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Abstract

Background—We sought to describe the incidence, pathogen distribution, and mortality
associated with blood culture-proven sepsis in young infants with congenital heart disease (CHD)
admitted to a neonatal intensive care unit (NICU).

Methods—Cohort study of all blood cultures obtained from infants with CHD between 4 and
120 days of age cared for in250 NICUs managed by the Pediatrix Medical Group in the United
States between 1996 and 2007.

Results—Of 11,638 infants with CHD, 656 (6%) had 821 episodes of sepsis: a cumulative
incidence of 71/1000 admissions. Gram-positive organisms were the most common cause (64%),
and coagulase-negative Staphylococcus and Staphylococcus aureus were the most frequently
isolated species. On multivariable regression, infants with sepsis were more likely to die compared
to infants with sterile blood cultures (odds ratio [OR] = 1.53 [95% confidence interval: 1.09,
2.13]). Infants with gram-negative bacteremia and candidemia were more likely to die than infants
with sterile blood cultures (OR = 2.01 [1.20, 3.37], and OR = 3.18 [1.60, 6.34], respectively).

Conclusion—Infants with CHD have a high incidence of culture-proven sepsis, especially with
staphylococcal organisms. Gram-negative bacteremia and candidemia are strongly associated with
increased mortality in this group of young infants.
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1. Introduction

Congenital heart disease (CHD) is 1 of the most common groups of congenital
malformations, with a cumulative incidence of 0.8% of all live births [1, 2]. CHD is
associated with substantial morbidity, including functional limitations and
neurodevelopmental delay [3, 4], and accounts for 4% of all neonatal deaths [5]. In addition,
half of all deaths among patients with CHD occur during the first year of life [6]. Previous
reports have indicated a high incidence of nosocomial sepsis among infants with CHD [7-
12]. Infants with CHD are frequently exposed to major surgical procedures,
cardiopulmonary bypass, extracorporeal membrane oxygenation, multiple transfusions,
multiple intravascular devices, prolonged central venous access, and prolonged hospital
stays that may increase their risk of sepsis [13-20].

There is little published research on the epidemiology of sepsis in infants with CHD, and the
data are limited to single-center studies [13-19]. Studies of sepsis in the neonatal intensive
care unit (NICU) general population show a high burden of gram-positive sepsis caused by
staphylococcal species [21-26]. While gram-positive sepsis is associated with significant
morbidity in infants, gram-negative sepsis is associated with higher mortality and fulminant
illness [21-23]. Given these data and growing concern about the development of
vancomycin resistance [27], ampicillin and gentamicin are commonly used for empirical
antimicrobial therapy in the NICU, especially for suspected early-onset sepsis. These
antimicrobials provide gram-negative coverage but do not cover staphylococcal organisms.

The purpose of this study was to define the incidence of sepsis; to describe the pathogen
distribution; and to evaluate the impact of sepsis on mortality in a large multicenter cohort of
infants with CHD admitted to the NICU.

2. Methods

2.1. Study design and setting

We identified all infants with CHD admitted to 250 NICUs managed by the Pediatrix
Medical Group from 1996 through 2007. Infants eligible for inclusion in the study were
diagnosed with CHD and were 4-120 days of age. We excluded the following observations
from the analysis: infants with isolated patent ductus arteriosus, infants with isolated patent
foramen ovale, infants with an unspecified type of CHD, and infants with DiGeorge
syndrome.

2.2. Data source

The data were obtained from an administrative database that prospectively captures
information from daily progress notes generated by clinicians using a computer-assisted tool
on all infants cared for by the Pediatrix Medical Group. Data are collected each day from
admission until death or discharge on multiple aspects of care and entered into the system to
generate admission notes, daily progress notes, and discharge summaries. Information is
collected regarding maternal history and demographics, physical exam findings, vital signs,
medications, laboratory results, culture results, diagnoses, and other aspects of clinical care.
Collected data are de-identified and assembled in a common database.

We collected the results of all blood cultures drawn between 4 and 120 days of life, and
neonatal demographic data including: birth weight, estimated gestational age at birth, sex,
and 5-minute Apgar score. We also collected maternal demographic data including: race,
ethnicity, route of delivery, and use of antenatal steroids. We documented the type of CHD
as recorded by the attending neonatologist but did not have information on surgical timing
or type of intervention, or presence or type of intravascular catheters. We also did not collect
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information on the use of empiric or prophylactic antibiotics prior to surgery or the use of
prostaglandin infusion. Infants with multiple cardiac anomalies (e.g., atrial septal defect and
transposition of the great arteries) were classified by the most significant cardiac lesion
present.

2.3. Definitions

We defined sepsis as a positive blood culture. Multiple positive blood cultures for the same
organism within a 21-day period were considered a single sepsis episode. If a blood culture
was positive for multiple pathogenic organisms, we counted each 1 as a separate episode of
sepsis. We looked at sepsis episodes beginning between 4 and 120 days of life. If a blood
culture was positive during the first 3 days of life, subsequent positive blood cultures of the
same organism within a 21-day period were not considered part of a sepsis episode.

We defined definite coagulase-negative staphylococci (CoNS) sepsis as 2 positive blood
cultures for CoNS drawn on the same day [28]; probable CoNS sepsis as 2 positive blood
cultures for CoNS within a 4-day period, 3 positive blood cultures for CoNS within a 7-day
period, or 4 positive blood cultures for CoNS within a 10-day period; and possible CoNS
sepsis as a culture positive for CoNS that did not meet criteria for definite or probable CoNS
sepsis. We included definite and probable CoNS sepsis in the analysis.

We defined sterile blood cultures as either negative blood cultures (n=1837), possible CoNS
(n=520), or blood cultures positive for organisms considered contaminants, including: non-
speciated streptococci (n=16), alpha Streptococcus (n=10), Bacillus sp. (n=6), gram-positive
rods (n=6, not including Listeriasp.), Micrococcus sp. (n=3), Corynebacterium sp. (n=1),
Bacteroides sp. (n=1), Stomatococcus sp. (n=2), and Bifidobacterium sp. (n=1).

2.4. Statistical methods

3. Results

The unit of observation for this analysis was the infant. We determined the number of sepsis
episodes by type of CHD and by organism, calculated as number of sepsis episodes per 1000
NICU admissions. We assessed overall mortality by organism, and we used logistic
regression controlling for cyanotic CHD, gestational age, and ventilator support on the first
day of life to evaluate the effect of sepsis on overall mortality and the effect of gram-
positive bacteremia, gram-negative bacteremia, and candidemia on overall mortality. We
included sepsis, cyanotic CHD, and ventilator support on the first day of life as dichotomous
variables, and gestational age as a continuous variable.

STATA 10 (College Station, TX, USA) was used to perform the statistical analysis.
Significance for all tests was established at a p<0.05. Permission to conduct this analysis
without written informed consent was provided by the Duke University Institutional Review
Board because the analysis was performed on data without patient identifiers.

3.1. Demographics

From 1996 through 2007, the Pediatrix Medical Group cared for 11,638 infants with CHD
between 4 and 120 days of life. The mean birth weight and gestational age at birth of the
cohort were 2356 g (5%, 95% percentile: 761, 3935) and 34.6 weeks (26, 40), respectively
(Table 1). Among infants with blood culture-positive sepsis, the mean birth weight and
gestational age at birth were 1420 g (549, 3401) and 29.8 weeks (24, 39). The most common
types of CHD in the study population were ventricular septal defect (n=5250), atrial septal
defect (n=2208), tetralogy of Fallot (n=688), atrioventricular canal (n=600), aortic
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coarctation (n=578), pulmonary stenosis (n=575), transposition of the great arteries (n=319),
and hypoplastic left heart syndrome (n=265) (Table 2).

3.2. Incidence of sepsis

Twenty-six percent of infants with CHD (3059/11,638) had at least 1 blood culture obtained
(Fig. 1). The median day of life of a positive blood culture was 11 days (interquartile range:
7, 18). Of those who were evaluated with blood cultures, 21% (656/3059) had a total of 821
sepsis episodes: 533 (81%) of these infants had 1 sepsis episode, 91 (14%) infants had 2
sepsis episodes and 32 (5%) infants had >3 sepsis episodes. Sepsis was most common in
infants with pulmonary stenosis (11%), atrial septal defect (8%), hypoplastic left heart
syndrome (6%), and ventricular septal defect (5%) (Table 2). The cumulative incidence of
sepsis over the study period was 71/1000 NICU admissions.

3.3. Microbiologic etiology and associated mortality

Gram-positive organisms were the most common cause of sepsis (64% [527/821]). Gram-
negative organisms and Candida sp. accounted for 26% (216/821) and 9% (73/821) of sepsis
episodes, respectively. The most common gram-positive organisms were CoNS (23%,
188/821), non-speciated gram-positive cocci (17%, 137/821), Staphylococcus aureus (13%,
109/821), and Enterococcus sp. (9%, 71/821). Of the 188 episodes of CoNS sepsis, 22%
were classified as definite (41/188) and 78% as probable (147/188). The majority of gram-
negative bacteremia were caused by Klebsiellasp. (7%, 60/821), Escherichia coli (E. coli)
(6%, 49/821), and Enterobactersp. (5%, 44/821) (Table 3).

Mortality among all infants during the study was 4% (473/11,594). Among the infants with
sepsis, 11% died (71/650). Mortality was highest in infants with sepsis caused by
Pseudomonas sp. (32%, 6/19) and Candida sp. (21%, 15/73) (Table 3).

Infants with sepsis were more likely to die compared to infants with sterile blood cultures
(OR =1.53 [95% confidence interval {CI}: 1.09, 2.13]). In addition, infants with
candidemia and gram-negative bacteremia were more likely to die compared to infants with
sterile blood cultures (OR = 3.18 [95% CI: 1.60, 6.34] and OR = 2.01 [95% CI: 1.20, 3.37],
respectively). Infants with gram-positive bacteremia were more likely to die compared to
infants with sterile blood cultures, but the estimate was not statistically significant (OR =
1.31[95% CI: 0.88, 1.96]). Infants with gram-positive bacteremia were less likely to die
compared to infants with candidemia (OR = 0.38 [95% ClI: 0.20, 0.75]), as well as in
comparison to infants with gram-negative bacteremia, although the latter estimate was not
statistically significant (OR = 0.68 [95% CI: 0.40, 1.15]).

4. Discussion

In the present study, 26% of all infants with CHD admitted to the NICU had at least 1 blood
culture obtained between day of life 4 and 120. Overall, 6% (656/11,638) of infants in our
cohort had 1 or more episodes of blood culture-positive sepsis. This is in the lower range of
estimates previously reported in this population (6-15%) [13, 15, 16, 19, 29]. The lower
incidence of sepsis in our study may be explained by different study settings (NICU vs.
pediatric cardiac intensive care unit), risk periods (ICU stay vs. post-cardiac surgery), and
population differences in cardiac complexity, gestational age, birth weight, and the
proportion of infants undergoing cardiac surgery.

Because sepsis is strongly associated with low birth weight and gestational age, previous
multicenter reports describing the epidemiology of sepsis in the NICU often limited their
evaluation to premature infants [21, 23, 30]. We included infants with CHD regardless of
prematurity, which was important because nearly half of the infants in our cohort with blood
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cultures had a birth weight >1500 g. Of the infants with blood culture-positive sepsis, we
found that over 30% had a birth weight >1500 g, and 15% were term. The large proportion
of more mature infants with blood culture-positive sepsis may be explained by infants with
CHD requiring prolonged lengths of stay in the NICU [31, 32].

Prior multicenter studies in premature infants found that up to 70% of late-onset sepsis
episodes are caused by gram-positive organisms, with CoNS accounting for 50-60%, and
nearly 15% are caused by gram-negative organisms [21, 23, 25]. We observed a similar
proportion of gram-positive bacteremia in our study, but less CoNS and more gram-negative
bacteremia. Differences in our study’s pathogen distribution may be explained by
differences in exposure to nosocomial pathogens between CHD and non-CHD infants
admitted to the NICU and by differences in birth weight. For example, previous studies of
postoperative sepsis in pediatric cardiac surgery patients show a high proportion of gram-
negative organisms [13, 15]. Also, differences in the definitions of CoNS sepsis used in
prior studies may have overestimated CoNS counts due to contaminants [23]. The low
incidence of group B Streptococcus and the high incidence of £. coliin our study are
consistent with contemporary studies performed in the era of intra-partum group B
Streptococcus antibiotic prophylaxis [33, 34].

Prior studies of mortality associated with sepsis in infants with CHD are limited by small
sample sizes, with mortality ranging from 11% (3/27) to 83% (5/6) [13, 14, 35, 36]. We
observed an all-cause mortality of 11% associated with blood culture-positive sepsis
(71/650). In multivariable analysis, infants with blood culture-positive sepsis were more
likely to die than infants with a sterile blood culture. In addition, we observed higher
mortality associated with gram-negative bacteremia and candidemia compared to infants
with sterile blood cultures. Mortality associated with gram-positive bacteremia in our study
(9%) was similar to prior multicenter NICU studies, but we observed that mortality
associated with gram-negative bacteremia and candidemia (13% and 21%, respectively)
were lower than previously reported [21, 23, 30]. A study in premature infants reported a
crude mortality of 11% associated with gram-positive sepsis, 36% with gram-negative
sepsis, and 32% with Candida sepsis [23]. In addition, the study found infants with gram-
positive sepsis were significantly less likely to die compared to infants with other sepsis
infections (OR = 0.26 [95% CI: 0.19, 0.35]), whereas infants with gram-negative sepsis and
Candida sepsis were more likely to die compared to other sepsis infections (OR = 3.5 [95%
Cl: 2.5,4.9] and OR = 2.0 [95% CI: 1.3, 3.0], respectively) [23]. A second study in
premature infants reported crude mortality associated with gram-negative sepsis and
Candida sepsis almost 3 times as high as gram-positive sepsis (25%, 29%, and 9% died,
respectively) [30]. In our study, the similar mortality between organism groups may be
attributed to improved care captured in our contemporary dataset. In addition, more infants
in our cohort were more mature and may have been more likely to survive severe gram-
negative bacteremia and candidemia.

The distribution of sepsis pathogens and pathogen-specific morbidity and mortality are
important considerations for choosing appropriate empirical antimicrobial therapy. Despite
the high frequency of gram-positive sepsis in the NICU, empiric antibiotics for suspected
sepsis typically cover gram-negative organisms owing to their association with higher
mortality and the high proportion of early-onset infections [21-23, 37]. We specifically
looked at blood culture-positive sepsis in infants with CHD. Nearly two-thirds of infections
were caused by gram-positive organisms, and we estimated similar mortality associated with
gram-positive bacteremia and gram-negative bacteremia. While ampicillin and gentamicin
are effective empirical therapy for suspected sepsis in premature infants, especially early-
onset sepsis, our data suggest empirical antistaphylococcal therapy should be considered for
suspected nosocomial sepsis in infants with CHD.
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There are several limitations to our study. These data do not include information on cardiac
surgical procedures and intravascular catheterizations, which are likely the main
determinants of sepsis in this population. The absence of information regarding surgical
timing and complexity and central catheter presence and duration makes comparisons to
previous studies stratifying by these exposures difficult. We also lacked clinical data
regarding underlying illnesses; risk factors such as type, timing, and duration of maternal
antibiotic therapy, mechanical ventilation beyond the first day of life, extracorporeal
membrane oxygenation use, number of blood transfusions, and total parenteral nutrition;
source of blood culture (central or peripheral); and cause of death. We also did not have
information on the empirical use of antibiotics in the NICU or prophylactic antibiotic use
prior to sternotomy.

To our knowledge, this study is the largest evaluation of sepsis in infants with CHD and the
first multicenter study that specifically describes sepsis in this unique population. Strengths
of this study include a large sample size; population diversity from academic and
community institutions; quantification of every blood culture obtained for each patient
during the hospitalization; inclusion of maternal and infant demographic risk factors for
sepsis; information on type of CHD; and a contemporary study period after the introduction
of intra-partum group B Streptococcus antibiotic prophylaxis. This study provides a point of
reference for monitoring the epidemiology of sepsis in infants with CHD. Knowledge of the
pathogens and mortality associated with sepsis in infants with CHD is important for
targeting efforts to prevent infections and selecting appropriate antibiotic therapy.
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Fig. 1.

Study population. CHD, congenital heart disease; CoONS, coagulase-negative
Staphylococcus.
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Demographics

Table 1

Positive blood culture

Negative blood culture

No blood culture

N=656 (%) N=2403 (%) N=8579 (%)
Birth weight (g)
<750 25 11 1
750-1499 43 36 12
1500-2499 16 25 33
2500-3499 12 21 37
>3500 4 7 16
Gestational age (weeks)
<26 23 9 1
26-28 30 19 4
29-33 21 30 20
34-36 11 15 27
=37 15 27 48
Female 49 49 48
Race/ethnicity
White 49 50 59
Black 19 15 12
Hispanic 24 30 23
Asian 7 5 6
5-minute Apgar score
0-3 6 3 1
4-6 15 14 7
7-10 79 83 92
Received antenatal steroids 55 43 21
Vaginal delivery 31 38 45
Respiratory support?
Room air 10 14 35
Nasal cannula or hood O, 9 16 28
CPAP 7 12 12
Ventilator 54 46 22
HFV 21 12 3
Died 11 6 3

CPAP, continuous positive airway; HFV, high-frequency ventilation.

aRespiratory support on the first day of life.
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Causative Organisms and Mortality

Table 3

Episodes/1000 admissions

Mortality (%)

Organism Episodes (%)
Gram-positive organisms 64
Coagulase-negative staphylococci 23
Staphylococcus aureus 13
Enterococcus sp. 9
Group B Streptococcus 3
Other gram-positive 17
Gram-negative organisms 26
Escherichia coli 6
Klebsiellasp. 7
Enterobacter sp. 5
Pseudomonas 2
Serratia sp. 2
Other gram-negative 2
Candida sp. 9

45.3
16.2
9.4
6.1
1.9
11.8
18.6
42
5.2
3.8
1.6
15
1.4
6.3

9
10
7
8
0
13
13
6
16
9
32
12
16
21
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