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Abstract

Background: Patient selection for reperfusion therapies re-
quires significant expertise in neuroimaging. Increasingly,
machine learning-based analysis is used for faster and stan-
dardized patient selection. However, there is little informa-
tion on how such software influences real-world patient
management. Aims: We evaluated changes in thrombolysis
and thrombectomy delivery following implementation of
automated analysis at a high volume primary stroke centre.
Methods: We retrospectively collected data on consecutive
stroke patients admitted to a large university stroke centre
from two identical 7-month periods in 2017 and 2018 be-
tween which the e-Stroke Suite (Brainomix, Oxford, UK) was
implemented to analyse non-contrast CT and CT angiogra-
phy results. Delivery of stroke care was otherwise unchanged.
Patients were transferred to a hub for thrombectomy. We
collected the number of patients receiving intravenous
thrombolysis and/or thrombectomy, the time to treatment;
and outcome at 90 days for thrombectomy. Results: 399 pa-
tients from 2017 and 398 from 2018 were included in the
study. From 2017 to 2018, thrombolysis rates increased from
11.5% to 18.1% with a similar trend for thrombectomy (2.8-

4.8%). There was a trend towards shorter door-to-needle
times (44-42 min) and CT-to-groin puncture times (174-145
min). There was a non-significant trend towards improved
outcomes with thrombectomy. Qualitatively, physician
feedback suggested that e-Stroke Suite increased decision-
making confidence and improved patient flow. Conclu-
sions: Use of artificial intelligence decision support in a hy-
peracute stroke pathway facilitates decision-making and
can improve rate and time of reperfusion therapies in a hub-

and-spoke system of care. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Reperfusion therapy is central to modern acute ischae-
mic stroke management. The most widely available form
of this is thrombolysis with intravenous tissue plasmino-
genactivator (tPA) [1]. More recently, mechanical throm-
bectomy (MT) has revolutionized treatment of large ves-
sel occlusion (LVO) ischemic stroke, with a number-
needed-to-treat to improve functional outcome as low as
2.6 [2], making it both clinically highly efficacious and
cost-effective [3].

Despite evidence for their effectiveness, only a minor-
ity of stroke patients receive reperfusion therapy [4], due
to clinical contraindications, risk-benefit balance assess-
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ment, and delayed presentation beyond the evidence-
based treatment window. The problem is exacerbated by
delays in appropriate triage and imaging, required to de-
termine patient eligibility. Stroke treatment is becoming
increasingly personalised: appropriate imaging-guided
patient selection has enabled treatment up to 24 h from
onset for MT [5, 6] and up to 9 h for thrombolysis [7-9].

However, such analyses require time and significant
neuroradiological expertise. As such, there is significant
interest in optimizing image analysis protocols to reduce
treatment times and more accurately select patients. One
increasingly popular method is automated image analy-
sis, most notably machine learning algorithms that char-
acterize ischemic regions from non-contrast CT and
identify occlusions on CT angiography. e-Stroke is a
widely available CE-marked software package that incor-
porates analysis tools for infarct size on non-contrast CT
(e-ASPECTYS) and for LVO and collateral flow on CT an-
giography, and provides a useful decision-making aid for
imaging-guided selection. e-ASPECTS has been validated
as being non-inferior to experienced neuroradiologists
for identifying ASPECTS on CT [10]. However, there is
little data how automated analysis alters management in
a real-world setting. In this study, we characterized two
periods in consecutive years, in between which e-Stroke
software was deployed at a primary stroke centre in a
hub-and-spoke system of care, to determine its impact on
reperfusion therapy uptake and speed, and whether this
altered outcomes in MT.

Methods

Consecutive patients admitted to the Department of Neurolo-
gy, Semmelweis University (Budapest, Hungary) between May
and December in 2017 and 2018 with acute ischemic stroke were
retrospectively analysed. Patients were selected for reperfusion
treatment based on established international and local guidelines
at that time. Briefly, they were eligible for thrombolysis if they pre-
sented within 4.5 h of stroke onset, had no evidence of haemor-
rhage or other clinical contraindications, and did not have definite
hypodensity exceeding 2/3 of MCA territory. Patients were con-
sidered eligible for thrombectomy if they had no evidence of haem-
orrhage or other clinical contraindications and had an ASPECTS
score >5 and occlusion of the intracranial internal carotid, middle
cerebral, or basilar artery. Data collected included age, sex, time-
to-treatment (door-to-needle for thrombolysis, first scan-to-groin
puncture for thrombectomy), National Institutes of Health Stroke
Scale (NIHSS) on admission. Modified Rankin Scale (mRS) at 90
days was assessed in MT treated patients by trained personnel via
telephone interviews as standard practice.

Non-contrast CT scans were obtained using a 16-slice scanner
(Philips, Amsterdam, The Netherlands), with slice thickness set at
2mm for NCCT and 1 mm for CTA. e-ASPECTS and e-CTA anal-
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Fig. 1. Treatment times for patients in consecutive years for throm-
bolysis (left) and MT (right).

ysis was performed as previously described [10]. DICOM images
from non-contrast CT and CT angiography were pre-processed
and corrected for positional transformations. e-ASPECTS then au-
tomatically segmented regions of the MCA territory and charac-
terized the tissue as ischaemic or normal-appearing; outputs in-
cluded ASPECTS and acute ischemic volume. e-CTA outputs in-
cluded LVO location, ratio of collateral flow compared to the
contralateral side, and a collateral score (with 0 as no flow and 3 as
complete collateral blood supply) [11].

Changes in the number of patients receiving reperfusion ther-
apy were characterized using x* analysis. Door-to-treatment times
were compared using a Student’s ¢ test. Outcome analyses were
performed for dichotomized mRS (with 0-2 as good outcome, 0-1
as excellent outcome) using x* analysis and for mRS shift using
Wilcoxon rank sum test. Data are presented as mean with standard
deviation for continuous variables, and median with interquartile
range for ordinal variables including NIHSS and mRS. Statistical
analyses were performed in R.

Results

In a 7-month period during 2017, 399 patients were
admitted to the Department of Neurology at Semmelweis
University with acute ischemic stroke. 46 patients (11.5%)
were treated with IV-tPA, with a mean age of 67.6 + 13.3
years, 45.7% male, and a median NIHSS of 8 (5-13). The
mean door-to-needle time was 44 + 18 min (based on data
from 44 patients; in 2 patients thrombolysis time was not
documented, however other time stamped data suggest
they fell outside 30 min therefore unlikely to change sta-
tistics). In an equivalent 7-month period in 2018, follow-
ing e-Stroke implementation, 398 stroke patients were
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Fig. 2. Thrombolysis treatment rates over
2-month periods during 2017 and 2018.

admitted. 72 patients (18.1%) were treated with IV-tPA,
with a mean age of 65.1 + 13.5 years, 55.6% male and a
median NTHSS of 6 (3-10.25). This represented a 56.9%
increase in the number of patients thrombolyzed com-
pared to 2017 (p = 0.009). The mean door-to-needle time
was 42 + 20 min, a statistically non-significant decrease
of 4.5% compared to 2017 (p = 0.57, Fig. 1). There was no
apparent trend in treatment rates within each year period
(Fig. 2).

In 2017, 11 patients (2.8%) received MT, with a mean
age of 55.8 + 18.1 years, 54.5% male, and a median NTHSS
of 15 (13.5-18.5) on admission. The mean CT-to-groin
puncture time was 174 + 80.5 min. In 2018, this increased
to 19 patients (4.8%), with a mean age of 62.3 £ 15.3 years,
52.6% male and a median NIHSS of 13 (10-15.5) on ad-
mission. This represented a statistically non-significant
rise of 72.7% in the number of patients receiving throm-
bectomy (p =0.13). The mean CT-to-groin puncture time
was 145 + 28 min (based on data from 17 patients), a de-
crease of 16.7% compared to 2017 (p = 0.29).

Outcome data at 90 days were available for the MT co-
hort in 10 patients from 2017 and 18 patients from 2018
(Fig. 3). Good functional outcome (mRS 0-2) was
achieved by 6 patients in 2017 and 11 patients in 2018 (p
=1). Excellent outcome (mRS 0-1) was achieved by 2 pa-
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tients in 2017 and 7 patients in 2018 (p = 0.55). When
analysed for mRS shift, there was a trend towards im-
proved outcomes in 2018 (p = 0.29).

Discussion

Our study describing a positive real-world impact of
Al-decision support software on acute stroke manage-
ment is in line with two recent reports on MT results in a
similar hub-and-spoke system of care [12, 13]. We noted
a significant increase in thrombolysis rates and a trend
towards increased transfer for MT. Treatment times and
outcomes of those patients treated with MT also showed
a trend towards improvement.

Exploratory qualitative non-structured oral feedback
from clinicians using the e-Stroke Suite identified several
factors that were thought to underlie the effects seen. In-
creased confidence and speed of image interpretation im-
proved local decision-making. Image sharing capabilities
via the e-Stroke platform between clinicians in a hub-
and-spoke system was also felt to make multidisciplinary
treatment decisions more rapid as there is no well-estab-
lished patient data and image sharing pathway between
our hospitals using different PACS systems.
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This study is limited by its observational nature. Al-
though no changes other than the introduction of the e-
Stroke Suite were made to service delivery over the duration
of the project, we cannot exclude other factors contributing
to improved stroke care, such as increased public awareness
of stroke and ongoing quality improvement at the depart-
ment. However, exploratory analysis of trends over time
did not show any change in treatment rates within the in-
dividual years for thrombolysis —a stable and well-estab-
lished treatment. This analysis is based on a relatively small
sample size and was underpowered to detect change in
treatment times, rates of MT, or changes in clinical out-
come. Future multi-centre studies with random allocation
of decision support would provide more definitive results.

This study supports the principle that AI-powered im-
age interpretation can support clinicians in making treat-
ment decisions. The results support further evaluation of
this technology routinely incorporated into stroke clini-
cal care pathways.

Improved Stroke Care with AI-Decision
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ng stroke in the MT cohort.
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