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Clinical problem Machine learning 
predictive analytics

Clinical Research Informatics

Real world 
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COVID-19 models

“The pandemic has made it clear to many 
researchers that the way AI tools are built 
needs to change”
“Frankenstein data sets”
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SARS-CoV2 “COVID-19” pandemic
• Unforeseen strains on global healthcare 

systems
• ECMO – life sustaining therapy in 

cardiopulmonary failure
• Extensive expertise and resources
• Significant risks and morbidities

• Guidelines discourage commissioning 
new ECMO centers

THE most resource intensive ICU therapy



Department of Pediatrics
Division of Pediatric Critical Care Medicine

THE most resource intensive ICU therapy
Local ECMO initiation 

schematic
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Resource allocation, patient triage, 
unexpected volumes

Regional experience
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Gaps in current knowledge
No tools to early identify patients at risk of needing ECMO
Current recommendations limited to criteria to initiate ECMO based 
on immediately pre-ECMO labs and therapeutic requirements

Tools available for resource 
allocation limited to:

• Scores of severity of ICU illness
• Immediate pre-ECMO markers 

of respiratory failure

Big data approach?
Machine learning?
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Machine Learning
Predictive algorithm
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Methods
• Institutional data registry:

• All COVID-19 patients
• 15 hospitals – BJC
• March 3rd 2020 – October 1st 2021

• Inclusion criteria:
• SARS-CoV-2 viral PCR positive
• Admitted to ICU ≥ 24 hours

• Exclusion criteria:
• Age < 3 years
• Institutional ECMO exclusion criteria:

• Age > 70 years
• BMI > 45 Kg/m2

• Outcome:
• ECMO during hospitalization
• ECMO confirmed to be directly related 

to COVID-19 infection - detailed chart 
review

• Comparatives:
• Logistic regression (LR) models of all 

considered variables
• Severity of illness score: SOFA
• ECMO decision making variable: PF 

ratio
• ECMO mortality prediction score: 

PREdiction of Survival on ECMO 
Therapy (PRESET)
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Variables
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Multi-horizon approach “ForecastECMO” 
– predict ECMO use at 2 hour intervals from admission 

Modeling

Prediction horizons 0- 96 hours prior to ECMO initiation
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GBT models: Prediction horizons 0- 96 hours prior to ECMO initiation
Training and evaluation: 10 random shuffles of 10-fold stratified cross validation

Modeling

ForecastECMO

 XGBoost: 212 included variables

Clinical GBT

 XGBoost 30 a priori clinical variables; relevance to ECMO decision making
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Results
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Model performance
Accuracy

Development Holdout

A B

C D
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Model performance
Precision

Development Holdout
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Model performance – 18 hours
AUROC

Development Holdout
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Development Holdout

Model performance – 18 hours
AUPRC
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What is a good alert tool?
Development

Incidence: 2.89%
Holdout

Incidence: 1.73%

AUROC AUPRC AUROC AUPRC

ForecastECMO 0.94 [0.93–0.95] 0.546 [0.51–0.582] 0.952 [0.951–0.953] 0.376 [0.37–0.382]

PF ratio 0.52 0.032 0.564 0.011

SOFA score 0.56 0.032 0.59 0.015

PRESET score 0.66 0.077 0.726 0.039

LR 0.92 [0.91–0.93] 0.474 [0.435–0.512] 0.908 [0.908–0.908] 0.262 [0.261–0.262]

Clinical GBT 0.82 [0.8–0.83] 0.248 [0.218–0.277] 0.889 [0.887–0.89] 0.345 [0.341–0.382]
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SHAP
(SHapley Additive exPlanations)

How features effect model performance
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SHAP
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Positive cohort – patients 
supported on ECMO
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Negative cohort – patients not 
supported on ECMO
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ForecastECMO

ICU Admission Therapy initiation

Continue 
therapy

Improvement

Transfer to 
ECMO Center

Resource
reallocation

ECMO
initiation

Machine learning models have the potential to serve as clinical decision support 
tools in resource allocation and patient triage in healthcare system stress

Recovery



Department of Pediatrics
Division of Pediatric Critical Care Medicine

Real time EHR example
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