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e Databases searched: EMBASE, MEDLINE, Web of
Science, Cochrane Library
e Search performed by 3 clinicians (KD,SA,ZM).

* Inclusion Criteria:
* Any ML model predicting unruptured intracranial
aneurysm (UIA) rupture risk.
e Studies involving UIA stability prediction were
included if stability was a composite outcome
including rupture risk.

* Exclusion Criteria:

 Studies that solely investigated singular risk factors,
not developing a predictive model

e Studies predicting rupture status (binary
classification of if the aneurysm is ruptured or
unruptured)

* Animal studies and studies in pediatric populations
(Age <18 years)

* Conference abstracts, pre-prints, non-peer reviewed
studies were not included

Figure 1: PRISMA Flow Diagram

Figure 2: PROBAST risk of bias diagram

* Results:

* Reference Standards
* 16/20 studies: Occurrence of stated end point; rupture or composite
outcome of stability
» 3/20 Studies: Expert neurosurgeon/neuroradiologist opinion
e 1/20 Studies: Comparison to the PHASES Score

* Index tests:
* Best performing index tests across studies:
* 10/20 studies: regression model or classical ML model
* 5/20 studies: deep Learning model
* 5/20 studies: Combination model (regression/classical ML/deep
learning)

* Study Design:
» 4/20 Prospectively validated
» 8/20 Retrospectively validated
» 8/20 Performed no separate validation

* 14/20 (70%) of studies assessed UIA rupture risk.
Accuracies ranged 0.66-0.99.

* 6/20 (30%) of studies assessed UIA stability (defined as a composite
outcome of rupture or growth)

Accuracies ranged 0.83-0.94

* 6/20 studies (30%) compared ML performance to validated scoring

criteria used in practice (eg. PHASES).
ML performed better

3/20 studies (15%) compared ML performance to expert clinician risk

assessment.

* 3/20 (15%) studies had a geographically separate test set to their training
set. (ie External hold-out data set)

» 13/20 studies identified a ‘high’ risk of bias or concern for applicability in at
least one domain.

operative hemorrhage, inadequate occlusion, need for re-
intervention and death)must be balanced against that of
potential rupture.

* Developments in endovascular treatments have
substantially reduced peri-operative morbidity and
mortality compared to previous studies in the literature.

* Consequently, clinical practice on whether an UIA should
be treated or not will continue to evolve.

 Limitations

* Selection bias — Institutions prospectively investigating
UIA have a duty to offer high risk candidates prophylactic
treatment, excluding them from analysis

* Validation — Only three studies were found to perform
external validation of their ML model

* Reference standard ambiguity — 5 studies did not specify
time periods for risk assessment. High risk of observer
bias where reference standards were expert opinion
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