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Background and Purpose To investigate the number and characteristics of patients eligible for 
endovascular treatment (EVT) determined using three different selection methods: clinical-core 
mismatch, target mismatch, and collateral status.
Methods Using the data of consecutive patients from two prospectively maintained registries of 
university medical centers, the number and characteristics of patients according to the three 
selection methods were investigated and their correlation was analyzed. Patients with anterior 
circulation stroke due to occlusion of the middle cerebral and/or internal carotid artery and a 
National Institute of Health Stroke Scale (NIHSS) score of ≥6 points, who arrived within 8 hours or 
between 6 and 12 hours of symptom onset and underwent magnetic resonance imaging prior to 
EVT, were included. Collateral status was assessed using magnetic resonance perfusion-derived 
collateral flow maps.
Results Three hundred thirty-five patients were investigated; the proportions of patients who were 
eligible and ineligible for EVT in all three selection methods were both small (n=85, 25.4%; n=54, 
16.1%, respectively). The intercorrelation among the three selection methods was low (κ=0.235). 
The baseline NIHSS score and onset-to-selection time interval were associated with the presence 
of clinical-core mismatch, while the penumbra/core volume ratio and onset-to-selection time 
interval were related to target mismatch; none of these variables were associated with collateral 
status. The infarct core volume was associated with favorable profiles in all three selection 
methods.
Conclusions Although the application of individual selection methods resulted in favorable 
outcomes after EVT in clinical trials, there is a significant discrepancy in EVT eligibility depending 
on the selection method used.
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Introduction

The beneficial effect of endovascular treatment (EVT) with me-
chanical thrombectomy has been confirmed in acute ischemic 
stroke (AIS) in pivotal randomized controlled trials (RCTs). A 
meta-analysis of individual patient data from five RCTs showed 
that the benefit of EVT decreased with the delay in recanaliza-
tion after stroke onset.1 However, recent phase III RCTs on EVT 
in an extended time window reported considerable and re-
markable functional recovery after EVT compared with that af-
ter medical treatment in carefully selected patients.2,3 EVT was 
initiated between 6 and 16 hours after symptom onset in pa-
tients with target mismatch in the Diffusion and Perfusion Im-
aging Evaluation for Understanding Stroke Evolution (DE-
FUSE)-3 trial3 and between 6 and 24 hours after symptom on-
set in patients with mismatch between clinical presentation 
and ischemic core, as measured using diffusion-weighted im-
aging (DWI)/computed tomography (CT) perfusion in the DWI 
or CT Perfusion Assessment with Clinical Mismatch in the Tri-
age of Wake Up and Late Presenting Strokes Undergoing Neu-
rointervention with Trevo (DAWN) trial.2 Retrospective studies 
showed that good collaterals predict better clinical responses 
to EVT beyond 5 hours from onset.4-7 Prospective studies on 
EVT based on the collateral status assessed on CT or magnetic 
resonance imaging (MRI) are ongoing (https://clinicaltrials.gov/
ct2/show/NCT03234634 and https://clinicaltrials.gov/ct2/
show/NCT02668627).

Different selection methods use varying parameters to select 
candidate patients for EVT, and it is possible that patients who 
are eligible for EVT in one selection method are considered in-
eligible in other selection methods, which may lead to contro-
versies in patient treatment decisions in clinical practice. We 
hypothesized that the number of patients with AIS who are eli-
gible for EVT would differ depending on the selection method 
used. Thus, we applied three selection methods (clinical-core 
mismatch, target mismatch, and collateral status) in two sepa-
rate cohorts of AIS due to large-vessel occlusion. We investi-
gated the number of patients eligible for EVT and compared 

their characteristics depending on the selection method used.

Methods

Patient selection
Using the data of consecutive patients from two prospectively 
maintained registries of university medical centers (Samsung 
Medical Center [SMC], Seoul and Seoul National University 
Bundang Hospital [SNUBH], Seongnam), we identified patients 
who (1) had a National Institute of Health Stroke Scale (NIHSS) 

score of ≥6 points at admission, (2) had a prestroke modified 
Rankin Scale score of 0 or 1 point, (3) had an acute infarction 
within the middle cerebral artery (MCA) territory due to occlu-
sion of the internal carotid artery and/or proximal MCA (M1 
segment), and (4) underwent pretreatment brain MRI, includ-
ing DWI, magnetic resonance perfusion (MRP), and magnetic 
resonance angiography (MRA).

To apply the three selection methods to different settings in 
terms of the time to selection, patients with clear symptom 
onset time who presented at SMC within 8 hours of symptom 
onset (from July 2005 to January 2016) and those who pre-
sented at SNUBH within 6 to 12 hours of symptom onset (from 
January 2011 to September 2016) were evaluated. The two 
time periods were selected on the basis of available patient 
data with sufficient clinical and MRI parameters for the selec-
tion classification in each center. According to the institutional 
hyperacute stroke critical pathway in SNUBH, patients who ar-
rived within 6 hours of symptom onset underwent CT for EVT 
candidate selection. This study was approved by the local Insti-
tutional Review Boards of the participating centers, with the 
requirement of patient consent waived owing to the anonymity 
of the collected data and the minimal risk to the participants.

The patients were evaluated on the basis of their demo-
graphic data, medical history, vascular risk factors, routine 
blood test findings (total cholesterol, triglyceride, high-density 
and low-density lipoprotein cholesterol, and C-reactive protein 
levels), brain imaging findings (multimodal MRI and vascular 
studies), and cardiological assessment findings (electrocardiog-
raphy, ≥24-hour cardiac telemetry, or echocardiography) ac-
cording to the study protocol. 

Three selection methods
The three selection methods were previously described else-
where and are shown in Table 1.2,3,8

(1) Clinical-core mismatch was diagnosed as described in the 
DAWN trial based on the following factors:2 age ≥80 years, NI-
HSS score ≥10 points, and infarct volume <21 mL; age <80 
years, NIHSS score ≥10 points, and infarct volume <31 mL; and 
age <80 years, NIHSS score ≥20 points, and infarct volume of 
31 to 51 mL.

(2) Target mismatch was diagnosed as described in the DE-
FUSE-3 trial based on the following factors:3 infarct volume on 
DWI <70 mL, ischemic tissue volume/initial infarct volume ra-
tio ≥1.8, and absolute volume of potentially reversible ischemia 
(Tmax, >6 seconds) ≥15 mL. MRP post-processing and data 

analysis were performed as described in our previous study.9 

MRI volume measurements were semi-automatically per-
formed using a computer-assisted volumetric analysis program 

https://clinicaltrials.gov/ct2/show/NCT03234634
https://clinicaltrials.gov/ct2/show/NCT03234634


Chung et al.  Three Selection Methods for EVT

https://doi.org/10.5853/jos.2019.01578334 http://j-stroke.org

(Medical Image Processing, Analysis and Visualization version 
3.0, NIH, Bethesda, MD, USA) by an investigator who was 
blinded to the clinical information.

(3) Collateral status was assessed using collateral flow 
maps:8 Collateral flow maps were generated on the basis of 
source data derived from dynamic susceptibility contrast-en-
hanced MRP (DSC-MRP) and were automatically generated 
using an in-house software (Fast Analysis SysTem for COLLat-
erals) developed using MATLAB (MathWorks, Natick, MA, USA), 
as previously reported.8 This MRP-based collateral flow map 
method was applied in a French multicenter trial.10 In this 
study, the patients were divided into two groups according to 
their grade: poor (American Society of Interventional and Ther-
apeutic Neuroradiology [ASITN] and the Society of Interven-
tional Radiology [SIR] scale grade 1-2, no collaterals or some 
defect) or good (grade 3-4, complete collateral flow to the oc-
cluded vascular bed). 

MRP methods and image analysis
At SMC, MRI was performed using the 3 T Philips Achieva mag-
netic resonance scanner (Philips Medical Systems, Best, the Neth-
erlands). Typical MRI sequences for acute stroke included at least 
DWI, DSC-MRP, fluid-attenuated inversion recovery, and MRA of 
the cervical and intracranial vessels (three-dimensional time-of-
flight MRA and contrast-enhanced MRA, including the extracrani-

al carotid and vertebral arteries). DWI was performed with two 

levels of diffusion sensitization (b values of 0 and 1,000 sec/mm2; 
slice thickness of 5 to 7 mm; no gap). DSC-MRP was performed 
using gradient-echo and echo-planar imaging techniques after in-
travenous administration of gadolinium (Dotarem [gadoterate 
meglumine], Guerbet, Aulnay-sous-Bois, France), with a repetition 
time of 1,718 ms for a total acquisition time of approximately 90 
seconds with 20 slices. The contrast agent was injected at a dose 
of 0.1 mmol/kg, with a flow rate of 3 mL/sec, using a power injec-
tor to the antecubital vein via an 18-gauge intravenous cannula 
approximately 7 seconds after beginning the acquisition. The other 
parameters for DSC-MRP were as follows: echo time=35 ms, flip 
angle=40°, acquisition matrix=128×128, field of view=24×24 

cm2, section thickness=5 mm, and intersection gap=2 mm. In to-
tal, 1,000 DSC-MRP raw images, composed of 50 time points per 
slice, were obtained.

At SNUBH, MRI was performed using the 1.5 T or 3 T mag-
netic resonance systems (Intera 1.5 T or Intera Achieva or Inge-
nia 3 T, Philips Health Care). Typical MRI sequences for acute 
stroke included at least DWI, DSC-MRP, fluid-attenuated inver-
sion recovery before and after contrast agent administration, 
and MRA of the cervical and intracranial vessels (three-dimen-
sional time-of-flight MRA and contrast-enhanced MRA, in-
cluding the extracranial carotid and vertebral arteries). DWI 
was also performed with two levels of diffusion sensitization (b 

Table 1. Differences among the three selection methods for endovascular treatment of acute ischemic stroke

Clinical-core mismatch Target mismatch Collateral status

Parameters Age
NIHSS score
Core size

Core
Penumbrae

Collateral grade alone

Candidate patients A. Patients aged ≥80 years with an 
NIHSS score of ≥10 points and in-
farct core volume of <21 mL

B. Patients aged <80 years with an 
NIHSS score of ≥10 points and in-
farct core volume of <31 mL or with 
an NIHSS score of ≥20 points and 
infarct core volume of <51 mL

A. Predicted infarct core volume of ≤70 mL
B. Ratio between the volumes of critically hy-

poperfused tissues (Tmax, >6 sec)
C. Ischemic core of ≥1.8, with an absolute dif-

ference of ≥15 mL

A. Grade 3: slow but complete collateral flow 
in the occluded MCA territory. 

B. Grade 4: rapid and complete collateral flow 
in the occluded MCA territory.

Key characteristics Highly dependent on clinical features 
(location of infarcts)

Delayed arterial reperfusion (tissue perfusion) Delayed reperfusion (retrograde collaterals)
Not considering core 

Advantages Simple assessment
No post-processing

Pathophysiologically plausible 
Clear visualization

Pathophysiologically plausible 

Disadvantages Highly dependent on core size and 
location

Post-processing (but fast-automated) Post-processing (but fast-automated)

Relevant studies DAWN trial2 DEFUSE-3 trial3 4 Retrospective studies4-6

2 Prospective studies (ongoing CoSETS and 
FAST-COLL studies)

NIHSS, National Institute of Health Stroke Scale; DAWN, Diffusion-Weighted Imaging or Computed Tomography Perfusion Assessment with Clinical Mismatch in the 
Triage of Wake Up and Late Presenting Strokes Undergoing Neurointervention with Trevo; DEFUSE, Diffusion and Perfusion Imaging Evaluation for Understanding 
Stroke Evolution; CoSETS,  Collateral-based reSetting of Endovascular Treatment Time Window for Stroke; FAST-COLL, Fast Analysis SysTem for COLLaterals.
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values of 0 and 1,000 sec/mm2; slice thickness of 5 mm; inter-
slice gap of 1 to 2 mm). DSC-MRP was performed using gradi-
ent-echo and echo-planar imaging techniques after intrave-
nous administration of gadolinium (Gadovist, Bayer Inc., Toron-
to, ON, Canada), with a repetition time of 1,500 ms for a total 
acquisition time of approximately 60 seconds with 19 slices. 
The contrast agent was injected at a dose of 0.1 mmol/kg, with 
a flow rate of 4 mL/sec, using a power injector to the antecu-
bital vein via an 18-gauge or a 20-gauge intravenous cannula 
approximately 7 seconds after beginning the acquisition. The 
other parameters for DSC-MRP were as follows: echo time=40 
ms, flip angle=90°, echo train length=63, acquisition ma-
trix=120×120, field of view=23×23 cm2, section thickness=5 
mm, and intersection gap=6 mm. In total, 760 DSC-MRP raw 
images, composed of 40 time points per slice, were obtained.

Statistical analysis
Demographic data, clinical characteristics, and clinical out-
comes were compared between the groups. The onset-to-se-
lection time interval was defined as the time interval between 
symptom onset and MRI completion time. Pearson’s chi-square 
test or Fisher’s exact test was used for analyzing categorical 
variables and Student’s t-test or Mann-Whitney U test for an-
alyzing continuous variables. The correlation among the three 
selection methods was evaluated using Cohen’s κ coefficient. 
All analyses were performed using Stata version 13 (StataCorp, 
College Stations, TX, USA).

Role of the funding source
The sponsor of the study had no role in the study design, data 
analysis, data interpretation, writing of the report, or decision 
to publish the results. The corresponding author claims final 
responsibility for the decision to submit for publication.

Data availability statement
Any data not published within the article will be shared by re-
quest from any qualified investigator.

Results

A total of 232 patients from SMC and 103 patients from 
SNUBH who met the inclusion criteria were included. The base-
line characteristics according to the institution and selection 
method are presented in Table 2 and Supplementary Table 1.

Proportion of patients eligible for EVT in the 
three selection methods
The proportion of the eligible patients according to the selection 

method is shown in Figure 1. In both the SMC and SNUBH co-
horts, the proportion of patients who were eligible for EVT in all 
three selection methods was small: 63 of the 232 patients 
(27.2%) from the SMC cohort and 23 of the 103 patients (22.3%) 
from the SNUBH cohort. Similarly, only a small proportion of pa-
tients were ineligible for EVT in all three selection methods: 33 of 
the 232 patients (14.2%) from the SMC cohort and 21 of the 103 
patients (20.4%) from the SNUBH cohort. In both cohorts, the 
proportion of patients who were eligible for EVT differed depend-
ing on the selection method used: highest in the collateral status 
selection method, lowest in the clinical-core mismatch selection 
method, and intermediate in the target mismatch selection 
method. The remaining 58.6% of the patients in the SMC cohort 
and 57.3% of the patients in the SNUBH cohort were reclassified 
depending on the selection method used. The intercorrelation 
among the three selection methods was low (clinical-core mis-
match vs. target mismatch, κ=0.368; target mismatch vs. collat-
eral status, κ=0.238; collateral status vs. clinical-core mismatch, 
κ=0.128; overall [collateral status vs. target mismatch vs. clini-
cal-core mismatch], κ=0.235). A discrepancy in EVT eligibility ac-
cording to the selection methods was also demonstrated in a lat-
er time period (onset-to-selection time interval, >6 hours) among 
the pooled patients from the two cohorts (Supplementary Figure 
1). A typical example is provided in Figure 2.

Differential factors affecting eligibility for EVT 
among the selection methods
The clinical and imaging characteristics among the patients 
considered eligible for EVT in the three selection methods are 
demonstrated in Table 3. The patients with clinical-core mis-
match had a higher initial NIHSS score than those with a posi-
tive target mismatch profile and a good collateral status. The 
initial infarct core volume did not differ among the three se-
lection methods; however, the penumbra/ischemic core ratio 
was significantly associated with a positive target mismatch 

Table 2. Patient characteristics in the two cohorts 

Characteristic SMC cohort SNUBH cohort

No. of cases 232 (69.3) 103 (30.7)

Onset-to-selection time interval (min) 144 (104–210) 441 (411–496)

Age (yr) 65.0±14.1 70.6±11.5

Female sex 99 (42.7) 42 (40.8)

NIHSS score 13 (9–18) 14 (10–19)

Atrial fibrillation 86 (44.1) 58 (56.3)

Values are presented as number (%), median (interquartile range), or 
mean±standard deviation.
SMC, Samsung Medical Center; SNUBH, Seoul National University Bundang 
Hospital; NIHSS, National Institutes of Health Stroke Scale.
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profile. The onset-to-selection time interval was significantly 
longer in the patients with a good collateral status.

In the multivariable analyses, the baseline NIHSS score and 
onset-to-selection time interval were associated with the pres-
ence of clinical-core mismatch, while the penumbra/core vol-
ume ratio and onset-to-selection time interval were related to 
target mismatch; none of these variables were associated with 
collateral status (Table 4). The infarct core volume was associ-
ated with favorable profiles in all three selection methods.

Discussion

The main finding of this study is that the number of patients 
with AIS who are eligible for EVT differs depending on the se-

lection method used (i.e., clinical-core mismatch, target mis-
match, and collateral status). This is the first study comparing 
all three selection methods for EVT in patients with AIS within 
the MCA territory.

The number of eligible patients and predictive values differed 
among the three selection methods. Only one of four patients 
was classified as eligible for EVT and one of five patients as in-
eligible in all three selection methods. The remaining 58.6% of 
the patients in the SMC cohort and 57.3% of the patients in 
the SNUBH cohort were reclassified according to other selec-
tion methods (either from eligible to ineligible or vice versa).

Certain key factors considered in one selection method did 
not influence the eligibility for EVT in the other selection meth-
ods, suggesting that these selection methods provide differen-

Figure 1. Number of patients with favorable and unfavorable profiles according to the three selection methods. (A) Samsung Medical Center cohort (onset-
to-selection time interval, <8 hours), (B) Seoul National University Bundang Hospital cohort (onset-to-selection time interval, 6 to 12 hours). EVT, endovascu-
lar treatment.

Clinical-core mismatch

Eligible

Ineligible 
for EVT

Target mismatch Collateral status

Eligible in all 3 triages

Eligible by 1 other triage

Eligible by only 1 triage

Ineligible by only 1 triage
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52 (42.3%)
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Table 3. Comparisons of the selection components in the patients with favorable profiles

Variable Clinical-core mismatch, present Target mismatch, present Collateral status, good P

No. of patients 157 (46.9) 198 (59.1) 222 (66.3)

Age (yr) 66.9±12.6 66.6±12.2 66.6±13.3 0.969

<80 141 (89.8) 178 (89.9) 192 (86.5)

≥80 16 (10.2) 20 (10.1) 30 (13.5)

NIHSS score (point) 15 (12–19) 13 (9–18) 12 (9–17) <0.001

<10 0 (0) 53 (26.8) 68 (30.6)

10–19 125 (79.6) 119 (60.1) 127 (57.2)

≥20 32 (20.4) 26 (13.1) 27 (12.2)

Infarct core volume (mL) 21.8±27.9 21.2±21.5 22.8±30.8 0.820

<30 135 (86.0) 155 (78.3) 172 (77.5)

30–70 22 (14.0) 43 (21.7) 36 (16.2)

>70 0 (0) 0 (0) 15 (6.8)

Penumbra/core volume ratio 14.5±57.8 16.5±55.5 13.9±52.5 0.881

≥1.8 124 (79.0) 198 (100.0) 158 (71.2) <0.001

<1.8 33 (21.0) 0 (0) 64 (28.2) <0.001

Collateral status <0.001

Grade 1, poor 14 (8.9) 15 (7.6) 0 (0)

Grade 2, intermediate 28 (17.8) 33 (16.7) 0 (0)

Grade 3, good 49 (31.2) 84 (42.4) 105 (47.3)

Grade 4, excellent 66 (42.0) 66 (33.3) 117 (52.7)

Onset-to-selection time interval (hr) 154 (105–305) 191 (112–385) 210 (117–422) 0.004

<6 121 (77.1) 138 (69.7) 144 (64.9)

6–8 27 (17.2) 43 (21.7) 49 (22.1)

8–12 9 (5.7) 17 (8.6) 29 (13.1)

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
NIHSS, National Institutes of Health Stroke Scale.

Figure 2. Typical examples of mismatch among the selection methods. Images of a 76-year-old man with left middle cerebral artery occlusion with an initial 
National Institutes of Health Stroke Scale score of 21 points and an onset-to-selection time interval of 520 minutes. The patient is classified as ineligible for en-
dovascular treatment in the clinical-core mismatch selection method (A) but eligible in the target mismatch (A, B) and collateral status selection methods (C).

Collateral grade: excellent

Ischemic core volume: 55 mL

Penumbra volume: 117 mL

Arterial phase

Venous-late venous phase

Capillary phase

A

B C
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tial but supplementary information. Specifically, the clinical-
core mismatch selection method has an advantage in that it is 
a simple assessment method that does not require post-pro-
cessing. However, this selection method may be highly depen-
dent on the size of the infarct core and clinical features (e.g., 
infarct location). The target mismatch and collateral status se-
lection methods are pathophysiologically plausible (penumbra 
and collaterals, respectively); however, they require post-pro-
cessing. The target mismatch selection method has an advan-
tage in that it provides clear visualization using a fast-auto-
mated software (RAPID software, iSchemaView, Stanford, CA, 
USA). The collateral status selection method is less dependent 
on the core size than the target mismatch selection method; 
the collateral status represents the perfusion status at later 
Tmax time points (capillary and venous phases) but not the ex-
tent of perfusion defects at earlier Tmax time points (arterial 
phase).11 In addition, the present study showed that the onset-
to-selection time interval was not associated with collateral 
status profiles.

This study has certain limitations. First, this study was based 
on retrospective analyses of prospective cohorts from two uni-
versity hospitals actively performing EVT. Therefore, the gener-
alizability of the study findings may be limited. Second, this 
study cannot provide information on clinical outcomes after 
EVT according to the three different selection methods. In the 
DEFUSE-3 trial, pretreatment infarct core volumes of <70 mL 
(too large for inclusion according to the DAWN trial criteria) 
are associated with benefits for EVT, and good leptomeningeal 
collaterals on single-phase CT angiography were not predictive 
of outcomes.12,13 Future studies are warranted to clarify this is-
sue. Third, the clinical-core and target mismatch criteria were 
used to select patients among late-window patients in clinical 

trials, and relatively early-window patients were included in 
the two cohorts used in the present study. Although we used 
data from two university hospitals with different time interval 
criteria for the critical pathway for acute stroke to investigate 
different time periods, this study did not include patients who 
arrived after 12 hours of symptom onset; patients who pre-
sented to the hospitals before EVT at an extended time window 
were included.2,3 Therefore, further studies are needed to inves-
tigate the findings in patients arriving between 12 and 24 
hours of symptom onset.

Conclusions

In conclusion, although the application of individual selection 
methods resulted in favorable outcomes after EVT in clinical 
trials, a significant number of patients who may have favorable 
responses to EVT could be missed depending on the selection 
method used. These selection methods may provide differential 
but supplementary information; certain key factors considered 
in one selection method do not influence the eligibility for EVT 
in other selection methods. Continuous efforts are needed to 
increase the number of patients who could undergo EVT.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2019.01578.
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Table 4. Multivariable analysis of the three selection methods

Variable
Clinical-core mismatch Target mismatch Collateral status

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Initial NIHSS score 1.52 (1.38–1.68) <0.001 1.04 (0.98–1.11) 0.200 0.96 (0.92–1.02) 0.179 

Infarct core volume (mL) 0.94 (0.92–0.96) <0.001 0.98 (0.97–0.99) <0.001 0.98 (0.97–0.99) <0.001

Penumbra/core volume ratio 1.62 (1.37–1.92) <0.001 1.01 (0.99–1.03) 0.470 

Collateral status

Grade 1, poor Reference Reference NA*

Grade 2, intermediate 0.58 (0.17–1.96) 0.383 0.90 (0.32–2.55) 0.838

Grade 3, good 0.47 (0.15–1.51) 0.205 2.76 (0.96–7.97) 0.060

Grade 4, excellent 0.82 (0.25–2.71) 0.748 0.34 (0.11–1.04) 0.060

Onset-to-selection time interval (min) 0.995 (0.993–0.998) <0.001 0.998 (0.996–0.999) 0.021 　 　

OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; NA, not available.
*Collateral status could not be entered in the multivariable model owing to multicollinearity.
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Supplementary Figure 1. Number of patients with favorable and unfavorable profiles at a later time period (onset-to-selection time interval, >6 hours) in 
the two cohorts according to the three selection methods. EVT, endovascular treatment.
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