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Abstract

Background: Displaying heart rate characteristics (HRC) scores was associated with lower 

sepsis-associated mortality in very low birth weight (VLBW) infants in a multicenter randomized 

controlled trial (HeRO trial).

Objective: To test whether HRC indices rise before diagnosis of urinary tract infection (UTI) or 

meningitis, with and without concomitant BSI.

Design/Methods: Blood, urine and cerebrospinal fluid (CSF) culture data after 3 days of age 

and within 120 days of study enrollment were analyzed from 2,989 VLBW infants. The HRC 

index was analyzed 12h prior to positive cultures compared to 36h prior, using paired signed rank 

tests.

Results: UTI, meningitis, and BSI was diagnosed in 10%, 2%, and 24% of infants respectively. 

The mean hourly HRC index was significantly higher 12h prior to diagnosis of UTI and BSI 

compared to 36h prior (UTI 2.07 versus 1.81; BSI 2.62 versus 2.25, both p<0.0001). The baseline 

HRC index was higher for meningitis, compared to UTI or BSI, but without a statistically 

significant rise in the day prior to meningitis diagnosis.

Conclusions: In a large cohort of VLBW infants enrolled in the HeRO trial, the HRC index 

increased in the 24h period prior to diagnosis of UTI and BSI, but not meningitis.

Introduction:

Abnormal fetal heart rate characteristics such as decreased heart rate variability and transient 

decelerations have been used as a biomarker of fetal distress for over a century (1). More 

recently, technology has been developed to analyze electrocardiogram data from neonatal 

intensive care unit (NICU) bedside monitors to calculate a heart rate characteristic (HRC) 

index or HeRO score to indicate the fold-increase in probability of sepsis being diagnosed in 

the following 24-hour period (2). In a single center study, elevation in the HRC index which 

incorporates measures of low heart rate variability, increased decelerations, and low sample 

entropy, was associated not only with sepsis but also with urinary tract infection (UTI) and 

with mortality (3). A large randomized clinical trial (“HeRO trial”) which enrolled 3,003 

very low birth weight (<1,500 g birth weight, VLBW) infants, demonstrated that displaying 

the HRC index to the clinician reduced all-cause mortality by 22% (4) and septicemia-

associated mortality by 40% (5). However, the performance of this test as a biomarker for 

infections in other sites such as urine and CSF has not been evaluated. Here, we analyzed the 

rich dataset of cultures from HeRO trial participants to test the hypothesis that HRC 

monitoring may alert providers to the existence of UTI or meningitis, even in the absence of 

concomitant blood stream infection (BSI). We also sought to evaluate center-specific 

differences in collecting urine and CSF cultures around the time a blood culture was 

obtained for suspected infection. Finally, we examined the change in the HRC index during 

infection with coagulase negative staphylococci (CONS) versus other organisms and for 

infants on and off mechanical ventilation.
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Methods:

Patients

A total of 3,003 VLBW infants were enrolled in a previously published randomized, 

controlled HRC monitoring trial at 8 centers from 2004-2010, and 2,989 were included in 

the original and current analyses (the other 14 had consent withdrawn or were ineligible 

based on birth weight) (ClinicalTrials.gov: NCT00307333) (4). The trial was approved by 

the institutional review boards at each enrollment site, and parental consent was obtained. 

Infants were randomly assigned to one of two groups. One group of infants had their HRC 

index visible to the care team, and providers were able to use the HRC index at their 

discretion for clinical management. No specific action was required, based on an infant’s 

score. Infants in the control (standard) group had their HRC index recorded but not 

displayed to clinicians. Laboratory tests for suspected sepsis including blood, CSF, and urine 

cultures, as well as decisions for antimicrobial therapy were recorded but performed 

according to clinician discretion at each participating center.

Infections and HRC Index

The objective for this secondary analysis was to determine if the HRC index rises before 

diagnosis of UTI or meningitis, with or without concomitant BSI. Therefore, we analyzed 

the results of all urine, CSF, and blood cultures collected for suspicion of infection after 3 

days of age and within 120 days after consent and randomization.

Late onset BSI was defined, for the purpose of this substudy, as a positive blood culture in 

an infant at least 72 hours of age with a bacterial or fungal organism not considered a 

contaminant and treated with at least 5 days of antimicrobials. For the 14 cases of multiple 

bacteria cultured from the blood considered to be true BSI, the organism thought to be the 

most virulent was included in the microorganism designation.

A 3-day window was allowed to determine whether urine or CSF cultures were taken at the 

time of blood culture for suspected infection.

UTI was defined as a positive urine culture obtained by suprapubic bladder aspiration or 

catheterization with a single organism, documentation of at least 5 days of antimicrobials, 

and no indication in the database that the culture yield was <10,000 colony forming units 

and/or a suspected contaminant. Meningitis was defined as a positive CSF culture yielding a 

single organism and no indication in the database that it was a suspected contaminant.

Infections were considered a single episode if the same organism was cultured within a 7-

day time period. The hourly HRC index was analyzed 5 days prior to and after the infection 

diagnosis (defined as the time the positive culture was sent). To illustrate the trend in the 

HRC index in infants without suspected or proven infection, the mean hourly HRC index in 

infants undergoing cultures indicated in the study database as screening and not suspected 

infection was also calculated.
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Statistics

Results are presented as number and percent or mean and standard deviation unless 

otherwise noted. Changes in the mean hourly HRC index 12 hours versus 36 hours prior to 

infection diagnosis (culture time) were compared using Wilcoxon signed-rank tests. 

Statistical analyses were performed in MatLab (MathWorks, Natick, MA, USA) with p<0.05 

considered statistically significant.

Results

Demographics and Outcomes

The demographics of all infants and of the subgroups with and without positive cultures are 

shown in Table 1. Of the 2,989 infants, 863 (29%) had at least one late-onset infection (UTI, 

meningitis or BSI, as defined in Methods). Late-onset UTI, meningitis, and BSI were 

detected in 10%, 2%, and 24% of tested infants (Table 2) with no significant difference 

between infants randomized to HRC display versus control. The mean gestational age and 

birth weight of infants with any infection was 26 weeks and 822 grams. Infants with 

infection were more premature, had lower birth weight, and were more likely to be male 

(60%). After controlling for gestational age and birth weight, infants with infection also had 

more days on mechanical ventilation and longer length of stay in the NICU (p<0.05). All-

cause mortality in the period of the RCT (120 days from randomization) was 9%. Mortality 

was increased among infected infants (16%) compared to infants who had cultures obtained 

but no documented infection (7%).

Cultures and Infections

Figure 1 shows results of all blood cultures sent for suspicion of infection, and the associated 

urine and CSF cultures. The total number of cultures was 13,859 (8,206 blood cultures in 

1,649 infants; 3,603 urine cultures in 1,189 infants; 2,050 CSF cultures in 923 infants). 

Infants randomized to the HRC index display group had 10% more blood cultures, 16% 

more urine cultures, and 6% more CSF cultures sent than those in the control group but did 

not have a significant difference in number of infections.

The majority of blood cultures were not accompanied by a urine or CSF culture. Overall, 

urine and CSF cultures were sent around the time of blood cultures in 44% of cases (center 

range 6-77%) and 24% of cases (center range 7-49%), respectively. Differences between 

centers are shown in Supplemental Table 1.

Of 8,206 blood cultures obtained, 991 (12%) were diagnostic of BSI. Of 3,633 urine cultures 

sent for suspected infection, including 30 sent without blood culture, 466 (13%) were 

diagnostic of UTI in 305 infants. An additional 17% of urine cultures yielded either mixed 

organisms or were indicated as contaminants in the study database. Of 2,052 CSF cultures 

sent for suspected infection, including 2 with no associated blood culture, 66 (3%) were 

diagnostic of meningitis in 61 infants, and an additional 26 yielded one or multiple 

organisms indicated in the database as suspected contaminants. In summary, the yield of 

blood, urine, and CSF cultures sent for suspected infection for diagnosis of BSI, UTI and 

meningitis was 12%, 13%, and 3%, respectively.
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Figure 1 shows that, of the 991 cases of BSI, 107 (11%) were associated with a urine culture 

indicating UTI and 30 (3%) with a CSF culture indicating meningitis. Of the 7,215 infection 

workups with negative blood culture, 359 (5%) were associated with UTI and 34 (0.5%) 

with meningitis. Of the 466 UTIs, 107 (23%) were associated with a BSI, and of the 64 

cases of meningitis, 30 (47%) were associated with a BSI. In 30 cases of UTI and 2 cases of 

meningitis, no blood culture was reported within 3 days of the positive urine or CSF culture.

Table 2 shows characteristics of infants with culture-positive infections. Of all the infants 

enrolled in the original trial, 715 (24%) were diagnosed with BSI, 305 (10%) with UTI, and 

61 (2%) with meningitis. Some infants had two or more infections. Infants with UTI, 

meningitis, and BSI were of similar mean gestational age and birth weight. UTI was 

diagnosed at a later age (mean 43 days versus 31 days for meningitis and 26 days for BSI).

Microorganisms

Among the 991 cases of BSI, CONS was isolated, and antibiotics continued at least 5 days, 

in 487 (49%). CONS was considered a contaminant in 124 positive blood cultures (<5 days 

antibiotics and/or indicated as contaminant in the study database). CONS was isolated and 

treated in 16% of UTIs and in 45% of cases of meningitis.

The majority of UTIs were caused by Gram-negative organisms (58%) in contrast to BSI 

(23%) or meningitis (18%). The most common organism isolated were Klebsiella sp. for 

UTI and CONS for meningitis and BSI (Table 2). A fungal organism was isolated in cultures 

from 12%, 8% and 6% of infants with UTI, meningitis and BSI, respectively.

HRC Index Around Time of Infections

Figure 2 shows the mean hourly HRC index for 5 days before and after diagnosis of BSI, 

UTI or meningitis only or all cases of UTI and meningitis, which may include concomitant 

BSI. Additionally, for infants without suspicion of infection, as described in methods, the 

mean HRC index is shown, with no significant change around the time of a screening culture 

(n=920). In contrast, the HRC index rose significantly in the day prior to diagnosis of UTI 

and BSI compared to the prior day. For cases in which paired HRC index data were available 

at 36 hours and 12 hours prior to the positive culture, the mean HRC index rose from 1.81 

(standard error (SE)=0.117) to 2.07 (SE=0.123) for UTI only (n=233, p<0.0001) and from 

2.25 (SE=0.076) to 2.62 (SE=0.080) for BSI only (n=693, p<0.0001). For combined UTI 

with BSI, there was a rise in mean HRC from 2.20 (SE=.217) to 2.55 (SE=.233) but this 

effect size was not statistically significant (n=89, p=0.36) for this smaller sample size.

In infants with meningitis, the mean HRC index was higher at baseline, rose several days 

prior to diagnosis, and remained high after diagnosis (Figure 2). For cases in which paired 

HRC index data were available at 36 hours and 12 hours prior to the positive culture the 

mean HRC index did not rise significantly (2.91 vs. 3.07, n=31, p=0.87) for this small 

sample size.

Figure 3 shows that, comparing all CONS and non-CONS infections (n=543 and 756, 

respectively), there was a similar rise in the HRC index prior to diagnosis. The figure 

additionally shows that, comparing infants on or off mechanical ventilation at the time of 
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infection, those on a ventilator (46% of the total) had a higher baseline HRC index and a 

smaller relative rise prior to diagnosis.

Discussion:

Changes in heart rate characteristics (decreased HR variability and superimposed transient 

decelerations) as part of the host response to infection have been demonstrated in VLBW 

infants with septicemia, but the diagnostic value for other infections has not previously been 

demonstrated (6). Here we present a subanalysis of a large randomized clinical trial 

(“HeRO” trial) including culture data from blood, urine, and CSF in 2,989 VLBW infants 

for 120 days from randomization. We found a statistically significant rise in the HRC index 

in infants with UTI even as a localized infection in the absence of BSI.

The incidence of infection and the organism distribution we report are consistent with other 

reports of VLBW late-onset sepsis in the time period studied, with 23% incidence of BSI 

and a predominance of CONS (7–9). UTIs are common beyond day 3 of age, and the 

number of VLBW infants in our study diagnosed with this infection was 10%, similar to 

previously reported rates (13) (14). A lack of guidelines or incomplete adherence to 

guidelines among NICUs as to whether to obtain a urine culture when getting a blood 

culture for infants with suspected infection is one explanation for the practice variation we 

observed among centers. For 30 cases of UTI, no blood culture results were reported, yet we 

found that 23% of UTIs were associated with bacteremia.

Meningitis is rare in VLBW infants but associated with high morbidity and mortality. The 

rate reported in our cohort (2%) is similar to that reported by other centers in the United 

States (15). In regard to CSF analysis during sepsis evaluations, we also noticed practice 

variation among centers (7-49%), but the mean (24%) was similar to the reported 30% 

lumbar punctures performed in VLBW infants in other centers (15). In that report, 

approximately one third of VLBW infants with meningitis had negative blood cultures, 

whereas in our cohort it was more than half (53%). Our data support that urine and CSF 

cultures should be considered at the time of sepsis work-ups in VLBW infants, since 

negative blood cultures do not rule out UTI or meningitis (16).

Although the number of meningitis cases was relatively small, the HRC pattern was distinct 

from BSI and UTI in that the baseline HRC index was higher and, after rising around the 

time of diagnosis, it remained higher. Since heart rate variability is regulated by sympathetic 

and parasympathetic signals, this abnormal HRC pattern may indicate a stronger autonomic 

nervous system response to brain inflammation compared to systemic inflammation in 

bacteremia or focal inflammation in UTI or delayed diagnosis of meningitis. Future studies 

including cytokine or other inflammatory marker measurements with HRC indices may 

confirm this hypothesis.

Another difference we found in HRC index patterns is that infants receiving mechanical 

ventilation had a higher baseline and a smaller rise around the time of infection. The higher 

baseline may indicate a greater level of physiologic instability or increased sedation, 

reflected by lower heart rate variability. Since apnea is a common presenting sign of 

Weitkamp et al. Page 6

Pediatr Res. Author manuscript; available in PMC 2020 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



infection and the associated heart rate decelerations factor into the HRC index, it is not 

surprising that infants receiving mechanical ventilation have a smaller relative rise in the 

HRC index around the time of infection. Nonetheless, a significant rise in the HRC index 

occurs in some infants both on and off mechanical ventilation as much as 12-24 hours prior 

to clinicians recognizing signs and starting antibiotics.

Although this report includes data on a large number of cultures in the largest RCT of 

VLBW infants published to date, several limitations deserve consideration. We did not have 

data on urinalysis or CSF cell counts or chemistries to substantiate the diagnosis of UTI or 

meningitis. In addition, the RCT had a pragmatic design with no mandate on when or how to 

perform a sepsis evaluation. Consequently, there was significant center variation in obtaining 

urine and CSF cultures at the time of blood culture for suspected infection, raising the 

possibility that UTI and meningitis were underdiagnosed in some centers. Finally, we 

included cases of CONS BSI, UTI, and meningitis if the culture was positive and antibiotics 

continued at least 5 days, and we did not have additional laboratory values such as C-

reactive protein to assess for an acute phase response. The diagnosis of CONS meningitis is 

controversial (19), and some cases included as CONS infection may represent 

contamination. However, some cases of meningitis in this cohort may have been associated 

with central nervous system shunts, where CONS are frequently isolated (20). Notably, the 

change in HRC index was not significantly different between CONS versus non-CONS 

infections.

A final consideration is that the HRC index was developed and externally validated as the 

fold increased chance of sepsis diagnosis within the next day for a VLBW infant, compared 

to the chance for all VLBW infants. As such, since on any given day the risk of infection is 

quite low, and since a high score may represent other pathologic processes, the HRC index is 

only one element to consider when deciding whether to administer antibiotics. In a single-

center retrospective study of both term and preterm infants, elevated HRC scores were not 

uncommon and were usually not associated with sepsis (17); however, the lack of an 

accepted consensus definition for neonatal sepsis makes direct comparison between studies 

difficult (18). Another concern associated with the HRC index monitor is the possible 

increase in blood cultures and antibiotic administration. As previously reported, the tradeoff 

for 2% lower mortality in VLBW infants whose HRC index was displayed in the RCT was a 

10% increase in blood cultures (p=0.05) and a 5% increase in antibiotic days (p=0.31) 

compared to the non-displayed group. (4)

Conclusion:

The HRC index rises significantly in some VLBW infants prior to diagnosis of UTI or BSI. 

Cases of meningitis are less common, are associated with higher HRC index at baseline, and 

warrant further study to determine whether worsening HRC can assist in earlier detection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Culture results.
Of 8,206 blood cultures obtained for suspicion of sepsis, 991 (12%) were diagnostic of BSI. 

Of 991 BSI cases, 107 (11%) were associated with UTI and 30 (3%) with meningitis. Of the 

7,215 infection workups with negative blood culture, 359 (5%) were associated with UTI 

and 34 (0.5%) with meningitis. Of the 466 UTIs, 107 (23%) were associated with BSI, and 

of the 64 cases of meningitis, 30 (47%) were associated with BSI. In 30 cases of UTI and 2 

cases of meningitis, no blood culture was reported within 3 days of the positive culture 

result.
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Figure 2. HRC index around time of infection.
Mean hourly HRC index is shown in the 5-day period before and after time of positive 

culture, day zero indicated by vertical dotted line. From lower to upper curves: UTI only 

(thin dotted) all UTI including BSI (dashed), BSI only (thick solid), meningitis only (thick 

dotted) and all meningitis including BSI (thick dashed).
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Figure 3. HRC index in CONS versus non-CONS and ventilator versus no ventilator.
Mean hourly HRC index is shown in the 5-day period before and after time of positive 

culture, day zero indicated by vertical dashed line. From lower to upper curves: infants with 

non-CONS infections not on mechanical ventilation (thick dotted), CONS infections not on 

ventilator (solid), and non-CONS and CONS infections on ventilator (dashed and thin 

dotted, respectively).
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Table 1.

Demographics of Infants With and Without Infection

Any Infection No Infection No Cultures All Infants

No. Infants (%) 863 (29) 1198 (40) 928 (31) 2989 (100)

GA (SD) 26 (2.7)* 28 (2.7) 30 (2.7) 28 (3.1)

BW (SD) 822 (242)* 963 (257) 1188 (24) 992 (286

% Female 40* 49 54 48

Ventilator Days (SD) 26 (29)** 10 (18) 1 (6) 12 (22)

LOS (SD) 88 (49)** 68 (39) 37 (28) 64 (44)

Mortality (%) 16 7 5 9

Abbreviations: GA, mean gestational age in weeks; BW, mean birth weight in grams; SD, standard deviation; LOS, length of stay in days

*
p<0.05 versus no infection or no cultures

**
p<0.05 after adjusting for GA and BW
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Table 2.

Infections and Organisms

UTI Meningitis BSI

Infants n (%) 305 (10) 61 (2) 715 (24)

Gestational age (weeks) 26.3 26.1 26.1

Birth weight (grams) 836 792 805

Female (%) 32 48 41

No. episodes 379 66 991

Day of age 43 31 26

Postmenstrual age (weeks) 32.2 30.5 29.8

Gram positive total (%) 114 (30) 49 (74) 702 (71)

CONS 60 30 487

Staph. aureus 7 7 107

Enterococcus 42 8 50

Group B Streptococcus 3 2 17

Other Gram positive 2 2 41

Gram negative total (%) 220 (58) 12 (18) 224 (23)

E. coli 60 2 61

Klebsiella 73 4 58

Enterobacter 13 2 20

Serratia 45 1 29

Pseudomonas 14 1 24

Proteus 5 2 5

Citrobacter 8 0 3

Other Gram negative 2 0 24

Candida/Fungus 45 (12) 5 (8) 65 (6)

Abbreviations: CONS, coagulase-negative Staphylococcus
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