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Objective : Collateral circulation is associated with the differential treatment effect of endovascular thrombectomy (EVT) in acute
ischemic stroke. We aimed to verify the ability of the collateral map to predict futile EVT in patients with acute anterior circulation
ischemic stroke.

Methods : This secondary analysis of a prospective observational study included data from participants underwent EVT for acute
ischemic stroke due to occlusion of the internal carotid artery and/or the middle cerebral artery within 8 hours of symptom onset.
Multiple logistic regression analyses were conducted to identify independent predictors of futile recanalization (modified Rankin
scale score at 90 days of 4-6 despite of successful reperfusion).

Results : In a total of 214 participants, older age (odds ratio [OR], 2.40; 95% confidence interval [CI], 1.56 to 3.67; p<0.001), higher
baseline National Institutes of Health Stroke Scale (NIHSS) scores (OR, 1.12; 95% Cl, 1.04 to 1.21; p=0.004), very poor collateral
perfusion grade (OR, 35.09; 95% Cl, 3.50 to 351.33; p=0.002), longer door-to-puncture time (OR, 1.08; 95% Cl, 1.02 to 1.14; p=0.009),
and failed reperfusion (OR, 3.73; 95% Cl, 1.30 to 10.76; p=0.015) were associated with unfavorable functional outcomes. In 184
participants who achieved successful reperfusion, older age (OR, 2.30; 95% Cl, 1.44 to 3.67; p<0.001), higher baseline NIHSS scores (OR,
1.12; 95% Cl, 1.03 to 1.22; p=0.006), very poor collateral perfusion grade (OR, 4.96; 95% Cl, 1.42 to 17.37; p=0.012), and longer door-
to-reperfusion time (OR, 1.09; 95% Cl, 1.03 to 1.15; p=0.003) were associated with unfavorable functional outcomes.

Conclusion : The assessment of collateral perfusion status using the collateral map can predict futile EVT, which may help select
ineligible patients for EVT, thereby potentially reducing the rate of futile EVT.
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INTRODUCTION

In recent randomized clinical trials, endovascular throm-
bectomy (EVT) has been proven to have considerable thera-
peutic effects in patients with acute ischemic stroke due to
large vessel occlusion”. However, a substantial proportion of
patients experience futile reperfusion, defined as a poor long-
term outcome despite successful reperfusion. A meta-analysis
that pooled the results of five randomized clinical trials
showed that poor outcome (modified Rankin scale [mRS]
score at 90 days of 3—6) occurs in 54% of cases with a Throm-
bolysis in cerebral infarction (TICI) score of 2b/3". The pri-
mary goal of reperfusion treatments is to save the salvageable
brain to improve functional outcomes. The high rate of futile
reperfusion reflects that patients who were unlikely to benefit
from reperfusion treatments because they had a minimal
amount of salvageable brain were included in current EV'T.

Cell viability and functional outcomes in patients with
acute ischemic stroke caused by proximal arterial occlusion
mainly depend on collateral circulation'**”. Previous studies
have shown that good collaterals slow infarct growth and that
poor collaterals accelerate it. Therefore, better collaterals are
associated with less infarct growth and better functional out-
comes, while poor collaterals are linked to unfavorable func-
tional outcomes even after successful reperfusion'”"*'**”. Col-
lateral status can be a direct predictor of futile reperfusion.
Recent studies have shown that poor collateral status may pre-
dict futile reperfusion'”*”. However, there is clinical uncer-
tainty in the guidelines for EVT decisions regarding the spe-
cific criteria for the collateral circulation status. The imaging
methods used in previous studies have major problems in col-
lateral estimation. The arterial scoring method based on sin-
gle-phase computed tomography (CT) angiography had a
critical limitation of underestimating leptomeningeal collater-
als with a longer transit time due to early triggering of static
acquisition'. A method based on multiphase CT angiography
overcame this limitation but still has the problem that the
phases are determined not by the patient’s hemodynamics but
by the table speed of the CT machine; therefore, it can be in-
accurate in individual patients'”.

Researchers have developed a multiphase collateral imaging
method, known as the “collateral map”, and an accompanying
collateral perfusion grading method™”. The collateral map is

composed of the images of arterial, capillary, early venous, late
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venous, and delay phases, which are divided according to the
patient’s hemodynamic status. The clinical value of the collat-
eral map was supported by demonstrating linear associations
between the collateral perfusion grades of the collateral map
and functional outcomes in patients with acute ischemic
stroke due to occlusion of the proximal anterior circulation”.
The current study evaluated the role of the collateral map for
the prediction of futile EVT in patients with acute ischemic

stroke due to large-vessel occlusion in the anterior circulation.

MATERIALS AND METHODS

The Local Institutional Review Boards of Konkuk Medical
Center and Daejeon St. Mary’s Hospital approved this study
(IRB No. KUMCO0114-01-100-007, DC21DIDI0050), and writ-

ten informed consent was obtained from all participants.

Study participants

For this secondary analysis, we selected participants from
the ongoing Database of Acute ischemic Stroke Analysis Net-
work (DASAN) which is to investigate the optimal evaluation
method in patients with acute ischemic stroke. The database
contains clinical and imaging data of participants with acute
ischemic stroke due to large vessel steno-occlusion. The data
were prospectively collected from two university hospitals,
commencing on January 1, 2016. The inclusion criteria of the
DASAN were as follows : 1) participants older than 18 years of
age; 2) participants with acute ischemic stroke due to occlu-
sion or severe stenosis of the internal carotid artery and/or M1
or M2 segment of the middle cerebral artery, or the basilar ar-
tery, and 3) participants who underwent brain CT and mag-
netic resonance imaging (MRI) including diffusion-weighted
imaging (DWI), susceptibility weighted imaging, dynamic
contrast-enhanced MR angiography, dynamic susceptibility
MR perfusion, and fluid attenuated inversion recovery at ad-
mission. The inclusion criteria for this study were as follows :
1) participants who were treated with EV'T for acute ischemic
stroke due to occlusion of the internal carotid artery and/or
M1 or M2 segment of the middle cerebral artery and associat-
ed symptoms who were evaluated within 8 hours of symptom
onset; or 2) participants who had a DWI lesion and no visible
signal change on fluid attenuated inversion recovery in wake-

up stroke or unclear onset >8 hours from last known well. The



exclusion criteria were patients who had the following : occlu-
sion of posterior circulation, follow-up loss at 3 months, a
mRS score >2 at baseline, death related to procedural compli-
cations or other causes except stroke such as pneumonia, can-
cer, etc., recurrent acute ischemic stroke within 90 days, and
uninterpretable poor quality collateral map.

Participants were evaluated for demographic data, medical
history, vascular risk factors, routine blood test results, brain
imaging, and cardiologic tests. The severity of stroke was as-
sessed using the National Institutes of Health Stroke Scale
(NIHSS). All participants underwent EVT, or intravenous
thrombolysis followed by EVT. Reperfusion was assessed on
the basis of conventional cerebral angiograms obtained at the
end of the intra-arterial procedure and classified according to
the modified TICI system as follows : 0, no reperfusion; 1,
penetration with minimal reperfusion; 2a, <50% reperfusion;
2b, =50% reperfusion; 2¢, near-complete reperfusion; and

3, complete reperfusion of the affected vascular territory”. Re-

DCE-MRA ADC
at admission at admission

Collateral map derived from DCE-MRA at admission
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perfusion status was classified as either successful reperfusion
(modified TICI score of 2b to 3) or failed reperfusion (modi-
fied TICI score of 0 to 2a). Functional outcomes were assessed
on day 90 using the mRS; unfavorable functional outcome
was defined as a mRS score of =4 on day 90, which was con-
sidered an indicator of futile EV'T in this study that can be ex-
cluded from the EVT*". Eighty-nine participants of the

7,11,12,21) . .
d . Previous articles

DASAN have been previously reporte
dealt with the predictability of the collateral map or suscepti-
bility-weighted imaging for functional outcomes or hemor-
rhagic transformation of participants with acute ischemic

stroke, whereas in this manuscript, we report on futile EVT.

Imaging postprocessing and analysis

MRI was performed using 3-Tesla MRI machines (Magne-
tom Skyra [Siemens Healthcare, Erlangen, Germany] and In-
genia [Philips Healthcare, Best, Netherlands]). The acquisition

. . 21
parameters were the same as those in a previous study’”. Us-

FLAIR on day 1

Fig. 1. Images of a man in his 50s (A-G) and a man in his 80s (H-N). The premorbid modified Rankin scale (mRS) score was 0 in both patients, and the
National Institutes of Health Stroke Scale scores were 9 and 18, respectively. Both patients underwent intravenous thrombolysis followed by
endovascular thrombectomy, and successful reperfusion was achieved, as shown by a modified Thrombolysis in cerebral infarction TICI (mTICI) scale
score of 2c at 1.5 hours from symptom onset in the patient aged 50—-59 and by a mTICl scale score of 3 at 4 hours from symptom onset in the patient
aged 80-89. Dynamic contrast-enhanced magnetic resonance (MR) angiography (DCE-MRA in [A and H]) at admission showed steno-occlusion of the
left middle cerebral arteries (MCAs), and apparent diffusion coefficient (ADC) images (B and I) at admission showed similar size baseline lesions in the
left MCA territories. The collateral maps derived from DCE-MRA (C-F and J-M) of both patients show very poor collateral perfusion status (MAC 0 :
collateral perfusion delay/defect more than one-half of the MCA territory in the late venous phase regardless of collateral perfusion status at previous
phases)”””. Fluid-attenuation inversion recovery magnetic resonance image (FLAIR) on day 1 in the patient in his 50s (G) shows a decreased extent of the
baseline lesion. The 90-day mRS score of this patient was 2. Computed tomography (CT) image on day 1 in the patient in his 80s shows progression of
malignant edema (N). The 90-day mRS score of this patient was 5.
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ing source data from dynamic contrast-enhanced MR angiog-
raphy, 3-dimensional rotational arteriography was performed
to determine the arterial status, and a multiphase MR angiog-
raphy collateral map was reconstructed to evaluate the collat-
eral perfusion status (Fig. 1). We generated the multiphase MR
angiography collateral map by using an in-house program,

which was composed of images in the arterial, capillary, early
venous, late venous, and delay phases. The phases of the col-
lateral map were automatically divided based on arterial and
venous signal intensity-time curves obtained from region of
interests on the normal side middle cerebral artery (MCA)

and the superior sagittal sinus. The details of the methodology

Table 1. Patient characteristics (n=214) according to collateral perfusion grade based on the collateral map

Characteristic MACO MAC1 MAC 2 MAC3 MAC 4-5 p-value
No. of patients 38(17.8) 44.(20.6) 76 (35.5) 36 (16.8) 20(93)

Age (years) 72.5+10.8 69.7411.0 68.9+13.9 71.6+12.2 70.2+11.0 0.612
Men 27 (71.1) 26 (59.1) 44 (579) 19 (52.8) 13 (65.0) 0.544
Glucose at admission (mg/dL) 137 (116-160) 126 (113-153) 124 (108-149) 129 (110-175) 133 (113-182) 0.61
Systolic blood pressure at admission (mmHg) 151.8428.8 14554284 146.6+214 159.8+20.3 150.1431.1 0.080
Diastolic blood pressure at admission (mmHg)  82.8+19.7 85.8+17.4 84.5+16.1 87.3+16.1 874+16.2 0.776
Risk factor

Hypertension 25 (65.8) 28 (63.6) 48 (63.2) 20 (55.6) 12 (60.0) 0911

Diabetes 12 (31.6) 6 (13.6) 27 (35.5) 12(333) 7 (35.0) 0.126

Hyperlipidemia 10(26.3) 8(18.2) 18(23.7) 7 (194) 6 (30.0) 0.800

Atrial fibrillation 24.(63.2) 28 (63.6) 40 (52.6) 15 (417) 7(35.0) 0.090

Current smoker 6(15.8) 5(114) 17 (22.4) 5(13.9) 4(20.0) 0.574

Daily alcohol consumption 4(10.5) 2 2(26) 1(2.8) 1(5.0) 0432

Previous transient ischemic attack 1(2.6) 0 0(0.0) 1(2.8) 1(5.0) onz

Previous stroke 3(79) 6 (13.6) 13(17.0) 3(83) 4(20.0) 0493

Previous ischemic heart disease 6(15.8) 6 (13.6) 13(17.0) 3(83) 3(15.0) 0.808

Family history of stroke 1(2.6) 1 1(1.3) 0(0.0) 0(0.0) 1.000
Baseline NIHSS 5(11-18) 13 (10-17) 12 (8-15) 6 (4-11) 8(6-12) <0.001
Baseline DWI lesion volume (mL) 112 (41-135) 18 (10-42) 12 (5-27) 6 (3-11) 3(2-9) <0.001
Treatment 0.160

EVT 5(39.5) 23(52.3) 41 (53.9) 24 (66.7) 13 (65.0)

Intravenous thrombolysis followed by EVT 23 (60.5) 21 (47.7) 35 (46.1) 12(33.3) 7 (35.0)
Onset-to-door time (minutes) 39 (25-68) 38 (25-83) 46 (30-134) 54 (29-150) 56 (29-197) 0.237
Onset-to-puncture time (minutes) 83(137-238) 150 (125-205) 165 (135-275)  170(140-338) 240 (138-301) 0.364
Onset-to-reperfusion time (minutes) 223(183-280)  210(158-285) 210 (165-326)  235(179-337) 260 (195-377) 0.506
Door-to-puncture time (minutes) 28 (89-170) 100 (86—124) 101 (84-120) 0(93-170) 09 (97-170) 0.065
Puncture-to-reperfusion time (minutes) 45 (25-65) 35 (25-70) 40 (21-63) 50 (32-85) 35(21-86) 0.183
Door-to-reperfusion time (minutes) 180 (133-245) 159 (119-181) 141 (118-180) 176 (128-231) 174 (130-255) 0.092

Reperfusion status® 0414
Successful reperfusion 30 (78.9) 41(93.2) 65 (85.5) 30(83.3) 18 (90.0)
Failed Reperfusion 8(21.0) 3(6.8) 11(14.5) 6(16.7) 2 (10.0)

Values are presented as mean+standard deviation, median (interquartile range), or number of participants (%). Mean overall patient age was 70412
years (129 men and 85 women). *Reperfusion status was classified as either successful reperfusion (mTICI score of 2b to 3) or failed reperfusion (mTICI
score of 0 to 2a) after endovascular thrombectomy. MAC : MR acute ischemic stroke collateral, NIHSS : National Institutes of Health Stroke Scale, DWI :
diffusion-weighted imaging, EVT : endovascular thrombectomy, mTICl : modified Thrombolysis in cerebral infarction
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used were the same as those used in previous studies™.

The collateral perfusion grading system was defined by us-
ing the MR acute ischemic stroke collateral (MAC) scores as
follows : 5 (excellent), no or collateral perfusion delay in the
MCA territory in the capillary phase; 4 (good), collateral per-
fusion delay <1/2 of MCA territory in the capillary phase and
no or small delay in the early venous phase; 3 (intermediate to
good), 1) collateral perfusion delay <1/2 of MCA territory in
the capillary and early venous phases, 2) collateral perfusion
delay >1/2 of MCA territory in the capillary phase and no or
small delay of MCA territory in the early venous phase; 2 (in-
termediate to poor), collateral perfusion delay >1/2 of MCA
territory in the capillary phase and <1/2 of MCA territory in
the early venous phase; 1 (poor), collateral perfusion delay
>1/2 of MCA territory in the early venous phase and <1/2 of
MCA territory in the late venous phase; and 0 (very poor), col-
lateral perfusion delay >1/2 of MCA territory until the late ve-
nous phase”. Two experienced neurointerventionists who
were blinded to all clinical and other imaging data indepen-
dently graded the MAC scores of the MR angiography collat-
eral maps. Two raters determined the final scores by consen-
sus. An experienced neurologist measured the infarct volume
(in milliliters) using Medical Image Processing, Analysis, and
Visualization (MIPAV) version 7.1.1 (National Institute of
Health, Bethesda, MD, USA).

Statistical analysis

The participant characteristics are expressed as the meant
standard deviation, median (interquatile range, IQR), or num-
ber of participants (%). Differences in the distribution of pa-
tient characteristics among collateral perfusion grades were
assessed using the chi-square test, Fisher’s exact test, analysis
of variance and the Kruskal-Wallis test, as appropriate. The
interrater agreement for collateral perfusion grading was test-
ed using Cohen’s kappa coefficient. Multiple logistic regres-
sion analyses were conducted to identify independent predic-
tors of unfavorable functional outcomes in all participants
and participants who achieved successful reperfusion. Vari-
ables are presented in Table 1. We included predictors in mul-
tivariable models according to clinical significance in previous

. . . . 7,19,20,24
studies in multivariable models

' The results are report-
ed as odds ratios (ORs) with 95% confidence intervals (CIs).
To examine the linearity of the relationship between collateral

perfusion grades and functional outcomes, the likelihood ra-
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tio test for trends was used. Subgroup analyses using multiple
logistic regression were conducted to identify independent
predictors of favorable functional outcomes in participants
with a collateral perfusion grade of MAC 0. The age threshold
was analyzed for the prediction of favorable functional out-
comes in participants with a collateral perfusion grade of
MAC 0 using receiver operating characteristic analysis with
calculation of the area under the curve and subsequent deter-
mination of Youden’s ] index to establish cutoff points. Statis-
tical analyses were performed using SAS, version 9.4 (SAS In-
stitute Inc., Cary, NC, USA). A 2-sided p-value of <0.05 was

considered significant.

RESULTS

Participant characteristics and collateral
perfusion grading

From January 2016 to March 2021, 214 of 633 participants
were included in this study (Fig. 2). The mean age was 7012
years (range, 33-94), and 60% were men (129 men and 85
women). The median baseline NITHSS score was 12 (IQR,
7-15), and the median baseline DWT lesion volume was 14.2
mL (IQR, 5.0-39.8). The median onset-to-door time was 44

633 participants in DASAN

_ | Exclusion
- Occlusion of posterior circulation (n=76)

EVT (n=273) No EVT (n=284)

Exclusion :

- Onset to admission time >8 hours (n=24)

- Follow-up loss (n=7)

- Premorbid mRS >2 (n=17)

- Deaths related procedural complications or other causes
except stroke (n=8)

- Recurrent acute ischemic stroke within 90 days (n=1)

- Uninterpretable poor quality collateral map (n=2)

Y

214 participants

Fig. 2. Flowchart shows study selection according to the exclusion
criteria. DASAN : Database of Acute ischemic Stroke Analysis Network,
EVT : endovascular thrombectomy, mRS : modified Rankin scale.
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minutes (IQR, 28-115), and the median onset-to-reperfusion
time was 220 minutes (IQR, 170-315). A total of 116 partici-
pants (54.2%) underwent EVT, and 98 participants (45.8%)
underwent intravenous thrombolysis followed by EVT. A total
of 184 participants (86%) achieved successful reperfusion.
The interrater correlation between the two observers
showed almost perfect strength of agreement for collateral
perfusion grading of the collateral map (weighted «, 0.96; 95%
CI, 0.93 to 0.98). The baseline clinical characteristics for each

collateral perfusion grade are presented in Table 1. Lower

baseline NIHSS scores and smaller baseline DWI lesion vol-
umes were associated with higher collateral perfusion grades
(all p<0.001). Other characteristics did not differ among par-

ticipants in different collateral perfusion grades.

Predictors of unfavorable functional outcomes
after EVT

The results of the univariable and multivariable logistic re-
gression analyses performed to identify independent predic-

tors of unfavorable functional outcomes in all participants are

Table 2. Results of logistic regression analysis : independent predictors of unfavorable functional outcomes* in all participants (n=214)

Univariable model Multivariable model

OR (95% ClI) p-value OR (95% ClI) p-value

Age, per 10-year increment 237 (1.72-3.27) <0.001 240 (1.56-3.67) <0.001
Men 045 (0.25-0.79) 0.006 046 (0.20-1.02) 0.057
Systolic blood pressure at admission 113 (1.01-1.27) 0.028
Risk factor

Hypertension 83 (1.01-3.32) 0.045

Diabetes 2.00 (1.10-3.63) 0.024

Current smoker 049 (0.22-1.10) 0.085
Baseline NIHSS, per 1 unitincrement 1.15(1.08-1.21) <0.001 112 (1.04-1.21) 0.004
Baseline DWI lesion volume (mL), per 10 units increment 21 (1.12-1.31) <0.001 1.06 (0.96-1.18) 0.264
Collateral perfusion grade

MACO 46.61 (7.20-301.67) <0.001 35.09 (3.50-351.33) 0.002

MAC 1 5.57(0.90-34.34) 0.064 6.46 (0.78-53.42) 0.083

MAC 2 6.06 (1.03-35.53) 0.046 7.27 (0.98-53.77) 0.052

MAC 3 5.86 (0.93-36.96) 0.060 7.53 (0.95-59.88) 0.056

MAC 4-5 Reference Reference

p-value for trend’ <0.001 0.005
Onset-to-reperfusion time (minutes)*, per 10 units increment 1.03 (1.00-1.05) 0.056
Puncture-to-reperfusion time (minutes)’, per 10 units increment 09 (1.00-1.18) 0.054
Door-to-puncture time (minutes), per 10 units increment 1.06 (1.01-1.11) 0.011 1.08 (1.02-1.14) 0.009
Door-to-reperfusion time (minutes)’, per 10 units increment 07 (1.02-1.11) 0.003
Reperfusion status’

Successful reperfusion Reference Reference

Failed reperfusion 4.24 (1.87-9.61) <0.001 3.73 (1.30-10.76) 0.015

Mean overall patient age was 70412 years (129 men and 85 women). *Unfavorable functional outcome was defined as a modified Rankin scale score
of 4 or greater at day 90. 'p-values for linearity of the relationship between collateral perfusion grades and functional outcomes. *Variables are not
applicable in multivariable analyses despite of clinical significance and significant result in univariable analysis because of lack of those variables

in some participants with unclear onset or failed reperfusion. We could include 166 participants,

198 participants, and 200 participants among

214 participants for univariable analysis of onset-to-reperfusion time, puncture-to-reperfusion time, and door-to-reperfusion time, respectively.
*Reperfusion status was classified as either successful reperfusion (mTICI score of 2b to 3) or failed reperfusion (mTICI score of 0 to 2a) after
endovascular thrombectomy. OR : odds ratio, Cl : confidence interval, NIHSS : National Institutes of Health Stroke Scale, DWI : diffusion-weighted
imaging, MAC : MR acute ischemic stroke collateral, mTICI : modified Thrombolysis in cerebral infarction
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presented in Table 2. In the multivariable analysis, older age
(OR, 2.40; 95% ClI, 1.56 to 3.67; p<0.001), higher baseline NI-
HSS scores (OR, 1.12; 95% CI, 1.04 to 1.21; p=0.004), very poor
collateral perfusion grade (OR, 35.09; 95% CI, 3.50 to 351.33;
P=0.002), longer door-to-groin puncture time (OR, 1.08; 95%
CIL, 1.02 to 1.14; p=0.009), and failed reperfusion (OR, 3.73;
95% CI, 1.30 to 10.76; p=0.015) were independently associated
with unfavorable functional outcomes. A linear negative asso-
ciation was found between collateral perfusion grades and
functional outcomes (p=0.005 by linear trend test). In 184 par-
ticipants (mean age, 70%12 years; 118 men) who achieved suc-
cessful reperfusion, the multivariable analysis showed that older
age (OR, 2.30; 95% CI, 1.44 to 3.67; p<0.001), higher baseline
NIHSS scores (OR, 1.12; 95% CI, 1.03 to 1.22; p=0.006), very
poor collateral perfusion grade (OR, 4.96; 95% CI, 1.42 to 17.37;
p=0.012), and longer door-to-reperfusion time (OR, 1.09; 95%
CI, 1.03 to 1.15; p=0.003) were independently associated with
unfavorable functional outcomes (Table 3).

Impact of Collateral Circulation on EVT | Jeon YS, et al.

Despite significant results in the univariable analysis and
clinical significance, we could not include several time vari-
ables in multivariable analyses because of the lack of those
variables in some participants with unclear onset or failed re-

perfusion.

Predictors of favorable functional outcomes in
participants with very poor collateral perfusion
status (MAC 0)

We conducted subgroup analysis to identify independent
predictors of favorable functional outcomes in 38 participants
with MAC 0 collateral perfusion grade. This grade was re-
vealed as the major predictor with the highest OR of unfavor-
able functional outcomes after EV'T. The mean age was 73£11
years (range, 49-91), and 71.1% were men (27 men and 11
women). Of 38 participants, 30 participants showed unfavor-
able outcomes (78.9%). In univariable and multivariable anal-

yses, younger age (mean, 65%10 years; range, 51-83 years in fa-

Table 3. Results of logistic regression analysis: independent predictors of unfavorable functional outcomes*in the participants achieved successful

reperfusion (n=184)"

Univariable model Multivariable model

OR (95% CI) p-value OR (95% CI) p-value

Age, per 10 year increment 2.55(1.75-3.72) <0.001 2.30(1.44-3.67) <0.001
Men 0.54 (0.29-1.02) 0.057 0.55 (0.23-1.32) 0.182
Systolic blood pressure at admission 114(1.01-1.29) 0.035
Risk factors

Hypertension 2.26 (1.14-4.46) 0.035

Diabetes 96 (1.00-3.84) 0.049
Baseline NIHSS, per 1 unitincrement 114 (1.07-1.22) <0.001 112 (1.03-1.22) 0.006
Baseline DWI lesion volume (mL), per 10 units increment 1.21 (1.11-1.33) <0.001 1.09 (0.98-1.23) 0.122
Collateral perfusion grade

MACO 10.17 (4.08-25.39) <0.001 496 (142-17.37) 0.012

MAC 1-5 Reference Reference
Onset-to-reperfusion time (minutes)’, per 10 units increment 1.03 (1.00-1.05) 0.060
Puncture-to-reperfusion time (minutes), per 10 units increment 05 (0.96-1.16) 0.309
Door-to-puncture time (minutes)’, per 10 units increment 1.06 (1.0 0.019
Door-to-reperfusion time (minutes)’, per 10 units increment 1.06 (1.0 0.012 1.09 (1.03-1.15) 0.003

Mean overall patient age was 70+12 years (118 men and 66 women). *Unfavorable functional outcome was defined as a modified Rankin scale score
of 4 or greater at day 90. 'Successful reperfusion was defined as modified Thrombolysis in cerebral infarction score of 2b to 3 after endovascular
thrombectomy. 'Onset-to-reperfusion time is not applicable in multivariable analyses despite of clinical significance because of lack of this variable in
some participants with unclear onset. We could include 155 participants among 184 participants for univariable analysis of onset-to-reperfusion time.
*Due to the multicollinearity between door-to-puncture time and door-to-reperfusion time, only door-to-reperfusion time was used as a potential
predictor of functional outcomes. OR : odds ratio, Cl : confidence interval, NIHSS : National Institutes of Health Stroke Scale, DWI : diffusion-weighted

imaging, MAC : MR acute ischemic stroke collateral
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Fig. 3. An ROC curve was applied to analyze the efficacy of age for the
prediction of favorable functional outcomes in participants with a
collateral perfusion grade of MAC 0 after EVT. ROC : receiver operating
characteristic, MAC : MR acute ischemic stroke collateral, EVT :
endovascular thrombectomy.

vorable outcomes vs. mean, 75£10 years; range, 49-91 years in
unfavorable outcomes) (OR, 0.29; 95% CI, 0.10 to 0.85;
p=0.025) and the presence of previous ischemic heart disease
(four participants [50%] in favorable outcomes vs. two partici-
pants [6.7%] in unfavorable outcomes) (OR, 23.63; 95% ClI,
2.07 to 269.53; p=0.011) were associated with favorable func-
tional outcomes. The age threshold for favorable functional
outcomes after EVT in participants with MAC 0 collateral
perfusion grade was <73 years of age with 87.5% sensitivity
(95% CI, 47.3 to 99.7) and 63.3% specificity (95% CI, 43.9 to
80.1) (Fig. 3).

DISCUSSION

Our study demonstrated that older age, higher baseline NI-
HSS score, very poor collateral perfusion grade (MAC 0), lon-
ger door-to-groin puncture time, and failed reperfusion were
significantly associated with unfavorable outcomes after EVT
in acute ischemic stroke due to occlusion of the internal carot-
id artery and/or MCA (M1 or M2 segments) within 8 hours of
symptom onset. In patients who achieved successful reperfu-
sion, older age, higher baseline NIHSS score, very poor collat-
eral perfusion grade, and longer door-to-reperfusion time
were significantly associated with unfavorable outcomes. In

patients with very poor collateral perfusion status, younger
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age and the presence of previous ischemic heart disease were
significantly associated with favorable functional outcomes.
This study suggested a specific collateral perfusion grade
beyond the classic guideline of baseline lesion size to identify
ineligible patients for EVT. Age, baseline NIHSS scores, and
baseline lesion size are the main factors in current EVT guide-
lines for patients with acute anterior circulation ischemic
stroke™. Our results showing that age and baseline NIHSS
score are the main prognostic factors are consistent with the

1% However, baseline DWI lesion

results of previous studies
volume was not associated with unfavorable functional out-
comes. Baseline lesion size on CT, CT perfusion or DWTI has
been a major decision factor in EVT. The underlying assump-
tion is that patients with a large baseline lesion size have less
salvageable tissue and are thus unlikely to benefit from EV'T.
However, previous studies have shown positive results with
EVT in large baseline lesions™***". Current imaging methods
have the limitation of uncertainty about the discrimination of
irreversibly injured brains and injured but salvageable
brains™, which makes it possible to exclude patients who are
still likely to benefit from EVT despite large baseline lesions.
Tissue fate mainly depends on collateral circulation. The im-
pact on functional outcomes of collateral circulation can be
greater than that of the baseline lesion size, as shown in previ-
ous studies™"*””. In terms of futile EVT, Pan et al.” used digi-
tal subtraction angiography for collateral estimation and re-
ported that old age, high baseline NIHSS, and poor collateral
circulation are risk factors for futile EVT in acute ischemic
stroke patients treated with EV'T. Baseline lesion size was not
associated with functional outcomes in the study. Those re-
sults were consistent with ours. Among the six collateral per-
fusion grades of the collateral map, MAC 0 reflects a severely
hypoperfused region in more than one-half of the area of the
MCA territory where collateral perfusion delay/defects persist
until the late venous phase of the patient’s circulation; a grade
of MAC 0 showed the highest OR among the predictors of un-
favorable functional outcomes in all participants and partici-
pants who achieved successful reperfusion in the current
study.

In patients with very poor collateral perfusion status, the
age threshold of favorable functional outcomes was <73 years.
A meta-analysis showed that patients aged =80 years had
worse functional outcomes (p<0.001) and higher rates of mor-
tality (p<0.001) after EVT*”. Alawieh et al.” also reported that



age =80 years was independently associated with increased
mortality, poor outcome, and a higher rate of postprocedural
hemorrhage. With knowledge of the results from these studies
and our analyses, we can make different treatment decisions
in octogenarian patients with very poor collateral perfusion
status who are unlikely to benefit from EVT. Further random-
ized controlled studies are necessary to develop specific guide-
lines for EVT eligibility in elderly patients with very poor col-
lateral status.

In the current study, the presence of previous ischemic heart
disease was associated with favorable functional outcomes in
participants with very poor collateral perfusion status. Only
six patients had previous ischemic heart disease. The impact
on functional outcomes of previous ischemic heart disease in
this group is not conclusive until further studies are conduct-
ed in a large population.

The limitation of this study is that the study population was
too small to specify the impact of onset-to-reperfusion time
on futile EVT in different collateral perfusion grades. In a
multicenter retrospective study of 554 patients with EVT (of
whom 86 had a poor collateral grade estimated using single
phase CT angiography), not a single patient with poor collat-
erals and an onset-to-reperfusion time >174 minutes had fa-
vorable functional outcomes (mRS score 0—2 at 3 months).
They showed that earlier successful reperfusion was strongly
associated with favorable functional outcomes in the poor
collateral group; however, this association was weak in the
good collateral group, which suggests that the onset-to-reper-
fusion time window for favorable functional outcomes can be
adjusted according to collateral status”. Despite significant re-
sults of univariable analysis for onset-to-reperfusion time, we
could not include it in multivariable analysis due to lack of the
variable in some patients with unclear onset. However, the
door-to-reperfusion time was associated with functional out-
comes in patients who achieved successful reperfusion by
EVT. Collateral circulation determines the pace of infarct
progression. Earlier reperfusion may be linked with poorer
collateral status for achieving favorable functional outcomes.
Further studies in a large population are necessary to identify
the optimal time window according to collateral perfusion
status for better outcomes of EVT. It will help to establish
more specific guidelines to reduce futile EVT. Another limita-
tion is that the collateral map can only be generated with ad-

ditional software that is not currently commercially available.

Impact of Collateral Circulation on EVT | Jeon YS, et al.

We expect that collateral maps can be generated using the dy-
namic information from computer tomography perfusion. It
is necessary to establish a universally applicable foundation
through ongoing efforts for the development and commer-

cialization of a sophisticated collateral perfusion imaging.

CONCLUSION

Precise assessment of the collateral perfusion status is man-
datory for determining eligibility of patients for EVT. This
study demonstrates that EVT in elderly patients with very
poor collateral perfusion status can be futile. The assessment
of collateral perfusion status using the collateral map can pre-
dict futile EVT, which may help select ineligible patients for
EVT, thereby potentially reducing the rate of futile EV'T.
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