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ABSTRACT

Stroke is the second leading cause of death and the leading cause of acquired
disability globally, with approximately 13.7 million new strokes occurring
annually and 5.5 million resulting in death. Accurate prediction of stroke
outcomes — functional recovery, mortality, and complication risk — is essential
for informed clinical decision making, rehabilitation planning, patient and family
counselling, and healthcare resource allocation. Machine learning models applied
to clinical, imaging, and biological data from acute stroke patients have
demonstrated superior prognostic performance compared with established
clinical scoring systems, achieving AUC values of 0.80-0.95 for 90-day
functional outcome prediction compared with 0.70—0.80 for traditional scores
(NIHSS, ASPECTS). This systematic review evaluates 41 studies of machine
learning stroke outcome prediction models published between 2016 and 2024,
analysing input variables, model architectures, performance benchmarks, and
clinical integration prospects. The implications for stroke care in Uzbekistan,
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where stroke incidence is among the highest in Central Asia and specialist
neurology capacity is constrained, are examined.

Keywords: stroke; machine learning; outcome prediction; functional recovery;
clinical decision support; NIHSS; neural networks

1. INTRODUCTION

Stroke represents one of the most significant causes of mortality and acquired
disability globally, with the Global Burden of Disease study estimating 13.7
million new strokes and 5.5 million stroke-related deaths annually (GBD 2019
Stroke Collaborators, 2021). In Uzbekistan, stroke incidence and mortality rates
are among the highest in the Central Asian region, reflecting a combination of
high cardiovascular risk factor burden — particularly hypertension, which affects
an estimated 40-50% of the adult population — and limited access to acute stroke
services including intravenous thrombolysis and endovascular thrombectomy
(Ministry of Health, Republic of Uzbekistan, 2022).

Accurate prognostication of stroke outcomes at the time of hospital admission is
clinically valuable for multiple reasons: it informs decisions about the intensity
and goals of acute treatment; enables appropriate rehabilitation planning;
supports patient and family counselling; and facilitates healthcare resource
allocation. Established clinical scoring systems including the National Institutes
of Health Stroke Scale (NIHSS), the Alberta Stroke Programme Early CT Score
(ASPECTS), and the modified Rankin Scale (mRS) provide validated prognostic
information but have limited discriminative accuracy, particularly for
intermediate-severity strokes where outcome uncertainty is greatest.

Machine learning models — trained on comprehensive clinical, imaging, and
biochemical datasets — offer the potential to integrate a wider range of
prognostically relevant variables than traditional scoring systems, potentially
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improving outcome prediction accuracy. The past decade has seen substantial
research interest in machine learning stroke outcome prediction, with a range of
algorithms including logistic regression, random forests, gradient boosting, and
deep neural networks applied to stroke registry, electronic health record, and CT
perfusion imaging datasets. This review synthesises current evidence on machine
learning stroke outcome prediction to evaluate its clinical translation readiness.

2. MATERIALS AND METHODS

A systematic search of PubMed, Scopus, and Web of Science identified 41
studies of machine learning stroke outcome prediction published between 2016
and 2024. Inclusion criteria required original research, stroke patient sample,
machine learning methodology, reporting of AUC or discrimination statistics,
and comparison against a clinical baseline (NIHSS, logistic regression, or
existing scoring system). Studies were categorised by stroke type (ischaemic,
haemorrhagic, or combined), outcome predicted (functional independence at 90
days, mortality, or complication occurrence), and model type.

3. RESULTS

For 90-day functional outcome (mRS 0-2 vs. 3—6) prediction in ischaemic stroke,
machine learning models achieved AUC of 0.81-0.95 (mean 0.88) compared with
0.72-0.82 (mean 0.77) for NIHSS alone. Gradient boosting algorithms
(XGBoost, LightGBM) and deep neural networks consistently outperformed
logistic regression and simpler tree-based models. Multimodal models
incorporating CT perfusion imaging alongside clinical variables demonstrated the
highest AUC values (0.91-0.95), significantly outperforming clinical-variable-
only models. For in-hospital mortality prediction, AUC values of 0.83—0.93 were
reported across ischaemic and haemorrhagic stroke populations combined.
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The most consistently important predictor variables across models were age,
NIHSS score, blood glucose at admission, time-to-treatment, prior stroke history,
and imaging-derived variables including infarct volume and ASPECTS score.
Feature importance analyses identified several underutilised prognostic variables
— including neutrophil-to-lymphocyte ratio, early neurological deterioration
within 24 hours, and specific CT perfusion parameters — that improved model

performance when incorporated.

4. DISCUSSION

Machine learning stroke outcome prediction models demonstrate consistently
superior discriminative performance compared with established clinical scoring
systems across multiple stroke populations and outcome definitions. The
performance advantage is most pronounced for multimodal models incorporating
CT imaging data alongside clinical variables, and for gradient boosting and deep
learning architectures. However, the majority of included studies used
retrospective, single-centre datasets with limited external validation, raising
concerns about model generalisability across healthcare settings with different
patient populations, treatment protocols, and imaging characteristics.

For Uzbekistan's stroke services, machine learning outcome prediction integrated
into acute stroke workflows could support time-critical treatment decisions —
including the benefit-risk assessment of thrombolysis in elderly patients or those
with late presentation — in settings where experienced stroke neurologist
consultation may not be immediately available.

5. CONCLUSION

Machine learning models achieve significantly superior stroke outcome
prediction accuracy compared with established clinical scoring systems, with
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AUC values of 0.81-0.95 for 90-day functional outcome compared with 0.72—
0.82 for NIHSS alone. Multimodal models incorporating CT perfusion alongside
clinical variables demonstrate the highest performance. For Uzbekistan's stroke
services, deployment of validated machine learning outcome prediction tools
could improve acute treatment decision making, rehabilitation planning, and
prognostic counselling. Future research should prioritise external validation in

Central Asian stroke populations, prospective clinical implementation studies,
and evaluation of clinical decision impact.
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