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Abstract

Background—-BIlood stream infection (BSI) among Neonatal Intensive Care Unit (NICU)
infants is a frequent problem associated with poor outcomes. Monitoring for abnormal heart rate
characteristics (HRC) may decrease infant mortality by alerting clinicians to sepsis before it
becomes clinically apparent.

Methods—HRC scores were acquired using the HRC (HeRO) monitor system from Medical
Predictive Science Corporation and entered into the electronic medical record by bedside staff. We
retrospectively analyzed HRC scores recorded twice daily in the medical record during a 30-month
period (January 1, 2010 through June 30, 2012) for infants in the NICU at the Monroe Carell Jr.
Children’s Hospital at Vanderbilt. We identified infants that met CDC criteria for late-onset BSI
(>3 days of life) during the study period.

Results—During the study period, we recorded 127,673 HRC scores from 2384 infants. We
identified 46 infants with BSI. Although 8% (9701/127,673) of the HRC scores were >2 and 1%
(1387/127,673) were =5, BSI (at any time) was observed in just 5% of patients with HRC scores
=2, and 9% of patients with HRC scores =5. Of infants with BSI, 5/46 (11%) had at least one HRC
score =5 and 17/46 (37%) had at least one score =2 recorded in the 48 hour period prior to the
evaluation that resulted in the first positive blood culture of the episode.

Conclusion—In our single center retrospective study, elevated HRC scores had limited ability to
detect BSI. BSI was infrequent at any time during hospitalization in infants with significantly
elevated HRC scores.

Correspondence to: James L. Wynn, MD, Associate Professor of Pediatrics, Department of Pediatrics, Division of Neonatology,
University of Florida, James.wynn@peds.ufl.edu.

Disclosures: The authors declare no competing financial interests.

License for Publication statement

The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive license
(or non-exclusive for government employees) on a worldwide basis to the BMJ and co-owners or contracting owning societies (where
published by the BMJ on their behalf), and its Licensees to permit this article (if accepted) to be published in Archives of Disease in
Childhood and any other BMJ products and to exploit all subsidiary rights, as set out in our license.

Contributorship statement
Drs. Coggins and Wynn wrote the first draft of the manuscript. Ms. Grunwald extracted the relevant data from the database. All other
authors edited the manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Coggins et al.

Keywords

Page 2

HRC; neonate; sepsis

Introduction

Methods

In Neonatal Intensive Care Unit (NICU) patients, abnormal heart rate characteristics (HRCs)
that reflect decreased variability and transient decelerations have been associated with the
presence of potential infection[1-5]. A large (3003 patient) randomized controlled trial
(RCT) of HRC monitoring demonstrated a reduced rate of mortality primarily in extremely
low birth weight infants (ELBWS) as a secondary outcome[6]. In a secondary analysis of the
RCT that specifically examined the impact of HRC monitoring on sepsis-associated
mortality between 2004 and 2010, 30-day mortality was reduced specifically for coagulase
negative Staphylococcus (CoONS)[7]. In a site-specific analysis of patients enrolled in the
RCT, 22% of patients with “spikes”, defined as sharp rises (>3) in the HRC index, developed
necrotizing enterocolitis or culture positive infection (urine or blood)[8]. Infants with spikes
were more likely to have antimicrobial treatment initiated. In an editorial that accompanied
the publication of the RCT, the authors asked “will the benefits transfer beyond the clinical
trial environment in general neonatal practice”[9]? The purpose of this study was to examine
the relationship between BSI and HRC elevations in clinical practice.

This study was approved by the Vanderbilt Institutional Review Board (IRB#111600). HRC
scores were acquired using the HRC (HeRO) monitor system from Medical Predictive
Science Corporation and entered into the electronic medical record by staff. We performed a
retrospective nested cohort analysis using all HRC scores recorded in the electronic medical
record (EMR) at Monroe Carell Jr. Children’s Hospital at Vanderbilt (MCJCHV) from
January 1, 2010 through June 30, 2012. HRC scores are recorded in the EMR at least once
every 12 hours. After retrieval of all available scores, non-numeric scores (e.g. “HRC not
picking up”) and scores that were out of the range of possible scores (<0 or >7) were
removed (404 occurrences). The remaining HRC scores were used for all subsequent
analyses.

For our analyses, we chose cutoff HRC scores of 2 and 5. These scores represent a 2- and 5-
fold increase in the risk of illness, would be expected to capture a high percentage of infants
with sepsis, and typically generate clinician concern and action including sepsis
evaluation[4]. In our cohort, we previously identified patients who met the criteria for the
Centers for Disease Control (CDC) definition of blood stream infection (BSI)[10 11].
Briefly, BSI was defined as a single blood culture positive for non-contaminant, non-CoNS
bacteria or for Candida species. CoNS infections were considered BSI if at least 1 repeat
positive blood culture positive for CoNS within 72 hours of the initial positive blood culture.
We excluded cases of early onset sepsis [<3 days after birth[12]]. In our cohort, we collected
HRC scores for the period 48 hours prior to the first positive blood culture of the BSI
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episode [7]. We also did a subgroup analysis of HRC scores among the patients with BSI
(with exclusion of all CoNS) that had serum CRP (=45mg/L) during the episode[13].

Results

We extracted 127,673 HRC scores from 2384 patients during the study period (Figure 1A).
The distribution of scores was consistent across the study period and the distribution of total
scores above and below our cutoffs of interest was similar by year. HRC scores =5 were rare
[1387/127,673 (~1%)] and occurred principally (91%) in patients that did not have BSI at
any time during their hospitalization (Figure 1B). Furthermore, we found 9701/127,673
(8%) HRC scores =2 in 791 patients of which 95% did not have BSI at any time.

Because each episode of HRC score elevation =2 was not accompanied by an evaluation for
BSI, we were unable to calculate diagnostic parameters of interest (e.g. sensitivity,
specificity, positive predictive value, negative predictive value). However, we identified 46
patients with BSI among those with HRC scores available for analysis (Figure 1C)[11].
Among those with BSI, the median gestational age was 27 weeks (25! percentile: 25, 75t
percentile: 35), median birth weight 940g (740-25480g), median day of life for BSI was 31
(14-52) and 61% were male. Mortality among patients with BSI was 22% (10/46).
Necrotizing enterocolitis occurred in 4/46 (8.7%). Pathogens identified are shown in Table 1.
Five of these 46 infants (11%), had at least one score =5 and 17 (37%) had at least one score
>2 within 48 hours prior to diagnosis. In our subgroup analysis of infants with BSI (with
exclusion of all CoNS) and HRC scores, 17 had CRP = 45mg/L supporting significant
systemic inflammation (Figure 1D, Table 1). Three of these 17 infants (18%) had HRC
scores =5 and 8 (47%) had a HRC score =2 in the 48 hours prior to the diagnostic
evaluation.

Discussion

In our study of 2384 NICU infants, significant elevations of HRC index (=5) represented 1%
of the total HRC scores. Of note, BSI at any time during the hospitalization occurred in a
mean of 9% of patients with scores =5. The majority of the 46 infants with BSI, including
those with a robust systemic inflammatory response, had no elevations in the recorded HRC
scores in the 48-hour period prior to the evaluation that confirmed suspected sepsis. Similar
to other reports[8 14-18], we found high HRC scores were most often not attributable to
documented infection. Thus, these data suggest that HRC score is neither very sensitive nor
very specific for BSI.

The predictive value of HRC monitoring in clinical practice is uncertain. Although an
abnormal HRC index has been compared to laboratory or clinical parameters for predicting
the odds of sepsis[1 3], we were unable to identify a published report that included
commonly reported indices for diagnostic testing. In our cohort, the majority of HRC
elevations occurred in patients without BSI, and patients with BSI infrequently experienced
elevations.

In the HRC study that led to predictive modeling for sepsis[4] two cohorts of patients were
studied to establish the HRC index: a training set and validation set. The training set
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consisted of 110 patients that had 155 episodes of sepsis or sepsis-like illness. Most episodes
[(123/155 (79%)] in that study were not associated with a positive blood culture. Sixteen of
the 22 positive blood cultures (73%) were CoNS and it was not stated whether multiple
cultures were required for confirmation. The validation cohort was similar (93 infants with
118 episodes of sepsis and sepsis-like illness, 91/118 (77%) had negative blood cultures,
16/27 (59%) positive cultures with CoNS). The area under the curve for regression modeling
ranged from 0.65-0.77, including the regression equation that yielded the HRC index (0.70).
In contrast, confirmed BSI was the gold standard in our study and all CoNS infections had at
least two positive cultures.

Our retrospective study has some limitations but reflects the daily practice environment in
the NICU where evaluation of an infant for sepsis involves clinical judgment as well as
laboratory and monitoring data. Unlike other studies, we included all NICU infants
regardless of gestational and postnatal age. HRC scores used for our analyses represented
values recorded in the electronic medical record, not the hourly values in real-time presented
on the HRC-specific monitors, and so are subject to recording bias. This limitation is
outweighed in part by the large number of scores recorded over a 2.5-year period, and the
detailed examination of scores recorded on patients with documented BSI. Our cohort with
BSI experienced 22% mortality; none of which was related to CoNS. The report of reduced
30-day mortality in ELBW infants associated with HRC monitoring was a secondary
outcome in a trial with no difference in the primary outcome (number of days alive and
ventilator-free in the 120 days after randomization). This reduction in mortality was
primarily related to CoNS infection [18.1% (HRC non-display) and 6.3% (HRC visible)[7].
The mortality rate in the control group was 3-fold higher than the rates found in a recent
study of 4364 infants with CoNS BSI[19]. Thus, it is possible that the benefit of a reduction
in CoNS-mediated sepsis mortality associated with HRC monitoring may not translate to
NICUs with typical CoNS mortality rates. Our data did not allow calculation of accurate
predictive indices by episode of HRC elevation in our cohort. Reporting sensitivity,
specificity, positive and negative predictive values for HRC and infection in hospitalized
infants using the large cohort studied in detail in the RCT would be informative, increase our
understanding of the utility of this technology, and perhaps justify the cost.

Conclusion

In our single center, large, retrospective study, elevated HRC scores had limited ability to
detect BSI and BSI was infrequent in infants with significantly elevated HRC indices.
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What is known

. In Neonatal Intensive Care Unit (NICU) patients, abnormal heart rate
characteristics (HRCs) that reflect decreased variability and transient
decelerations have been associated with potential blood stream infection
(BSI).

. High HRC scores among NICU patients have many potential causes.
What this study adds
. HRC scores are often elevated in NICU patients who do not have BSI.

. Among patients with definitive BSI, HRC elevations =2 or =5 are infrequent
in the 48 hours preceding the time of sepsis evaluation.

Arch Dis Child Fetal Neonatal Ed. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Coggins et al.

A. AIHRC scores from 2010-2012
Il Scores=5 [ Scores recorded
105y [l Scores =2
o
<]
® 10
o 10
4
T
“6 3
o 10
8
£
=]
Z
102
2010 2011 2012
Year
C. HRC scores preceding BSI
® Death
O Survival
797 0 © - 000 oe
6] 8 5%
5_ _______________________________
Q
5 ° o
i ¢
° ®® 18%
g 3_ og o 0. O ° (o] 0
I 2 O .............................. 9..0 ...................
@ 000 76%
0 EB
0

Hours prior to dlagnos is

Figure 1.

Page 8

B. Percentage of BSI among patients
with elevated HRC scores at any time
during the hospitalization
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A. Distribution of HRC scores by year studied. B. Among the patients with HRC scores =5
at any time during their hospitalization, the percentage of patients that had BSI were 13%
(2010), 4% (2011), and 9% (2012). Among the patients with HRC scores =2 at any time
during their hospitalization, the percentage of patients that had BSI were 8% (2010), 3%
(2011), 6% (2012). C. HRC scores 48 hours prior to the evaluation that resulted in the first
positive culture among patients with BSI. Open circles: survivors, Filled circles: non-
survivors. Among the 187 scores, 10 (5%) were =5, 34 (18%) were 2—4.99, and 143 (76%)
were <2. 5/46 (12%) patients had HRC scores =5 and 17/46 (37%) patients had scores >2.
D. HRC score trends 48 hours prior to the first positive culture among patients with BSI
(excluding CoNS) and a CRP >45mg/L during the episode. * non-survivors.
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Table 1

Pathogen representation among infants with BSI.

Pathogens among
patients with BsI*

Pathogens among patients
with non-CoNS BSI + CRP

> 45mg/L""
Gram positive 28
CoNS 14
Enterococcus faecalis 6 2
Staphylococcus aureus 5 3
Group B Streptococcus 3 2
Gram negative 22
Enterobacter cloacae 5
Escherichia coli 5 2
Klebsiella spps 3 1
Serratia marcescens 3 1
Acinetobacterspps 2 1
Pseudomonas aeruginosa 2 2
Delftiaacidovorans 1 1
Neiserria polysaccharea 1
Fungus 1
Candida albicans 1 1

*
-5 cases of polymicrobial infection (2 valid pathogens) were included;

*ok

-single patient had both E. fecalis and S. aureus CoNS-Coagulase negative Staphylococcus, BSI-Blood Stream Infection, CRP-C-reactive

protein, spps-species
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