General Audience Summary

Lung infection (pneumonia) is the leading cause of infectious deaths worldwide, and
pheumonia occurring in patients who are receiving life support from a mechanical
ventilator (ventilator-associated pneumonia) is associated with an increased risk of dying.
Machine learning, where computers automatically learn patterns from data to help with
making decisions, offers an opportunity to predict which patients will develop ventilator-
associated pneumonia. This proposal aims to develop and validate a machine learning
model to predict the development of ventilator-associated pneumonia within the next
seven days, with the hopes that the early identification of patients at high risk for
developing this infection could guide clinicians to intervene and improve the care and
outcomes of critically ill patients.

Technical Abstract

Pneumonia is the most common cause of death due to infection worldwide. Ventilator-
associated pneumonia (VAP), defined as pneumonia occurring in patients after 48 hours of
mechanical ventilation, is the deadliest nosocomial infection, with mortality ranging from
25-70%. While risk factors have been identified and recommended bundles for the
prevention of VAP exist, no clinical models are available to specifically predict VAP
development. Predictors that have been proposed use features that are late
consequences, such as development of multiple organ dysfunction as measured by SOFA
trajectory. Identification of patients developing VAP early in their clinical course is
important, as timely recognition could prompt earlier interventions that can improve
survival.

We recently developed a machine learning approach that incorporates multivariate time
series electronic health record data from critically ill patients requiring mechanical
ventilation who undergo bronchoalveolar lavage for suspected pneumonia. We used this
approach to associate unresolving VAP episodes with worsening clinical trajectories over
the ICU stay. These published data support my hypothesis that machine learning applied to
electronic health records data will generate a model that predicts subsequent
development of VAP with greater accuracy than SOFA score trajectory. | will take advantage
of the state-of-the art diagnostics for VAP used in our Medical Intensive Care Unit. Our
approach includes bronchoalveolar lavage with quantitative cultures, multiplex bacterial
and viral PCR assays, differential cell count, and amylase level (to positively diagnose
aspiration pneumonitis). Patient charts (including vitals, labs, notes, images, and
microbiologic data) are manually reviewed by a committee of critical care physicians, using
a previously developed pneumonia diagnosis and outcomes adjudication process.
Accurate diagnosis of VAP is critical to any attempt to model its occurrence.



In Aim 1, I will benchmark proposed predictive scoring systems for VAP, such as SOFA
trajectory and CRP. In Aim 2, | will build a machine learning model to predict VAP
occurrence in the ensuing seven days. | will furthermore set up a pipeline for this model to
be deployed in the electronic health record system for prospective validation. Identifying
early predictors of subsequent VAP is the first step to provide opportunities for more
aggressive prevention strategies, such as prophylactic aerosolized antibiotics to patients at
high risk.

Future Plans

This work will serve as preliminary data foundation for extramural funding via an RO1
application. If our model performs well in prospective validation, we will design a
randomized controlled trial of usual care vs model-driven care. My multidisciplinary
mentorship team is experienced in ICU clinical trials and supports a full-time research
team who have successfully conducted >100 trials. This proposal will also enhance my
skills with machine learning models, supporting my goal of becoming an independent
physician-scientist focused on this area. In the long term, | hope to use predictive machine
learning models to identify high risk populations that might benefit from interventions
shown in preclinical studies to prevent ventilator-associated pneumonia, such as
aerosolized antibiotics or G-CSF/GM-CSF, which have been proposed for study but suffer
from lack of enrichment by a high-risk group. This may help improve the care of critically ill
patients with respiratory failure.

Promoting Healthcare Equity

Integrating machine learning models with ICU data can be a powerful tool for promoting
healthcare equity. These models are adept at processing large volumes of complex data,
enabling them to uncover subtle health trends and patterns across different patient
populations. Because these models will look only at available clinical data, we can
minimize features that may lead to bias. We will specifically exclude race and ethnicity as
features for modeling. We acknowledge that a systematic bias is inherent in some data,
such as oxygen saturation measurements obtained using pulse oximetry being dependent
on skin tone. Conversely, gender is a biological variable and appropriate for inclusionin
modeling. Socioeconomic status clearly has an impact on critical care outcomes and
potentially on risk of development of VAP but may be hard to model without clear criteria
for specific aspects of social determinants of health.

Our study of critically ill patients, [redacted], specifically aims to recruit patients from all
races, ethnicities, and with all different kinds of social determinants of health. Consent



documents are translated into Spanish and one or more members of the research
associates/coordinators are fluent in Spanish. Current enrollment in [redacted] includes
141 (20.5%) of patients who are of Hispanic ethnicity, and 135 (19.6%) of patients who are
of Black/African American race.

Overall, the use of machine learning in analyzing ICU data offers a promising avenue to
promote healthcare equity, ensuring that all patients, regardless of their background or
circumstances, have access to high-quality, personalized, and equitable healthcare
services.
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