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Results

Introduction

DUring crises such as pandemics, there can be shortages of life-saving resources. Many
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nospitals in these situations triage patients for scarce resources based on guidelines Vi =— ‘
orioritizing expected survivability.! These guidelines frequently use models that calculate . Logistic:Regression
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survival probability, such as the Sequential Organ Failure Assessment (SOFA).
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For example, a SOFA score of 11 has been associated with a 90% chance of mortality,? g"’""
and patients with scores above these thresholds are often deprioritized. This triaging is q% i
done in hopes of saving the greatest number of lives. See Table 1 for SOFA score L o0
calculation in practice. o
But what if the model is uncertain in its predictions? 0 | |
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If SOFA is highly uncertain in predicting survival, it could mean that patients are Prediction Set Prediction sSet
incorrectly ranked for triage. This could ultimately lead to fewer patients surviving. Figure 2. Number of patient encounters receiving each type of prediction set, where O=survival

and T=non-survival

Our goal was to guantify the uncertainty in SOFA-based model predictions at
the patient level

SOFA Scores of Patients with Prediction Sets of [O] at a=0.]
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RespIrato PaO2/FiO2 > 400 PaO2/Fi0O2 < 400 PaO2/FiO2 <300 PaO2/FiO2 <200 Pa02/FiO2 <100 o Regression has no
piratory SpO2/FiO2 > 302 SpO2/FiO2 <302  SpO2/FiO2 <221  SpO2/FIO2 <142 SpO2/FiO2 < 67 . confident predictions
8 125
S
Cardiovascular Dopamine <5or Dopamine >5or Dopamine > 15 or g 100
(dose in MAP =70 mm Hg MAP =70 mm Hg ANY Norepinephrine < 0.1 Norepinephrine > 0.1 or I
mcg/kg/min) dobutamine or Phenylephrine < 0.8 Phenylephrine > 0.8 75 |
m =
Liver
(bilirubin, ma/dL) <12 1.2-19 2.0-59 6.0-11.9 > 12
! 25 _
Renal
(creatinine, ma/dL) <12 1.2-19 2.0-3.4 3.5-49 >50 .
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Coagulation

(platelets x > 150 <150 <100 <50 <20 SOFA Score

103/mm3) Figure 3. Underlying SOFA scores for patient encounters with 90% certain survival predictions for
i each model

Neurologic 15 1314 10-12 6-9 <6

(GCS score)
Table 1. > Table for SOFA score calculation. Points are added for each organ system based on clinical Analysm

features. Scores range from 0-24.

« The SOFA-based model consistently had more patients e assigned the uncertain
The Data orediction set of {survival, non-survival} when compared to the Random Forest

(Figure 2).
This study involved 12,405 ICU patient encounters from a single academic hospital
between 2020 and 2022. All encounters had circulatory or respiratory failure, 9864 of « The SOFA-based model produced no prediction sets that only contained {non-
which ended in an outcome of survival. Each patient encounter had the clinical features survival}l (Figure 2). This means not a single patient encounter could be confidently
required to calculate the SOFA score (e.g., platelets, creatinine), as well as their final classified as non-survival.

calculated SOFA scores, based on data accrued within 48 hours before critical illness.
 The comparator model can confidently classify over a wider range of SOFA values

Methodology compared to the SOFA model (Figure 3). The SOFA-based model is unable to

definitively assign survival or non-survival at an a=0.1 for SOFA scores above 7. A

Conformal Prediction is an uncertainty quantification method that outputs prediction similar trend is observed for a=0.05 (cutoff score of 5), and a=0.2 (cutoff score of 13).
sets guaranteed to contain the correct answer with a specified confidence level. The

contents of this prediction set help determine our confidence in the model prediction. Conclusions and Future Directions

For example, if a patient receives an output prediction set at 90% confidence (a =0.1) of: Our findings suggest that SOFA is an uncertain predictor of mortality, especially at

« {survival} = 90% confidence that survival is the correct answer currently accepted SOFA score thresholds.

« {non-survivall = 90% confidence that non-survival is the correct answer

« {survival, non-survival} = cannot determine the correct answer with 90% confidence e The SOFA-based model consistently produces a higher number of uncertain

oredictions and is unable to confidently classity survival for patients with a SOFA
score above 7 with 90% confidence.

Encounter ID Score : : _
« We show that a simple, Random Forest model that requires no additional
001 3

survival information can outperform SOFA scores in terms of uncertainty.

002 non-survival 10

These findings, along with other shortcomings of the SOFA Score, call into guestion the
- A J use of SOFA for triage

Random Forest + Calibration Future directions
« Stratifying by sensitive groups (e.g., age, race, sex)
Conformal Prediction Conformal Prediction « Comparison with other academic hospital datasets
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Figure 1. Overview of Study Pipeline. The data, represented at the top, were used to train two separate Special thanks to the National Library of Medicine (grant TISLMOO7088 ) for funding this project.

ML algorithms. SOFA scores were used to train the Logistic Regression, whereas underlying lab values C - -
were used to train the Random Forest. Conformal Prediction was applied to both methods, and a ommunications

prediction set was produced for each patient encounter
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