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ABSTRACT

Background Given the swift advancements in artificial
intelligence (Al), the utilisation of Al-based clinical decision
support systems (Al-CDSSs) has become increasingly
prevalent in the medical domain, particularly in the
management of cerebrovascular disease.

Aims To describe the design, rationale and methods of a
cluster-randomised multifaceted intervention trial aimed at
investigating the effect of cerebrovascular disease Al-CDSS
on the clinical outcomes of patients who had a stroke and
on stroke care quality.

Design The GOLDEN BRIDGE Il trial is a multicentre, open-
label, cluster-randomised multifaceted intervention study.
A total of 80 hospitals in China were randomly assigned

to the AI-CDSS intervention group or the control group.

For eligible participants with acute ischaemic stroke in

the AI-CDSS intervention group, cerebrovascular disease
AI-CDSS will provide Al-assisted imaging analysis, auxiliary
stroke aetiology and pathogenesis analysis, and guideline-
based treatment recommendations. In the control group,
patients will receive the usual care. The primary outcome
is the occurrence of new vascular events (composite

of ischaemic stroke, haemorrhagic stroke, myocardial
infarction or vascular death) at 3 months after stroke
onset. The sample size was estimated to be 21689 with a
26% relative reduction in the incidence of new composite
vascular events at 3 months by using multiple quality-
improving interventions provided by Al-CDSS. All analyses
will be performed according to the intention-to-treat
principle and accounted for clustering using generalised
estimating equations.

Conclusions Once the effectiveness is verified, the
cerebrovascular disease Al-CDSS could improve stroke
care and outcomes in China.

Trial registration number NCT04524624.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Artificial intelligence-based clinical decision support
systems (AlI-CDSS) have been developed and de-
ployed in stroke medical care. However, the efficacy
of the tool in the real world was seldom reported.

WHAT THIS STUDY ADDS

= We designed the GOLDEN BRIDGE I trial to investi-
gate the effects of the cerebrovascular disease Al-
CDSS on stroke outcomes and the quality of stroke
care.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The GOLDEN BRIDGE II trial will produce objective
data on whether cerebrovascular disease Al-CDSS
improves the quality of stroke care and outcomes
among patients who had an ischaemic stroke.

INTRODUCTION

In China, the incidence of stroke hasincreased
over the past three decades, becoming the
primary cause of death.'* Advance prevention
strategies and treatment tools for patients who
had a stroke, which will ultimately enhance
stroke care and improve outcomes, are in
high demand.”*

Artificial intelligence (AI) technology has
been widely used in the medical field. The
Al-based clinical decision support system (Al-
CDSS) is a novel practice and application of
Al technology in cerebrovascular diseases.””
AI-CDSS is a computer system that can help
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physicians make clinical decisions and diagnose diseases
by matching the clinical information of patients with
the disease database, which provides helpful knowledge
that can be used to optimise the diagnosis and treatment
according to evidence-based guidelines, and thereby
improve care quality and patients” prognoses.® ¥ There-
fore, it is of great importance to developing AI-CDSS
systems in aiding the decision-making process for clinical
diagnosis and treatment, which will ultimately help to
achieve the goal of precision medicine.

In our study, we developed the cerebrovascular disease
AI-CDSS to provide clinical guideline-based interven-
tions, including Al-assisted imaging analysis, auxiliary
analysis of aetiology and pathogenesis, and guideline-
based treatment recommendations for patients who had
an acute ischaemic stroke (AIS). We designed a clustered-
randomised controlled study to investigate the effects
of the AI-CDSS (the cerebrovascular disease AI-CDSS)
on the patient’s early recurrence of composite vascular
events and on stroke care quality.

METHODS

Study design

The GOLDEN BRIDGE II trial is a multicentre, open-
labelled, cluster-randomised multifaceted intervention
study designed to evaluate the effects of cerebrovas-
cular disease AI-CDSS on new composite vascular events
(including ischaemic stroke, haemorrhagic stroke,
myocardial infarction or vascular death) at 3 months in
patients who had an AIS. The cerebrovascular disease
AJ-CDSS will provide Al-assisted imaging analysis, auxil-
iary stroke aetiology and pathogenesis analysis, and
guideline-based treatment recommendations for patients
in the intervention group. On the other hand, patients in
the control group will receive usual care. All patients will
be enrolled sequentially and receive follow-ups at 3, 6 and
12 months after stroke onset. The flow chart of the study
is shown in figure 1. The study was registered on Clinical-
Trials.gov (NCT: 04524624).

Participants
To ensure diversity, the geographical location and grade
of hospitals were considered. The included hospitals

Feedback,
Quality Improvement

Table 1 The inclusion and exclusion criteria for the
hospitals

Inclusion criteria Exclusion criteria

1. Tertiary-grade or
secondary-grade hospitals

2. Consisting of emergency
department and neurological
wards for patients who had
a stroke

3. Consisting of 1.5T or

3T MRI machine with the
functionalities for completing
DWI and MRA scan

1. Primary-grade (ie,
community) hospitals

2. <20 patients who had
an acute ischaemic stroke
admitted per month

3. Specialised hospitals
(cancer hospitals, maternity
hospitals, children’s hospitals,
etc)

DWI, diffusion weighted imaging.

cover the eastern, central and western regions of China,
with proportional recruitment of secondary and tertiary
hospitals. A total of 80 hospitals located across 23 prov-
inces, autonomous regions or municipalities in mainland
China were included. The criteria for hospital inclusion
and exclusion are shown in table 1.

This trial is specifically designed for patients over the
age of 18 with AIS confirmed by imaging of the brain
within 7days of symptom onset, and excludes those with
the diagnosis of transient ischaemic attack (TIA), haem-
orrhagic stroke or non-cerebrovascular diseases. The
inclusion and exclusion criteria for the participants are
shown in table 2.

Intervention

The clustered randomisation will be completed before
each hospital is enrolled in the study, and the eligible
participants with AIS in the intervention group will receive
the Al-based analysis and the recommended treatment
provided by the cerebrovascular disease AI-CDSS. The
specific AI-CDSS intervention protocol includes Al-as-
sisted imaging analysis, auxiliary analysis of ischaemic
stroke aetiology and pathogenesis, and guideline-based
treatment recommendations for acute and secondary
prevention.

N\

Intervention

Al-based CDSS

Data Collection

Data Collection

) I—

Discharge 3-month 6-month 12-month

Usual Care

Figure 1

The flow chart of this study. AI-CDSS, artificial intelligence-based clinical decision support system.
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Table 2 The inclusion and exclusion criteria for the participants

Inclusion criteria

Exclusion criteria

1. Older than 18 years

2. Ischaemic stroke within 7 days of symptom onset

3. Ischaemic stroke confirmed by imaging of the brain

4. Hospitalisation from emergency or outpatient department

5. Participants or their legal guardians give their permission
to conduct the study by signing an informed consent

DWI, diffusion weighted imaging.

The AI-CDSS obtains patients’ clinical data and imaging
data from the hospital information system and uses the
method of stroke image automatic interpretation tech-
nology based on deep learning combined with a stroke
clinical knowledge base to provide assistant clinical deci-
sions including imaging diagnosis, aetiological classifica-
tion and treatment decision of ischaemic stroke (figure 2
and online supplemental material).

The neurologists in the intervention hospitals will
complete training on cerebrovascular disease AI-CDSS
before the start of this study. A 2-week transition phase of
AI-CDSS intensive intervention will be completed before
the patients are enrolled. All participants in the hospital

Hospital Cerebrovascular
Information disease CDSS
System

algorithm

Machine learn
algorithm

Stroke

Deep learning

knowledge base

1. Negative ischaemic stroke on DWI or transient ischaemic
attack

2. Diagnosis of other cerebrovascular diseases (cerebral
haemorrhage, subarachnoid haemorrhage, cerebral venous sinus
thrombosis, etc )

3. Diagnosis of other diseases (epilepsy, central nervous system
infection, metabolic encephalopathy, etc )

4. Pregnancy or delivery within the 6 weeks before the study
5. Participation in other pharmaceutical or device-based
interventional studies

6. With terminal diseases (life expectancy<3 months) or cannot
commit to completing the study due to other reasons

of the control group received normal routine diagnosis
and treatment (figure 3).

Randomisation

The computergenerated random number sequence will
be used for cluster randomisation at the hospital level, and
two independent biostatisticians (Y] and H-QG) will be
aware of it. Participating hospitals are randomly grouped
on a 1:1 basis. To prevent imbalance, hospital location
and grade are matched during randomisation. A confir-
mation letter will be provided to each hospital 1 month
before the intervention’s implementation to assure readi-
ness. If the chosen hospital could not complete the study,

Function

Imaging diagnosis

Automatic
ischemic lesion
segmentation

Etiological classification

ing TOAST

CISS

Treatment decision
Treatment
recommendation

Medical quality
control

Figure 2 The framework for cerebrovascular disease clinical decision support system (CDSS). EMR, Electronic Medical
Record; HIS, Hospital Information System; LIS, Laboratory Information Management System; PACS, Picture Archiving
and Communication System; TOAST, Trial of Org 10172 in Acute Stroke Treatment; CISS, Chinese Ischemic Stroke

Subclassification.
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Figure 3 Intervention flow chart. CDSS, clinical decision
support system.

it was replaced with another one of equivalent capacity
and economic—geographic region strata.

Primary outcome

The primary outcome is a new composite vascular event
(including ischaemic stroke, haemorrhagic stroke,
myocardial infarction or vascular death) at 3 months after
stroke onset.

Secondary outcomes

The secondary outcomes include: (1) the composite
measure score of medical service indicators for AIS care
quality, (2) a new composite vascular event at 6 and 12
months after stroke onset, (3) disability based on the
modified Rankin Scale (mRS=3-6) at 3, 6 and 12 months
after stroke onset and (4) average hospitalisation days,
average total hospitalisation cost, average hospitalisation
drug cost and average hospitalisation examination cost.

Safety outcomes

The primary safety outcome refers to the occurrence
of moderate or severe bleeding events as defined by
the Global Utilisation of Streptokinase and Tissue Plas-
minogen Activator for Occluded Coronary Arteries
(GUSTO) within 3 months after stroke onset. The
secondary safety outcomes include severe or moderate
bleeding (as defined by GUSTO) within 6 and 12 months.
In addition, all bleeding events (including severe or
moderate bleeding) within 3, 6 and 12 months are
included.

Study organisation

The International Academic Steering Committee is
comprised of the cochief investigators and members.
It provides the scientific basis and strategic guidance
for the trial, overseeing research design, execution
and publication-related activities. Additionally, the
Academic Steering Committee chairs meetings of the
Senior Management Group. The Executive Committee,
comprised of experienced experts guided by the Inter-
national Academic Steering Committee, aims to monitor
the trial’s progress, ensure participants’ safety and provide
scientifically grounded decisions on whether to termi-
nate, modify or continue the trial. The Data Safety Moni-
toring Board regularly monitors the progress of the study
to ensure adherence to the highest ethical and patient
safety standards. Furthermore, it provides written recom-
mendations to the Chair of the Trial Steering Committee
following each meeting. The Quality Improvement
Committee, consisting of clinical specialists and experts
in stroke quality improvement, is responsible for super-
vising adherence to stroke care quality standards.

Data collection

The executive committee has approved the case report
form.'” " Baseline data include demographic informa-
tion, medical history, medication history, prestroke mRS
Score, time of stroke onset, baseline National Institutes
of Health Stroke Scale (NIHSS) Score and imaging data.
Trained clinical research coordinators at each site are
responsible for collecting this information on admission.
Subsequently, data collected at discharge including final
aetiological classification, in-hospital treatments, in-hos-
pital complications, NIHSS Score at discharge, mRS score
at discharge, medications for secondary prevention at
discharge, hospitalisation costs and other data. A face-to-
face interview is conducted at 3 months after stroke onset,
followed by concentrated telephone follow-ups at 6 and
12 months after stroke onset. The data collected at 3, 6
and 12 months include current mRS Score, medication
adherence, stroke recurrence, all-cause mortality and
other clinical events. All interviewers will be oblivious to
the patients’ cluster assignment.

Sample size
The main null hypothesis of this study was that, compared
with those who receive traditional routine diagnosis and
treatment, there would be no difference in the incidence
of new vascular events observed at 3 months among
patients who had a stroke treated with interventions
recommended by the cerebrovascular disease AI-CDSS.
According to the findings of the third China National
stroke Registry study, patients who had an AIS or TIA had a
3-month new composite vascular event rate of 6.4%.'" We
assumed that the rate of 3-month new composite vascular
events would be reduced to 4.7% (relative decrease of
26%) by using multiple quality-improving interventions
with AI-CDSS, which decrease rate was made based on
data from the GOLDEN BRIDGE trial.” We initiated the
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trial with a target sample size of 21 689 participants from
80 hospitals with a 2-sided significance level of 5%, with
80% power to see a reduction of 26% in new composite
vascular events, 10% of people not being followed up with
and an intraclass correlation coefficient of 0.01.

Statistical analyses

In this study, efficacy analysis will be performed using
intention-to-treat analysis.'* Categorical variables are typi-
cally presented in the form of counts and percentages,
whereas continuous variables are commonly displayed as
means and SD or alternatively as medians accompanied
by IQRs. For continuous variables, t-tests or Wilcoxon
Rank Sum tests will be used, and for categorical varia-
bles, the % t-test or Fisher’s exact test will be used. The
primary outcome will be tested using a mixed effects
logistic regression with a random effect or generalized
estimating equation for the cluster (hospital). The meth-
odology employed for the primary outcome will be used
for the analysis of the categorical secondary outcomes.
Mixed effects linear regression model incorporating a
random effect or generalized estimating equation for
the cluster (hospital) will be employed to analyse contin-
uous secondary outcomes. All statistical analyses will be
performed by using SAS V.9.4 software.

DISCUSSION

The AI-CDSS has experienced several stages of devel-
opment and has the ultimate goal of assisting with
actual clinical care scenarios.'” The AI-CDSS has
been widely used in the research of cerebrovascular
diseases, including the early identification of patients
at high risk, decision-making regarding acute throm-
bolysis, automatic classification of disease aetiology
and decision-making regarding secondary preven-
tion.'**

Nagenthiraja et al developed the MRI-based auto-
mated software tool “Computer-Based Decision-
SupportSystem for Thrombolysisin Stroke” (COMBAT
Stroke) to assess volumes and ratios of mismatches
between perfusion weighted imaging (PWI) and
diffusion weighted imaging (DWI) and validated
decisions made by COMBAT Stroke by referencing
the decisions in the clinical setting.?’ Additionally,
the COMPuterised decision Aid for Stroke thrombol-
ysiS (COMPASS) decision aid tool developed by Flynn
et al can assist clinicians in making specific clinical
decisions about thrombolytic therapy, with a numer-
ical and graphical presentation of the results of risk
prediction.*

A portable decision system for stroke classification,
named iTOAST, was created by Nam et al in 2012.%
This system can provide classification results based
on the answers to only six questions. Compared with
the classification results from the stroke experts, the
kappa coefficient of the iTOAST system was 0.79,
which is more accurate and convenient than thatin the

traditional TOAST. However, the systems described
above are still highly dependent on the expertise of
the evaluators. Moreover, AIS patients were catego-
rised using the technology of machine learning and
natural language processing.”* The kappa score of the
machine classification using the combined data of
radioactivity reports and disease course records was
0.57, which is quite close to the accuracy of human
classification.”” Evidence from these studies suggests
that using Al to aid in ischaemic stroke aetiology clas-
sification is doable. To date, no research efforts have
been made to develop an automatic system of accu-
rate and efficient classification for ischaemic stroke
aetiology by comprehensively analysing neuroimaging
and clinical information based on Al technology.

The Self-management TO Prevent (STOP) Stroke
Tool is an AI-CDSS tool developed by using an inte-
grated model. The goal of this system is to provide
health management for veterans, promote evidence-
based management by automatically providing clini-
cians with guidelines for the secondary prevention of
stroke based on electronic medical records, develop
a web-based system for stroke self-management and
facilitate patient-centred decision-making.”® *’ The
potential of AI-CDSS for secondary stroke prevention
will soon become clear. The AI-CDSS has also been
shown to drastically enhance the quality of healthcare
according to a systematic review."”

The application of AI-CDSS in clinical practice still
faces multiple challenges, such as (1) how to develop
an advanced strategy for the integration of electronic
medical records to achieve automatic acquisition and
sharing of clinical information; (2) how to construct
a standardised clinical knowledge base to provide
evidence-based guidelines; and (3) how to combine
the output information of AI-CDSS with clinical prac-
tice in diagnosis and treatment to establish an effec-
tive human—computer interaction.

Although many challenges remain, AI-CDSS has
initiated a predictable trend in the development
of stroke management in clinical practice. Prior
studies of performance improvement systems/quality
feedback such as Get With The Guidelines-Stroke
(GWTG-Stroke) and the GOLDEN BRIDGE-AIS
have demonstrated improved ischaemic stroke care
and outcomes. The incidence of new vascular events
over a 3-month period was reduced by 26% thanks
to a multifaceted quality improvement intervention.”
This present trial may provide insights into further
enhancements that can be achieved with AI-CDSS.
Our study employed the cerebrovascular disease
AI-CDSS to enhance the quality of stroke care and
the clinicians’ ability to diagnose and treat ischaemic
stroke. If the efficacy is well established, the cerebro-
vascular disease AI-CDSS could become an important
and effective tool for the management and quality
improvement of stroke care in China. It could help
improve outcomes in the absence of stroke experts by
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providing individualised recommendations to gener-
alists caring for patients who had a stroke.
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