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http://ijmdc.com/?mno=78001


(Krieger and Badulak, 2020)

(Fadelelmoula, 2020)

https://jamanetwork.com/journals/jamasurgery/fullarticle/2769429
http://ijmdc.com/?mno=78001






While ECMO is more effective when planned in 
advance, applicable risk scores remain unavailable[2,3]



Goal: to develop a risk score for 
patients eligible for ECMO to 
assist with early planning



Target

In-ICU mortality (survival analysis setting)

Secondary outcomes which indicate decompensation:

● Vasopressor use

● Ventilator use



Cohort

Critical care patients 

with viral or unspecified 

pneumonia, without 

contraindications for 

ECMO



Data

Two publicly available critical 
care databases:

●  eICU Collaborative 
Research Database 
 (n = 3617)

● MIMIC-III, Medical 
Information Mart for 
Intensive Care 
(n = 937)



Chem-7Complete blood count

eICU

MIMIC

OtherCharacteristics of patients 
SaO2 

(mmHg)
Temp. (°

C)
GCS

94.0-99.0 36.6-37.3 10.0-15.0

95.0-98.0 36.6-37.7 9.0-15.0



The PEER Score
The Viral or Unspecified Pneumonia ECMO-Eligible Risk Score

Target: in-ICU mortality, vasopressor use, ventilator use.

Data: two publicly available critical care databases:
eICU (n = 3617) and MIMIC-III (n = 937)

Cohort: critical care patients with viral or unspecified pneumonia, without 
              contraindications for ECMO



Methods
Cox proportional hazards model:

● L1 regularization
● 10-fold cross val. & grid search, max. concordance s.t. sufficient sparsity
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Methods
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● L1 regularization
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Experimental setup: 

● Created training and test set for eICU data (70-30 split)
● Entirety of the MIMIC cohort is used for model evaluation



Results: 
Hazard 
Ratios

18 nonzero 
out of 52 
variables 



Results: Concordance

Bootstrapping with 1000 replicates was used to compute 95% confidence intervals (in parentheses)



Results: Calibration

Calibration plots with 95% confidence intervals.



Results: 
Low and 
High Risk 
Groups

 Kaplan-Meier survival curves of high vs. low risk groups in train eICU, 
test eICU, and MIMIC. Shaded regions are the 95% confidence intervals.

Proportion of each subgroup  that received vasopressors or ventilators
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Discussion
● The PEER score achieves greater or comparable concordance to baselines on 

the eICU (in-domain) and MIMIC (out-of-domain) test sets. 

● 18 features, easy to calculate. 

● Stratifying each cohort into low risk and high risk subpopulations based the 
PEER score, there is a clear separation in their survival curves.

● However, our cohort is defined not by COVID-19 positive pneumonia patients 
but instead by viral or unspecified pneumonia patients who are ECMO-eligible



Future Work

● Apply our model to MIMIC-IV data
● Apply our model to COVID-19 data once we get access to it
● Making the model more accessible for actual use by clinicians (web application, 

additional cross-site validation, clinical trials)
● Develop or apply more flexible models (e.g. Random Survival Forest, DeepSurv)
● Handle performance degradation when tested on new dataset

○ Incorporate additional data sources
○ Methods to handle covariate shift



Thank you!
Link to paper: https://arxiv.org/abs/2006.01898

Stay in touch: {hlzhou,ccheng2}@cmu.edu
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Appendix: KM SE

Greenwood’s formula for getting SE for Kaplan-Meier Survival Curve:

The quantity                     is summed for numbers at risk (Nt) and numbers of deaths (Dt) occurring through the time of 
interest 



Appendix: Missingness


