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Endovascular therapy in acute ischaemic stroke with large
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severities: a post-hoc analysis of the ANGEL-ASPECT trial
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Summary

Background Endovascular therapy (EVT) was demonstrated effective in acute large vessel occlusion (LVO) with large
infarction. Revealing subgroups of patients who would or would not benefit from EVT will further inform patient
selection for EVT.

Methods This post-hoc analysis of the ANGEL-ASPECT trial, a randomised controlled trial of 456 adult patients with acute
anterior-circulation LVO and large infarction, defined by ASPECTS 3-5 or infarct core volume 70-100 mL, enrolled from
46 centres across China, between October 2, 2020 and May 18, 2022. Patients were randomly assigned (1:1) to receiving
EVT and medical management or medical management alone. One patient withdrew consent, 455 patients were
included in this post-hoc analysis and categorised into 4 subgroups by lower or higher NIHSS (< or >16) and smaller
or larger infarct core (< or >70 mL). Those with lower NIHSS & smaller core, and higher NIHSS & larger core were
considered clinical-radiological matched subgroups; otherwise clinical-radiological mismatched subgroups. Primary
outcome was 90-day modified Rankin Scale (mRS). ANGEL-ASPECT is registered with ClinicalTrials.gov, NCT04551664.

Findings Overall, 139 (30.5%) patients had lower NIHSS & smaller core, 106 (23.3%) higher NTHSS & larger core, 130
(28.6%) higher NIHSS & smaller core, and 80 (17.6%) lower NIHSS & larger core. There was significant ordinal shift
in the 90-day mRS toward a better outcome with EVT in clinical-radiological matched subgroups: lower NIHSS &
smaller core (generalised OR, 1.76; 95% CI, 1.18-2.62; p = 0.01) and higher NIHSS & larger core (1.64;
1.06-2.54; 0.01); but not in the two clinical-radiological mismatched subgroups.

Interpretation Our findings suggested that in patients with anterior-circulation LVO and large infarction, EVT was
associated with improved 90-day functional outcomes in those with matched clinical and radiological severities,
but not in those with mismatched clinical and radiological severities. Simultaneous consideration of stroke
severity and infarct core volume may inform patient selection for EVT.
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Research in context

Evidence before this study

We conducted a literature search of PubMed using the search
term “(endovascular therapy or endovascular treatment or
thrombectomy) AND (large core or large infarct*) AND
(match or mismatch or clinical-radiological match or clinical-
radiological mismatch)” for the period of database inception
up to Jan 15, 2024, without any language restrictions. We
have also manually searched publications relevant to the six
completed randomised controlled trials (RESCUE-Japan LIMIT,
SELECT-2, ANGEL-ASPECT, TESLA, TENSION and LASTE)
reporting the efficacy of endovascular therapy (EVT)
compared to medical management alone in patients with
large infarction. We found no study that explored the efficacy
of EVT versus medical management alone, stratified by the
clinical severity of the stroke and the radiological severity of
the infarction, in acute large vessel occlusion patients with
large infarction.

Added value of this study
This post-hoc analysis of the ANGEL-ASPECT trial was the first
study, to our knowledge, to investigate the efficacy and safety

Introduction
Endovascular therapy (EVT) has been recommended by
current guidelines as a standard treatment for acute
ischaemic stroke (AIS) due to large vessel occlusion
(LVO) in the anterior circulation." However, patient
eligibility has been limited to those with an Alberta
Stroke Program Early Computed Tomographic Score
(ASPECTS)? of 6-10 or infarct core volume < 70 mL, i.e.,
small-to-medium infarct core, based on the eligibility
criteria of previous relevant randomised controlled trials
(RCTs).’ The reasons why those with a large infarct core
had been excluded from previous EVT trials mostly lie
in the concerns over a lack of penumbra that may not
benefit with EVT over medical management alone, and
possibly higher bleeding risks with EVT.**
Encouragingly, Five recent RCTs (RESCUE-Japan
LIMIT, SELECT-2, ANGEL-ASPECT, TENSION and
LASTE) have demonstrated better functional outcomes
with EVT than with medical management alone, in
patients with anterior-circulation LVO with a large
infarction.”™ Yet, the radiological eligibility criteria for
large infarction and the patient characteristics (e.g., the
stroke severity) were different among these trials. More-
over, there have been secondary analyses of these trials
indicating specific subgroups of patients who may or may
not benefit from EVT than medical management alone.""
A mismatch between the clinical severity of ischae-
mic stroke by NIH Stroke Scale (NIHSS) and the
radiological severity in terms of the infarct volume is
commonly seen in LVO patients. Previous studies have

of EVT versus medical management alone in patients with
acute large vessel occlusion and a large infarction, stratified by
the clinical severity of the stroke and the radiological severity
of the infarction. We found that EVT was associated with
improved 90-day functional outcomes in clinical-radiological
matched subgroups (53.8% of all patients), i.e., lower NIHSS &
smaller core and higher NIHSS & larger core, but not in
clinical-radiological mismatched subgroups (46.2% of all
patients), i.e., higher NIHSS & smaller core or lower NIHSS &
larger core. Moreover, there were more deaths within 90 days
in those receiving EVT than medical management alone in the
subgroup with lower NIHSS & larger core (one of the clinical-
radiological mismatched subgroups), although not reaching
statistical significance.

Implications of all the available evidence

The findings suggested that simultaneous consideration of
stroke severity and infarct volume may facilitate selection of
acute large vessel occlusion patients with large infarction,
who could truly benefit from EVT. These findings need to be
verified in studies with adequate statistical power.

indicated that a clinical-radiological mismatch was
associated with outcomes of LVO patients receiving EVT
treatment.” Yet, it is unknown whether EVT is safe and
effective in patients with a large infarction with
matched/mismatched clinical and radiological sever-
ities. Relevant evidence may inform patient selection for
EVT in affected patients. In the current study, we
therefore aimed to investigate the efficacy and safety of
EVT in patients with anterior-circulation LVO and a
large infarction further stratified by the clinical and
radiological severities of the stroke, based on post hoc
analysis of the Endovascular Therapy in Acute Anterior
Circulation Large Vessel Occlusive Patients with a Large
Infarct Core (ANGEL-ASPECT) trial.®

Methods

Study design

The ANGEL-ASPECT trial is a RCT evaluating the effi-
cacy and safety of EVT compared to medical manage-
ment alone in AIS patients with a large infarction due to
anterior-circulation LVO, conducted at 46 stroke centres
across China.® This study was approved by the institu-
tional review boards at Beijing Tiantan Hospital and
each trial site, which was conducted in accordance with
the principles of the Declaration of Helsinki and the
International Council for Harmonisation Guidelines for
Good Clinical Practice. All patients or their representa-
tives provided written informed consent before enroll-
ment. Detailed study protocol of ANGEL-ASPECT has
been reported previously.®'**
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Participants

In brief, patient inclusion criteria were 18-80 years of
age, AIS within 24 h after stroke onset with NIHSS of
6-30, prestroke modified Rankin scale (mRS) of 0-1,
LVO in initial segment of middle cerebral artery (MCA)
and/or intracranial segment of internal carotid artery
(ICA) on compute tomography (CT) or magnetic reso-
nance (MR) angiography. A large infarct core was
defined by ASPECTS 3-5 or infarct core volume
70-100 mlL, including the following conditions:
ASPECTS 3-5 on noncontrast CT within 24 h after
stroke onset regardless of the infarct core volume,
ASPECTS 0-2 on noncontrast CT within 24 h after
stroke onset and an infarct core volume of 70-100 mL,
or ASPECTS greater than 5 between 6 and 24 h after
stroke onset and an infarct core volume of
70-100 mL.**

Randomisation and masking

From October 2, 2020 to May 18, 2022, 456 patients
were enrolled in ANGEL-ASPECT and randomly
assigned (1:1) to receiving EVT and medical manage-
ment (EVT arm) or receiving medical management
alone (medical-management arm). In this post hoc
analysis, patients were stratified by the clinical severity
of the stroke and the radiological severity of the infarc-
tion. A cut-off of 70 mL of the infarct core volume was
used to dichotomise the radiological severity, as
infarctions with a volume >70 mL are widely considered
large lesions.'®” A cut-off of 16 in NIHSS was used to
dichotomise the clinical stroke severity, which was the
median NIHSS of patients in ANGEL-ASPECT,® and a
NIHSS > 16 has been used to define a severe stroke in
previous studies.'® Therefore, more specifically, patients
were categorised into 4 subgroups, based on a combi-
nation of NIHSS < or >16 (i.e., lower or higher NIHSS)
and infarct core volume < or >70 mL (i.e., smaller or
larger core).'*'” Those with lower NIHSS and smaller
core, and higher NIHSS and larger core were consid-
ered clinical-radiological matched subgroups; those with
higher NIHSS and smaller core, and lower NIHSS
and larger core were considered clinical-radiological
mismatched subgroups.

Data collection and imaging assessment at baseline
Baseline characteristics were obtained, including age,
sex, baseline NIHSS, medical history, blood pressure,
laboratory tests results, ASPECTS, hemisphere affected,
LVO site, stroke etiology, infarct core volume, critically
hypoperfused volume (defined by the injected tracer
agent arrival time to maximum of the residue function
[Tmax] exceeding 6 s),’ presence of penumbra (defined
as critically hypoperfused to infarct core ratio >1.8 and
penumbra volume >15 mL),’ intravenous thrombolysis,
wake-up stroke, interval from onset, treatment alloca-
tion, and EVT procedural characteristics (including
successful reperfusion defined by an extended

www.thelancet.com Vol 72 June, 2024

Thrombolysis in the Cerebral Infarction [eTICI] score of
2b50 or greater'” and rescue therapy).

All imaging data were independently assessed at the
imaging core laboratory, blinded to treatment allocation
and clinical outcomes. The infarct core volume was
evaluated using the RAPID software (iSchemaView),
defined as the area with a relative cerebral blood flow of
less than 30% of normal tissue in CT perfusion or an
apparent diffusion coefficient value of less than
620 x 10 mm? per second in MR imaging (MRI).?
More detailed imaging assessment methods were
described previously.*

Outcomes

Consistent with the main report of ANGEL-ASPECT,*
the primary outcome in this study was the 90-day
mRS score. Secondary outcomes included 90-day mRS
score of 0-2, the change in infarct core volume on CT
from baseline to 7 days or discharge (whichever was
earlier) or on MRI from baseline to 36 h, and target-
artery recanalization on CT or MR angiography at 36 h
defined as a modified arterial occlusive lesion grade of
2 or 3.”' Safety outcomes included symptomatic intra-
cranial haemorrhage (sICH) within 48 h after random-
ization, as defined by the Heidelberg bleeding
classification (an increase of >4 points in NIHSS or an
increase of >2 points in an NIHSS subcategory, with
any intracranial haemorrhage [ICH] on imaging),”> any
ICH within 48 h, death within 90 days, and need for
decompressive craniectomy during hospitalization.

Statistical analysis

Continuous variables were presented with medians and
interquartile range (IQR) and compared among the four
subgroups using Kruskal-Wallis tests. Categorical vari-
ables were presented with numbers and percentages
and compared among the four subgroups using x2 or
Fisher exact tests. Bonferroni correction was used to
compare the baseline characteristics among the four
subgroups, and two-tailed p < 0.05/4 = 0.0125 was
considered of statistically significant difference.”
Standardised differences were calculated between the
EVT and medical-management arms in each subgroup,
with an absolute value < 0.35 considered of balance
between the two arms.*

For the primary outcome in each of the 4 subgroups,
the proportional-odds assumption for the ordinal
logistic-regression model was not satisfied; therefore,
the Wilcoxon-Mann-Whitney generalised odds ratio
(OR) and 95% confidence interval (CI) were calculated
in an assumption-free ordinal analysis to detect a shift
in the distribution of mRS scores toward a better
outcome between the EVT and medical-management
arms. For the secondary and safety outcomes, we per-
formed a general linear model to calculate mean dif-
ferences with 95%CI for the change in infarct core
volume, and a Cox proportional-hazards model to
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estimate the hazard ratio (HR) and 95% CI on death
within 90 days between the two trial arms since the
proportional hazards assumption was satisfied. Differ-
ences in other secondary and safety outcomes between
the two arms were assessed using the Cochran—-Mantel-
Haenszel method, and relative risks (RR) with the 95%
CI were reported. Additional analyses were conducted
for the outcomes, adjusting for baseline characteristics
unbalanced between EVT and medical management
arms in each subgroup. Moreover, sensitivity analysis
was conducted by categorizing patients into 4 sub-
groups, based on a combination of NIHSS < or >16 and
infarct core volume < or >50 mL.

The interaction effects on all study outcomes were
analysed by a Wilcoxon-Mann-Whitney method, a
Cochran—-Mantel-Haenszel method, a general linear
model, or a Cox proportional-hazards model, which
respectively included treatment options (EVT versus
medical management alone) and two clinical-radiological
matched versus two mismatched subgroups, and treat-
ment options and four subgroups, as the multiplicative
interaction term. Statistical analyses were performed with
SAS software, version 9.4 (SAS Institute). Two-tailed
p < 0.05 was considered significant.®

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.

Results

Patient characteristics

Among the 456 patients enrolled from October 2, 2020,
to May 18, 2022, in ANGEL-ASPECT trial, 455 were
included in this post hoc analysis, after excluding 1 who

withdrew consent (Fig. 1). Of these, 139 (30.5%) had
lower NIHSS (median 13, IQR 11-14) & smaller core
(median 32 mL, IQR 11-55 mL); 106 (23.3%) had higher
NIHSS (median 20, IQR 17-22) & larger core (median
95 mL, IQR 79-118 ml); 130 (28.6%) had higher
NIHSS (median 19, IQR 17-21) & smaller core (median
42 mL, IQR 17-56 mL) and 80 (17.6%) had lower
NIHSS (median 12, IQR 10-14) & larger core (median
90 mL, IQR 78-120 mL) (Fig. 1 and Table 1). Hence,
245 (53.8%) patients had matched clinical and radio-
logical severities, and 210 (46.2%) had mismatched
clinical and radiological severities. Fig. 2 shows distri-
butions of patients by NIHSS and infarct core volume in
the four subgroups in a scatter plot.

Among the four subgroups, there were significant
differences in age, sex, NIHSS, ASPECTS, hemisphere
affected, critically hypoperfused volume and proportion
of patients with critically hypoperfused to infarct core
ratio > 1.8 and penumbra volume > 15 mL (Table 1).
The 2 subgroups with higher NIHSS (with larger or
smaller core) had significantly higher proportions of
left-hemisphere infarctions than the 2 subgroups with
lower NIHSS (Table 1). Regarding the specific AS-
PECTS regions, patients with higher NIHSS & smaller
core had higher proportions of left internal capsule,
caudate nucleus and lenticular nucleus infarctions,
while patients with lower NIHSS & larger core had
higher proportions of right insular ribbon and M1-M6
regions infarctions (Supplemental Table S1). No sig-
nificant difference was noted with other baseline vari-
ables among the four subgroups, including the time
from onset to door/imaging/randomization/puncture/
reperfusion, the proportions of patients randomised to
EVT or medical-management arms and the procedural
characteristics. Most baseline characteristics were
balanced between the EVT and medical-management
arms in each of these four subgroups, except for

| 456 Patients enrolled in ANGEL-ASPECT ‘

1 Withdrew consent

455 Patients included in the post-hoc analysis

]

[

‘ Clinical-radiological matched subgroups ‘

l l

|C,. at ‘

106 with higher NIHSS & larger core

| 139 with lower NIHSS & smaller core

130 with higher NIHSS & smaller core 80 with lower NIHSS & larger core

ll—l

%ﬁﬁﬁ

| 69 in MM arm

| 70 in EVT arm | ‘ 50 in MM arm ‘ 56 in EVT arm ‘

60 in MM arm 70 in EVT arm 46 in MM arm 34in EVT arm

Fig. 1: Flowchart of the study. Abbreviations: ANGEL-ASPECTS indicates Endovascular Therapy in Acute Anterior Circulation Large Vessel
Occlusive Patients with a Large Infarct Core; NIHSS, National Institutes of Health Stroke Scale; MM, medical management; EVT, endovascular

therapy.

www.thelancet.com Vol 72 June, 2024


http://www.thelancet.com

Articles

Variable® Lower NIHSS & Higher NIHSS & Higher NIHSS & Lower NIHSS & p value”
smaller core larger core smaller core larger core
(n = 139) (n = 106) (n = 130) (n = 80)
Age, median (IQR), yr 66 (59-71) 69 (61-74) 70 (63-75) 67 (58-72) 0.01
Sex 0.01
Male 89 (64.0) 53 (50.0) 78 (60.0) 59 (73.8)
Female 50 (36.0) 53 (50.0) 52 (40.0) 21 (26.2)
Baseline NIHSS, median (IQR) 13 (11-14) 20 (17-22) 19 (17-21) 12 (10-14) <0.001
Medical history
Hypertension 75 (54.0) 67 (63.2) 85 (65.4) 45 (56.3) 0.20
Diabetes 19 (13.7) 27 (25.5) 24 (18.5) 13 (16.3) 0.12
Hyperlipidemia 7 (5.0) 6 (5.7) 8 (6.2) 5 (6.3) 0.98
Atrial fibrillation 25 (18.0) (26 4) 6 (27.7) 15 (18.8) 0.16
Stroke 23 (16.6) 3 (123) 4 (18.5) 13 (16.3) 0.63
Current smoking 43 (30.9) 2 (30.2) 4 (26.2) 35 (43.8) 0.06
Systolic blood pressure, median (IQR), mmHg 147 (133-163) 154 (132-170) 151 (131-168) 148 (130-164) 0.55
Diastolic blood pressure, median (IQR), mmHg 85 (76-97) 87 (76-97) 85 (76-98) 83 (75-89) 0.26
Laboratory tests
Blood glucose, median (IQR), mmol/L 6.9 (5.8-8.3) 7.8 (6.4-9.7) 7.0 (6.2-9.1) 7.0 (5.9-8.3) 0.05
Creatinine, median (IQR), umol/L 65.0 (53.0-83.4) 69.0 (55.0-79.7) 70.2 (59.1-85.0) 67.0 (57.8-84.1) 0.44
ASPECTS based on CT, median (IQR) 4 (3-5) 3 (1-4) 3 (3-4) 3 (2-4) <0.001
0 0 (0.0) 6 (57) 0 (0.0) 2(25) <0.001
1(0.7) 21 (19.8) 1(0.8) 10 (12.5)
2 0 (0.0) 10 (9.4) 0 (0.0) 11 (13.8)
3 63 (45.3) 41 (387) 68 (52.3) 26 (32.5)
4 37 (26.6) 21 (19.8) 31 (23.9) 22 (27.5)
5 38 (27.3) 7 (6.6) 30 (23.1) 9 (11.3)
Hemisphere affected <0.001
Left 35 (25.2) 71 (67.0) 88 (67.7) 16 (20.0
Right 104 (74.8) 35 (33.0) 42 (323) 64 (80.0)
Occlusion site 0.02
ICA 34 (24.5) 45 (42.5) 50 (38.5) 35 (43-8)
MCA-M1 102 (73.4) 61 (57.6) 79 (60.8) 45 (56.3)
MCA-M2 3(2.2) 0 (0.0) 1(0.8) 0 (0.0)
Stroke etiology 0.04
Atherosclerosis 37 (26.6) 0 (18.9) 34 (26.2) 2 (27.5)
Cardioembolic 55 (39.6) 6 (52.8) 9 (53.1) 9 (36.3)
Others 47 (33.8) (28 3) 7 (20.8) 9 (36.3)
Infarct core volume, median (IQR), mL 32 (11-55) 5 (79-118) 42 (17-56) 90 (78-120) <0.001
Critically hypoperfused (Tmax > 6s) volume, median (IQR), mL 162 (108-193) 199 (165-257) 158 (121-216) 208 (166-247) <0.001
Critically hypoperfused to infarct core ratio >1.8 and penumbra 122 (91.7) 0 (61.9) 5(91.3) 49 (70.0) <0.001
volume >15 mL
Intravenous thrombolysis 39 (28.1) 8 (26.4) 8 (29.2) 24 (30.0) 0.95
Wake-up stroke 47 (33.8) 1(29.3) 8 (36.9) 21 (26.3) 0.36
Onset-to-door time, median (IQR), min 399 (209-707) 325 (199-630) 350 (190-559) 311 (163-575) 0.31
Onset-to-imaging time, median (IQR), min 466 (288-769) 373 (236-720) 410 (233-659) 366 (218-655) 0.17
Onset-to-randomization time, median (IQR), min 507 (337-803) 427 (283-760) 459 (293-708) 413 (259-698) 0.18
Onset-to-puncture time, median (IQR), min 616 (372-836) 454 (325-735) 428 (314-660) 464 (297-699) 0.13
Onset-to-reperfusion time, median (IQR), min 729 (431-956) 531 (392-797) 511 (409-704) 572 (408-852) 0.09
Treatment 0.41
MM 69 (49.6) 50 (47.2) 60 (46.2) 6 (57.5)
EVT 70 (50.4) 56 (52.8) 70 (53.9) 34 (42.5)
Successful reperfusion 25 (35.7) 18 (32.1) 30 (45.5) 12 (37.5) 0.47
Rescue therapy 16 (22.9) 6 (10.7) 8 (11.9) 4 (12.5) 0.19

numbers (%). °p value < 0.0125 was considered of statistical significance.

NIHSS indicates National Institutes of Health Stroke Scale; IQR, interquartile range; ASPECTS, Alberta Stroke Program Early Compute Tomography Score; CT, Compute Tomography; ICA, internal carotid
artery; MCA-M1, middle cerebral artery M1 segment; MCA-M2, middle cerebral artery M2 segment; MM, medical management; EVT, endovascular therapy. *Values are medians (interquartile range) or

Table 1: Baseline characteristics of patients based on stroke severity and infarct core volume.
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Fig. 2: Scatter plots showing relatively even distributions of patients in the four subgroups by the NIHSS score and infarct core volume.
Abbreviations: NIHSS indicates National Institutes of Health Stroke Scale.

diabetes, atrial fibrillation, ASPECTS, infarct core vol-
ume, critically hypoperfused to infarct core ratio > 1.8
and penumbra volume > 15 mL, and wake-up stroke in
some subgroups (with an absolute value of standardised
difference >0.35) (Table 2).

Outcomes

Outcome data are presented in Table 3, Fig. 3 and
Supplemental Fig. S1. There was significant ordinal
shift in the 90-day mRS distribution toward a better
outcome in EVT versus medical management in the
clinical-radiological matched subgroups: lower NIHSS
& smaller core (generalised OR, 1.76; 95% CI,
1.18-2.62; p = 0.01) and higher NIHSS & larger core
(generalised OR, 1.64; 95% CI, 1.06-2.54; p = 0.01); but
not in the clinical-radiological mismatched subgroups:
higher NIHSS & smaller core and lower NIHSS & larger
core. Yet, there was no statistically significant interac-
tion of the two clinical-radiological matched and the two
mismatched subgroups, nor across the four subgroups,
over the treatment effects of EVT versus medical man-
agement on the primary outcome (p = 0.13 and 0.38,
respectively; Table 3 and Supplemental Fig. S1).

For the secondary outcomes, patients receiving EVT
was more likely to have a 90-day mRS of 0-2 than those
receiving medical management alone, in the two
clinical-radiological matched subgroups (52.9% versus
21.7%; RR, 2.43; 95% CI, 1.48-4.01; p < 0.001; and
16.1% versus 2.0%; RR, 8.04; 95% CI, 1.05-61.21;
p = 0.01, respectively) and in the subgroup with higher

NIHSS & smaller core (22.9% versus 5.0%; RR, 4.57;
95% CI, 1.40-14.94; p = 0.01). Change in infarct core
volume from baseline to early follow-up (36 h, 7 days or
discharge) were similar between those receiving EVT
and medical management alone in each of the four
subgroups. The target-artery recanalization rate at 36 h
was significantly higher in EVT patients than
those receiving medical management alone in each of
the four subgroups (all RR > 1, p < 0.05). There
was no statistically significant interaction of the two
clinical-radiological matched and the two mismatched
subgroups, nor across the four subgroups, over the
treatment effects of EVT versus medical management
on any of the secondary outcomes (Table 3).

For the safety outcomes, any ICH was more
frequently seen in the EVT arm than the medical-
management arm in each of the four subgroups (all
RR > 1, p < 0.05). There were more sICH and decom-
pressive hemicraniectomy during hospitalization, in the
EVT arm than the medical-management arm in each of
the four subgroups, but none of the differences was
statistically significant (all p > 0.05). There were more
deaths within 90 days in the EVT arm than the medical-
management arm in the subgroup of lower NIHSS and
larger core (not reaching statistical significance;
p = 0.08); death within 90 days was not significantly
different between the two arms in other subgroups
(p > 0.05). For the interaction analyses, there was no
statistically significant interaction of the two clinical-
radiological ~matched versus two mismatched
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Variable®

Clinical-radiological matched subgroups

Clinical-radiological mismatched subgroups

Lower NIHSS & smaller core (n = 139)

Higher NIHSS & larger core (n = 106)

Higher NIHSS & smaller core (n = 130)

Lower NIHSS & larger core (n = 80)

MM arm (n = 69) EVT arm (n-70) SD”

MM arm (n = 50) EVT arm (n = 56) SD”

MM arm (n = 60) EVT arm (n = 70) SD°

MM arm (n = 46) EVT arm (n = 34) SD”

Age, median (IQR), yr
Sex

Male

Female
Baseline NIHSS, median (IQR)
Medical history

Hypertension

Diabetes

Hyperlipidemia

Atrial fibrillation

Stroke

Current smoking
Systolic blood pressure, median
(IQR), mmHg
Diastolic blood pressure, median
(IQR), mmHg
Laboratory tests

Blood glucose, median (IQR), mmol/L

Creatinine, median (IQR), umol/L
ASPECTS based on CT, median (IQR)
ASPECTS

0

Ul A W N R

Hemisphere affected
Right
Left

Occlusion site
ICA
MCA-M1
MCA-M2

Stroke etiology
Atherosclerosis
Cardioembolic
Others

Infarct core volume, median (IQR), mL

Critically hypoperfused (Tmax > 6s)
volume, median (IQR), mL

65 (59-71)
42 (60.9)

27 (39.1)
12 (11-14)

20 (29.0)
151 (141-166)

90 (80-97)

6.9 (5.7-8.5)

63.0 (48.5-79.4)

4 (3-5)

0 (0.0)
0 (0.0)
0 (0.0)
32 (46.4)
15 (21.7)
22 (31.9)

16 (23.2)
51 (73.9)
2 (2.9)

17 (24.6)

25 (36.2)

27 (39.1)

32 (10-57)
170 (108-209)

67 (59-71) 0.11
-0.10
47 (67.1)
23 (32.9)
13 (11-14) 0.05
36 (51.4) -0.10
7 (10.0) -0.22
4 (57) 0.06
17 (24.3) 036
2 (17.1) 0.03
3 (32.9) 0.08
144 (130—162) -0.29
4 (73-95) -0.25
0(5.9-8.2) -0.10
69.4 (58.6-88.5) 0.26
4 (3-4) -013
0.28
0 (0.0)
1(1.4)
0 (0.0)
31 (44.3)
22 (31.4)
16 (22.9)
-0.02
52 (74.3)
18 (25.7)
0.15
18 (25.7)
51 (72.9)
1 (1.4)
0.24
0 (28.6)
0 (42.9)
0 (28.6)
31 (13-54) -0.02

156 (107-188)  0.05

69 (59-74)
28 (56.0)

22 (44.0)
19 (17-21)

7.9 (6.6-11.2)

65.5 (54.5-82.0)

3 (2-4)

20 (40.0)
30 (60.0)
0 (0.0)

0 (20.0)

4 (48.0)

6 (32.0)

97 (77-125)
195 (143-248)

70 (63-75) 0.12
-0.23
25 (44.6)
31 (55.4)
20 (18-23) 0.29
32 (57.1) -0.27
12 (21.4) -0.20
3 (5.4) -0.03
13 (23.2) -0.15
7 (12.5) 0.02
14 (25.0) -0.24
145 (134-170)  -0.02
8 (76-97) 0.12
77 (61-92)  -031
69.9 (55.0-78.0) -0.09
3 (1-3) -0.27
0.57
5 (8.9)
10 (17.9)
6 (10.7)
23 (41.1)
11 (19.6)
1(1.8)
-0.04
18 (321)
38 (67.9)
0.09
25 (44.6)
31 (55.4)
0 (0.0)
0.19
0 (17.9)
2 (57.1)
4 (25.0)
(80—111) -0.38
210 (179-267)  0.22

68 (59-75)

39 (65.0)
21 (35.0)
19 (17-21)

87 (80-99)

6.7 (5.9-8.9)

69.4 (58.0-817)

3(3-4)

0.0)

22 (36.7)
38 (63.3)
0 (0.0)

5 (25.0)
3 (55.0)
2 (20.0)
(15 55)
162 (121-220)

70 (64-75) 0.18
-0.19

39 (55.7)

31 (44.3)
19 (17-21) 0.07
48 (68.6) 0.15
18 (25.7) 0.42
3(43) -0.17
22 (31.4) 0.18
11 (15.7) -0.15
4 (20.0) -0.31
150 (131-168)  -0.04
4 (70-96) -031
7.1 (6.3-9.1) 0.14
72.0 (59.2-90.0)  0.23
4 (3-4) 0.08
031

0 (0.0)

1(1.4)

0 (0.0)

33 (47.1)

20 (28.6)

16 (22.9)
0.03

23 (32.9)

47 (67.1)
0.16

28 (40.0)

41 (58.6)

1(1.4)
0.08

9 (27.1)

6 (51.4)

5 (21.4)
43 (19-56) 0.14
155 (122-216) 0.07

68 (57-73) 64 (59-72) -0.02
-0.12
35 (76.1) 24 (70.6)
11 (23.9) 10 (29.4)
12 (10-14) 13 (10-14) 0.03
25 (54.4) 20 (58.8) 0.09
7 (15.2) 6 (17.7) 0.07
2 (4.4) 3(8.8) 018
10 (21.7) 5 (14.7) -018
6 (13.0) 7 (20.6) 0.20
9 (413) 6 (47.1) 0.12
149 (134-164) 144 (123-163)  0.10
83 (75-89) 83 (75-89) 0.01
6.7 (57-7.9) 7.2 (6.0-8.6) 0.05
67.0 (60.0-80.5) 67.6 (54.1-86.9)  0.02
3(2-4) 3 (2-4) 0.15
0.65
1(2.2) 1(2.9)
9 (19.6) 1(2.9)
4 (8.7) 7 (20.6)
15 (32.6) 11 (32.4)
11 (23.9) 11 (32.4)
6 (13.0) 3(8.8)
0.10
36 (783) 28 (82.4)
10 (21.7) 6 (17.7)
-0.30
23 (50.0) 12 (35.3)
23 (50.0) 22 (64.7)
0 (0.0) 0 (0.0)
0.29
0 (21.7) 2 (35.3)
8 (39.1) 11 (32.4)
8 (39.1) 1(32.4)
88 (77-105) 97 (78-121) -0.05
204 (152-237) 216 (166-270)  0.10

(Table 2 continues on next page)
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Clinical-radiological mismatched subgroups

Clinical-radiological matched subgroups

Variable®

Higher NIHSS & larger core (n = 106) Higher NIHSS & smaller core (n = 130) Lower NIHSS & larger core (n = 80)

Lower NIHSS & smaller core (n = 139)

MM arm (n = 60) EVT arm (n = 70) SD® MM arm (n = 46) EVT arm (n = 34) SD”

MM arm (n = 50) EVT arm (n = 56) SD”

Sp°

MM arm (n = 69) EVT arm (n-70)

(Continued from previous page)

-0.30

20 (62.5)

29 (76.3)

-0.12

61 (89.7)

54 (93.1)

(95.5) 028 21 (512) 39 (69.6) 038

64

58 (87.9)

Critically hypoperfused to infarct core

ratio >1.8 and penumbra volume >15 mL

0.02
-0.35

(29-4)
6 (17.7)
325 (119-562)

10

14 (30.4)
15 (32.6)
-0.25 301 (181-608)
-0.23 357 (214-679)
-0.22 395 (253-745)

0.04
-0.25

21 (30.0)

17 (283)

26 (43.3)
-0.03 419 (201-682)
-011 453 (241-750)
-0.09 540 (303-781)

0.28

18 (32.1)
14 (25.0)

10 (20.0)
17 (34.0)
0.26 315 (164-633)
0.19 387 (231-742)
0.17 435 (261-777)

-0.17

17 (24.3)

27 (38.6)
444 (225-720)

22 319)
20 (29.0)
344 (198-662)

Intravenous thrombolysis

31.4)
313 (177-492)

22

-0.20

0.20

Wake-up stroke

0.05
0.01
-0.03

325 (211-518)
367 (241-570)

Onset-to-door time, median (IQR), min

374 (239-592)

355 (233-648)

514 (283-769)
562 (346-791)

412 (291-766)
463 (335-818)

Onset-to-imaging time, median (IQR), min

410 (289-681) 419 (264-607)

401 (285-644)

Onset-to-randomization time,

median (IQR), min

NIHSS indicates National Institutes of Health Stroke Scale; MM, medical management; EVT, endovascular therapy; SD, standardised differences; IQR, interquartile range; ASPECTS, Alberta Stroke Program Early Compute Tomography Score; CT, Compute

Tomography; ICA, internal carotid artery; MCA-M1, middle cerebral artery M1 segment; MCA-M2, middle cerebral artery M2 segment; Tmax, time to maximum of the residue function. *Values are medians (interquartile range) or numbers (%).

bp < 0.35 was considered of balance between the two arms.

Table 2: Baseline characteristics of patients between the medical-management and endovascular therapy arms in each of the four subgroups stratified by NIHSS and infarct-core volume.

subgroups over the treatment effects of EVT versus
medical management on death (p = 0.06), or for other
safety outcomes (Table 3).

After adjusting for baseline characteristics unbal-
anced between EVT and medical management arms in
each subgroup, the results for the outcomes
(Supplemental Table S2) were similar with the findings
above.

Sensitivity analyses

The sensitivity analysis, by categorizing patients into 4
subgroups by NIHSS < or >16 and infarct core
volume < or >50 mL, showed similar results
(Supplemental Table S3) with the analyses above using a
cut-off of 70 mL to dichotomise the infarct core volume.

Discussion

The ANGEL-ASPECT trial demonstrated better func-
tional outcomes with EVT than medical management
alone in anterior-circulation LVO patients with a large
infarction defined by ASPECTS 3-5 or infarct core vol-
ume 70-100 mL. In this post hoc analysis, we further
stratified the patients into 4 subgroups by the “consis-
tency” of the clinical and radiological severities,
respectively scaled by NIHSS (< or >16) and infarct core
volume (< or >70 mL). We found that patients with
lower NIHSS & smaller core or higher NIHSS & larger
core, ie., the clinical-radiological matched subgroups,
had improved functional outcomes with EVT compared
with medical management alone. However, this study
did not provide evidence of the effectiveness of EVT over
medical management alone in subgroups with mis-
matched clinical and radiological severities (higher
NIHSS & smaller core or lower NIHSS & larger core).
Moreover, there were more deaths within 90 days in
those receiving EVT than medical management alone in
the subgroup with lower NIHSS & larger core.

Many multicentre trials investigating EVT in LVO
patients used ASPECTS in the imaging eligibility
criteria to assess the infarct size, as it is easy to
conduct.”* However, ASPECTS, either read manually,
or automatically with advances in imaging assessment
techniques in recent years, could be prone to errors or
discrepancies due to different display settings and
other factors, particularly when assessed in noncontrast
CT.? In addition, ASPECTS may not accurately reflect
the infarct volume, with regions of different sizes or
different functional significance weighted the same in
the scale, e.g., 1 point for each of the subcortical re-
gions (caudate, internal capsule, lentiform and insular
ribbon) and cortical regions in MCA territory."””
Therefore, in this post hoc analysis, we used the
quantitatively measured infarct core volume rather
than ASPECTS for the infarct size, to more precisely
classify  the clinical-radiological ~matched and
mismatched subgroups.
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Clinical-radiological matched subgroups Clinical-radiological mismatched subgroups p value for interaction
Lower NIHSS & smaller core (n = 139) Higher NIHSS & larger core (n = 106) Higher NIHSS & smaller core (n = 130) Lower NIHSS & larger core (n = 80) Matched 4
by
MM EVT Treatment P MM EVT Treatment p MM EVT Treatment P MM EVT Treatment p \l\,:irsS;Satche d subgroups
(n=69)" (n=70) effect value (n =50)" (n=56)" effect value (n=60)" (n=70)" -effect value (n=46)" (n=34)" Effect value subdrouns
(95% 1 (95% 1 (95% 1’ (95% 1’ grovw
Primary outcome
90-day mRS® 3(3-4) 224 176 001  5(4-6) 4(3-6) 164 001 4 (3-5) 4(3-6) 112 (075-1.65) 024 4 (3-5) 3(3-6) 131 037 013 038
(1.18-2.62) (1.06-2.54) (0.76-2.26)
Secondary
outcomes
90-day mRS 15 (21.7) 37 (52.9) 2.43 (148-401) <0.001  1(2.0) 9 (16.1) 8.04 001  3(50) 16 (22.9)  4.57 (1.40-14.94) 0.01 7 (15.2) 7(20.6) 135 054 056 029
of 0-2° (1.05-61.21) (0.52-3.50)
Change in 56.7 53.9 12.68 035 1201 72.6 -25.44 016 983 56.8 -4.54 0.80 100.4 772 -18.16 038 0385 0.74
infarct core (26.6-115.6) (24.6-111.4) (-13.89 to 39.26) (71.9-1707) (27.9-151.1) (-60.35 to (29.6-165.7) (32.0-150.6) (-39.78 to 30.70) (61.7-176.9) (30.2-144.5) (-59.42 to
volume, mL* 9.47) 23.11)
Target-artery 26 (42.6) 53 (84.1) 197 (1.44-2.69) <0.001 9 (23.1) 40 (90.9)  3.94 <0.001 23 (47.9) 55(87.3) 1.82 (134-2.48) <0.001 9 (25.0) 21(77.8) 311 <0.001 0.51 022
recanalization (2.20-7.04) (1.71-5.67)
at 36 h*
Safety outcomes
SICH within 48 h' 2 (2.9) 6(8.6)  2.96 (0.62-1415) 0.15 2(40)  3(54) 134 074 1(17) 3(43) 257 (027-24.08) 039 1(2.2) 2(59) 271 039 087 0.92
(0.23-7.69) (0.26-28.63)
Any ICH within 14 (203) 36 (51.4) 253 (151-4.26) <0.001 6 (12.0) 23 (411)  3.42 <0001 12 (20.0) 39 (557) 279 (1.61-4.82) <0.001 7 (152) 15 (441)  2.90 001 078 0.98
48 h (1.51-7.72) (1.33-6.32)
Death within 6 (87) 6(8.6) 098 (032-3.03) 097 20 (40.0) 15(26.8)  0.62 016 14 (233) 20 (28.6) 1.23(0.62-2.44) 055 5 (10.9) 9 (265) 2.69 0.08 0.06 013
90d (0.32-1.21) (0.90-8.02)
Decompressive 1(L5) 2(29) 197 (018-21.24) 057 3(6.0) 5(89) 1.49 057  1(17) 4(57)  3.43(039-29.85) 023 3 (6.5) 6(177) 271 012 059 0.90
hemicraniectomy (0.37-5.91) (0.73-10.06)
during
hospitalization
NIHSS indicates National Institutes of Health Stroke Scale; MM, medical management; EVT, endovascular therapy; Cl, confidence interval; mRS, modified Rankin Scale; sICH, symptomatic intracranial haemorrhage; ICH, intracranial haemorrhage. *Data
are presented as number (percentage) of patients for categorical values and median (IQR) for continuous or ordinal variables. *The treatment effect is reported for the primary outcome as a generalised odds ratio with the 95% confidence interval for
the ordinal shift in the distribution of scores on the modified Rankin scale toward a better outcome; for change in the infarct core volume, as the mean difference with the 95% confidence interval; for death, as a hazard ratio with the 95% confidence
interval; and for other outcomes, as the relative risk with the 95% confidence intervals. The widths of the confidence intervals for the secondary outcomes were not adjusted for multiple comparisons and may not be used for hypothesis testing.
“Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating greater disability. dChange in infarct core volume was measured from baseline imaging (CT perfusion or diffusion-weighted imaging) to noncontrast CT at 7 days or
at discharge (whichever is earlier) or to magnetic resonance imaging (MRI) at 36 h. Six patients (three in each trial group) could not be assessed because of poor follow-up image quality, serious illness, or death. “Target-artery recanalization was
defined as a modified arterial occlusive lesion grade of 2 or 3, as assessed on CT angiography (CTA) or magnetic resonance angiography (MRA) at 36 h (with a window of +12 h). Data on the follow-up CTA or MRA were not available for 74 patients
(33 in the endovascular therapy arm and 41 in the medical-management arm) because of serious illness or death. ‘Symptomatic intracranial haemorrhage was defined according to the Heidelberg bleeding classification (an increase in the NIHSS score
of >4 points or an increase in the score for an NIHSS subcategory of >2 points with any intracranial haemorrhage on imaging).
Table 3: Efficacy and safety outcomes in the 4 subgroups classified by NIHSS and infarct core volume.
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Fig. 3: Distributions of modified Rankin Scale at 90 days in the four subgroups stratified by NIHSS and infarct core volume. A generalised
odds ratio (gOR) and 95% confidence interval (95%Cl) in each subgroup is provided in the figure to present a shift in the distribution of mRS
scores toward a better outcome between the endovascular therapy and medical-management arms. A gOR >1 favored the endovascular therapy
arm over the medical-management arm. Abbreviations: mRS indicates modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale;
EVT, endovascular therapy; MM, medical management; gOR, generalised odds ratio; Cl, confidence interval.

This study supported the benefit of EVT over medical
management alone in anterior-circulation LVO patients
with a large infarction with matched clinical-radiological
severities. It is intuitive that the subgroup of patients
with lower NIHSS (median 13) and a smaller infarct
core (median 32 ml) would benefit from EVT than
medical management alone, who resembled patients in
previous trials with a small-to-medium sized infarc-
tion.”” These patients were probably recruited to
ANGEL-ASPECT based solely on ASPECTS (meeting
one of the imaging eligibility criteria), which again re-
flected possible differences in ASPECTS and the infarct
volume as discussed above. The other clinical-
radiological matched subgroup with higher NIHSS
(median 20) and larger infarct core (median 95 mL) also
had improved functional outcomes with EVT over
medical management alone. These are the most “se-
vere” patients, as shown by the higher 90-day median
mRS and very low rate of functional independence in
both the EVT and medical management groups (16.1%
versus 2.0%). Even so, the benefit of EVT in improving
the functional outcomes remained, largely driven by the
in general very poor functional outcome (median mRS
5) and the minimal chance of achieving mRS 0-2 at 90
days (2.0%) if treated with medical management alone.
On the other hand, around 62% of patients with higher
NIHSS & larger core had a presence of penumbra
(defined by critically hypoperfused to infarct core ratio
>1.8 and penumbra volume >15 mL), which might be

another reason why these “most severe” patients could
benefit from EVT.

However, this study did not provide evidence on the
effectiveness of EVT over medical management alone in
subgroups of patients with mismatched clinical and
radiological severities (higher NIHSS & smaller core, or
lower NIHSS & larger core). A considerable proportion
of patients with higher NIHSS (median 19) & smaller
core (median 42 mlL) had ischaemic lesions in the left
subcortical nucleus regions with important neurological
functions, hence the severe neurological deficits despite a
relatively small infarct core.”*” As these regions are often
bereft of collateral supply, there may not be much room
for reperfusion therapy to salvage brain tissue in these
regions, which therefore may not improve the functional
outcomes.* Considering the higher chance of achieving
mRS 0-2 (22.9% versus 5.0%) with EVT but meanwhile a
higher risk of any ICH (55.7% versus 20.0%) with EVT
over medical management alone, further studies are
needed to verify the safety and efficacy of EVT in this
subgroup. For patients with lower NIHSS & larger core, a
considerable proportion had the infarctions in the less-
functional cortical regions in the right hemisphere.
Therefore, restoring blood flow in these regions might
have little effect on neurological function recovery,
which, however, could increase the risk of any ICH
(44.1% versus 15.2%) and death (26.5% versus 10.9%).

Our study had several limitations. First, although
ANGEL-ASPECT aimed to test EVT in patients with a
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“large infarction”, a considerable proportion of patients
enrolled had an infarct core <70 mL, as ASPECTS 3-5
alone was used as the imaging inclusion criterion for
some patients. A similar issue existed in other trials
testing EVT in those with a “large infarction”.” How-
ever, this was inevitable when these trials aimed to
include the maximum number of patients with a large
core for whom EVT is not recommended by current
guidelines with Level 1 evidence.' Second, there was no
established thresholds to define match or mismatch
between clinical and radiological severities with NIHSS
and infarct core volume. It was defined differently in
previous studies with different patient populations, e.g.,
NIHSS >10 & infarct core volume <20 mL in an intra-
venous thrombolysis study’’; NIHSS >10 & infarct core
volume <21 mL in patients older than 80 years, or
NIHSS >10 & infarct core volume <31 mL in patients
younger than 80 years, or NIHSS >20 & infarct core
volume 31-51 mL in patients younger than 80 years in
an EVT trial.”” Further studies are needed to establish
such thresholds or criteria, to more accurately identify
patients who may or may not benefit from EVT in future
trials. Third, the sample sizes of the subgroups were
relatively small. Therefore, the analyses were under-
powered (82%, 61%, 8% and 18% power for the primary
outcome, respectively in the 4 subgroups), and we were
unable to estimate a treatment effect with enough pre-
cision to make definitive conclusions, particularly in the
clinical-radiological mismatched subgroups. Further,
despite the different findings in these subgroups, there
was no statistically significant interaction of NIHSS and
infarct core volume with the treatment effects of EVT
versus medical management on the outcomes, either
between the clinical-radiological match and mismatch
groups, or across the four subgroups. Hence, our find-
ings need to be verified in studies with adequate
statistical power, for instance, by patient-level meta-
analysis with recent RCTs*'** on EVT in LVO with a
large infarction. Such subsequent analyses could also
validate the current findings (from Chinese patients) in
other populations.

In patients with anterior-circulation large vessel
occlusion and large infarction defined by ASPECTS 0-5
and/or infarct core volume 70-100 mL in the ANGEL-
ASPECT trial, we found EVT associated with improved
90-day functional outcomes in those with matched
clinical and radiological severities, i.e., NIHSS < 16 &
infarct core <70 mL or NIHSS >16 & infarct core
>70 mL. Yet, the current analyses did not provide
evidence over the benefit of EVT in patients
with mismatched clinical and radiological severities, i.e.,
NIHSS >16 & infarct core <70 mL or NIHSS < 16 &
infarct core > 70 mL. In addition, EVT may be associ-
ated with a higher risk of any ICH and death within 90
days in the subgroup with NIHSS <16 & infarct
core >70 mL. With limited sample sizes of the sub-
groups and lack of significant interaction between the
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clinical-radiological matched and mismatched sub-
groups on the outcomes, the “neutral” findings in the
clinical-radiological mismatched subgroups should be
interpreted with caution, particularly for the subgroup
with NIHSS > 16 & infarct core < 70 mL who are treated
with EVT on a daily basis. While future studies are
needed to verify the findings, simultaneous consider-
ation of the stroke severity and infarct core volume may
facilitate selection of acute LVO patients with large in-
farctions, who could truly benefit from EVT.
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