volume and time progression.

C, Association of Alberta Stroke Program Early CT Score (ASPECTS) and time
with the probability of good outcome (90-day modified Rankin Scale score,
0-2) with endovascular thrombectomy (an ASPECTS of 3, 4, or 5). The
probability of good outcome is associated with time but does not differ
significantly with ASPECTS. There is a decrease in the likelihood of a good
outcome with decrease in the ASPECTS and time progression. D, Association of
time only on the probability of good outcome with endovascular thrombectomy
in patients with large core. The probability of a good outcome decreases
significantly as time progresses, with very low probability (<10%) after 12 hours.

fusion Evaluated in Multiple Endovascular Stroke Trials
(HERMES) collaboration. Endovascular thrombectomy was as-
sociated with significant improvement in 90-day mRS score
distribution (functional independence rate in an unadjusted
analysis: EVT group, 2 of 25 [8%] vs medical management,
0 of 25 [0%]; common OR, 3.1[95% CI, 1.0-9.4]).1° The treat-
ment outcome, however, disappeared after adjusting for age
and NIHSS scores.

In this cohort, we compared outcomes for patients who re-
ceived EVT vs those who received medical management only.

jamaneurology.com

These nonrandomized data suggest better rates of functional
independence with EVT and a shift toward better overall 90-
day mRS scores. These benefits, however, did not reach sig-
nificance after adjusting for baseline imbalances. The small
sample size limits the power of this analysis.

In regards to safety, the rates of symptomatic ICH were
similar between the treatment groups, and the mortality rate
was lower in patients treated with EVT. Also, EVT was associ-
ated with smaller final infarcts and less infarct growth from
presentation than medical management. These findings may
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represent surrogates for potential clinical benefit in this popu-
lation with large strokes.

Successful reperfusion was associated with higher func-
tional independence rates in patients treated with EVT in this
cohort, but this finding also did not reach significance. Younger
patients and those with milder stroke severity at presenta-
tion were more likely to achieve functional independence af-
ter EVT, which is consistent with previous reports in the
literature.™

Previous reports indicated that good clinical outcomes with
EVT decrease as ischemic core size increases.!? A post hoc
analysis of the HERMES meta-analysis data'® showed that the
increase in ischemic core volume is associated with decrease
in good outcomes, albeit with potential benefit in patients up
to 125 cm?>. However, those trials largely excluded patients with
substantial ischemic core volumes, and the number of pa-
tients with large strokes was very limited (to 50 patients with
volumes >70 cm?).

We have assessed the outcome of different volume thresh-
olds (50 cm?, 70 cm?3, and 100 cm?) on the 90-day mRS distri-
bution. The likelihood of good outcome with EVT declined as
the volume increased, with a decline of 42% likelihood of good
outcome for increase of every 10 cm?® of ischemic core vol-
ume. These data suggest reasonable rates of functional inde-
pendence in patients with ischemic core volumes of 50 to 100
cm?. In 10 patients with volumes greater than 100 cm?, no func-
tional independence was observed with EVT. Furthermore,
symptomatic hemorrhage, neurological worsening, and mor-
tality rates increased with the ischemic core size increment and
was significantly higher in those with a volume greater than
100 cm®. There was, however, a limited number of patients in
this group (10 patients treated with EVT and 15 patients treated
with medical management only). Also, the rates of good out-
comes in patients with very large ischemic core lesions also de-
teriorated in those who received medical management only.
Thus, while treatment outcome determination can only be
achieved in a randomized study, it is possible that the treat-
ment outcome for a shift toward better outcomes may be still
maintained in patients with larger core volumes.

Stroke size can be estimated on both CT and perfusion
imaging. The 2 modalities measure different radiographicand
physiological parameters. Computed tomography measures tis-
sue hypodensities, whereas perfusion imaging measures the
cerebral blood flow and volume. Computed tomography is a
fast, inexpensive, and a universally readily available modal-
ity. However, it has a few limitations, such as the low inter-
rater reliability'®!* and inability to provide ischemic core vol-
ume information or mismatch data. While perfusion imaging
with an automated software can provide precise ischemic core
volumes and mismatch data, this comes with a higher cost and
infrastructure requirements and entails the use of contrast dye.
It may also be associated with technical difficulties, such as
motion artifacts and inappropriate bolus timing.

This study has estimated the early ischemic core size on
both CT and CTP, and the data suggest the potential for better
outcomes in patients treated with EVT compared with medi-
cal management alone using either imaging modality. While
both CT and CTP can identify those who may achieve func-
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tionalindependence with EVT, these data suggest that CTP may
be able to better identify patients with very large ischemic core
volumes who have high mortality and symptomatic ICH rates
after EVT. A decrease in ASPECTS on CT did not show a clear
association with safety and poor functional outcomes; thus,
the association between outcomes and ASPECTS was not as
linear as ischemic core volume per CTP was. This could be as-
sociated with the low number of patients in each ASPECTS cat-
egory. The differences in the outcomes associated with ische-
mic cores as measured by CTP and ASPECTS on functional
outcomes can also indicate differences between 2 modalities
in their ability to detect the volume of early tissue injury.

These data do not provide a definitive answer as to which
modality should be used for identifying patients with large
cores who would benefit from EVT. Data from randomized
clinical trials are required to answer this question, and these
are upcoming. These data provide hypothesis-generating evi-
dence that patients with large cores visible on CT or CTP may
achieve areasonable rate of functional independence after EVT.
Since CT is the standard imaging modality for assessing pa-
tients with strokes, treating physicians must use their judg-
ment when interpreting evidence of large infarction on CT if
CTPimagingis not available to quantify the volume of the early
ischemic cores.

Unlike patients with small ischemic core volume, for whom
the robustness of EVT benefit has been proven regardless of
time in both DAWN and Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke 3 (DEFUSE 3) trials, it
appears that the influence of time is more pronounced with
increased ischemic core volume. This analysis showed the like-
lihood of good outcome with EVT declined for each hour of
treatment delay, with a very low likelihood of benefit beyond
12 hours from the time that the patient was last seen well to
treatment. These findings contrast with that of patients with
small cores, in whom robust treatment outcomes have been
documented up to 24 hours after onset.®” This may be attrib-
utable to the fact that patients with small cores had slow pro-
gression, which allowed for a later treatment benefit. In con-
trast, patients with large cores already have substantial brain
injury; thus, the outcomes associated with time on EVT out-
comes will be more pronounced. These data showed that the
association between a large core as defined on different imaging
modalities (CT and CTP) and EVT outcomes is affected by time.

In regards to CTP, the ischemic core volume and time to
treatment both seem to affect the probability of functional in-
dependence. While late-window randomized clinical trials
demonstrated EVT safety and efficacy to be stable over time
in patients with small core volumes, this may not be the case
in patients with large-core infarcts. In patients with large cores
on CT, these data showed that lower ASPECTS on CT do not
affect the probability of functional independence with EVT as
much as the time delay does. This, however, could be attrib-
utable to the limited number of patients in each ASPECTS cat-
egory in this cohort. Still, though, it is very difficult to form
strong conclusions regarding these complex clinical associa-
tions based on these nonrandomized data with a limited sample
size. Whether core size selection for EVT should vary with time
or there is a time-invariant threshold remains to be seen. Pro-
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spective randomized data in a larger cohort of patients with
large cores from a randomized clinical trial may help clarify
these associations.

This study has several strengths. The SELECT study was
alarge prospective, multicenter cohort study with patients re-
ceiving unified imaging profile with a blinded independent core
laboratory and blinded outcome assessors. This patient popu-
lation was enrolled up to 24 hours after onset, which allowed
for assessment of patients with large cores in both the early
and late windows. The availability of both CT and CTP images
in all patients allowed for evaluation of large core outcomes
on both imaging modalities.

Currently, randomized clinical trials (SELECT2: A Ran-
domized Controlled Trial to Optimize Patient’s Selection for
Endovascular Treatment in Acute Ischemic Stroke, Efficacy and
Safety of Thrombectomy in Stroke With Extended Lesion and
Extended Time Window [TENSION],'® and In Extremis) are in
the planning stages to evaluate the efficacy and safety of EVT
in these patients, most of them using only ASPECTS on CT or
MRI to classify patients with large cores. These results show
that the treatment outcome of EVT appears to be negatively
influenced by the core size with significant safety concerns in
patients with very large cores (>100 cm?). Thus, a study that
includes both CT and perfusion imaging will be able to assess
not only EVT efficacy but also if both imaging modalities can
identify patients who may be treated safely with EVT and
achieve better outcomes than medical management. More-
over, it will allow for an assessment of the infarct volume on
EVT efficacy and safety. We have incorporated this to the de-
sign of SELECT 2, a randomized clinical trial that is evaluat-
ing EVT efficacy and safety in patients with large cores with
an adaptive design to address the association of volume and
time with EVT outcomes.

Limitations

Although this work provides suggestive evidence that EVT may
be efficacious in patients with large cores, it has many limita-
tions. While SELECT was a prospective study, the retrospec-
tive nature of the analyses carries inherent limitations. An-
other major limitation is the lack of randomization into EVT
vs medical management, which likely resulted in selection bias.
In particular, the patients in the medical management group
presented for evaluation later than the patients who received
EVT and had larger ischemic core lesions at baseline. As a re-
sult, the models were adjusted for presentation time, core vol-
ume, and other factors associated with outcomes. Patients with
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more substantial medical comorbidities were probably less
likely to be treated with EVT, and this factor is challenging to
adjust for. While this cohort is one of the largest reported for
large-core studies, the number of patients treated with ische-
mic core size of greater than 100 cm? was small. We also had
relatively few patients with large cores who were treated in the
late window, which may have been associated with the fact that
the DEFUSE 37and DAWN® trials excluded patients with large
cores. Also, only 1 patient with no mismatch on CTP imaging
was enrolled. As the no-mismatch profile is not uncommon in
patients treated in the late window, this suggests that the in-
vestigators were less likely to enroll these patients in the
SELECT trial. Also, none of the patients with ASPECTS of O to
2 were treated with EVT. This could highlight the current prac-
tice of treating physicians excluding these patients because of
the presumed low likelihood of functional independence with
considerable safety concerns. However, none of the patients
with ASPECTS of O to 2 who were treated with medical man-
agement only achieved functional independence, either. Fur-
thermore, restricting the analysis to patients with ASPECTS of
3 to 5, functional independence rates were still higher in pa-
tients treated with EVT as well. Whether EVT may result in bet-
ter functional outcomes without increasing adverse safety
events in patients with ASPECTS of O to 2 remains to be seen.

These data analyses assessed stroke size on CT and CTP,
but we did not have an MRI assessment prior to the throm-
bectomy procedure. Some centers use MRI to triage patients
prior to thrombectomy procedures. Prior studies have sug-
gested better functional outcomes with successful reperfu-
sion in patients with large cores, as measured by diffusion-
weighted images changes.!®!® Whether EVT is safe and
efficacious in patients with large cores on MRI remains to be
seen. A future randomized clinical trial, the In Extremis study,
will assess the EVT outcomes in patients with large cores on
MRI.

. |
Conclusions

In patients with large cores on CT or CTP images, EVT re-
sulted in reasonable rates of functional independence with ac-
ceptable safety. The potential benefit of EVT is likely less and
the risks of hemorrhage greater in patients who present late
or have very large core sizes (>100 mL). Future clinical trials
aimed at addressing the efficacy and safety of EVT in patients
with large cores are warranted and under way.
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