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Abstract

Objective: Determine impact of using delivery criteria to initiate antibiotics among very low
birth weight (VLBW) and extremely low birth weight (ELBW) infants.

Design: Single site cohort study from 01/01/2009 to 01/31/2020. After 04/2017, infants delivered
by Cesarean section, without labor or membrane rupture were categorized as low-risk for early-
onset infection and managed without empiric antibiotics. We determined effect of this guideline by
pre-post, and interrupted time series analyses.

Result: After 04/2017, antibiotic initiation <3 days decreased among low-risk VLBW (62% vs.
13%, p<0.001) and low-risk ELBW (88% vs. 21%, p<0.001) infants. In time series analysis,
guideline was associated with decreased initiation among low-risk ELBW infants. In contrast, low-
risk VLBW infants demonstrated decreased antibiotic initiation throughout study period.

Incidence of confirmed infection, death or transfer <7 days age was unchanged.

Conclusion: Delivery criteria may be used to optimize early antibiotic initiation among preterm
infants without short-term increase in adverse outcomes.
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INTRODUCTION

Antibiotic administration to preterm infants in the days after birth has side effects that range
from concomitant drug toxicity and microbiome disruption to potential long-term health
consequences.(1-5) More discriminatory antibiotic use is especially needed among very low
birth weight infants (VLBW, birth weight <1,500 grams) and extremely low birth weight
infants (ELBW, birth weight <1,000 grams). An estimated 80% of VLBW infants and 87—
95% of ELBW infants are administered empiric antibiotics shortly after birth as part of
early-onset sepsis (EOS) evaluation, and large proportions of such infants are administered
prolonged periods of antibiotics despite sterile cultures.(3,6-8)

The pathogenesis of EOS is primarily ascending colonization of the uterine compartment
with maternal gastrointestinal and genitourinary flora, and subsequent transition to invasive
fetal and neonatal infection.(9) We have previously demonstrated that preterm infants
delivered by Cesarean section due to maternal non-infectious illness in the absence of labor
or attempts to induce labor, and rupture of membranes at delivery are at significantly lower
risk of EOS compared to infants born in the absence of such criteria.(7,10) Updated
guidance from the American Academy of Pediatrics (AAP) suggests that such infants
(referred to as “low-risk infants”) may be managed without evaluation for EOS and without
routine empiric antibiotic administration.(11) Concerns with this approach may include
reluctance not to administer antibiotics in the presence of neutropenia, the potential shift of
antibiotic use later in the first week after birth, and inadvertent delay in the diagnosis and
antibiotic initiation in culture confirmed EOS cases. These concerns are accentuated among
the ELBW infants given the higher rates of proven infection and mortality compared to more
mature infants.(12)

In 2017, our center adopted a clinical guideline that is aligned with the current AAP
recommendations for identifying and empirically treating preterm infants at risk for EOS
based on delivery criteria.(11,13) The primary objective of this study was to quantify the
impact on antibiotic exposure among low-risk VLBW and ELBW infants, and monitor for
adverse outcomes in the first week after birth.

METHODS
Study Design:

Prospective observational cohort study with retrospective controls.

Setting and study population:

The study was set in the Pennsylvania Hospital neonatal intensive care unit (NICU), a 50-
bed, Level 3 center in Philadelphia, Pennsylvania with a high risk, primarily inborn
population. All inborn VLBW infants that survived to NICU admission were included.
Period 1: No written protocol for VLBW infant EOS management (01/01/2009-03/31/2017).
Period 2: Written guideline for empiric antibiotic initiation among VLBW infants based on
delivery criteria (04/01/2017 to 01/31/2020). The study was approved with waiver of consent
by Institutional Review Board at the University of Pennsylvania.
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Data sources:

Demographic and clinical information, and pharmacy and laboratory data were abstracted
from a curated data warehouse for data from 2009-2014 and by manual medical record
review thereafter. Guideline compliance was prospectively monitored in Period 2 and
information on clinical decision making collected in real-time.

Clinical guideline:

Outcomes:

EOS was defined as growth of a pathogen from blood or cerebrospinal fluid culture obtained
<3 days after birth. Details of the clinical guideline for VLBW EQS risk assessment have
been described previously.(13) In brief, low-risk infants were defined as infants born with all
of the following: (a) delivery by Cesarean section; (b) absence of labor documented in
delivery reports; and (c) rupture of membranes at time of delivery (recorded as <6 minutes
prior to delivery). Deliveries complicated by placental abruption, attempts to induce labor
(regardless of duration) and unexplained isolated fetal distress were excluded from the low-
risk definition. Blood culture and routine empiric antibiotics for risk of EOS were not
recommended for low-risk infants. Need for respiratory support after birth was not a
criterion for initiating antibiotics in an infant categorized as ‘low-risk’ for EOS by delivery
criteria. At the discretion of the care team, administration of empiric antibiotics to low-risk
infants would be considered if significant hemodynamic instability was present. Conversely,
any well appearing VLBW infants without need for hemodynamic or respiratory support
could be cared for as a low-risk infant. Empiric antibiotics were discontinued if cultures
were sterile at 48 hours of incubation. A clinical guideline based on these principles was
adopted by the site as the standard of care in 04/2017. At the time the guideline was adopted,
pre-specified safety assessments for VLBW infants included: time from birth to collection of
blood culture and antibiotic initiation among infants with culture confirmed infection
diagnosed at <7 days after birth; proportion of infants for whom antibiotics were initiated at
4-7 days after birth; proportion diagnosed with culture confirmed infection and proportion
who died or were transferred to higher level unit <7 days after birth.

The primary outcome was the proportion of all VLBW infants and of low-risk VLBW
infants for whom antibiotics were initiated at <3 days after birth. Secondary outcomes
included: (a) proportion of infants with antibiotic initiation in <3 days after birth and
continued for >3 days in the absence of culture confirmed infection, necrotizing enterocolitis
(=Stage I1), spontaneous intestinal perforation, death or transfer <7 days after birth (14); (b)
proportion of low-risk ELBW infants for whom antibiotics were initiated at <3 days after
birth; and (c) pre-specified adverse outcomes <7 days after birth. Our primary concern was
missed or delayed detection of infants with EOS and therefore a duration of <7 days after
birth was chosen for monitoring adverse outcomes. We also conducted a sub-analysis of
antibiotic use among VLBW infants with leukopenia defined as a white blood cell count
<5,000 cells/microliter or neutropenia defined as absolute neutrophil count <1,000 cells/
microliter.
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The impact of guideline implementation on antibiotic initiation was assessed using 2 test,
interrupted time series (ITS) analysis, and statistical process control methods. The ITS
analysis used segmented regression to account for change over time. Periods 1 and 2 formed
the two segments in the model. Antibiotic initiation was measured quarterly for low-risk
VLBW infants, but 6-month intervals for low-risk ELBW infants due to no low-risk ELBW
infant admission in some quarters. The model included the baseline trend of antibiotic
initiation and change in level and trend after guideline implementation. Statistical process
control methods were used to visualize antibiotic use over the study period and were
presented as quarterly data for both VLBW and ELBW infants. We considered special cause
variation for over four consecutive measures (equal to change over a year) above or below
prior mean. Pre-specified adverse outcome measures were compared using univariable tests
(XZ, Student’s #test and Kruskal-Wallis test) as appropriate. Analyses were conducted using
Stata 14 (StataCorp, College Station, TX). The ITS model was generated using a SAS
macro(15) in SAS 9.4 (Cary, NC). Autocorrelation up to six-orders was assessed and
accounted for in the model by using Newey-West autocorrelation adjusted standard errors.
(15) Control charts were generated using QI Macros version 2109.05 (KnowWare
International, Denver, CO) for Microsoft Excel.

The study included 918 VLBW infants, 727 in Period 1 and 191 in Period 2 (Table 1).
Overall, 381 (41.5%) infants were categorized as low-risk for EOS. Period 1 infants were
more likely to be of multiple gestation, born to a mother after onset of labor and rupture of
membrane. However, a similar proportion of infants were born with low-risk delivery
criteria during the two study periods (41.0% vs. 43.5%, p = 0.54). Compliance with the
guideline was high. Reason for antibiotic initiation in <3 days after birth among low-risk
infants is shown in Supplementary Table 1.

Antibiotic initiation:

Overall, empiric antibiotics administration <3 days after birth was lower in all VLBW and
ELBW infants in Period 2 (Table 2). Among low-risk infants, there was a 48.8% reduction
(95% CI 39.7, 58.0) in administration of empiric antibiotics among VLBW infants, and
65.3% reduction (95% CI 50.5, 80.1) among ELBW infants in Period 2. Prolonged antibiotic
use >48 hours also decreased among all VLBW infants and among low-risk infants. In the
ITS model, the proportion of low-risk VLBW infants administered empiric antibiotics after
birth decreased with time (=2.3%, 95% CI -3.0% to —1.5%, p <0.001) but no significant
change was observed with guideline implementation either in level or in trend (Table 3). In
contrast, among low-risk ELBW infants the effect of time (-1.7%, 95% CI —2.7% to —0.7%,
p = 0.003) and the effect of guideline implementation in level change (-39.5%, 95% ClI
-72.7% to —6.4%, p = 0.03) were significant without an effect in the post-implementation
trend. This can be interpreted as 1.7% reduction every 6 months over the study period
among low-risk ELBW infants (with confidence limits from 0.7% to 2.7%) and a 39.5%
reduction with guideline implementation (with confidence limits from 6.4% to 72.7%).
Statistical process control charts (Figure 1, Panel A) for low-risk VLBW infants shows a
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decrease in mean proportion of infants with antibiotic initiation first at the end of 2012,
followed by a decrease in the second quarter of 2016, a year prior to when the written
guidelines were implemented, and finally a smaller decrease in 2019. Among low-risk
ELBW infants, the antibiotic initiation decreased consistently after guideline
implementation with the exception of the first three quarters of 2018 (Figure 1, Panel B),
where antibiotic initiation for changing status or laboratory findings were clustered.

Adverse outcome assessments:

Occurrence of pre-specified adverse outcome measures between the study periods were
similar (Table 2 and Table 4). These measures included incidence of culture confirmed
infection at <3 days or 4—7 days after birth, timing of blood culture and antibiotic initiation
among culture confirmed cases, proportion of infants started on empiric antibiotics in 4-7
days after birth and proportion of infants who died or were transferred out in the first week
after birth. In Period 2, all cases where death/transfer occurred in the first week after birth
had a blood culture obtained and antibiotics initiated <3 days after birth in all except one.
This last patient had a blood culture obtained, but antibiotics were not initiated. The blood
culture was sterile, and the infant was transferred at 7 days after birth for management of
congenital nephrotic syndrome. Thus, none of these adverse outcomes were attributed to
delayed or missed early infection.

Antibiotic use in low-risk infants with neutropenia:

All low-risk VLBW infants had complete blood counts (CBC) obtained <3 days after birth
in both periods but fewer infants had a repeat CBC at 4-7 days after birth in Period 2 (74.8%
vs. 60.2%, p = 0.009, Supplementary Table 2). Overall, 44.1% low-risk VLBW infants had
leukopenia or neutropenia at <3 days after birth, with a similar proportion in both study
periods (42.6% vs. 49.4%, p = 0.27). During Period 1, 98/127 (77.2%) infants with
leukopenia/neutropenia were administered empiric antibiotics compared to 11/41 (26.8%) in
Period 2 (p <0.001). A similar proportion of infants with leukopenia/neutropenia had a
repeat CBC obtained 4-7 days after birth in both periods (87.4% vs. 87.8%, p = 0.95).
Resolution of leukopenia and neutropenia occurred in a similar proportion of infants (52.3%
vs. 63.9%, p = 0.22) despite differential antibiotic management.

DISCUSSION

In a single-center experience over 10 plus years, we found decreasing rates of antibiotic
initiation for EOS evaluations among VLBW infants categorized as low-risk based on
delivery criteria. A written guideline was associated with decreased empiric early antibiotic
initiation in ELBW infants. No cases of culture confirmed EOS occurred among infants
categorized as low-risk for EOS either before or after guideline adoption. Comparing
outcomes before and after guideline use, we found no increase in use of antibiotics at 4-7
days after birth, nor in adverse events that could be associated with a delay in diagnosis or
management of infection such as later age for obtaining blood cultures or antibiotics
initiated among confirmed bacteremia, increase in transfer to a quaternary level of care or
death before 7 days after birth. The decrease in early antibiotic use among low-risk VLBW
infants led to a decrease in overall early antibiotic use in all VLBW infants and were
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associated with lower rates of prolonged early antibiotic administration in the absence of
culture confirmed infection, necrotizing enterocolitis or spontaneous intestinal perforation.

Prior studies have reported that a large proportion of infants with low-risk delivery criteria
are started on antibiotics and many are continued on antibiotics despite negative cultures.
(3,6,8) In 2018, the AAP endorsed approaching EOS evaluation and antibiotic use in
preterm infants based on delivery criteria.(11) Evidence for these recommendations was
based on large retrospective studies.(7,10) In our prospective implementation of practice
aligned with these recommendations, we monitored for two possible outcomes that can be
difficult to predict in a retrospective analysis. First, infants categorized as low-risk for EOS
are not low-risk for other prematurity-associated characteristics and outcomes such as
physiological lability, hypotension, necrotizing enterocolitis, or spontaneous intestinal
perforation. It was unclear whether such occurrences would result in antibiotic use for
indications other than empiric EOS evaluation and negate the net effect on antibiotic
utilization. In our study, we observed an increase in antibiotic use during second, third and
fourth quarters of 2018 (Figure 1) for such indications but overall only 11 low-risk infants
required antibiotic initiation in <3 days after birth for any indications (Supplementary Table
1). Second, while these infants may be at low risk for vertical transmission of infection from
mother, they may not be at low risk for early nosocomial infection. Clinicians worry that
with exposure to intensive care such as central catheters, combined with the leukopenia
and/or neutropenia noted in many of these infants, the absence of early antibiotic therapies
may lead to a rising incidence of acquired infections after 24 hours after birth. However, we
did not find an increase in infection in the first week with decreased antibiotic initiation at
<3 days after birth.

In the time series analysis, we did not find a significant effect of guideline implementation
on antibiotic initiation among all VLBW infants. Both ITS and statistical process control
analysis found that antibiotic initiation in low-risk VLBW infants had been decreasing over
the study time period (Figure 1, Panel A). We do not see this as a failure of the guideline: we
recognized the drift in our center practice in the preceding years based on emerging
literature about delivery criteria-based risk stratification and awareness raised by local
neonatal antibiotic stewardship efforts.(4,7,10,16) Among low-risk ELBW infants, however,
the trend over time was less pronounced and standardized guidelines were associated with a
significant decrease in antibiotic use among these infants (Table 3 and Figure 1, Panel B).
We interpret this as a reluctance to extend evidence into practice among these less mature,
more unstable infants that was overcome with the use of a formal practice guideline.

Leukopenia and neutropenia are associated with bacterial infection.(17) Low-risk infants are
often delivered to women with preeclampsia or with growth restriction. These in utero
conditions are associated with fetal bone marrow suppression and newborn leukopenia and
neutropenia, but their association with infection is less well-established.(18-20) As part of
the guideline implementation, clinicians were discouraged from basing EOS antibiotic
decisions on isolated non-microbiological laboratory values. Low-risk infants with moderate
to severe leukopenia/neutropenia were managed more frequently without antibiotics post
guideline implementation, and we found no difference in bone marrow recovery or adverse
outcomes. Animal studies have shown that antibiotic exposure early in life can suppress
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granulopoiesis by altering microbiome formation and subsequently increase risk of mortality
from later infection.(21) In the absence of demonstrable benefit, and with the possibility of
harm we propose that antibiotic use among low-risk infants soon after birth solely based on
leukopenia and/or neutropenia in the setting of a maternal /n utero etiology for bone marrow
suppression, is not best practice. As our center moved away from using early laboratory
values for antibiotic decisions, we observed a significant decrease in the frequency of
repeated CBC measures (Supplementary Table 2).

We assessed multiple adverse outcomes expected to occur if true EOS was missed. In not
obtaining blood cultures at birth for low-risk infants, it was possible that delayed recognition
of bacteremia could occur. We tracked time from birth to when blood culture was obtained,
and first antibiotics were ordered, in all cases of confirmed infection or death in the first
week after birth. Among all infants who died, cultures had been obtained and antibiotics
initiated at <3 days. Similarly, we found no difference in time to culture and antibiotic
initiation before and after guideline implementation in culture confirmed cases in the first
week after birth.

The primary limitation of our study is that this is a single center experience with a small
number of time-points and a limited number of adverse outcomes to gauge occurrence of
rare events. What we know of the natural history of preterm gestation is a reflection of
existing standard interventions. As early antibiotic use is reduced among infants that nearly
universally received this treatment in the past, we remain cautious to unexpected outcomes
and adverse events. It should be noted that we chose a conservative definition of “low-risk”
delivery, and categorized any labor or breach of the intrauterine environment, such as may
occur during placental abruption, as not low-risk. Despite this we categorized over 40% of
the VLBW infants admitted to our unit as low-risk, suggesting that these recommendations
can impact overall antibiotic use in the NICU based on center-specific maternal
demographics.

CONCLUSION

We found that guidelines aligned with the current AAP recommendation for management for
preterm infants support optimized antibiotic use in the VLBW population without increase
in short-term adverse outcomes. Formal guidelines informing clinical care may be especially
impactful among ELBW infants who frequently suffer from clinical instability inherent to
their gestational age at birth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Change in proportion of infants initiated on antibiotics <3 days after birth during study
period.

Panel A shows the changing average proportion of low-risk VLBW infants started on
antibiotics over time and with guideline implementation.
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Panel B shows the changing average proportion of low-risk ELBW infants started on
antibiotics over time and with guideline implementation.

ELBW, extremely low birth weight (birth weight <1,000 grams); LCL, lower confidence
limit; UCL, upper confidence limit; VLBW, very low birth weight (birth weight <1,500
grams).
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