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Abstract

Purpose We aimed to investigate treatment effect of endovascular thrombectomy (EVT) on the change of National
Institutes of Health Stroke Scale (NIHSS) scores in acute ischemic stroke (AIS) patients with anterior large vessel occlusion
(LVO). Predictors of early neurological improvement (ENI) were assessed in those with successful reperfusion.

Methods Data on stroke patients from January 2018 to December 2020 were retrospectively analyzed. Anterior LVO
was defined as occlusion of internal carotid artery and/or M1/M2 branch of middle cerebral artery. A reduction of at
least 8 NIHSS points at 24h after EVT or NIHSS score <1at discharge was defined as ENI. In patients with successful
reperfusion (TICI score of 2b/3) and available CT perfusion (CTP) imaging, 20 variables were tested in a smoothed ridge
regression for their association with ENIL.

Results One hundred seventy two out of 211 patients had successful perfusion with 54 patients achieving ENI. Impact of
successful EVT on reducing NIHSS score grew continuously on a daily basis up to the date of discharge. 105 out of 172
patients were included in final regression model. Short time from onset to admission and from groin-puncture to reperfusion,
young age, low prestroke disability, high baseline CTP ASPECTS and high follow-up non-contrast CT (NCCT) ASPECTS
were significantly associated with ENI. Neither baseline NCCT ASPECTS nor the volume of penumbra or ischemic core
measured on CTP were associated with ENIL.

Conclusion CTP ASPECTS might better predict ENI than non-contrast CT at baseline in patients with successful reper-
fusion following EVT.

Keywords Stroke - Thrombectomy - Endovascular thrombectomy - CT perfusion - ASPECTS

9 Yan Li Introduction
yan.li@uk-essen.de

Since 2015 multiple randomized trials showed efficacy of
endovascular thrombectomy (EVT) over standard medical
treatment alone regarding improvement of functional out-
comes in patients with acute ischemic stroke (AIS) caused
by anterior large vessel occlusion (LVO) within 7.3h from
stroke onset to arterial access [1, 2]. In selected patients
with evidence of salvageable brain tissue on CT or MR

Institute of Diagnostic and Interventional Radiology and
Neuroradiology, University Hospital Essen, University of
Duisburg-Essen, Hufelandstr. 55, 45147 Essen, Germany

Department of Neurology and Center for Translational
Neuro- and Behavioral Sciences (C-TNBS), University
Hospital Essen, Hufelandstrae 55, 45147 Essen, Germany

Medical Physics, Department of Radiology, University

Medical Center Freiburg, Killianstralie Sa, 79106 Freiburg,
Germany

Department of Neurosurgery and Spine Surgery, University
Hospital Essen, HufelandstraBe 55, 45147 Essen, Germany

Swiss Neuroradiology Institute, Biirglistrale 29, 8002 Zurich,

Switzerland

perfusion imaging, the time window for EVT might be
extended to 24h after patients were last seen to be well
because of higher percentage of functional independence,
lower 90-day mortality rate, and absence of considerably
increased risk of brain hemorrhage compared to standard
medical treatment alone [3, 4]. After translating these find-
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ings into clinical practice, the question arose whether EVT
is beneficial for all patients and which prognostic factors
are important for a favorable neurological outcome in ad-
dition to endovascular reperfusion. In the setting of stroke
triage, assessment of those determinants in a given patient
might not only assist rapid decision-making but also help
to optimize postthrombectomy care concerning distribution
of patients in stroke unit or intensive care unit.

Hence, we conducted a retrospective analysis to study the
treatment effect of EVT on the change of National Institutes
of Health Stroke Scale scores (NIHSS) scores at 24-h inter-
vals from admission to discharge in patients with anterior
LVO. Moreover, we aimed to assess predictors associated
with favorable early neurological improvement (ENI) in pa-
tients with successful reperfusion following EVT. Particular
attention was given to cerebral CT perfusion (CTP) imag-
ing, which enables a more reliable assessment of ischemic
change, as non-contrast CT (NCCT) often shows no or only
subtle infarct demarcation at baseline, especially in patients
with an early time window <3h [5, 6]. Based on our own
observation, we hypothesized that CTP-derived parameters
at baseline might be more predictive of clinical outcome
than NCCT.

Material and Methods
Study Population

In this single-center retrospective analysis, we reviewed all
EVT cases from January 2018 to December 2020 at our ter-
tiary care center in patients with AIS due to anterior LVO.
First, the impact of EVT on the dynamic change in NIHSS
score was evaluated. The inclusion criteria were as follows:
(1) occlusion of internal carotid artery and/or M1/M2 of
middle cerebral artery, (2) available NCCT at admission
and 24 h after EVT with calculated Alberta Stroke Program
Early CT Score (ASPECTS). Then we performed subgroup
analysis to test the association of each variable with ENI in
patients with successful reperfusion defined by the throm-

Patients with AIS and EVT (n=324)
Patients with occlusion of ICA and/or MCA (M1/M2) (n=211)
Patients achieving successful reperfusion with TICI 2b/3 (n=172)

Patients with available imaging modalities including CT perfusion (n=105)

Fig.1 Flow chart of selection process with numbers of patients.
AIS acute ischemic stroke, /CA internal carotid artery, MCA mid-
dle cerebral artery, TICI thrombolysis in cerebral infarction scale,
CT computed tomography, EVT endovascular thrombectomy
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bolysis in cerebral infarction scale (TICI) of 2b/3 [7] and
additionally available CT perfusion imaging at baseline (see
flow chart Fig. 1). CT perfusion imaging belongs to stan-
dard stroke imaging protocol for all incoming stroke pa-
tients brought primarily by emergency ambulance. A small
part of patients were secondarily transferred to our angio
suite for endovascular treatment from peripheral primary
care centers, which usually did not perform CT perfusion
imaging.

Clinical and Neurological Assessment

Patients were categorized into groups with witnessed and
unwitnessed onset of symptoms. In the case of unwitnessed
onset of symptoms, the time the patient was last known well
was defined as symptom onset. Time points of symptom
onset, hospital admission, groin puncture and final reper-
fusion at the end of EVT were documented. At admission,
baseline patient characteristics such as age, gender, history
of diabetes mellitus (DM), coronary artery disease (CAD)
and presence of atrial fibrillation were assessed. The NIHSS
was used to quantify neurological impairment at admission,
24/48/72h after EVT and at discharge. Additionally, the de-
grees of prestroke disability were classified with modified
Rankin Scale (mRS).

Neuroimaging Analysis

At admission, extent of cerebral early ischemic change was
evaluated by using ASPECTS on baseline NCCT, while the
site of vessel occlusion was determined on CT angiography.
The volume of hypoperfused tissue was estimated in areas
with a Tmax exceeding 65, and the volume of ischemic core
was calculated for areas with cerebral blood flow (CBF)
less than 30% compared to the unaffected hemisphere on
CTP imaging provided by automatic postprocessing soft-
ware VEOcore (VEObrain GmbH, Freiburg, Germany) [3].
The volume of penumbra was calculated as volume differ-
ence of hypoperfused tissue and ischemic core. We used
a 10-point quantitative topographic scale to calculate the
CTP ASPECTS [8]. Similar to ASPECTS on NCCT, 1 point
is subtracted from the initial 10 points for presence of is-
chemic core (areas with CBF less than 30% compared to the
unaffected hemisphere) in each of the predefined regions in
ASPECTS.

Technique of EVT was performed based on the decision
of the neurointerventionalist. Combination of stent-retriever
and contact aspiration was the primary thrombectomy tech-
nique, while aspiration alone was sometimes preferred for
the first pass in cases of distal M1 occlusion. Depending
on the final angiographic result, the grade of reperfusion
was determined with TICI score. The first pass effect, de-
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fined as TICI 3 after first pass, was documented. Follow-
up NCCT was performed after 24 h for reassessment of is-
chemic change with ASPECTS and for detection of bleed-
ing events classified by Heidelberg bleeding classification
[9]. Symptomatic intracranial hemorrhage [10], defined as
a deterioration of at least 4 points in the NIHSS score as-
sociated with brain hemorrhage or hemorrhage leading to
death, was documented.

Two neuroradiologists (YL and CD, both with >5 years
of experiences), blinded to the patient’s clinical and neuro-
logical information, independently reviewed all neuroimag-
ing modalities and calculated the scores subsequently. Dis-
crepancies were resolved by consensus meeting.

Primary Neurological Outcome

As suggested in previous trials, ENI defined as a dramatic
decrease of NIHSS scores at 24 h after EVT represents an
accurate and valid outcome measure of treatment effect and
correlates highly with mRS at 90 days [6-8]. Further, it was
also proposed as a primary outcome for clinical trials [11].
Accordingly, ENI was set as primary neurological outcome
in our study. A decrease of 8 or more points at 24h or an
NIHSS score of less than 2 at discharge was defined as ENI
[12, 13].

Statistical Analysis

For descriptive analysis, numerical variables were ex-
pressed as means with 25-75% interquartile ranges (IQR)
and categorical variables were presented as frequencies
and percentages. Patients were categorized in ENI+ and
ENI- groups, between which the baseline characteristics,
clinical, neurological and neuroimaging parameters were
compared with each other using y>-test for nominal and
Mann-Whitney U test for numerical variables. Correlations
between variables and the change in NIHSS score at 24h
were calculated by using Spearman’s rank-order correlation
test.

Taking ENI as dependent variable, a smoothed ridged
regression model with a logit link was performed to esti-
mate the predictive value of each variable. The predictors
included age, sex, presence of DM, CAD and atrial fib-
rillation, NIHSS score at admission, mRS before stroke,
witnessed/unwitnessed stroke, baseline ASPECTS and CTP
ASPECTS, volume of ischemic core, volume of penumbra,
use of intravenous thrombolysis, time intervals from symp-
tom onset to admission, door to groin, groin puncture to
reperfusion, first pass effect of EVT, follow-up ASPECTS
on NCCT and brain hemorrhage on follow-up NCCT at 24 h
as well as symptomatic hemorrhage. The smoothed ridge
regression model was preferred over the more standard lo-

gistic regression because of the large number of covariates
[14].

All descriptive statistics were performed with SPSS (ver-
sion 27, IBM, Armonk, NY, USA). The smoothed ridge re-
gression was computed using the R-Software environment
for statistical computing (version 4.3, R Foundation for Sta-
tistical Computing, Vienna, Austria) and the islasso library.
A p-value <0.05 was considered statistically significant.

Results
Baseline Characteristics and Neurological Outcome

We identified a total of 324 patients that underwent EVT
and 211 patients (122 females) presented with anterior
LVO. Witnessed strokes were ascertained in 114 (54%)
patients. The mean age was 76 years (IQR 66-82 years).
Atrial fibrillation was present in 112 (53.1%), DM in 55
(26.1%) and CAD in 54 (25.6%) patients. Most of the
patients were functionally independent in the daily activi-
ties before stroke onset (mean value of mRS 1, 80% with
mRS <2). The mean NIHSS scores was 15 (IQR 9-20) at
hospital admission. The mean baseline ASPECTS and CTP
ASPECTS were 10 (IQR 9-10) and 9 (7-10), respectively,
and 133 (63%) patients received intravenous thrombolysis.
Successful reperfusion represented 81.5% (TICI 2b: 30.3%;
TICI 3: 51.2%) of all cases with 54 cases of first pass effect
(24.6%). The mean NIHSS scores 24/48/72h after EVT
and at discharge were 13.5 (IQR 5-26), 12 (5-24), 10
(4.25-21) and 8 (3-42), respectively. ENI was found in
59 patients (28% of 211). The mean follow-up ASPECTS
24h after EVT was 8 (IQR 6-10). Brain hemorrhage was
detected in 41 (19.4%) patients and symptomatic intracra-
nial hemorrhage (SICH) in 19 (9%) patients. The baseline
characteristics and outcomes are summarized in Table 1.

Treatment Effect of EVT on ENI and Change
of NIHSS Scores

172 out of 211 patients experienced successful reperfusion
(TICT 2b/3) with 54 (31.4%) patients achieving ENI (Ta-
ble 1). Of the remaining 39 patients with futile EVT (TICI
0-2a), only 5 patients were found to have ENI (12.8%). In
addition, the mean NIHSS scores 24/48/72h after EVT and
particularly at discharge were significantly lower in patients
with successful reperfusion (Fig. 2, Table 2).
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Table 1 Baseline characteristics, endovascular and neurological outcomes of all patients

Variables All (n=211) ENI+ (n=59) ENI- (n=152) p-Values
Age (years) 76 (66-82) 73 (62-80) 77 (61.25-83) 0.054
Male sex 89 (42.4%) 24 (40.7%) 65 (42.8%) 0.877
DM 55 (26.1%) 13 (22%) 42 (27.6%) 0.486
CAD 54 (25.6%) 13 (22%) 41 (27%) 0.489
Atrial fibrillation 112 (53.1%) 27 (45.8%) 85 (55.9%) 0.219
Witnessed stroke 114 (54%) 34 (57.6%) 80 (52.6%) 0.541
Symptom onset to hospital admission (min) 170 (58-482) 145 (50.25-405.5) 177.5 (62.25-516.75) 0.172
Door-to-groin (min) 66 (42-84) 62 (31-86) 66 (48-83) 0.486
Groin puncture to reperfusion (min) 73 (44-108) 64 (40-88) 82.5 (47.75-122.74) 0.002
mRS before stroke 1 (0-2) 0(0-2) 1(0-2) 0.012
NIHSS at admission 15 (9-20) 14 (10-19) 15 (9-20.75) 0.868
NIHSS at 24h 13.5 (5-26) 4 (2-8) 19 (11-32) <0.0001
NIHSS at 48h 12 (5-24) 3.5 (1-6.25) 17 (10-27) <0.0001
NIHSS at 72h 10 (4.25-21) 3 (1-6) 15 (8-26.5) <0.0001
NIHSS at discharge 8 (3-42) 2 (1-4) 13.5 (6-42) <0.0001
Baseline ASPECTS 10 (9-10) 10 (9-10) 10 (9-10) 0.328
Baseline CTP ASPECTS 9 (7-10) 9 (7-10) 9 (7-10) 0.754
Volume of penumbra (ml) 69.5 (43.25-115.75) 66 (40-111) 76 (44-118) 0.397
Volume of ischemic core (ml) 17 (2.25-44.5) 14 (5-45) 17 (0-44) 0.812
Intravenous thrombolysis 133 (63%) 40 (67.8%) 93 (61.2) 0.428
TICI 2b/3 172 (81.5%) 54 (91.5%) 118 (77.6%) 0.019
First pass effect 52 (24.6%) 21 (35.6%) 31 (20.4%) 0.016
Follow-up ASPECTS 8 (6-10) 9 (8-10) 8 (5-9.25) <0.0001
Hemorrhage on follow-up CT 41 (19.4%) 4 (6.8%) 37 (24.3%) 0.003
SICH 19 (9%) 1 (1.7%) 18 (11.8%) 0.029

Numerical variables were expressed as means with 25-75% interquartile ranges (IQR). *-test for nominal and Mann-Whitney U test for numerical
variables were used for comparison between patient groups with and without ENI. Significant p-values are marked in italics
ENI early neurological improvement, DM diabetes mellitus, CAD coronary artery disease, mRS modified Rankin scale, N/IHSS National Institutes
of Health Stroke Scale, ASPECTS Alberta Stroke Program early CT Score, CTP CT perfusion, TICI thrombolysis in cerebral infarction scale,

SICH symptomatic intracranial hemorrhage
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Fig.2 Boxplots showing treatment effect of endovascular thrombec-
tomy on the change in National Institutes of Health Stroke Scale scores
at 24-hour intervals and at discharge. Comparison of median values be-
tween groups was performed with Mann-Whitney U test. NTHSS Na-
tional Institutes of Health Stroke Scale, TICI thrombolysis in cerebral
infarction scale
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In 105 patients with successful reperfusion as well as avail-
able CT perfusion imaging at baseline, favorable ENI was
significantly associated with the time intervals from symp-
tom onset to admission, groin puncture to reperfusion, age,
mRS before stroke, baseline CTP ASPECTS and follow-up
NCCT ASPECTS (Table 3).

Discussion

The main objective of this single-center retrospective analy-
sis was to investigate treatment effect of EVT in patients due
to anterior LVO and further to define predictors of favorable
ENI in those with successful reperfusion. Short time inter-
vals from symptom onset to hospital admission and from
groin puncture to reperfusion, young patient age, absence
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Table 2 Daily change in National Institutes of Health Stroke Scale scores in patient groups with or without successful reperfusion

Median (IQR) NIHSS NIHSS score at NIHSS score at NIHSS score at NIHSS score at
score at admission 24h 48h 72h discharge
TICI 2b/3 (n=172) 15 (10-20.75) 12 (4-25.25) 11 (4-23) 9 (4-19.25) 7 (2.25-20.75)
TICI 0-2a (n=39) 15 (8-18) 16.5 (11-34) 16 (11-33.75) 18.5 (8.75-34.25) 21 (7-42)
p-Values 0.313 0.015 0.005 0.002 <0.001

Comparison of median values between groups was performed with Mann-Whitney U test. Significant p-values are marked in bold
NIHSS National Institutes of Health Stroke Scale, 7/CI thrombolysis in cerebral infarction scale

Table 3 Predictors of early neurological improvement in patients with successful reperfusion

Variables OR CI (95%) p-Values
Age (per year) 1.05 1.002-1.1 0.042
Sex 0.9 0.605-1.34 0.605
DM 0.997 0.68-1.46 0.987
CAD 0.982 0.67-1.442 0.928
Atrial fibrillation 0.702 0.468-1.053 0.087
Witnessed stroke 0.983 0.674-1.434 0.93
Symptom onset to admission (per 10 min) 0.978 0.966-0.99 <0.001
Door to groin (per 10 min) 1.003 0.887-1.135 0.96
Groin puncture to reperfusion (per 10 min) 0.731 0.631-0.845 <0.001
mRS before stroke (per point) 0.608 0.427-0.865 0.006
NIHSS at admission (per point) 0.977 0.908-1.051 0.533
Baseline CT ASPECTS (per point) 0.992 0.702-1.402 0.962
Baseline CTP ASPECTS (per point) 0.672 0.468-0.963 0.03
Volume of penumbra (per ml) 0.997 0.986-1.009 0.619
Volume of ischemic core (per ml) 0.97 0.939-1.003 0.076
Intravenous thrombolysis 0.968 0.656-1.428 0.87
First pass effect 0.896 0.629-1.276 0.542
Follow-up CT ASPECTS (per point) 1.749 1.322-2.314 <0.001
Hemorrhage on follow-up CT 0.934 0.656-1.332 0.708
SICH 1.074 0.862-1.34 0.523

Significant p-values are marked in italic

OR odds ratio, CI confidence interval, DM diabetes mellitus, CAD coronary artery disease, mRS modified Rankin scale, NIHSS National Institutes
of Health Stroke Scale, ASPECTS Alberta Stroke Program early CT Score, CTP CT perfusion, TICI thrombolysis in cerebral infarction scale,

SICH symptomatic intracranial hemorrhage

of significant disability before stroke, and high follow-up
ASPECTS score on NCCT after 24 h were significantly as-
sociated with favorable ENI. Baseline CTP ASPECTS out-
performed baseline NCCT ASPECTS in predicting ENI;
however, neither the volume of penumbra nor the size of
ischemic core were associated with ENI.

First of all our study revealed again the paramount im-
portance of achieving successful reperfusion (TICI 2b/3)
for ischemic stroke outcome. In line with previous studies
[15, 16], favorable ENI was more frequently present in pa-
tients with successful reperfusion (31.4% of patients with
TICI 2b/3 versus 12.8% with TICI 0-2a). Moreover, the
impact of successful reperfusion on neurological improve-
ment grew daily until the day of discharge (Fig. 2), when the
maximum difference of 14 points in median NIHSS scores
between patients with and without successful reperfusion
was reached.

In spite of advances in thrombectomy techniques and
devices over the last decade, resulting in increasingly rapid
and safe reperfusion of ischemic brain tissue, the reported
percentage of patients with good functional outcomes (mod-
ified Rankin scale <2) at 90 days ranged from 24% to
51% [12, 13, 17-20]. Occlusion time from symptom onset
to reperfusion has been proven as one of the most valid
predictors for neurological outcomes [2, 16, 21, 22]. As
demonstrated by the logistic regression model of our data,
the time intervals from onset to hospital admission (OR
0.978 per 10min, 95% CI 0.966-0.99, p<0.001) and from
groin puncture to reperfusion (OR 0.731 per 10min, 95% CI
0.631-0.845, p<0.001) were both critical determinants for
ENI, but the intrahospital door-to-groin time was not. This
might be explained by the standardized stroke workflow
from diagnostic imaging at admission to preinterventional
anesthesiological preparation in the angio suite. Neverthe-
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less, ongoing efforts must be made to further shorten the
intrahospital delay, not only to reduce the entire ischemic
time but also to favor a higher rate of reperfusion. After
all, this time interval was reported to be strongly associated
with the final reperfusion grade and each additional hour
led to a 26% reduction in the odds of TICI 2b/3 results
[23]. Besides the time factor, our results also strengthened
previous findings that high age and prethrombectomy dis-
ability of patients were associated with poor neurological
improvement despite timely complete reperfusion [17, 24].

The ASPECTS score for evaluation of cerebral ischemic
change on baseline NCCT is widely used to exclude pa-
tients with large infarct size from endovascular treatment
due to less likelihood of functional independence and
increased risk of hemorrhage [25, 26]. Baseline NCCT
ASPECTS was proposed to be a strong predictor of neu-
rological outcome in patients undergoing EVT due to
anterior LVO with unknown or prolonged time window
>6h [20]. The second analysis of the DAWN trial indi-
cated as well that a higher ASPECTS was associated with
greater benefit of EVT in patients presenting with a late
window >6h [27]. In our study, the CTP ASPECTS turned
out to be an independent predictor for favorable ENI (OR
0.672, 95%CI 0.468-0.963, p=0.03), but not the baseline
NCCT ASPECTS. It might be the short median time of
approximately 3h from onset to imaging that over 75%
of the patients presented with ASPECTS of 9-10at base-
line. Indeed, baseline CT ASPECTS correlated inversely
and tightly with the time from onset to hospital admission
(p=-0.368, p=0.002, supplementary material). This find-
ing was supported by an analysis of 1329 ischemic stroke
patients, in whom only 30% had an NCCT ASPECTS
<10 within the first 3h after onset [6]. Thus, baseline CT
ASPECTS appears to be more accurate and reproducible
in patients presenting with a late time window >6h. On
the contrary, the ischemic change of brain could be reliably
assessed with CTP ASPECTS, which assessed the extent
of ischemic core as areas with less than 30% CBF. Another
advantage of CTP ASPECTS over NCCT ASPECTS is the
increased diagnostic confidence and concordance of the
readers in interpreting the imaging, as detection of early
signs of cerebral ischemia on NCCT, such as subtle hypoat-
tenuation or swelling, requires years of reading experience
in acute stroke [5, 28]; however, additional radiation expo-
sure and contrast agent administration as well as prolonged
examination time by CTP imaging are known disadvan-
tages in the workflow of stroke management. With the
aid of artificial intelligence, accuracy of NCCT ASPECTS
calculation might be improved in patients presenting in an
early time window [29]. Consistent with previous work by
SWIFT investigators [30], we found that higher ASPECTS
on follow-up NCCT at 24h was highly prognostic for ENI
(OR 1.749 per point, 95%CI 1.322-2.314, p<0.001).
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In a meta-analysis by the HERMES collaboration with
patients gaining more than 50% reperfusion following EVT
[18], large ischemic core volume estimated by baseline per-
fusion imaging (CTP or MR diffusion imaging) was inde-
pendently associated with worse functional outcome and
each 10ml increase reduced the odds of favorable outcome
by 20-30%. A second analysis of MR CLEAN trial and
other previous work resulted in the same finding [31, 32].
Neither the volume of penumbra nor the size of ischemic
core at baseline CTP were prognostic for favorable ENI in
our study, though a large ischemic core volume tended to
be associated with a reduced probability of ENI (OR 0.97,
95%CI 0.939-1.003, p=0.076). The different definition of
study endpoints (ENI versus mRS at day 90) might be one
explanation. Another reason might be ischemic core over-
estimation on CTP, particularly in patients in earlier time
windows and those with rapid reperfusion [33-35]. Due to
potential presence of ghost infarct core on CTP, caution
must be applied in decision-making for endovascular ther-
apy in patients presenting with early time window within
3h [36]. As the authors of the HERMES collaboration em-
phasized, the presence of a large ischemic core on baseline
CTP should not prevent patients from the benefits of en-
dovascular reperfusion because of the enhanced probability
of functional independence with EVT compared to standard
therapy alone at every level of ischemic core volume.

The main strengths of this study were its longitudinal
documentation of NIHSS scores from admission to dis-
charge with 24-h intervals and availability of CT perfusion
as a stroke imaging protocol, except for patients secondarily
transferred from other hospitals. There were several limi-
tations of our study. First of all, our results were based on
retrospective analysis of data obtained in a single tertiary
care center over the past 3 years. Residual measured and un-
measured confounding variables may have influenced some
or all of the findings. It lacked cross-regional dissimilar-
ity of baseline characteristics as well as a wider range of
time windows. Second, compared to numerous well-known
clinical trials [18, 23], the median age of our patients was
significantly higher (76 years). This might mitigate the im-
pact of endovascular treatment and other influencing factors
on the early neurological outcomes. Third, 20% of patients
with higher prestroke disability (mRS =3) were included
in this study. The treatment effect of EVT might be further
diluted. Last, we did not correlate the ENI with the final
functional outcomes at 90 days, as this was not intended as
a study subject given the many external validation trials.

Conclusion

In patients with acute ischemic stroke due to anterior large
vessel occlusion, achieving successful reperfusion (TICI



Predictors of Early Neurological Improvement in Patients with Anterior Large Vessel Occlusion and Successful Reperfusion Following...

845

2b/3) is of paramount importance for early neurological im-
provement. Young age, absence of significant prestroke dis-
ability, short time intervals from onset to hospital admission
and from groin puncture to reperfusion, high baseline CT
perfusion ASPECTS and high non-contrast CT ASPECTS
on follow-up CT at 24h were associated with high fre-
quency of early neurological improvement. Baseline CT
perfusion ASPECTS outperformed baseline non-contrast
ASPECTS in predicting early neurological improvement.
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