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Abstract: The aim of this study is 1) to determine the sensitivity and specificity of continuous heart rate characteristics 

(HRC) monitoring in detection of infections and 2) to evaluate whether HRC monitoring detects infections prior to onset of 

clinical symptoms in very low birth weight (VLBW) infants. A retrospective cohort study was conducted analyzing HRC 

scores and episodes of infection for VLBW infants in the Neonatal Intensive Care Unit (NICU) at Cincinnati Children’s 

Hospital Medical Center from January 2015 through May 2016. HRC scores were acquired using the HRC monitor system and 

entered into the electronic medical record by bedside staff. Culture-positive and culture-negative clinical infections were 

recorded. Positive HRC scores were defined as an increase 1 point above the baseline or the first rise above 2. HRC scores 

within 24 hours and also within the 5-day period before the start of antibiotics for infections were analyzed for sensitivity, 

specificity, positive predictive value and negative predictive value for detection of neonatal infection. The HRC score increase 

1 point above the baseline or the first rise above 2 in the 24 hours before the start of antibiotics for infectious events had a 

sensitivity of 68.0%, a specificity of 10.8%. Positive predictive value (PPV) and negative predictive value (NPV) were 34.0% 

and 33.3%, respectively. The PPV and NPV were modestly higher for elevated HRC scores during the 5-day period before 

infections, 41.1% and 66.7%, respectively. In our single-center retrospective study, elevated HRC scores had limited ability to 

detect infection. More than half of the positive monitor events were not related to infection. The potential clinical impact of the 

monitor to detect infection before the onset of clinical symptoms was limited and the risk for unnecessary evaluation and 

treatment was high. 
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1. Introduction 

Improvement in neonatal care has enabled the survival of 

increasing numbers of very low birth weight (VLBW) infants 

[1]. As the number of VLBW infants grows, healthcare 

professionals face the struggle of not only decreasing 

mortality, but also improving quality of life. VLBW 

newborns are particularly susceptible to infections due their 

immature immune system [2]. Infections have a high rate of 

mortality and morbidity in this population [3]. Not only are 

infections associated with unfavorable outcomes in 

premature infants, their early diagnosis presents a challenge 

because symptoms are often subtle and nonspecific. Heart 

rate variability has been studied as a potential approach to 

enable detection of sepsis in infants prior to onset of clinical 

deterioration. Heart rate variability is a physiological finding 

regulated by the autonomic nervous system [4]. Its 

disturbance and correlation with different pathologies have 
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been established [5-8]. A heart rate characteristics (HRC) 

score was developed based on diminished heart rate 

variability and transient decelerations observed in septic 

infants [9]. A device, called the HeRO
tm

 monitoring system 

(Medical Predictive Science Corporation, Charlottesville 

VA), is commercially available that uses electrocardiograph 

findings to calculate the risk of developing a septic event 

within the next 24 hours. The use of this technology has been 

reported to reduce mortality in VLBW infants [10, 11]. The 

objective of this study is to analyze if use of the Hero 

monitor improves early detection of sepsis in VLBW infants 

in a quaternary level Neonatal Intensive Care Unit. HRC 

monitoring is routinely used in all VLBW infants admitted to 

our NICU. The monitor provides non-invasive and 

continuous information on the probability of developing 

infection in the population of high risk for infection 

throughout NICU course. A rising score alerts the medical 

team of a possible onset of infection and prompts close 

clinical observation to determine if the patient should be 

evaluated for infection and started on antibiotic treatment. 

We hypothesized that these alerts would help to diagnose and 

treat infections earlier and before clinical deterioration. 

2. Methods 

A retrospective cohort study was designed to retrieve data 

from all VLBW infants<1500 grams who were submitted to 

HRC monitoring in the Neonatal Intensive Care Unit (NICU) 

at Cincinnati Children’s Hospital Medical Center, a 

quaternary level facility. All patients were outborn. The study 

included patients admitted to the NICU during the period 

from January 2015 to May 2016. Approval from the 

Institutional Review Board was obtained. The suggested care 

of patients undergoing HRC monitoring in our unit is to 

clinically examine the patient when there is an increase of 

one point above his prior baseline or when the score rises 

above 2 for the first time. Based on the clinical evaluation, 

the provider decides if the patient should be tested for sepsis 

and started on antibiotics. Medical records were reviewed to 

identify HRC scores for each patient. The scores are 

generally recorded hourly in the electronic medical record for 

each patient. HRC monitoring was considered positive for 

each 24-hour period in which the score was either one point 

above baseline or it rose above 2 the first time. All available 

positive scores were recorded during data collection. 

For infants who received evaluation for infection, data was 

collected on the presence of clinical symptoms as well as 

laboratory studies that were obtained for assessment, 

including CD64 measurement, bacterial cultures and 

radiographs. Consecutive days on antibiotics were recorded. 

Clinical symptoms that were assessed included hyper/ 

hypothermia, apnea, respiratory distress, need for increased 

respiratory support, feeding intolerance, abdominal 

distension, lethargy and hyperglycemia. CD64 index cut off 

for our laboratory is 2.3 [12]. Clinical infections in the 

absence of positive cultures were included if they prompted 

at least 5 days of antibiotics and were associated with 

evidence of a systemic inflammatory response [13]. They 

were categorized in two groups: culture proven infection 

when blood, urine, cerebrospinal fluid or peritoneal fluid 

were culture positive or clinical sepsis, such as necrotizing 

enterocolitis (NEC), pneumonia, ventilator associated 

pneumonia (VAP) and tracheitis. Data on elevated scores 

without further infection screening was also collected. It 

included searching for non-infectious causes for heart rate 

variability such as perinatal asphyxia, Grade 3 or 4 of 

intraventricular hemorrhage (IVH), surgery, retinopathy of 

prematurity exam or intervention. 

To assess the diagnostic ability of the Hero monitor for 

early detection of sepsis in VLBW infants: sensitivity, 

specificity, positive predictive value and negative predicted 

value were calculated with 95% confidence intervals 

determined using the Wilson score method [14]. For infants 

with infection, classification of positive HRC scores were 

assessed at specified timepoints (24-hour and 5-day intervals) 

before the start of an antibiotic. For infants without infection, 

however, a predefined timepoint cannot be determined. Thus, 

for these infants, positive HRC scores were classified at any 

timepoint during data collection. Sensitivity and specificity 

calculations were subject to bias since the number of 

screening timepoints differ by group, in light of the 

continuous screening and calculations based on infection and 

not the individual. To mitigate bias, sensitivity and specificity 

were analyzed at the level of the infant using the first 

infection for those patients with multiple infections. SAS 

version 9.3 was used for all analyses. 

3. Results 

Characteristics of the study cohort are presented in Table 1. 

Table 1. Study cohort characteristics (N=62). 

Characteristic Values 

Female Sex, N (%) 27 (43.6) 

Birth Weight Median, (Range) 780 (479-1460) 

Gestational Age Median, (Range) 27 (23-34) 

Age at NICU Admission (days), Median (Range) 7 (0-96) 

NICU days, Median (Range) 57 (2-202) 

HERO monitoring days, Median (Range) 57 (1-123) 

Deaths, N (%) 12 (19.4) 

Age at death (days), Median (Range) 75 (2-230) 

Indications for transfer to this quaternary care NICU 

include preterm delivery at a regional delivery hospital 

requiring neonatology services or the need for pediatric 

subspecialty care such as cardiology, genetics, neurosurgery 

or pediatric surgery. All 62 VLBW infants received HRC 

monitoring as a component of their care during the study 

period. 

A total of 73,808 scores were registered in the electronic 

medical record over a median of 54 days (range 1 to 123 

days). Of these, 2730 scores were linked to patients with 

missing data and were therefore excluded from analysis. 

Only 15% of HRC monitored days had at least one positive 

score (508 in 3356). Infection was the most frequent event 
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related to HRC score increase as 45% of the positive days 

occurred during treatment for culture positive or clinical 

infection. Non-infectious events associated with positive 

HRC scores included 5 minutes Apgar score under 7 (39%), 

same day medical procedure (15%), and grade 3 or 4 IVH 

(10%). 

Fifty-one infectious events occurred in 25 patients which 

included 19 culture-proven infections and 32 episodes of 

clinical infection. Of culture-positive infections 9 cases were 

bloodstream infection, 9 cases were urinary tract infections, 

and there was one case of peritonitis caused by Candida 

albicans isolated from peritoneal fluid obtained during 

laparotomy. Pathogens detected in culture-proven infections 

are listed in Table 2. 

Table 2. Pathogen representation among infants with culture-proven 

infections. 

Agent 
Specimen 

Blood Urine Peritoneal Fluid 

Candida albicans 1 1 1 

Candida lusitaniae 1   

Candida tropicalis  1  

Enterobacter species  2  

Agent 
Specimen 

Blood Urine Peritoneal Fluid 

Enterococcus faecalis 1 1  

Escherichia coli  1  

Klebsiella pneumoniae 2 1  

Pseudomonas aeruginosa  1  

Serratia marcescens  1  

Staphylococcus aureus 1   

Staphylococcus epidermidis 1   

Streptococcus agalactiae 1   

Streptococcus species 1   

No cases of meningitis were detected. Cases of clinical 

infection included clinical sepsis (5), NEC (10), peritonitis 

(1), pneumonia (2), tracheitis (13) and ventilator-associated 

pneumonia (1). 

We compared infants at their first episode of infection 

(n=25) to those with no episodes of infection (n=37). Among 

25 infants with infections there were 11,293 HRC scores and 

of these 503 HRC scores were positive within the 24-hour 

interval and 2,442 HRC scores were positive within the 5-day 

interval preceding infection and antibiotic administration, 

Figure 1. 

 

Figure 1. Flow diagram of HRC scores and diagnoses (n). 

There were 31,954 HRC scores recorded at any time 

point among the 37 infants who did not develop infection. 

When the HRC scores were positive within 24 hours of the 

first episode of infection timed by antibiotic administration 

the monitor performed with a sensitivity of 68% (95% 

confidence Intervals, CI; 48.4%, 82.8%) a specificity of 

10.8% (CI; 4.3%, 24.7%), a positive predictive value of 

34.0% (CI; 22.4%, 47.8%), and a negative predictive value 

of 33.3% [CI; 13.8%, 60.9%] (Table 3). 

Table 3. Performance of HRC scores in detecting the first infection episode within 24 hours of antibiotic administration and within five days of antibiotic 

administration. 

HRC one point above baseline OR first rise 

above 2 in 24 hours before antibiotic start 
Infection No infection 

Estimates with 95% Confidence Intervals (Wilson 

Method) 

Screen positive, N 17 33* Sensitivity: 68.0 (48.4, 82.8) Specificity: 10.8 (4.3, 24.7) 

Positive Predictive Value: 34.0 (22.4, 47.8) Negative 

Predictive Value: 33.3 (13.8, 60.9) 

Screen negative, N 8 4 

Total Infants 25 37 
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HRC one point above baseline OR first rise 

above 2 in 5 days before antibiotic start 
Infection No infection 

Estimates with 95% Confidence Intervals (Wilson 

Method) 

Screen positive 23 33* Sensitivity: 92.0 (75.0, 97.8 Specificity: 10.8 (4.3, 24.7) 

Positive Predictive Value: 41.1 (29.2, 54.1) Negative 

Predictive Value: 66.7 (30.0, 90.3) 

Screen negative 2 4 

Total Infants 25 37 

* Note: Screen positive at any timepoint. 

When the HRC scores were positive within a 5-day 

interval of antibiotic administration HRC monitoring 

performed with a sensitivity of 92.0% (CI; 75.0%, 97.8%), a 

specificity of 10.8% (CI; 4.3%, 24.7%), a positive predictive 

value of 41.1% (CI; 29.2%, 54.1%), and a negative predictive 

value of 66.7% (CI; 30.0%, 90.3%). 

4. Discussion 

This study analyzed the performance of the HRC 

monitoring index in a quaternary level NICU. The index was 

developed comparing patients with sepsis and sepsis-like 

illness (negative blood culture) versus the patients without 

sepsis [9-11, 15]. In the hands of these investigators the use 

of bedside HRC monitoring as a predictive tool of sepsis in 

preterm neonates was associated with decrease risk of 

mortality. Presumably, recognition of autonomic dysfunction, 

measured by HRC, may have led to earlier diagnosis of 

sepsis prompting earlier initiation of therapies, shortening the 

duration of organ dysfunction and reducing mortality. While 

our study was not powered to examine mortality, the HRC 

monitor performed poorly as a screening test in our 

population using a threshold level one point above baseline 

or first rise above 2, at both 24-hour and 5-day intervals 

before onset of infection. The low positive and negative 

predictive values at both time intervals reflect the continuous 

screening for a relatively rare event. 

Predictive monitoring of HRC is a potential tool to 

improve outcomes in infected VLBW patients. It can be 

obtained continuously and non-invasively through 

electrocardiogram recordings that are already routinely 

monitored in the NICU setting. Reportedly, variation in HRC 

is prevalent in pediatric sepsis and correlates with disease 

severity and trajectory [16]. However, HRC monitoring had 

poor predictive capabilities for neonates in our quaternary 

unit. This might be due in part to the high prevalence of 

morbidities and procedures in our unit that elevate HRC 

scores thus limiting their utility. In addition, HRC is known 

to vary with factors such as age, gender, medications, and 

mechanical ventilation [17-20]. Nevertheless, a tighter 

protocol regarding the action towards patients with 

increasing scores might clarify the utility of HRC monitoring 

in early identification of infections in our NICU patients. It is 

likely that a protocol mandating clinical response to elevated 

HRC scores would increase laboratory testing and antibiotic 

usage as a secondary effect. 

There were several limitations to our study inherent in its 

design using a retrospective review of the medical records. 

First, precise timing of events and discussions how HRC 

scores were incorporated into clinical decision-making were 

not discernable from review of the medical records. For 

example, this study was not able to measure the impact of 

increase in awareness towards a patient with a rising score. 

Sepsis symptoms in newborn infants are subtle and non-

specific during early phases. The presence of only one 

symptom will rarely trigger a screening for infection but a 

combination often will. The HeRO monitor is one more 

parameter that can help raise awareness for the possibility of 

infection. Second, there is not a mandatory intervention for a 

rising score. A positive score might have increased 

awareness, but not necessarily prompted immediate infection 

screening or initiation of antibiotic therapy. Third, the study 

population included a relatively small number of outborn 

VLBW infants referred to a regional quaternary center. The 

cohort included infants with complications of prematurity 

including spontaneous intestinal perforation, necrotizing 

enterocolitis, post-hemorrhagic hydrocephalus and chronic 

lung disease requiring subspecialty care. The incidence of 

bloodstream infection in the VLBW cohort in this study was 

15%, lower than what was previously reported (21%) by the 

NICHD Neonatal Research Network; however, other sites of 

infection were identified in our study cohort. The mortality 

rate was higher than that reported in the literature, 19.4% 

compared to 10%
3
. This finding reflects the risk of a referral 

population, referred for surgical issues, and the known risks 

for community-born VLBW infants [21-24]. The utility of 

HRC scoring reported in our study might not be broadly 

generalizable to care for VLBW infants in other hospital 

settings since our center is a referral hospital and not a 

delivery hospital. 

Studies to improve on the predictive capabilities of HRC 

monitoring are ongoing. Investigators are currently 

evaluating models combining HR and oxygen saturation 

variables in early detection of infection [25]. These 

investigators report a combined model (mean SpO2, standard 

deviation of HR, and cross-correlation of HR-SpO2) 

provided additive value to an established HR characteristics 

index for illness prediction. Other measures of autonomic 

nervous system function such as respiratory rate variability, 

continuous temperature monitoring, automated pupillometry, 

and non-invasive baroreflex and chemoreflex sensitivity 

could potentially have application as effective biomarkers in 

neonatal sepsis, but further study is necessary [26]. 

Translating these metrics to real-time bedside displays and 

testing their impact on outcomes in randomized clinical trials 

is an essential next step. 

5. Conclusion 

In our single-center retrospective study conducted, 
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elevated HRC scores had poor predictive capabilities to 

detect infection. More than half of the positive monitor 

events were not related to infection. Although the utility of 

HRC scoring reported in our study might not be broadly 

generalizable to care for VLBW infants in other hospital 

settings, the potential clinical impact of the monitor to detect 

infection before the onset of clinical symptoms in our 

quaternary level NICU was limited and the risk for 

unnecessary evaluation and treatment was high. 
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