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Abstract

Purpose We hypothesize that the detectability of early ischemic changes on non-contrast computed tomography (NCCT) is
limited in hyperacute stroke for both human and machine-learning based evaluation. In short onset-time-to-imaging (OTI),
the CT angiography collateral status may identify fast stroke progressors better than early ischemic changes quantified by
ASPECTS.

Methods In this retrospective, monocenter study, CT angiography collaterals (Tan score) and ASPECTS on acute and
follow-up NCCT were evaluated by two raters. Additionally, a machine-learning algorithm evaluated the ASPECTS scale
on the NCCT (e-ASPECTS). In this study 136 patients from 03/2015 to 12/2019 with occlusion of the main segment of
the middle cerebral artery, with a defined symptom-onset-time and successful mechanical thrombectomy (MT) (modified
treatment in cerebral infarction score mTICI=2c or 3) were evaluated.

Results Agreement between acute and follow-up ASPECTS were found to depend on OTI for both human (Intraclass
correlation coefficient, ICC=0.43 for OTI< 100min, ICC=0.57 for OTI 100—200min, ICC=0.81 for OTI= 200 min) and
machine-learning based ASPECTS evaluation (ICC=0.24 for OTI< 100 min, ICC=0.61 for OTI 100-200 min, ICC=0.63
for OTT=200min). The same applied to the interrater reliability. Collaterals were predictors of a favorable clinical outcome
especially in hyperacute stroke with OTI< 100 min (collaterals: OR=5.67 CI=2.38-17.8, p<0.001; ASPECTS: OR=1.44,
CI=0.91-2.65, p=0.15) while ASPECTS was in prolonged OTI =200 min (collaterals OR=4.21,CI=1.36-21.9, p=0.03;
ASPECTS: OR=2.85, CI=1.46-7.46, p=0.01).

Conclusion The accuracy and reliability of NCCT-ASPECTS are time dependent for both human and machine-learning
based evaluation, indicating reduced detectability of fast stroke progressors by NCCT. In hyperacute stroke, collateral
status from CT-angiography may help for a better prognosis on clinical outcome and explain the occurrence of futile
recanalization.
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Introduction

Mechanical thrombectomy (MT) is a successful and effec-
tive treatment in acute ischemic stroke due to large vessel-
occlusion [1, 2]. While treatment decision in extended time
from symptom onset to treatment (OTT) relies on defined
mismatch criteria [3, 4], patient selection in OTT< 6h re-
lies typically on the extent of early signs of infarction on
non-contrast CT (NCCT) [5]. To quantify these, the Al-
berta Stroke Program Early Computed Tomography Score
(ASPECTS) was established [6].

Still, futile recanalization occurs and, in a small propor-
tion of patients, follow-up imaging after successful recanal-
ization reveals larger infarction than expected from pretreat-
ment imaging. Especially in hyperacute stroke, ischemic
changes on acute NCCT can be very subtle [7-9]. So,
reduced interrater-reliability was observed for ASPECTS
within an onset-time to imaging (OTI) < 100 min [10]. In pa-
tients treated with intravenous alteplase, a significant time-
to-CT interaction regarding interrater-reliability and prog-
nostic accuracy of ASPECTS has been reported before [11].

We therefore examined the time-dependent reliability
and accuracy of ASPECTS by analyzing ASPECTS on
acute and follow-up NCCT in patients with complete me-
chanical recanalization. In this collective, treatment effect is
homogeneous and secondary infarct growth is expected to
be minimal. We suppose that NCCT-ASPECTS more accu-
rately represents final infarct extent in longer OTI, while it
may not identify fast stroke progressors in short OTI. This
should apply to both human, observer-dependent ASPECTS
reading and observer-independent machine-learning based
ASPECTS evaluations. Secondly, collateral supply on CT-
angiography has been proven to be a major predictor of
final infarct size and clinical outcome before [12—-14]. We
propose that the collateral status may fill the diagnostic gap
from NCCT-ASPECTS in hyperacute stroke and may help
to explain futile recanalization.

Material and Methods
Patient Characteristics

The study was approved by the local ethics board. In this
retrospective, monocenter study, we included 265 consecu-
tive stroke patients between 03/2015 and 12/2019 with oc-
clusion of the main segment of the middle cerebral artery
(MCA) with a known, defined symptom onset time who
underwent CT imaging prior and 1 day after MT at our in-
stitution. Further inclusion criterion was complete or near
complete MT (modified thrombolysis in cerebral infarction
score=2c or 3). This was achieved in 141 (53%) patients
and 5 patients were further excluded (2 patients due to large
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space occupying hemorrhagic transformation on follow-up
imaging and 3 patients due to severe motion artifacts on
NCCT). In total, 136 patients were included in the analysis.
Baseline patient characteristics are displayed in supplemen-
tal Table 1. Median OTI was 139min (IQR 81-203 min),
median time from imaging to flow restoration was 86 min
(IQR 62-119min). Favorable clinical outcome 3 months
after stroke was defined as modified Rankin scale score
(mRS) <2 or mRS=3 in patients with pre-stroke mRS=3.
Information on mRS was available in 128 (94%) patients.

CT Imaging

Imaging was carried out on a 64-slice CT scanner (So-
matom Definition AS, Siemens Healthineers, Erlangen,
Germany). NCCT was acquired at 120kV with auto-
mated adjustment of the tube current. Images were re-
constructed by iterative image reconstruction (SAFIRE,
Siemens Healthineers) with a kernel of J31 and a slice
thickness (ST) of 1 and 4mm for all patients examined
later than 10/2016 (92 of 136 patients, 68%). For the re-
maining, only images with a ST of 4mm reconstructed
by filtered-back-projection (kernel of H41) were available.
Acquisition parameters for single-phase CT-angiography
were 120kV at 20mA after intravenous administration of
a single bolus of 65 mL iodine contrast agent (Xenetix 350,
Guerbet, Villepinte, France) followed by a 20mL saline
flush at a flow rate of 4mL/s.

ASPECTS Scoring and Evaluation of Collateral Status

ASPECTS were rated on acute and follow-up NCCT by two
experienced radiologists (MM and AP, more than 5 years of
experience in stroke imaging), blinded to all other imaging
and clinical data except for hemispheric stroke lateraliza-
tion. Additionally, acute ASPECTS was evaluated by ma-
chine-learning based e-ASPECTS Software (e-Stroke Suite
Version 9.0, Brainomix Ltd, Oxford, United Kingdom).
When available, e-ASPECTS was evaluated on images with
Imm ST. In cases where e-ASPECTS indicated ischemic
changes in the unaffected hemisphere, e-ASPECTS was set
to 10. A consensus rating by MM and AP was introduced
for the acute and follow-up ASPECTS.

Collateral status was evaluated on CT angiography by
a third radiologist (CW, more than 3 years of experience
in acute stroke imaging) blinded to all other imaging using
the Tan score [15]. In patients who received CT angiog-
raphy externally before transfer to our hospital, collateral
status was evaluated on externally acquired images. Sub-
group analysis was carried out with respect to internal or
external CT angiography.
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Statistical Analysis

Statistical analysis was performed with R (The R Project
for Statistical Computing, V3.1.2). Interrater-reliability and
agreement of acute and follow-up ASPECTS were assessed
by two-way random effects, absolute agreement intraclass
correlation coefficients (ICC(2,1)). Group differences were
assessed by Wilcoxon-rank sum test and Kruskal-Wallis
test, correlations with Spearman rank-correlation analysis.
Univariate and multivariate logistic regressions were carried
out for neurological outcome at 3 months. Significance level
was set to a.=0.05. Medians are given with their interquar-
tile range (IQR), means with their standard deviation, all
confidence intervals (CI) are quoted as 95% CI.

Results

Time-dependent Interrater-reliability of ASPECT
Soring

We defined three subgroups based on OTI: a) hyperacute
stroke with OTI< 100min (55 patients, 40%); b) imaging
between 100 and 200 min (45 patients, 33%) and c) imag-
ing = 200min after symptom onset (36 patients, 27%).

Interrater reliability was assessed by intraclass correla-
tion coefficient separately between the two raters A and B,
as well as separately between the e-ASPECTS and the con-
sensus rating and, lastly, for all raters together (rater A, B
and e-ASPECTS). Over all raters, lowest interrater reliabil-
ity was found for the hyperacute setting with ICC=0.54 (CI
0.39-0.68), compared to ICC=0.74 (CI 0.61-0.83) for OTI
in between 100-199 min and ICC=0.79 (CI 0.66-0.88) for
patients with OTI=200min (Table 1).

Noticeably, agreement between the consensus rating
and the e-ASPECTS was highest for OTI of 100-199 min
(ICC=0.88 (0.79-0.93). In the latest time window
(OTT>200min), agreement between e-ASPECTS and the
consensus rating was higher in patients without prior
contrast agent administration (20/36 patients, ICC=0.82
(0.58-0.92) compared to ICC=0.74 (0.40-0.89) in patients

Table 1 Interrater reliability of the acute ASPECTS (Alberta Stroke
Program Early Computed Tomography Score) according to the time
from symptom onset to imaging. For both human and machine-
learning based ASPECTS evaluation, interrater-reliability is found to
be lowest in the hyperacute setting with OTI (onset-time to imaging)
< 100 min. For the two human raters, it was highest in OTI =200 min,
whereas agreement between the human consensus rating and the
e-ASPECTS was highest for OTI of 100-199 min. (/CC intraclass
correlation coefficient, CI confidence interval)

Interrater reliability between

Rater A and B Consensus rating and
e-ASPECTS
OTI (min) N ICC (CI) ICC (CI)
0-99 55 0.72 (0.57-0.83) 0.57 (0.36-0.72)
100-199 45 0.78 (0.64-0.88) 0.88 (0.79-0.93)
=200 36 0.91 (0.83-0.95) 0.78 (0.59-0.88)
Overall 136 0.79 (0.72-0.85) 0.75 (0.67-0.82)

with prior contrast agent administration and secondary
transfer to our hospital). There were no relevant differences
regarding prior contrast administration for the two raters or
other time windows. Moreover, there was no significant dif-
ference in OTI between the two CT reconstruction groups
(p=0.06), nor did human ratings (p=0.15) or e-ASPECTS
(p=0.5) differ significantly between these two groups.

Time-dependent Accuracy of ASPECT Scoring

Median ASPECTS was 9 (7-10) on acute NCCT and
8 (6-9) on follow-up imaging (p<0.001). On a subgroup
level, difference between acute and follow-up ASPECTS
was evident only in the subgroup with OTI< 100 min
(p<0.001), see Table 1. Correspondingly, agreement be-
tween acute and follow-up ASPECTS improved consider-
ably with longer OTI across all ratings (individual, con-
sensus and e-ASPECTS, see Table 2). These results did
not depend on prior, external contrast-agent administration
(supplemental Table 2).

Patients who presented with short OTI had a larger
decrease in ASPECTS from acute to follow-up imaging
than patients with longer OTI. Importantly, this effect was
not confined to the group analysis. Instead, OTI corre-

Table2 Agreement between acute and follow-up ASPECTS (Alberta Stroke Program Early Computed Tomography Score) according to the time
from symptom onset time to imaging (OTI). Agreement is only moderate in short onset-time to imaging and improves substantially in the later
time windows. These findings apply to both human and machine-learning based ASPECTS (e-ASPECTS) evaluation

OTI Acute Follow-up Rater A Rater B Consensus-rating e-ASPECTS
ASPECTS ASPECTS

Min Median (IQR) Median (IQR) ICC (CI) ICC (CI) ICC (CI) ICC (CI)

0-99 9 (8-10) 7(6-9) * 0.47 (0.06-0.71) 0.42 (0.05-0.66) 0.43 (0.02-0.68) 0.24 (0.04-0.49)

100-199 8 (7-10) 8 (6-9) 0.46 (0.15-0.67) 0.48 (0.17-0.69) 0.57 (0.27-0.76) 0.61 (0.34-0.78)

=200 8 (7-10) 8 (7-9) 0.83 (0.67-0.92) 0.77 (0.57-0.88) 0.81 (0.60-0.91) 0.63 (0.22-0.82)

Overall 9 (7-10) 8(6-9)° 0.51 (0.24-0.69) 0.49 (0.22-0.66) 0.52 (0.22-0.70) 0.42 (0.15-0.61)

# Indicates significant differences
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TICI3-recanalization

TICI3-recanalization

\

Fig. 1 Acute and follow-up imaging of two exemplary patients (A and B) who both underwent acute CT imaging within less than 100 min after
symptom onset and who both underwent complete recanalization (mTICI3) of their right-sided middle cerebral artery M1 segment occlusion
(patient A within 30min, patient B within 39 min after image acquisition). On acute NCCT (A1l + B1), early ischemic changes were found for
both patients along the right insular ribbon. However, patient A had excellent collateral supply on CT-angiography (A2), while patient B had no
collateral filling (B2). On follow-up imaging, large infarction is observed in patient B (B3), while ischemic changes are still confined to the insular

ribbon in patient A (A3)

lated directly with the difference (or shift) between acute
and follow-up ASPECTS (p=-0.28, CI=-0.43—0.13),
p<0.001 for rater A, p=-0.23 (CI=-0.38—0.07), p=0.008
for rater B, p=-0.22 (CI=-0.383—0.06), p=0.01 for
e-ASPECTS and p=-0.33 (CI=-0.47—0.19), p<0.001
for the consensus rating.

We also noted more decrease (or negative shift) between
acute and follow-up ASPECTS as time from imaging to
recanalization increased (p=0.20 (0.04-0.37), p=0.02 for
the consensus rating and p=10.20 (0.03-0.37), p=0.02 for
the e-ASPECTS rating). No further significant correlations
between decrease in ASPECTS and time from imaging to
recanalization were found on a subgroup level.

Collateral Status and OTI

CT angiography was acquired simultaneously with NCCT
in 104 patients (76%), whereas 32 patients (24%) under-
went external CT angiography and secondary transfer to
our hospital. In one patient externally acquired CT angiog-
raphy was not available for collateral scoring.

Overall median Tan score was 2 (1-3). Thereby, Tan
score was 1 (1-2) in the subgroup with OTI< 100min,
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whereas median Tan score was 3 (2-3) in the latest time
window with OTI=200min (p=0.01). Spearman corre-
lation analysis was significant between Tan scores and
ASPECTS (p=0.003 for the consensus rating, p=0.01 for
the e-ASPECTS and p<0.001 for follow-up ASPECTS),
see also exemplary patients in Fig. 1. On a subgroup
level, correlation was significant only in the early subgroup
with OTI<100min (p=0.001 for the consensus rating,
p=0.003 for the e-ASPECTS and p<0.001 for the follow-
up ASPECTS) and not in the later time windows. This
was independent of external or in-house CT angiography
acquisition (Table 3 and supplemental table 3).

Clinical-outcome Analysis

A favorable clinical outcome 3 months after stroke was
observed in 83 of 128 patients (65%). In the univari-
ate analysis, significant predictors of a favorable clinical
outcome were ASPECTS (consensus rating: OR: 1.87
(1.44-2.52), p<0.001, e-ASPECTS: OR 1.77 (1.38-2.34),
p<0.001), Tan score (OR: 2.00 (1.37-2.94), p<0.001) and
NIHSS at admission (OR: 0.86 (0.80-0.92), p<0.001).
In our cohort, OTI was not a significant predictor, nor
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Table 3 Collateral status (Tan score) as a function of OTI (onset-time to image). Significant correlation between Tan score and ASPECTS (Alberta
Stroke Program Early Computed Tomography Score) was found especially in the short OTI

OTI Tan-Score Correlation between Tan-Score and:

Acute ASPECTS (consensus) e-ASPECTS Follow-up ASPECTS
Min N Median (IQR) p (CD )4 p (CDH P p (CDH P
0-99 55 1(1-2) 0.42 (0.19-0.64) 0.001 0.39 (0.14-0.63) 0.003 0.57 (0.35-0.79) <0.001
100-199 45 2 (1-3) 0.22 (-0.11-0.55) 0.16 0.25 (-0.05-0.56) 0.09 0.25 (-0.09-0.59) 0.09
=200 35 3(2-3)* 0.14 (-0.23-0.49) 0.44 -0.05 (-0.38-0.28) 0.76 0.20 (-0.16-0.56) 0.25
Overall 135 2 (1-3) 0.25 (0.08-0.42) 0.003 0.21 (0.05-0.38) 0.01 0.39 (0.22-0.55) <0.001

% A selection bias towards patients with better collaterals in the later time windows is noted (p=0.01)

Table 4 Multivariate logistic regression analysis including either observer-dependent ASPECTS or machine-learning based e-ASPECTS and
collaterals (Tan score) as predictors of a favorable clinical outcome 3 months after stroke. Predictive roles dependent on OTI with collaterals being
a significant predictor especially in hyperacute stroke with OTI< 100 min compared to ASPECTS is in the later time windows

OTI All patients OTI< 100 min OTI = 100-199 min OTI =200 min

OR (CI) p-value OR (CI) p-value OR (CI) p-value OR (CI) p-value
User-dependent rating:
ASPECTS (con- 1.79 (1.38-2.44) <0.001 1.46 (0.91-2.65) 0.15 1.34 (0.86-2.24) 0.2 2.85 (1.46-7.46) 0.01

sensus rating)

Collaterals (Tan 1.82 (1.22-2.84) 0.004 5.67 (2.38-17.8) <0.001 4.04 (1.76-12.3) 0.004 4.21 (1.36-21.9) 0.03
score)
Machine-learning based ASPECTS evaluation:
e-ASPECTS 1.69 (1.31-2.26) <0.001 1.28 (0.72-2.39) 0.4 1.43 (0.97-2.28) 0.09 3.43 (1.66-9.47) 0.004
Collaterals (Tan 1.83 (1.22-2.79) 0.004 6.00 (2.52-18.7) <0.001 3.85(1.63-11.8) 0.006 4.03 (1.36-20.6) 0.03
score)
o o
= time from symptom onset: = —— OTI < 100 min
—— <100 min === 100 min < OTI < 200 min e
< | === 100 - 200 min - @ | | — - OTI>200min o~
o — - >200 min - =
> «© | > ©
£ o £ ©
-] F-]
3 3
£ 2= & 3
o~ o
o o
o _| < J
e T T T T T T T = T T T 1} T T T
4 5 6 7 8 9 10 4 5 6 7 8 9 10
A) ASPECTS B) e-ASPECTS

Number of Observations:

o N=1

ON=25 ON=610( N>10

Fig.2 Results of univariate logistic regression analysis: Probability of a favorable clinical outcome 3 months after stroke as a function of a ob-
server-dependent ASPECTS and b machine-learning based e-ASPECTS. In patients who presented more than 200 min after symptom onset,
ASPECTS was a better predictor of clinical outcome than in earlier time windows for both ASPECTS and e-ASPECTS

was time from symptom onset to recanalization (OR 1.00
(1.00-1.01), p>0.5 for both). Also, administration of in-
travenous thrombolysis (OR 0.84 (0.39-1.76), p>0.5), age
(OR 0.97 (0.93-1.00), p=0.1) or sex (OR 1.14 (0.55-2.37),
p>0.5) were not significant predictors in our study popula-
tion. Multivariate analysis including acute ASPECTS, Tan
score and NIHSS at admission revealed significant predic-

tion of a favorable clinical outcome for all three (ASPECTS
OR: 1.67 (1.26-2.32), p<0.001 or e-ASPECTS OR: 1.60
(1.23-2.16), p=0.001), Tan score OR: 1.64 (1.05-2.59),
p=0.03, NIHSS OR: 0.90 (0.83-0.97), p=0.006.

To additionally analyze the time-dependent prognostic
roles of NCCT and collaterals, univariate and multivariate
logistic regression analysis for a favorable clinical outcome
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were conducted for the three time-dependent subgroups
including ASPECTS and (for multivariate analysis) Tan
score. Thereby, pre-interventional ASPECTS was found
to be a significant predictor especially in OTI=200min,
whereas Tan score was also in hyperacute stroke with
OTI< 100min. These findings apply for human observer-
dependent ASPECTS and the e-ASPECTS (see Table 4
and Fig. 2).

Discussion

We demonstrate that the reliability and accuracy of NCCT-
ASPECTS depend on the time from symptom onset to
imaging. Interrater-reliability and agreement between acute
and follow-up ASPECTS is found to be reduced in short
OTT for both human and machine-learning based ASPECTS
evaluation.

A particular strength of this study is the focus on pa-
tients who underwent complete mechanical recanalization.
Previous works studied the time-dependent accuracy and
prognostic value of ASPECTS only in patients treated with
intravenous thrombolysis [10, 11, 16]. Compared to these
studies, the treatment effect is more homogeneous in our
study and the time-dependent accuracy of ASPECTS can
be assessed more precisely. We found that patients who
underwent imaging within a short OTI exhibited more fre-
quently larger infarcts on follow-up imaging than expected
from acute imaging. The most likely explanation is that
early ischemic changes on NCCT are only very subtle in
patients who present in such short OTI [7-9, 17].

This thesis is further supported by the inclusion of
the e-ASPECTS in our study. e-ASPECTS did not de-
tect any subtle changes in hyperacute stroke which may
be invisible to the human eye. While non-inferiority of
e-ASPECTS was demonstrated before [18], this time-de-
pendency of e-ASPECTS was not. As an interesting side
effect of our analysis, we found that agreement between
e-ASPECTS and the observer-dependent rating was high-
est in the medium time window with OTT of 100—199 min.
One possible explanation could be that e-ASPECTS is
trained most for this time window. Also, we noted a re-
duced agreement between human consensus rating and
e-ASPECTS in patients with prior external contrast-agent
administration. This was more frequent in the latest time
window with OTI>200min. In those patients, ischemia-
related blood-brain barrier disruptions may have led to
contrast agent extravasation. Potentially, an enhanced tis-
sue contrast and higher overall density values did then
influence the e-ASPECTS.

Secondly, we investigated whether collateral status from
CTA fills the diagnostic gap in hyperacute stroke. Thereby,
we found that collateral status correlated with acute and fol-
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low-up ASPECTS and clinical outcome after recanalization
especially in patients with OTI< 100min. CTA collaterals
allowed for a better prognosis in patients undergoing MT
in hyperacute stroke and helped to explain the occurrence
of futile mechanical recanalization.

We remark that a third integral part of acute stroke imag-
ing is perfusion imaging. Such imaging is mandatory for
patient selection in prolonged time-windows greater than
6h [3, 4] but current guidelines do not consider it essential
for decision-making in shorter time windows [3]; however,
the reduced detectability of infarcted tissue by NCCT in the
hyperacute setting, as demonstrated in our study, raises the
question on whether perfusion imaging may help to iden-
tify ischemic tissue especially in the earlier time windows.
NCCT-ASPECTS had higher accuracy and reliability in
the prolonged time windows for both human and machine-
learning based evaluation. Still, in extended time windows,
perfusion thresholds have to be met to justify treatment de-
cisions [19]. While our study does not allow for a conclu-
sive analysis on this topic, it strongly motivates for further
research on whether NCCT-ASPECTS may be suited as
a main selection criterion also in longer OTI. We point out
that vice versa, one must not conclude from our study that
CT perfusion may be needed in hyperacute stroke for pa-
tient selection. Instead, in patients who presented very early
after symptom onset and in whom NCCT did not reveal
extensive early ischemic changes, a priory probability for
a favorable clinical outcome was high as well. For these pa-
tients, thrombectomy may be justified per se and regardless
of possible infarct underestimation on NCCT. Acquisition
of CT angiography is mandatory to diagnose large-vessel
occlusion. By assessing the collateral status, we found that
it does also allow for a prognosis on the clinical outcome
and helps to explain the occurrence of futile recanalization.
Conventional CT-perfusion protocols come at the cost of
higher radiation dose and the need for more contrast agent.
Moreover, CT perfusion may not allow to withhold patients
from MT either, due to the risk of infarct overestimation in
the hyperacute setting [20-23].

Our study has limitations: First, besides the detectabil-
ity of early ischemic changes, also infarct growth within
the time from imaging until flow restoration leads to a de-
crease in ASPECTS. Still, this effect was not confined to
one of the time windows. Another limitation of our study
results from our retrospective, monocentric study design.
Compared to a prospective cohort of patients with stroke-
like symptoms, the reported accuracies of ASPECTS may
be superior. Moreover, we observed a bias towards patients
with better collateral status as OTI increased. Noteworthy,
this bias occurred although patient selection for MT is not
based on collateral status at our institution. Hence, patients
with poor collateral supply who presented in a later time
window were less likely to be found eligible to undergo MT,
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possibly due to an already large extent of early ischemic
changes on NCCT. This may also explain why correlation
between ASPECTS and collateral status was not found to
be significant when regarding the extended time window.
Further, reconstruction kernel or slice thickness could af-
fect the accuracy of ASPECTS [24, 25] and could not be
considered in our retrospective analysis.

Conclusion

In patients with acute occlusion of the MCA M1 segment
who all underwent mechanical recanalization with suc-
cessful reperfusion, we demonstrate that the accuracy of
ASPECTS evaluation is time dependent for both human
and observer-independent, machine-learning based evalu-
ation. In ultrashort OTI, collaterals aided to explain the
occurrence of futile recanalization. CT-angiography col-
lateral status and NCCT-ASPECTS were complementary
surrogate parameters of infarct evolution with different
sensitivity regarding time from symptom onset to imaging.
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