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Systematic review

Simplified stroke imaging selection modality for
endovascular thrombectomy in the extended time
window: systematic review and meta-analysis

Zimei Dong,"* Shan Deng,"? Jian Zhang," Shijian Chen,' Ziming Ye,' Limei Zhang,”

Ruiting Hu," Cai Zhong

ABSTRACT

Background The impact of imaging selection modality
on clinical outcomes of endovascular thrombectomy
(EVT) in the 6=24-hour time window remains
undetermined. We compared the clinical outcomes of a
simplified stroke imaging selection modality using non-
contrast computed tomography (NCCT)+CT angiography
(CTA) with using advanced CT perfusion (CTP).
Methods PubMed, Embase, Web of Science, and
Cochrane Central Register of Controlled Trials were
searched from inception to 1 May 2022 to compare
NCCT+CTAand CTP for patient selection for EVT in
late-presenting stroke with large vessel occlusions
(LVO). The primary outcome was the proportion of
patients achieving functional independence (modified
Rankin Scale score 0—2) within 180 days. The secondary
outcomes included mortality within 90 days, successful
recanalization, and any intracranial hemorrhage.
Results A total of 3419 patients in six articles were
included in this meta-analysis. There was no significant
difference between NCCT+CTA (no-CTP) and CTP in
functional independence either in overall or subgroup
analysis. However, the mortality in the no-CTP group
was higher than in the CTP group. Furthermore,

within the DAWN/DEFUSE 3-like subgroup, there

were no significant differences in mortality, successful
recanalization, and any intracranial hemorrhage between
the two groups.

Conclusion There was no significant difference
between the simplified NCCT+CTA modality and the
advanced CTP modality. The use of NCCT+CTA may
represent a reasonable option for selecting patients

for EVT in the extended time window, especially in the
absence of CTP and acute phase MRI capabilities.

Endovascular thrombectomy (EVT) has become
the standard of care for patients with acute
ischemic stroke caused by large vessel occlu-
sion (AIS-LVO) within 6 hours after symptom
onset. 2 Over the past 4years the landmark
DAWN (Clinical Mismatch in the Triage of
Wake Up and Late Presenting Strokes Under-
going Neurointervention with Trevo) and
DEFUSE 3 (Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke 3) trials
have further demonstrated a robust benefit of
EVT within the 6-24-hour window,* * opening
the indications for EVT in the extended time
window. Given that these two trials required

" Xiuying Liu," Chao Qin

1

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The simplified non-contrast CT (NCCT)+CT
angiography (CTA) imaging selection modality
has been researched in some studies which
showed that it may be safe and beneficial for
endovascular thrombectomy (EVT) in selected
patients in the extended time window. The
effect and safety of NCCT+CTA compared with
CTP is controversial and needs to be further
elucidated.

WHAT THIS STUDY ADDS

= The simplified NCCT+CTA imaging selection
modality achieved comparable functional
independence to CTP imaging in overall and
subgroup analysis.

= There were no significant differences in
mortality, successful recanalization, and
any intracranial hemorrhage between the
two imaging selection modalities in certain
populations (DAWN/DEFUSE 3-like).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings suggest that the simplified
imaging selection modality (NCCT+CTA) may be
used as an alternative to advanced CTP imaging
in selecting patients with late-presenting large
vessel occlusion for EVT.

= The analysis could provide an optional imaging
strategy to EVT for patients in the extended
time window in centers that lack advanced
imaging capabilities.

= Further well-conducted prospective randomized
controlled trials should be performed to
evaluate the necessity of CTP for patient
selection in EVT.

the use of CT perfusion (CTP) or MRI in all
patients, the American Heart Association/
American Stroke Association (AHA/ASA) and
the European Stroke Organization/European
Society for Minimally Invasive Neurological
Therapy (ESO/ESMINT) guidelines recommend
advanced imaging for selecting patients with
LVO stroke in the extended time window.?*©
However, the strict application of advanced
imaging may exclude some patients from treatment
due to the lack of availability of urgent CTP or
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MRI in many stroke centers globally.” Recommendations are not
even suggested for centers without advanced imaging. Several
simplified, less restrictive imaging selection modalities involving
more specific imaging parameters such as the Alberta Stroke
Program Early CT Score (ASPECTS) on non-contrast computed
tomography (NCCT)® or the collateral circulation status on CT
angiography (CTA) have been researched in some studies, and
showed that the NCCT+CTA imaging selection modality may
be safe and beneficial for EVT in selected patients in the late
time window.” ™2

This study aims to compare the more simplified NCCT+=CTA
imaging with CTP imaging for patient selection for EVT in the
extended window. A meta-analysis of published high-quality
observational studies was conducted.

METHODS

Search strategy and selection criteria

A review protocol was published for this study in PROSPERO
(CRD 42022322356). The PICOS (Patient population, Inter-
vention, comparator, Outcome, Study design) framework was
used to search for relevant articles: (1) the patient population
was adult patients undergoing EVT with AIS-LVO within 6 and
24 hours after symptom onset or after the time that patients
were last seen well (LSW); (2) the intervention was the more
simplified NCCT +CTA imaging selection modality for EVT; (3)
the comparator was CTP imaging for patient selection; (4) the
outcomes were functional independence, mortality, successful
recanalization, and any intracranial hemorrhage; and (5) the
study design was all study types except case reports. This meta-
analysis was conducted in line with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines."

We searched PubMed, Embase, Web of Science and Cochrane
Central Register of Controlled Trials from inception to 1 May
2022 for all studies that compared NCCT=CTA versus CTP
imaging selection in late presentation of stroke with LVO. We
created search strategies using a combination of the following
keywords (stroke, thrombectomy, and imaging selection) and the
relevant controlled vocabulary. Details of the literature search
strategies and full search terms are shown in online supplemental
table S1. We checked the reference lists of original studies,
review articles, other meta-analyses, editorials, and confer-
ence abstracts to look for other potentially eligible studies. We
imported all references generated from searches into the refer-
ence manager EndNote X9 (Thompson Reuters, Philadelphia,
Pennsylvania, USA). Eeach article was screened initially using
the title and the abstract, and subsequently by reading the full
text to select eligible articles based on the selection criteria. Two
review authors (ZD and SD) independently assessed each study.
Disagreements between the two reviewers were resolved by a
senior coauthor (JZ).

The Newcastle-Ottawa Scale (NOS) was used to score the
quality of the observational studies and the study quality was
classified as good, fair, or poor based on the Agency of Health-
care Research and Quality (AHRQ) standards.

Data extraction

Outcome measures used in each study were extracted inde-
pendently by two reviewers (ZD and SD), which included the
rates of achieving functional independence (mRS score 0-2)
within 180 days, mortality within 90 days, successful reperfusion
(defined as grade 2b or 3 (>50% of the affected territory) on the

Identification of studies via databases

Records identified from: Records removed before

PubMed (n=1911) g SCTCCNING:
Embase (n=5731) Duplicate records removed
WOS (n=4124) (n=4951)

Cochrane (n=795)

'

Records screened Records excluded

(n=7610) (n=2201)

Reports sought for retrieval __ Reports not retrieved

(n=5409) (n=5351)

Reports assessed for —p RepOItS excluded:

eligibility (n=58) In-eligible participants
(n=36)

Unable to extract data (n=8)
Duplicate data (n=6)
Abstract only (n=2)

Studies included in the
review (n=6)

Figure 1  Results of the systematic review of the literature for this
study. The database searches returned 12 561 studies. Of these, six were
ultimately included in the analysis. The reasons for exclusion are shown.

modified Treatment in Cerebral Infarction (mTICI) scale), and
any intracranial hemorrhage.

Meta-analyses

Analyses were performed using Review Manager (RevMan
Version 5.3; The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) and Microsoft Excel Version 2019 (Micro-
soft Corp). The meta-analysis summary calculated the relative
risk (RR) with 95% ClIs of the NCCT+CTA imaging selection
modality (no-CTP) versus the CTP imaging selection modality
for the above outcomes. Statistical significance was defined as
p=<0.05. Statistical heterogeneity among studies was evaluated
using the Cochrane Q test and the 12 statistic. P values <0.1and
12 statistic >50% represented substantial heterogeneity between
studies. If 12 >509% for the pooled analysis, we sought to explore
possible sources of heterogeneity.

RESULTS

Study characteristics

The results of the literature search are shown in figure 1. Initially
12561 records were searched, then 58 potentially eligible full-
text reports were retrieved after removing duplicate records
(n=4951) and excluding the records through the systematic
screening of titles and abstracts (n=7552). Ultimately, six articles
with 3419 patients were included in the meta-analysis.

The characteristics including study, year of publication, data
source, study design, the number of countries, sample size, site
of occlusion, premorbid mRS score, age, sex, baseline National
Institutes of Health Stroke Scale (NIHSS) score and ASPECTS
before treatment in the six studies are shown in table 1. All six
studies were evaluated with high quality of the scores ranging
from 7 to 9 by the NOS (see online supplemental table S2).
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Table 1 Characteristics of included studies

Study/ Total No of Median Baseline  Baseline
year of Data No of no of Site of Collateral Premorbid patients age Male NIHSS ASPECTS
publication  source Study design countries patients occlusion assessment mRS score no-CTP/CTP (years) (%) (median) (median)
Dekker, MR CLEAN  Post hoc 1 106 ICAM1\ Yes 0-2 85 21 No-CTP:  No-CTP: No-CTP:16 No-CTP:9
2021™ Registry analysis M2\M3\ 67.4 43.5 CTP: 13 CTP:7
AT\A2 CTP: CTP:
65.8 47.6
Almekhlafi, SOLSTICE Pooled 1" 608 ICAIMT\ Yes NA 229 379  No-CTP: No-CTP: No-CTP:15 No-CTP:8
2022° Consortium  multicenter M2 70 46.7 CTP: 16 CTP: 8
analysis CTP:70  CTP:
51.2
Herzberg, German Post hoc 1 208 ICAM1\ No 0-2 79 129  No-CTP: No-CTP: No-CTP:16 No-CTP:8
2021% Stroke analysis M2 75.8 494  CTP:16  CTP:8
Registry CTP: CTP:
72.3 67.4
Dhillon, National Post hoc 1 1046 NA No 0-1 668 378 NA No-CTP: No-CTP:16 NA
2022' Stroke analysis 51.6 CTP: 16
Registry of CTP:
UK 55.6
Nogueira, Trevo Retrospective 12 247 ICAM1\ No 0-2 67 180  No-CTP: No-CTP: No-CTP:16 No-CTP:8
20217 Retriever study M2 65.8 58.2 CTP: 15 CTP: 8
Registry CTP: CTP:
66.7 1.1
Nguyen, CLEAR study Retrospective 5 1204 ICAIMT\ No 0-2 534 752  No-CTP: No-CTP: No-CTP:17 No-CTP:8
2021" study M2 7 489 CTP:16  CTP:8

CTP:69 CTP:46

mRS, modified Rankin Scale; no-CTP, no CT perfusion; CTP, CT perfusion; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; ICA,
internal carotid artery; M1, M1 segment of middle cerebral artery; M2, M2 segment of middle cerebral artery; M3, M3 segment of middle cerebral artery; A1, A1 segment of the
anterior cerebral artery; A2, A2 segment of the anterior cerebral artery; NA, not available.

Clinical outcomes between the two groups (RR 0.97;95% CI10.83 to 1.13; p=0.68).
When comparing the simplified NCCT=CTA imaging selec- However, the mortality in the no-CTP group was higher than in
tion modality (no-CTP group) with the CTP imaging selection the CTP group (RR 1.21; 95% CI 1.04 to 1.40; p=0.01) (figure 2
modality (CTP group), there was no significant difference in the and figure 3). No heterogeneity was detected in functional inde-
rate of achieving functional independence (mRS scores of 0-2) pendence (p=0.56, I*’=0%) and mortality (p=0.68, [*=09).

no CTP CTP Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Fix 5% Cl M-H. Fixed, 95% CI
1.18.1 DAWN/DEFUSE3-like
Moriz Herzberg 2021 36 129 15 79  43% 1.65 [0.84, 3.26] T
Raul G. Nogueira 2021 40 66 98 179 6.6% 1.27 [0.72, 2.26] N
Thanh N. Nguyen 2021 220 534 333 752 52.0% 0.88[0.70, 1.10] t
Subtotal (95% CI) 729 1010 62.9% 0.98 [0.80, 1.19]
Total events 296 446

Heterogeneity: Chi? = 3.89, df =2 (P = 0.14); I?=49%
Test for overall effect: Z=0.25 (P = 0.81)

1.18.2 Non-DAWN/DEFUSE3-like

Luuk Dekker 2021 36 83 9 21 2.6% 1.02 [0.39, 2.69] -
Mohammed A Almekhlafi 2022 94 214 168 369 22.1% 0.94 [0.67, 1.32] -
Permesh Singh Dhillon 2022 112 207 67 122 12.4% 0.97 [0.62, 1.52] -1
Subtotal (95% Cl) 504 512 37.1% 0.95[0.73, 1.24] L 2
Total events 242 244

Heterogeneity: Chi? = 0.03, df =2 (P = 0.98); I = 0%
Test for overall effect: Z=0.36 (P = 0.72)

Total (95% ClI) 1233 1522 100.0% 0.97 [0.83, 1.13] ¢
Total events 538 690

iy 2 = = = .12 = 09 I } t i
Heterogeneity: Chi? = 3.94, df = 5 (P = 0.56); I = 0% 0.02 01 1 10 50
Test for overall effect: Z=0.41 (P = 0.68) Favours [no CTP] Favours [CTP]

Test for subaroup differences: Chi2 = 0.02. df =1 (P =0.89). I = 0%

Figure 2 Forest plot of achieving functional independence (modified Rankin Scale score 0-2) within 180 days in patients with large vessel occlusion
comparing the NCCT+CTA imaging selection modality (no-CTP group) versus the CTP imaging selection modality (CTP group). NCCT, non-contrast CT;
CTA, CT angiography; CTP, CT perfusion.
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no CTP CTP Risk Ratio Risk Ratio
__Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.19.1 DAWN/DEFUSE3-like
Moriz Herzberg 2021 43 129 22 79 10.2% 1.20 [0.78, 1.84] B
Raul G. Nogueira 2021 6 67 20 180 4.1% 0.81[0.34, 1.92] e
Thanh N. Nguyen 2021 125 534 159 752 49.4% 1.11[0.90, 1.36] r
Subtotal (95% CI) 730 1011 63.7% 1.10 [0.92, 1.32]
Total events 174 201
Heterogeneity: Chi? = 0.64, df =2 (P = 0.73); I?= 0%
Test for overall effect: Z = 1.05 (P = 0.29)
1.19.2 Non-DAWN/DEFUSE3-like
Luuk Dekker 2021 22 83 3 21 1.8% 1.86 [0.61, 5.61] ]
Mohammed A Almekhlafi 2022 44 214 58 369 15.9% 1.31[0.92, 1.86] ™
Permesh Singh Dhillon 2022 98 668 39 378 18.6% 1.42[1.00, 2.02] D
Subtotal (95% CI) 965 768 36.3% 1.39 [1.09, 1.78] L 4
Total events 164 100
Heterogeneity: Chi? = 0.39, df = 2 (P = 0.82); I = 0%
Test for overall effect: Z = 2.67 (P = 0.008)
Total (95% ClI) 1695 1779 100.0% 1.21 [1.04, 1.40] 4
Total events 338 301 . . . .
e 2 = - - - 12 = N9, T T T 1
Heterogeneity: Chi? = 3.13, df = 5 (P = 0.68); I = 0% 0.02 01 1 10 50

Test for overall effect: Z = 2.54 (P = 0.01)
Test for subaroup differences: Chiz2=2.28. df =1 (P =0.13). 12 =56.2%

Favours [no CTP] Favours [CTP]

Figure 3  Forest plot of mortality within 90 days in patients with large vessel occlusion comparing the NCCT+CTA imaging selection modality (no-
CTP group) versus the CTP imaging selection modality (CTP group). NCCT, non-contrast CT; CTA, CT angiography; CTP, CT perfusion.

Regarding the other clinical outcomes, there was substantial
heterogeneity in the rates of successful recanalization and any
intracranial hemorrhage among the included studies (p=0.002,
[*=73% and p=0.02, I*=64%), respectively; figure 4). Subgroup
analyses were performed to explore possible sources of hetero-
geneity. Based on the vital baseline characteristics of the DAWN
and DEFUSE 3 trials, the studies were divided into a DAWNY/
DEFUSE 3-like subgroup (baseline National Institutes of Health
Stroke Scale (NITHSS) =6, internal carotid artery or M1 or M2
occlusion, and premorbid mRS score 0-2) and a non-DAWN/
DEFUSE 3-like subgroup. In the DAWN/DEFUSE 3-like subgroup
the heterogeneity among the studies dramatically decreased with
successful recanalization (p=0.28, I*=22%) and any intracranial
hemorrhage (p=0.35, 1’=49%). In contrast, the heterogeneity
of studies in the non-DAWN/DEFUSE 3-like subgroup signifi-
cantly increased to 87% and 83%. In the DAWN/DEFUSE 3-like
subgroup there were no significant differences in the rates of
mortality, successful recanalization, and any intracranial hemor-
rhage between the no-CTP group and the CTP group (figure 3
and figure 4).

Moreover, no significant differences were found in functional
independence in the overall or subgroup analysis (figure 2).

DISCUSSION

DAWN and DEFUSE 3 were two landmark stroke trials that
changed the care paradigm for patients with LVO stroke who
presented within 6-24 hours of symptom onset. The two trials
rely entirely on advanced imaging (such as CT/MR perfusion or
diffusion-weighted imaging) to select patients because of its high
specificity in identifying patients who will benefit from treat-
ment. Unfortunately, due to potential treatment delays,'* extra
radiation exposure, contrast load, costs, and resource usage, it
is an enormous challenge to implement the extended window
protocols in many centers worldwide. It does not imply that
perfusion or diffusion imaging is the only method for selecting
patients. The use of perfusion imaging for EVT patient selection
has become increasingly controversial.

The clinical core mismatch was used to guide patient selection
in the DAWN trial,’> and the DEFUSE 3 trial relied on perfu-
sion imaging mismatch to choose eligible patients.* According to
previous studies, fewer than 25% of all stroke patients meet the
DAWN and DEFUSE 3 imaging criteria.'> Another study showed
that a significant proportion of patients who did not meet the
DAWN and DEFUSE 3 imaging criteria achieved functional
independence 3 months after EVT.'® 7 A recent study showed
that routine CTP screening reduced the chance of undergoing
EVT by 40% compared with a cohort identified through
NCCT=+CTA, whereas no difference in clinical outcomes was
observed.' It indicates that extension window selection criteria
may be too strict. With more inclusive selection paradigms, a
larger proportion of late presenting patients could be treated.

The effect and safety of imaging selection paradigms in
patients with AIS-LVO are still debated in the literature. Some
studies have suggested no significant differences in the rates of
90-day functional independence, 90-day mortality, successful
reperfusion and symptomatic intracranial hemorrhage.” '® Other
studies have shown that the patients selected by CTP more often
had symptomatic intracranial hemorrhage, but all the other
outcomes were comparable.’” 2 However, the result of the
recent study was inconsistent with previous research. Compared
with non-perfusion neuroimaging, acquisition of CTP for EVT
was related to improved functional outcomes in the late time
windows.?!

In this meta-analysis, when comparing the more simplified
NCCT £ CTA imaging selection modality (no-CTP) with the CTP
imaging selection modality, the rate of functional independence
was similar whether the strict DAWN/DEFUSE 3-like criteria or
more inclusive overall criteria were applied. The NCCT=CTA
imaging selection modality led to equivalent outcomes to those
in patients selected by CTP. Two factors could explain the equiv-
alence of outcomes across the imaging modalities. First, it has
recently been reported that several studies have demonstrated the
correlation between NCCT-ASPECTS and CTP core volumes.***
Second, in the extended time window the sensitivity of NCCT
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1.17.1 DAWN/DEFUSE3-like

Neuroimaging

A
no CTP CTP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI -H, Ran 9
1.15.1 DAWN/DEFUSE3-like
Moriz Herzberg 2021 101 129 68 79 12.2% 0.91[0.80, 1.03]
Raul G. Nogueira 2021 64 67 169 180 20.6% 1.020.95, 1.08]
Thanh N. Nguyen 2021 474 533 670 749 242% 0.99 [0.96, 1.03]
Subtotal (95% Cl) 729 1008 57.1% 0.99 [0.95, 1.03]
Total events 639 907
Heterogeneity: Tau? = 0.00; Chi? = 2.57, df = 2 (P = 0.28); I> = 22%
Test for overall effect: Z=0.35 (P = 0.73)
1.15.2 Non-DAWN/DEFUSE3-like
Luuk Dekker 2021 45 83 13 19 25% 0.79[0.55, 1.14] T
Mohammed A Aimekhlafi 2022 199 229 294 378 19.1% 1.12[1.04, 1.20] "
Permesh Singh Dhillon 2022 523 668 318 378 21.3% 0.93[0.88, 0.99] "
Subtotal (95% Cl) 980 775 42.9% 0.98 [0.83, 1.16] ¢
Total events 767 625
Heterogeneity: Tau? = 0.02; Chi = 15.96, df = 2 (P = 0.0003); I = 87%
Test for overall effect: Z=0.21 (P = 0.83)
Total (95% CI) 1709 1783 100.0% 0.99 [0.93, 1.05]
Total events 1406 1532
Heterogeneity: Tau? = 0.00; Chi? = 18.51, df = 5 (P = 0.002); I> = 73% 0 2 0‘ ) ; 1=0 50‘
Test for overall effect: Z = 0.30 (P = 0.76) ’ Favéurs [no CTP] Favours [CTP]
Test for subaroup differences: Chi? = 0.01. df =1 (P = 0.90). 1> = 0%
B

Risk Ratio Risk Ratio

Moriz Herzberg 2021 21 129 15 79 19.0% 0.86 [0.47, 1.56] "
Raul G. Nogueira 2021 1 67 1 180 2.1% 2.69[0.17, 42.34]

Thanh N. Nguyen 2021 42 518 43 743 24.2% 1.40[0.93, 2.11] el
Subtotal (95% Cl) 714 1002 45.3% 1.21[0.85, 1.72] <>
Total events 64 59

Heterogeneity: Tau? = 0.01; Chi2 = 2.08, df = 2 (P = 0.35); 12 = 4%
Test for overall effect: Z = 1.04 (P = 0.30)

1.17.2 Non-DAWN/DEFUSE3-like

Luuk Dekker 2021 2 85 3 21 48% 0.16[0.03,092] — -
Mohammed A Almekhlafi 2022 36 191 34 369 23.5% 2.05[1.32, 3.16] —
Permesh Singh Dhillon 2022 74 503 49 333 26.4% 1.00[0.72, 1.40] i
Subtotal (95% Cl) 779 723 54.7% 1.03 [0.46, 2.30]

Total events 112 86

Heterogeneity: Tau? = 0.36; Chiz = 11.96, df = 2 (P = 0.003); I> = 83%
Test for overall effect: Z = 0.06 (P = 0.95)

Total (95% Cl) 1493 1725 100.0% 1.17[0.77,1.76] >

Total events 176 145
Heterogeneity: Tau? = 0.14; Chi? = 14.04, df = 5 (P = 0.02); I* = 64%
Test for overall effect: Z = 0.73 (P = 0.46)

Test for subaroup differences: Chiz =0.13. df =1 (P = 0.72). P = 0%

0.02 041 1 10 50
Favours [no CTP] Favours [CTP]

Figure 4 Forest plot of (A) successful recanalization and (B) any intracranial hemorrhage in patients with large vessel occlusion comparing the
NCCT=CTA imaging selection modality (no-CTP group) versus the CTP imaging selection modality (CTP group). NCCT, non-contrast CT; CTA, CT

angiography; CTP, CT perfusion.

for the detection of ischemia increases over time, potentially
resulting in a higher accuracy for irreversible injury than the
relative cerebral blood flow,** since the presence of clinical core
mismatch does not decrease with time.”> Moreover, a recent

analysis of the HERMES cohort (Highly Effective Reperfusion
Evaluated in Multiple Endovascular Stroke Trials) suggested
no significant interaction between CTP mismatch volume and
functional outcomes.*® It can be supported by evidence that
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perfusion imaging overestimates the degree of irreversible brain
injury.”” More importantly, since advanced imaging is not gener-
ally available, using NCCT=CTAwill be a reasonable option for
the extended window. Further evidence is provided by the recent
CLEAR study that the clinical benefit of EVT in the extended
time window does not necessarily depend on the modality of
imaging, but rather on the speed of the successful treatment.'® 2%
In the SWIFT PRIME trial, the application of magnetic perfu-
sion resonance imaging did not heighten the effect of EVT, but
was connected with potential treatment delays.”’ Of note, the
door-to-puncture time was shorter in patients selected by NCCT
than in those selected by CTP or MRI. Hence, the simpler, less
costly, and easier NCCT = CTA imaging selection modality could
be an alternative to the CTP imaging selection modality.

The mortality without CTP selection paradigms in the overall
analysis was higher than with CTP. However, the mortality in
subgroup analysis was roughly the same between these two
imaging selection modalities. In the DAWN/DEFUSE 3-like
subgroup, included studies were limited to patients with
premorbid mRS scores of 0-2, occlusions of the internal carotid
or proximal middle cerebral arteries (M1/M2 segments), and
median (IQR) ASPECTS of 8. Considering the safety of the
treatment, the ideal candidates for successful EVT selected by
NCCT=CTA imaging would be those who meet the DAWN/
DEFUSE 3-like criteria. The results of the meta-analyses corre-
spond with the findings from some previous studies.>* Conse-
quently, the results of this analysis cannot be extrapolated to
other populations.

There are some limitations to this meta-analysis. First, all
studies included in this meta-analysis are retrospective obser-
vational research so there may be selection bias confounding
the results. Specifically, given the lack of data on the number
of patients excluded from EVT treatment and their outcomes,
we could only compare the overall results of patients who ulti-
mately underwent EVT treatment. Furthermore, the explicit
criteria used to select eligible patients with AIS-LVO according
to the imaging selection modality were unavailable in all the
included studies. While the final results were similar, this does
not mean that the same patients were selected in or out and
all classification methods may be inaccurate. Finally, differen-
tiation of imaging interpretation and post-processing software
across the different sites and centers may lead to bias. Only well-
conducted prospective randomized controlled trials can accu-
rately evaluate the necessity of CTP for patient selection in EVT.
We interpreted the results carefully. Although bias was unavoid-
able in the analysis, we can conjecture that some patients in the
NCCT=CTA imaging group would not have achieved good
outcomes if they were not offered EVT. More candidates could
be identified using NCCT = CTA imaging for EVT from patients
with AIS in the 6-24 hour time window. Similar deductions were
found in several studies. The ASTRAL cohort showed that twice
as many patients were identified for EVT by applying a more
liberal clinical/imaging mismatch criteria than strict trial (DAWN
and/or DEFUSE 3) criteria.” Another study showed that 18%
of trial ineligible patients with AIS-LVO receiving off-label
EVT achieved outcomes comparable to DAWN and DEFUSE
3-eligible patients.'

Currently, two randomized trials are under way to investigate
more simplified imaging selection modalities in the 6-24-hour
time windows—namely, the MR CLEAN LATE trial (Endovas-
cular Treatment of Acute Ischemic Stroke in the Netherlands for
Late Arrivals; ISRCTN19922220) and the RESILIENT-Extended
trial (Randomization of Endovascular Treatment in Acute Isch-
emic Stroke in the Extended Time Window; NCT04256096).

While awaiting the results of more inclusive randomized
controlled trials, it is necessary to use a personalized imaging
modality to get maximum benefits from EVT for late-presenting
patients with AIS-LVO.

CONCLUSIONS

The simplified NCCT = CTA imaging selection modality achieved
comparable functional outcomes to those with CTP imaging in
the current meta-analysis. The analysis could provide an alterna-
tive imaging strategy to EVT for patients with AIS-LVO in the
6-24-hour time window, especially in centers that lack advanced
imaging capabilities. While awaiting confirmatory data from
well-conducted prospective randomized trials, the current anal-
ysis suggests that a net benefit from EVT may still be obtained
in patients selected with simplified NCCT=CTA imaging in the
extended window.

Contributors Guarantor of integrity of entire study: CQ. Study concept/study
design: ZD, SD, JZ, ZY, CQ. Data acquisition: all authors. Data extraction and analysis:
ZD, SD, JZ, SC. Manuscript drafting: ZD. Manuscript revision for important intellectual
content: all authors. Approval of final version of submitted manuscript: all authors.
Statistical analysis: ZD, SD, JZ, LZ. Manuscript editing: all authors. All authors agree
to ensure any questions related to the work are appropriately resolved.

Funding This work was supported by grants from the National Natural Science
Foundation of China (81860222, 82060226, 81960220), Natural Science
Foundation of Guangxi Province (2019GXNSFDA 185008, 2019GXNSFAA185029),
Guangxi Zhuang Autonomous Region Health and Health Commission Self-financed
Research Projects (220170891, 220200017), and Liuzhou Science and Technology
Plan Project (2021CBC0121). The sponsors played no role in the study design, data
collection and analysis, or decision to submit the article for publication.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Cai Zhong http://orcid.org/0000-0003-4624-5110
Chao Qin http://orcid.org/0000-0002-9729-8506

REFERENCES

1 Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after
large-vessel ischaemic stroke: a meta-analysis of individual patient data from five
randomised trials. Lancet 2016,;387:1723-31.

2 Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management
of patients with acute ischemic stroke: 2019 update to the 2018 guidelines for the
early management of acute ischemic stroke: a guideline for healthcare professionals
from the American Heart Association/American Stroke Association. Stroke
2019;50:e344-418.

3 Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 hours after stroke
with a mismatch between deficit and infarct. N Engl J Med 2018;378:11-21.

4 Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at 6 to 16 hours with
selection by perfusion imaging. N Engl / Med 2018;378:708—-18.

60f7

Dong Z, et al. J Neurolntervent Surg 2024;16:101-106. doi:10.1136/jnis-2022-019556


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4624-5110
http://orcid.org/0000-0002-9729-8506
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
http://dx.doi.org/10.1161/STR.0000000000000211
http://dx.doi.org/10.1056/NEJMoa1706442
http://dx.doi.org/10.1056/NEJMoa1713973

5

Powers WJ, Rabinstein AA, Ackerson T. 2018 guidelines for the early management of
patients with acute ischemic stroke: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke 20182018;49:e46.
Turc G, Bhogal P, Fischer U, et al. European Stroke Organisation (ESO) - European
Society for Minimally Invasive Neurological Therapy (ESMINT) guidelines on
mechanical thrombectomy in acute ischaemic stroke endorsed by Stroke Alliance for
Europe (SAFE). Eur Stroke J 2019;4:6-12.

Nogueira RG, Haussen DC, Liebeskind D, et al. Stroke imaging selection modality
and endovascular therapy outcomes in the early and extended time windows. Stroke
2021;52:491-7.

Nagel S, Herweh C, Pfaff JAR, et al. Simplified selection criteria for patients with
longer or unknown time to treatment predict good outcome after mechanical
thrombectomy. J Neurointerv Surg 2019;11:559-62.

Almekhlafi MA, Thornton J, Casetta |, et al. Stroke imaging prior to thrombectomy

in the late window: results from a pooled multicentre analysis. J Neurol Neurosurg
Psychiatry 2022;93:468-74.

Kim B, Jung C, Nam HS, et a/. Comparison between perfusion- and collateral-

based triage for endovascular thrombectomy in a late time window. Stroke
2019;50:3465-70.

Santos T, Carvalho A, Cunha AA, et al. NCCT and CTA-based imaging protocol for
endovascular treatment selection in late presenting or wake-up strokes. J Neurointerv
Surg 2019;11:200-3.

Menon BK, Ospel JM, McTaggart RA, et al. Imaging criteria across pivotal
randomized controlled trials for late window thrombectomy patient selection. /
Neurointerv Surg 2020. doi:10.1136/neurintsurg-2020-016902. [Epub ahead of
print: 25 Nov 2020].

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71.

Lopez-Rivera V, Abdelkhaleq R, Yamal J-M, et al. Impact of initial imaging protocol on
likelihood of endovascular stroke therapy. Stroke 2020;51:3055-63.

Nannoni S, Strambo D, Sirimarco G, et al. Eligibility for late endovascular treatment
using dawn, DEFUSE-3, and more liberal selection criteria in a stroke center.
Neurointerv Surg 2020;12:842-7.

Desai SM, Rocha M, Molyneaux BJ, et al. Thrombectomy 6-24 hours after stroke in
trial ineligible patients. J Neurointerv Surg 2018;10:1033-7.

Ducroux C, Khoury N, Lecler A, et al. Application of the DAWN clinical imaging
mismatch and DEFUSE 3 selection criteria: benefit seems similar but restrictive volume
cut-offs might omit potential responders. £ur J Neurol 2018;25:1093-9.

20

21

22

23

24

25

26

27

28

29

30

Neuroimaging

Nguyen TN, Abdalkader M, Nagel S, et al. Noncontrast computed tomography vs
computed tomography perfusion or magnetic resonance imaging selection in late
presentation of stroke with large-vessel occlusion. JAMA Neurol 2022;79:22-31.
Dekker L, Venema E, Pirson FAV, et al. Endovascular treatment in anterior circulation
stroke beyond 6.5 hours after onset or time last seen well: results from the MR
CLEAN registry. Stroke Vasc Neurol 2021;6:572-80.

Herzberg M, Scherling K, Stahl R, et al. Late thrombectomy in clinical practice:
retrospective application of DAWN/DEFUSE3 criteria within the German Stroke
Registry. Clin Neuroradiol 2021;31:799-810.

Dhillon PS, Butt W, Podlasek A, et al. Perfusion imaging for endovascular
thrombectomy in acute ischemic stroke is associated with improved functional
outcomes in the early and late time windows. Stroke 2022;53:2770-8.

Voleti S, Vidovich J, Corcoran B, et al. Correlation of Alberta Stroke Program Early
Computed Tomography Score with computed tomography perfusion core in large
vessel occlusion in delayed time windows. Stroke 2021;52:498-504.

Nannoni S, Ricciardi F, Strambo D, et al. Correlation between ASPECTS and core
volume on CT perfusion: impact of time since stroke onset and presence of large-
vessel occlusion. AJNR Am J Neuroradiol 2021;42:422-8.

Bal S, Bhatia R, Menon BK, et a/. Time dependence of reliability of noncontrast
computed tomography in comparison to computed tomography angiography source
image in acute ischemic stroke. Int J Stroke 2015;10:55-60.

Desai SM, Tonetti DA, Molyneaux BJ, et a/. Interaction between time, ASPECTS, and
clinical mismatch. J Neurointerv Surg 2020;12:911-4.

Campbell BCV, Majoie CBLM, Albers GW, et al. Penumbral imaging and functional
outcome in patients with anterior circulation ischaemic stroke treated with
endovascular thrombectomy versus medical therapy: a meta-analysis of individual
patient-level data. Lancet Neurol 2019;18:46-55.

Garcia-Tornel Alvaro, Campos D, Rubiera M, et al. Ischemic core overestimation on
computed tomography perfusion. Stroke 2021;52:1751-60.

Kim BJ, Menon BK, Kim JY, et al. Endovascular treatment after stroke due to large
vessel occlusion for patients presenting very late from time last known well. JAMA
Neurol 2021;78:21-9.

Goyal M, Jadhav AP, Bonafe A, et al. Analysis of workflow and time to treatment and
the effects on outcome in endovascular treatment of acute ischemic stroke: results
from the SWIFT PRIME randomized controlled trial. Radiology 2016;279:888-97.
Siegler JE, Messé SR, Sucharew H, et al. Thrombectomy in DAWN- and DEFUSE-
3-ineligible patients: a subgroup analysis from the best prospective cohort study.
Neurosurgery 2020;86:E156.

Dong Z, et al. J Neurolntervent Surg 2024;16:101-106. doi:10.1136/jnis-2022-019556

70of 7


http://dx.doi.org/10.1161/STR.0000000000000158
http://dx.doi.org/10.1177/2396987319832140
http://dx.doi.org/10.1161/STROKEAHA.120.031685
http://dx.doi.org/10.1136/neurintsurg-2018-014347
http://dx.doi.org/10.1136/jnnp-2021-327959
http://dx.doi.org/10.1136/jnnp-2021-327959
http://dx.doi.org/10.1161/STROKEAHA.119.027216
http://dx.doi.org/10.1136/neurintsurg-2018-014051
http://dx.doi.org/10.1136/neurintsurg-2018-014051
http://dx.doi.org/10.1136/neurintsurg-2020-016902
http://dx.doi.org/10.1136/neurintsurg-2020-016902
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1161/STROKEAHA.120.030122
http://dx.doi.org/10.1136/neurintsurg-2019-015382
http://dx.doi.org/10.1136/neurintsurg-2019-015382
http://dx.doi.org/10.1136/neurintsurg-2018-013915
http://dx.doi.org/10.1111/ene.13660
http://dx.doi.org/10.1001/jamaneurol.2021.4082
http://dx.doi.org/10.1136/svn-2020-000803
http://dx.doi.org/10.1007/s00062-021-01033-1
http://dx.doi.org/10.1161/STROKEAHA.121.038010
http://dx.doi.org/10.1161/STROKEAHA.120.030353
http://dx.doi.org/10.3174/ajnr.A6959
http://dx.doi.org/10.1111/j.1747-4949.2012.00859.x
http://dx.doi.org/10.1136/neurintsurg-2020-015921
http://dx.doi.org/10.1016/S1474-4422(18)30314-4
http://dx.doi.org/10.1161/STROKEAHA.120.031800
http://dx.doi.org/10.1001/jamaneurol.2020.2804
http://dx.doi.org/10.1001/jamaneurol.2020.2804
http://dx.doi.org/10.1148/radiol.2016160204
http://dx.doi.org/10.1093/neuros/nyz485

	Simplified stroke imaging selection modality for endovascular thrombectomy in the extended time window: systematic review and meta-­analysis
	Abstract
	Methods
	Search strategy and selection criteria
	Data extraction
	Meta-analyses

	Results
	Study characteristics
	Clinical outcomes

	Discussion
	Conclusions
	References


