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STUDY DESIGN 

This is a multicenter observational study to develop predictive models for sepsis and necrotizing 
enterocolitis in preterm infants, using clinical, laboratory, and bedside monitor data. 

• No interventions are involved. 

• Clinical, laboratory, and imaging data will be collected from the medical record. 

• Vital sign data will be collected from the bedside monitors. 

• Machine learning will be used to develop, test, and validate predictive algorithms 

SYNOPSIS 

Title: Predictive Modeling for sepsis and necrotizing enterocolitis in preterm infants 

Investigators: Karen Fairchild, M.D.; Brynne Sullivan, M.D. 

Planned Study Initiation: November 2018 

Study Duration: 10 years 

Length of subject participation: Study data are collected from birth until NICU discharge. 
Neurodevelopmental follow-up data will be collected until age 2. 

Objective: To test the hypothesis that validated algorithms combining cardiorespiratory 
metrics from NICU bedside monitors with clinical, demographic and laboratory variables can 
provide early warning for sepsis and NEC in VLBW infants in the NICU. 

Outcomes: 

Primary: 

• Late-onset (>3d of age) sepsis 

• Other late-onset infections 

• Necrotizing enterocolitis 

Secondary: 

• Mortality 

• Days on mechanical ventilation 

• Preterm morbidities including but not limited to brain injury, retinopathy, acute kidney 
injury, and bronchopulmonary dysplasia 

• Days on antibiotics 

• Length of NICU stay 

• Neurodevelopmental outcomes at routine NICU follow-up visits 
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Methodology: Observational study with data collection from electronic health record 

Total Number of infants planned: 8500 

Inclusion criteria: 

• Birthweight <1500 grams 

Exclusion criteria: 

• None 

Investigational intervention: None (data collection only) 

Other study intervention(s): None 

Statistical methods: Descriptive statistics, logistic regression, decision tree, neural network, 
deep learning and others will be utilized. 

Efficacy: Algorithms for sepsis and NEC risk will be developed and externally validated and 
cross-validated. 

Safety: Patient data will be linked and coded within sites (with PHI stored on research drives 
behind fire walls). Only data with limited HIPAA identifiers (dates and study IDs but no key 
to the code) will be shared between sites. 

 

 
LIST OF ABBREVIATIONS 

Abbreviation or specialist term Explanation 
BPD Bronchopulmonary Dysplasia 
CBC/Diff Complete Blood Count and differential 

 
Corrected Age 

Chronologic age in months, minus #months 
premature (used after NICU discharge) 

CRC Clinical Research Coordinator 
CRF Case Report Form 
CRP C Reactive Protein 
GA Gestational Age 
HUS Head ultrasound 
IRB Institutional Review Board 
IVH Intraventricular Hemorrhage 
MOP Manual of Procedures 
NEC Necrotizing Enterocolitis 
NICU Neonatal Intensive Care Unit 

 
PMA 

Postmenstrual age (gestational age plus 
chronologic age in weeks, used during NICU 

cPVL Cystic Periventricular Leukomalacia 
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REDCap Research Electronic Data Capture 
ROP Retinopathy of Prematurity 
UVA University of Virginia 
VLBW Very Low Birth Weight (<1500 grams) 
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1. BACKGROUND AND RATIONALE 
Study Synopsis 
In a multi-NICU study, we are developing, testing, and validating predictive modeling algorithms for early 
detection of sepsis and NEC in VLBW infants. 

Disease Background 
The number of very low birthweight (VLBW, <1500 g) infants born in the US each year remains about 
60,000(1). Their course of post-natal development in the NICU centers on support of ventilation and 
nutrition while systems mature. There are, however, interruptions by the apparently sudden onset of 
inflammatory illnesses such as sepsis and necrotizing enterocolitis (NEC), occurring in approximately 
15% and 8% of VLBW infants, respectively. The mortality is high and there is substantial short- and 
long-term morbidity(2)(3)(4). These illnesses are not really sudden, though – clinical signs of illness 
occur relatively late, when the systemic inflammatory response is well-developed. Effective detection 
systems would allow earlier recognition and treatment. 

 
Many have postulated that new analysis of existing data from standard-of-care bedside monitors should 
give clues that are useful in early diagnosis(5)(6)(7). The University of Virginia group has reduced one 
such analysis to clinical practice. We found abnormal heart rate characteristics (HRC) of reduced 
variability and transient decelerations in the heart rates of septic infants for 12 to 24 hours and more 
prior to clinical suspicion(8). We developed mathematical tools to detect abnormal HRC, validated them 
externally, demonstrated their relationship to clinical data such as lab results and other findings, and 
performed a large randomized trial to assess impact on VLBW outcome(9). The results were important 
– a more than 20% mortality reduction when HRC monitors were displayed to clinicians with no other 
intervention mandated. Since then we have shown that adding other vital sign data, such as oxygen 
saturation, as well as other demographic and clinical data, including laboratory values, might improve 
on heart rate characteristics monitoring for predicting sepsis, NEC, and other outcomes(10)(11). 

Rationale for Study Design 
• Routinely monitored cardiorespiratory signals hold much physiologic information that is not synthesized 

in such a way as to alert clinicians to subtle changes that occur very early in the systemic inflammatory 
response. 

• The combined efforts of clinicians, mathematicians and engineers can lead to effective new monitoring 
strategies that allow early diagnosis of otherwise invisible clinical deterioration. 

• Adding clinical, demographic, and laboratory data to bedside monitor cardiorespiratory data will improve 
prediction and early detection of sepsis and NEC over any of these data alone. 

• Improved analytics will favorably impact patient outcomes by assisting clinicians in decisions about 
initiation of antibiotics and other therapies early in the course of illness. 
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2. STUDY OBJECTIVES 

2.1 Hypothesis 

Validated algorithms combining bedside monitor cardiorespiratory-based metrics along with clinical, 
demographic and laboratory variables can provide early warning for sepsis and NEC in VLBW infants 
in the NICU. 

2.2 Specific Aims 

• For all VLBW infants, collect baseline demographic and clinical data. 
• Characterize, categorize, and catalogue events of sepsis and NEC, and associated clinical and 

laboratory variables, as well as ventilator status at the time of illness 
• Identify metrics of heart rate, respiratory rate, and combined cardiorespiratory characteristics 

that change in the preclinical phase of sepsis and NEC 
• Develop new or optimally adapted mathematical measures that report on abnormal waveforms 

in the ECG, chest impedance, and/or pulse oximetry signals 
• Construct predictive models to predict or detect sepsis or NEC, combining clinical, laboratory, 

and physiologic monitoring data using standard techniques such as (but not limited to) logistic 
regression, and using novel approaches from the field of Big Data analytics such as deep 
neural networks 

• Develop and externally validate algorithms on VLBW infants at the other participating NICUs 
over the course of the study. 

 
3. SUBJECT ELIGIBILITY 

Inclusion Criteria 

• Birthweight <1500 grams 

Exclusion Criteria 

• None 
 
 

4. Study Plan 

Clinical Data Collection 

REDCap will be used by all sites for electronic data entry. All data required for this study should 
be documented in the infant’s medical record as part of routine care. Data entry guidelines are 
specified in the Manual of Procedures (MOP). Both retrospective and prospective data will be 
collected and analyzed. 
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Bedside Monitor Data Collection 

At all sites, digital waveforms (3 EKG leads, chest impedance, and the O2 saturation) along with 
q2sec vital signs are stored using BedMasterEx software (Excel Medical), Philips Data 
Warehouse Connect, or other similar data storage systems. These data are labeled by bed 
number and a coded timestamp. Retrospective and prospective data will be used for this study. 

Clinical data and bedside monitor data will also be collected and shared between sites via UVA 
Box. 

 
 

5. STATISTICAL CONSIDERATIONS 

Statistical Methods 

Clinical, demographic, and cardiorespiratory parameters are combined using multivariate 
statistical methods, such as logistic regression, k nearest neighbor analysis, random forests, 
neural nets, and other techniques(12)(13). The period of interest is the 24 hours prior to the 
event. Thus the output of the model is the probability of an event in the next day. We divide by 
the average probability of the event, and present the clinician with the fold-increase in risk of an 
upcoming event. We will have a development/test cohort and validation cohort both within and 
between centers to account for differences in clinical practices that may impact vital sign 
patterns. 

Study Size Considerations 

We anticipate enrolling at least 1667 VLBW infants per site over a 4-year period. With 
incidence of late-onset sepsis and NEC being approximately 15% and 7% respectively, we 
anticipate having about 200 episodes of culture-positive sepsis and 100 episodes of NEC with 
bedside monitor data available for analysis. Generally, 50 events allow for a predictive model 
with 5 predictive variables and (based on our experience with bootstrapping) 95% CI of 0.3 
around the ROC area, so we will have sufficient numbers of infants with events to develop and 
validate models. 

6. STUDY MANAGEMENT 

Institutional Review Board (IRB) Approval and Consent 

This is a purely observational study. Bedside monitor data are currently collected and stored at 
all sites. Routine clinical data are annotated in the electronic health record. For purposes of this 
study, waiver of consent is appropriate since there are no interventions, data are considered de- 
identified under the Privacy Rule since they have only the limited HIPAA identifiers of date and 
Study ID , (Limited Data Set) and securely stored, and requiring consent would impact the study 
results since the consented population would be smaller and may differ from the entire VLBW 
cohort in ways that could impact the validity of the sepsis and NEC algorithms we develop. Data 
will collected either prospectively or retrospectively. 

7. Study Records and Record Retention 
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Study documentation includes all electronic case report forms in REDCap, source 
documentation, Sponsor-Investigator correspondence, regulatory documents (e.g., protocol and 
amendments, IRB correspondence and approval) and the like. 

Source documentation will be captured in electronic format and include information from 
patient’s electronic medical records and / or data obtained from various bedside vitals 
monitoring equipment e.g., using BedMasterEx software (Excel Medical), Philips Data 
Warehouse Connect and include all recordings of observations or notations of clinical activities 
and all reports and records necessary for the evaluation and reconstruction of the clinical 
research study. 

Study documentation will be kept on file for the length of time that is required by each 
participating sites IRB. 
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