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Background
Machine learning (ML) models are increasingly proposed for clinical prediction. The “black box” nature of ML

models may limit model interpretability and credibility. Model interpretation tools can provide insight into the
factors driving prediction and shed light on the key predictors in different groups. We demonstrate this through an
ML model for outcome prediction in pediatric central line-associated bloodstream infections (CLABSIs) — an
important class of infections in medically-complex children.

Methods
A cohort of 969 pediatric CLABSIs at a tertiary-care children’s hospital was extracted from the electronic health

record. A set of 516 CLABSIs with sufficient data to be assessed for infection recurrence within 91 days was
selected for analysis. A random forest (RF) model was derived from a training set (80%) to predict CLABSI
recurrence within 91 days of infection onset and evaluated on a test set (remaining 20%)'. SHapley Additive
exPlanations (SHAP) was applied to generate global and sub-population predictor importance.

Results
The RF model had an area under the receiver operating characteristic curve (AUC) of 0.77 on the test set, suggesting

good overall predictive performance. Based on SHAP values, the most influential overall predictors reflected a
child’s history of prior CLABSI (Fig 1). In some cases, such as for the highest- and lowest-risk quartiles for
CLABSI recurrence, predictor influence varied significantly (Fig 2A). In other cases, such as microbe type,
predictor influence did not vary significantly across groups (Fig 2B).

A. Stratified Shapley Values B. Stratified Shapley Values
3o )

. High-risk - GPC

Days since last matching culture JE——
Days since last positive culture 0.025
Number of matching cultures
Days since line placement [ 8335555
# of previous positive central cultures 0.020
Polymicrobial infection
# of previous matching CLABS|
Total # of previous CLABS| I
# of matching cultures in same CVC I

Respiratory rate

Day of ALT initiation I

Absolute band WBC count I

Patient age I

Enterococcus faecalis [—

# of previous positive peripheral cultures I
Blood urea nitrogen I 0.005

Total bilirubin S
Band %
Serum Calcium _

Patient Weight . 0.000

0.000 0.005 0.010 0.015 0020
Mean absolute shapley value

= GNR

. Low-risk
a 0.0175
0.0150
]
- . goozs
x > o206
33 2 0.0100
8
2
oy “ 0.0075
0.0050
0.0025
0.0000
- L)
O
K % Ve
*

0.015

Shapley Value

°
2
s

4
%,
"r
% .r
Q. e
T, e,
% 2 %
cA % %
%, % %
% %o, 29

Figure 1: Twenty globally most-influential predictors for : o o

CLABSI recurrence. CLABSI: Central line-associated o, Tt %
l():lootds;ream mfec:;lortl, AI\ngn&];l(; tlill ch theratpy, cve Figure 2: Influential p;edictors varied significantly when stratiﬁéd by high- and low-

entral venous catheter, - Wiiite blood coun risk patients (A), but not for different pathogen types (B). Cx: Culture, CVC: Central
venous catheter, GPC: Gram-positive cocci, GNR: Gram-negative rods. * =p < 0.05.

4, Y, %
%, o %
s, % %,

P,

e
%
%,

Discussion
ML models can provide predictions that may be useful to clinicians. Model interpretation improves model

credibility and may provide new insights. For instance, for high-risk children, recent past infections were
particularly influential, whereas for low-risk children a low number of total prior infections was protective.

Conclusion
SHAP provided patient-level predictor importances, augmenting the potential of ML models in the clinical realm.

Interpretations can help users interpret the output of an otherwise “black box model and reveal patterns in predictor
importance. SHAP may help generate new insights to improve our understanding of the clinical process of interest.
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