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Abstract

Introduction: Early-onset sepsis (EOS) and late-onset Sepsis (LOS) are common diagnoses entertained in sick newborns treated in
neonatal intensive care units (NICUs), and antibiotics are the medications most prescribed in NICUs. Antibiotic stewardship programs
have an important impact on limiting unnecessary antibiotic use. Methods: Following the Model for Improvement, between 2/1/16
and 1/31/17, at a level 3 NICU, a multidisciplinary team implemented PDSA cycles to promote antibiotic stewardship practices for
newborns at risk of EOS and LOS. The main goal was to decrease the antibiotic usage rate (AUR) safely. Primary strategies included
discontinuing antibiotics within 24 hours of life if the newborn was stable, and the blood culture was negative for EOS and imple-
menting an “antibiotic time-out” during rounds. Results: For all newborns admitted to our NICU, the AUR decreased, for EOS from
137 to 32 days per 1000 patient days (77 % reduction) and for LOS from 277 to 121 days per 1000 patient days (56% reduction). We
demonstrated the sustainability of both EOS-AUR and LOS-AUR during the 2 years postcompletion of the intervention period. There
were no adverse effects of reducing the AUR. Conclusion: Interventions that reduce unnecessary antibiotic use in the NICU are safe
and prevent excessive antibiotic exposure. (Pediatr Qual Saf 2023,8:6659; doi: 10.1097/pg9.0000000000000659; Published online
June 7, 2023.)

INTRODUCTION development of intestinal microbiota in the newborn.>*
Antibiotics are the most commonly prescribed medica- ~ Also, using antibiotics in premature newborns makes
tions in the neonatal intensive care units (NICU).! Their ~ them more susceptible to late-onset sepsis (LOS) (sepsis

use varies widely among NICUs, as reported 1\ * SAFET) occurring at or after 72 hours of life),>® necrotiz-
W °4,. ing enterocolitis (NEC),” fungal infections,®

by a study that demonstrated a 40-fold dif- &% ! )
ference in the use of antibiotics regardless ,:\’ PEDIATRIC %, _ bronchopulmonary dyspla31a,9. severe reti-
of the level of care and the complexity & . nopathy of prematurity, and higher mortal-

of patients.> A significant side effect of

< ity.!® Antibiotic exposure during infancy is
~ - = iated with i d childhood ob
early antibiotic exposure during the peri- = =, associated with increased childhood obe-
: : : : L’ 1 11 12 1 1 13
natal period is disruption of the normal = = sity,'" asthma,' allergic disorders,'* and
P & inflammatory bowel disease." Overuse
From the *Saint Joseph Hospital, Denver, Colo.; 1tColorado ° QUALITY & SAFETY ,,;7 of antibiotics induces the selection of
Permanente Medical Group, Denver, CO; tVail Health, 7\/& Q lti-d istant . Each
Frisco, CO; §Envision Physician Services, Phoenix, AZ; and Vb:s, Q" . multi- I'.lflg'l'es1S an Organllsms- ac Ye?f
IMethodist Dallas Mediical Center; Dallas TX. ALITynn - “ﬂ“’)’ in the United States, approximately 2.8 mil-
Supplemental diigital content is available for this article. Clickable lion people have infections with antibiotic-re-
URL citations appear in the text. sistant bacteria or fungi, and more than 35,000
‘Corresponding author. Address: Alfonso Pantoja, MD, 540 South Forest Street, people die.?®

Unit £, Denver, CO 80246

PH: 303-916-6377 There are multiple reasons why antibiotics are pre-

Email: apantoja@aol.com scribed excessively in the NICU. First, providers com-
Copyright © 2023 the Author(s). Published by Wolters Kluwer Health, Inc. This monly initiate antibiotic treatment in the presence of a
is an open-access article distributed under the terms of the Creative Commons symptomatic newborn in whom sepsis cannot initially be

Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it

is permissible to download and share the work provided it is properly cited. The ruled out. It often occurs in premature newborns admit-

work cannot be changed in any way or used commercially without permission ted shortly after birth'® and for those infants that pres-
from the journal. ent with clinical deterioration while being treated in the
To cite: Pantoja A, Sveum S, Frost S, Duran A, Burks J, Schernecke C, NICU. Second’ clinicians often hesitate to discontinue

Feinberg M. New Strategies to Reduce Unnecessary Antibiotic Use in the

Neonatal Intensive Care Unit: A Quality Improvement Initiative. Pediatr Qual Saf aptlbIOtICS desp 1te a negative blood culture due to per-
2023,8:6659. sistent abnormal symptomatology or laboratory values
Received for publication November 11, 2022; Accepted May 5, 2023. (culture-negative sepsis).!”” However, Cantey et al'® con-
Published online June 7, 2023 cluded that (1) adequately drawn blood cultures have

DOI: 10.1097/pg9.0000000000000659 excellent sensitivity even at low-level bacterial counts


mailto:apantoja@aol.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Reducing Antibiotic Use in the Neonatal ICU

(1-4 CFU/mL); (2) blood cultures are reliable after mater-
nal intrapartum antibiotic prophylaxis; and (3) a signif-
icant majority of ill-appearing newborns evaluated for
sepsis are uninfected.

Various international and national campaigns have
addressed the utility of antibiotic stewardship. The
Centers for Disease Control and Prevention (CDC)
has recently updated the Core Elements of Hospital
Antibiotic Stewardship Programs in the United States."
Many institutions have formed local antibiotic stew-
ardship committees and collaboratives. The “Choosing
Antibiotics Wisely Collaborative” from the Vermont
Oxford Network (VON) represents one of these efforts.
A few participating NICUs in this collaborative have
already published their results.?-?2 This quality improve-
ment (QI) project aimed to safely reduce the AUR in our
NICU population by 20% over 12 months (February
2016 to January 2017).

METHODS

Context:

The NICU at Saint Joseph Hospital in Denver, Colarado is
a 40-bed, level 3 unit with approximately 500 admissions
per year, and 80 newborns are very low birth weight. Most
of our NICU patients are inborn, and we transfer to a level
4 unit only those newborns with congenital heart disease
that require surgery or candidates for ECMO therapy. The
unit’s staff includes 8 neonatologists, 10 neonatal nurse
practitioners, approximately 100 nurses, 3 pharmacists,
6 respiratory therapists, and other ancillary staff, such
as occupational and physical therapists. Since 2001, our
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institution has participated in various QI collaboratives with
VON. Our team has developed a culture of evidence-based
practice and collaboration through a well-standardized
process® for guideline implementation that involves timely
dissemination of the guidelines, approval at the monthly
Neonatal Quality Assurance meeting, and education of the
guidelines by the NICU nurse educator.

By the end of 2015, our unit accepted the invitation
from VON to participate in the “Choosing Antibiotic
Wisely Collaborative.” A multidisciplinary team formed
by two neonatologists, two pharmacists, two NNPs, and
a NICU educator guided this QI project. We began the
project by creating a key driver diagram (Fig. 1).

PRIMARY DRIVERS

Primary Driver #1:

Organizational commitment and culture. The chief nurs-
ing officer, the NICU medical director, and the NICU head
nurse provided support. In addition, our existing multi-
disciplinary team to prevent nosocomial infections led the
antibiotic stewardship project.

Primary Driver #2:

Guidelines for specific neonatal infections. The
VON Audit identified the need to update or create evi-
dence-based clinical practice guidelines for diagnosing and
treating early-onset sepsis (EOS; sepsis occurring before
72 hours of life), LOS, NEC, and urinary tract infections.

Primary Driver #3:
We considered that pharmacy-driven interventions
were essential for the success of this project. Our team

Changes
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QA committee approves guidelines
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Monthly AUR displayed in the NICU
quality board

Abbreviations: EOS-AUR, Early-onset sepsis antibiotic usage rate. LOS-AUR, Late-onset sepsis antibiotic usage rate. QA, Quality Assurance

Fig. 1. Antibiotic Stewardship Project Key Driver Diagram.
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empowered NICU pharmacists to implement the “anti-
biotic time-out” during daily multidisciplinary rounds. A
NICU pharmacist, one of the project’s leaders, calculated
the AUR.

Primary Driver #4:

The NICU pharmacist published monthly reports of
the AUR in the “Quality Board” located in a visible area
of the NICU and the NICU weekly electronic newsletter.

Measures:

We used the monthly AUR to monitor our progress.
AUR is the total number of days infants are exposed to
antibacterial agents, given intravenously or intramus-
cularly, per 1000 patient days (for all NICU patients).**
Multiple antibiotics administered to the same infant
on a single day were considered 1 antibiotic day. Our
pharmacist obtained the total number of days of expo-
sure to antibacterial agents from the Electronic Medical
Record (EMR) (Epic, Epic Systems, Verona, Wis.) using
the clinical surveillance platform VigiLanz (VigiLanz
Corporation, Chicago). A neonatologist obtained the
monthly patient days from the NICU database (Neodata,
Isoprime Corp. Lisle, Ill.). EOS-AUR is the number of
antibiotic days administered in patients during the first 3
days of life per 1000 patient days in the NICU. Similarly,
LOS-AUR is the number of antibiotic days administered
in patients after the third day of life per 1000 patient
days in the NICU.

As balancing measures, we followed the yearly inci-
dence of LOS and readmissions after NICU discharge
with bacterial sepsis. In addition, a neonatologist
retrieved the patient’s data from the NICU database
(Neodata).

We continued this project past the original end date of
January 2017 until December 2019 to assess the sustain-
ability of the improvement. However, we did not report
AUR after 2019 since the leading author of this article
(AP) retired as a neonatologist in July 2020.

Table 1. PDSA Cycles
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PDSA CYCLES

Following the Model for Improvement,?® we implemented
our strategies sequentially using Plan, Do, Study, Action
(PDSA) cycles (Table 1).

PDSA #1:

VON Audit Day One: A Neonatologist performed the
VON audit on a random day during February 2016. We
shared the audit results with the multidisciplinary team
during our monthly meetings to reflect on our current
performance using the 7 CDC core elements and general
antibiotic stewardship program practices.?

PDSA #2:

Guideline Development and Implementation: A desig-
nated “champion” member of the multidisciplinary team
updated or developed a clinical practice guideline for diag-
nosing and treating EOS and LOS. The team reviewed the
relevant literature in our monthly evidence-based journal
club.

By April 2016, we standardized the therapy compo-
nent of the EOS guideline developing an order set in the
EMR for prescribing antibiotics for newborns admitted
with the presumptive diagnosis of EOS. For infants with
a gestational age > 34 weeks gestation, we used the neo-
natal sepsis calculator to aid in diagnosing EOS.?” More
premature newborns with a relatively low risk of EOS?®
received antibiotics based on their clinical condition. On
admission, these newborns were to receive 2 doses of
ampicillin (50 mg/kg IV q 12 hours) and 1 dose of gen-
tamicin adjusted to their gestational age (Neofax micro-
medexsolutions.com, Merative, Apple, Inc. Cupertino,
Calif.). If the blood culture was negative and the infant’s
clinical condition had improved, providers did not need
to prescribe further doses of antibiotics. However, close
observation of the newborns continued, looking for clini-
cal signs associated with an infection.

Our microbiology department has used the BACTEC
9240 fluorometric detection system to detect positive

PDSA Cycle Description

Feb 2015 VON Audit Our team discussed the survey results and designated the PDSA cycles to achieve our aim.

Apr 2015 Update EOS and LOS On admission, newborns at risk for EOS were to receive two doses of ampicillin (50mg/kg IV
guidelines, followed by g 12h) and one dose of gentamicin. If the blood culture was negative and the infant’s clinical
the creation of standard- condition had improved, providers did not need to prescribe further doses of antibiotics.
ized orders in the EMR  For LOS, the initial antibiotic treatment included nafcillin and gentamicin. Attending physicians

decided the duration of antibiotic therapy.
EOS and LOS guidelines did not include the determination of CRP or other inflammatory markers
to aid in diagnosing sepsis or prolonging the duration of antibiotic treatment.

May 2015 Antibiotic “Time-Out” During daily rounds, pharmacists questioned continued antibiotic usage in the presence of a

negative blood culture. Providers documented in the EMR the reasons for continuing antibiotic
treatment in newborns with a negative blood culture.

Jun 20156-Dec 2019  AUR Display in the NICU

Aug 2017 Parents’ participation in
rounds

Dec 2017 Defer CBC after 4" hour
of life

We displayed run charts and SPCC in the NICU Quality Board and the unit’s electronic newsletter.
Parents began participating in daily rounds as part of the Integrated Family Care initiative.

The team modified the admission order set to obtain a CBC after completing the 4" hour of life.

PDSA, plan do study act; VON, Vermont-Oxford Network; CRP, c-reactive protein; SPCC, statistical process control chart.
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blood cultures timely since December 2013. A review of all
the positive blood cultures of EOS in our NICU from 2014
and 2015 revealed that all the cultures were positive within
the first 24 hours. We used this information to update our
Clinical Practice Guidelines for EOS. Furthermore, our
team continued documenting the time of positivity of the
blood cultures throughout this project, and we validated
that all positive cultures grew within 24 hours.

For LOS, the order set in the EMR standardized the
antibiotic treatment to use nafcillin and gentamicin.
However, we did not limit the initial number of antibiotic
doses due to the possibility of positive blood cultures of
Coagulase Negative Staphylococcus (CONS) and other
organisms that may take longer to grow in blood cultures.
Instead, the attending physician decided on the duration
of the antibiotic treatment.

EOS and LOS guidelines did not include the determi-
nation of c-reactive Protein (CRP) or other inflammatory
markers to aid in diagnosing sepsis or prolonging the
duration of antibiotic treatment.

Our team also developed new guidelines for the treat-
ment of NEC and urinary tract infections.

PDSA #3:

Antibiotic Time-Out: A NICU pharmacist imple-
mented the “antibiotic time-out” during daily multidisci-
plinary rounds. By May 2016, our team empowered the
unit pharmacists to raise the question of continued anti-
biotic usage in the presence of a negative blood culture
during daily rounds. Moreover, we encouraged providers
to document in the EMR the reasons for continuing anti-
biotic treatment in newborns with a negative blood cul-
ture. If the blood culture was positive, providers adjusted
the dose, duration, and type of the antibiotic according to
the antibiogram and the patient’s clinical condition.

PDSA #4:

AUR Display in the NICU: We calculated the monthly
AUR for 2015 before initiating the project. Initially, we plot-
ted EOS-AUR and LOS-AUR in run charts. After at least 18
months of monthly AUR values (June 2016), we created a
Statistical Process Control Chart. We displayed all charts in
the NICU Quality Board and the unit’s electronic newsletter.

PDSA #5:
Parents in Rounds: Since August 2017, parents of
infants have been allowed to be present and participate in

Pediatric Quality and Safety

daily rounds. Providers informed parents of the reasons
for initiating, continuing, or discontinuing antibiotics.

PDSA #6:

Defer CBC after the 4 hour of life: Literature evidence
suggests that CBCs obtained within the first 4 hours of
life have low sensitivity and specificity for EOS.? The
team modified the admission order set in December 2017
to obtain a CBC after completing the 4™ hour of life.

DATA ANALYSIS

Our team plotted monthly AUR in annotated statistical
process control charts (SPC p’ Laney charts) created by
QIMacros for Excel starting in 2015. We recalculated the
centerline and control limits as indicated. We performed
descriptive statistics and logistic regression analysis using
Stata/BE 17.0 for Mac (College Station, Tex.). We set LOS
as the dependent variable for the logistic regression anal-
ysis. We added the independent variables birth weight,
gestational age, and year of birth in a stepwise manner.

Ethical considerations:
The Saint Joseph Hospital Institutional Review Board
reviewed the project and qualified it as QI.

RESULTS

Between January 1, 2015, and December 31, 2019, there
were 2629 newborns admitted to our unit. The average
number of admissions per year was 525 [range 447-575],
with an average of 83 VLBW infants per year [range
66-102] (Table 2).

The baseline AUR-EOS in 2015 was 137. We realized a
77% decrease (from 137 to 32 days) in this metric shortly
after performing the VON audit in February 2016 (Fig. 2).
This AUR remained stable for the following 2 years.

The baseline AUR-LOS in 2015 was 277 days. Similarly
to what we reported for EOS, we realized a reduction of
56% in AUR-LOS (from 277 to 121 days) after perform-
ing the VON audit but showing more variability than the
AUR-EOS (Fig. 3). While we also achieved sustainabil-
ity for AUR-LOS, monthly data showed more variability
than AUR-EOS. The most prevalent organism isolated in
both EOS and LOS was E. coli (See table 1, Supplemental
Digital Content 1, which shows positive blood cultures
2015-2019. http://links.lww.com/PQ9/A493).

Table 2. Incidence of EOS and LOS by Birth Weight and Year of Birth

<1500g (N = 417)

>15009 (N = 2212)

N EOS (%) LOS (%) N EOS (%) LOS (%)
2015 66 2(3.0) 46.1) 381 1(0.3) 0(0)
2016 85 2(2.3) 5(5.9) 431 0(0) 0(0)
2017 102 1(0.9) 9(8.8) 423 0(0) 0(0)
2018 85 3(3.5) 3(3.5) 490 1(0.2) 3(0.6)
2019 79 1(1.3) 5(6.3) 487 4(0.8) 1(0.2)
Total 417 9(2.2) 26 (6.2) 2212 6(0.3) 4(0.2)
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Fig. 2. Annotated monthly p’ Laney chart for AUR for all infants admitted with possible EOS diagnosis. The solid light blue line rep-
resents the mean AUR. Broken red lines represent the upper control limits (UCL) and the lower control limits (LCL).
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Fig. 3. Annotated monthly p’ Laney chart for AUR for all infants diagnosed with possible LOS. The solid light blue line represents the
mean AUR. Broken red lines represent the upper control limits (UCL) and the lower control limits (LCL). The seven red points represent
successive consecutive points above the mean and may constitute a “trend”; however, the Institute for Health Care Improvement

uses the rule of 8 to prevent a type | error.

During the baseline period in 2015, 40% of the infants
admitted to the NICU received at least 1 day of antibi-
otics during their NICU stay compared with only 25%
for the duration of the QI project (P < 0.001; Table 3).
There was also a significant reduction in the number of

infants that received 2 or more days of antibiotic treat-
ment (24.8%-6%) (P < 0.001) (Table 3).

Stepwise logistic regression analysis showed that
only gestational age at birth was statistically significant
(P < 0.001) for the development of LOS (See table 2,



Reducing Antibiotic Use in the Neonatal ICU

Table 3. Days on Antibiotics
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0 days 1 day N (%) >2d Total
2015 268 (60.0) 68 (15.2) 111 (24.8) 447 (100)
2016-2019 1645 (75.4) 406 (18.6) 130 (6.0) 2181 (100)
Total 1913 474 241 2628

0 days versus 2 1-day x2 = 44.8 P < 0.001.
0-1 days versus 2 2 days y2 = 1568.6 P < 0.001.

Supplemental Digital Content 2, which shows stepwise
logistic regression for late-onset sepsis. http://links.lww.
com/PQ9/A494). This result suggests that the temporal
change in the approach to the antibiotic treatment for
possible EOS did not increase the occurrence of LOS.
There were no cases of newborns readmitted to the NICU
for treatment of LOS.

DISCUSSION

Our QI project reduced EOS-AUR and LOS-AUR in
newborns admitted to a level 3-B NICU in Colorado.
Furthermore, it showed sustainability during the 3 years
of observation (2017-2019). Various antibiotic steward-
ship QI projects in newborns?®?? have reported successful
reductions in antibiotic usage associated with implement-
ing strategies like ours. Our QI project differs from others
in several ways. First, we separately analyzed the effect of
the interventions to reduce the AUR for EOS and LOS.
Second, we did not continue antibiotic treatment for new-
borns with presumptive EOS who were clinically stable
with negative blood culture after 24 hours, as opposed
to other QI investigators who wait until 36 hours?! or 48
hours3%3! hours for antibiotic discontinuation. Our admis-
sion order set included the administration of 2 doses of
ampicillin and one dose of gentamicin. Our approach is
similar to the one reported recently by Sanchez et al for
treating EOS.3? We based our decision to discontinue anti-
biotics earlier on our initial retrospective blood culture
analysis that all the organisms involved in EOS became
culture-positive in less than 24 hours. The study by Marks
et al found that all but one of their positive blood cultures
in EOS became positive within 24 hours.? It supports this
approach. Similarly, Arias-Felipe et al reported that 100%
of gram-negative and 97.9% of gram-positive organisms
grew within 24 hours in neonatal EOS and LOS.3* Third,
by only ordering a few doses of antibiotics for EOS and
discussing the results of the blood cultures during the
rounds of “time-out,” we compelled our providers to
write a new order for antibiotic therapy and to justify fur-
ther their decision to continue antibiotic treatment in the
presence of a negative blood culture. The microbiology
department’s immediate reporting of blood culture results
in the EMR facilitated the implementation of this strat-
egy. The authors acknowledge that this approach may not
be feasible in other NICUs with different medical records,
laboratory facilities, or protocols. Fourth, the order set for
LOS included using nafcillin and gentamicin as the initial

antibiotic choice with no end point specified, recognizing
that some organisms causing LOS may take longer than
24 hours to turn positive. Vancomycin was used only in
the presence of infection due to documented or suspected
MRSA. Fifth, in contrast with other QI projects,® we did
not encourage using inflammation markers in our EOS or
LOS clinical practice guidelines to diagnose or continue
antibiotic treatment due to their poor specificity and posi-
tive predictive value.’>*¢ Furthermore, guiding therapy by
repeated CRP determinations may result in further unnec-
essary investigations, increased lumbar punctures, longer
durations of antibiotic treatment, and hospitalization.?”
Sixth, acknowledging the benefits associated with the
daily participation of a NICU pharmacist in multidisci-
plinary rounds in similar projects,* our NICU pharmacist
was present in multidisciplinary rounds 7 days a week.
Seventh, we continued to report on the sustainability of
our project 36 months after the completion of our initial
QI project goal. Eighth, we observed a reduction of EOS-
AUR and the LOS-AUR around the time of completion
of the VON Audit in February 2016. Our team discussed
the survey results and designated the PDSA cycles that
we believed would help us achieve our aim. This inter-
vention probably influenced providers’ antibiotic pre-
scription approach before the guidelines were updated.
Implementing the other interventions through the PDSA
methodology likely contributed to the sustainability of
our project.

We did not try to influence providers in their deci-
sion to initiate antibiotics. However, a CBC is frequently
obtained on admission to aid in the differential diagnosis
of EOS. Our last PDSA cycle addressed the optimal post-
natal age (in hours) to get a CBC in cases of suspected
EOS.?”” Implementing this PDSA did not affect the sub-
sequent AUR, as we observed a steady EOS-AUR for the
remainder of the observation period.

Other unique factors may have further guided the suc-
cess of this QI project. First, our NICU has a consistent
group of neonatologists, nurse practitioners, nurses, and
pharmacists, most of whom had previously participated
in other QI projects within our unit. Second, our team
has a well-established culture of evidence-based practice?
that facilitated the “buy-in” of providers in adopting new
evidence-based clinical practice guidelines.

A limitation of our QI project was the lack of a pediatric
infectious disease consultant in our institution. However,
pediatric infectious disease consultants from Children’s
Hospital Colorado staff were available for consultation.
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Reassuringly, no infant needed evaluation for LOS
after discontinuing antibiotics, and no infants required
readmission after discharge for LOS. The logistic regres-
sion showed that the reduction of antibiotics in our unit
during the project period did not result in an increased
incidence of LOS; however, due to the low incidence of
LOS per year, we cannot exclude the existence of a type
I error.

Another limitation of our project is that we did not
try to quantify the value assessment (quality/cost) of the
changes implemented. However, there was a subjective
impression from our pharmacists and nurses that this
project decreased the hours dedicated to preparing and
administering antibiotic doses, specifically for newborns
admitted with presumptive EOS.

CONCLUSIONS

Our project introduces new initiatives that may be adapt-
able to other NICUs to reduce unnecessary antibiotic
usage. EMR antibiotic order sets with limited antibiotic
doses, discouraging the use of inflammatory markers to
guide the initiation or continuation of antibiotics, and
involving a multidisciplinary team approach to antibi-
otic stewardship in rounds, are some elements that NICU
teams can add to create a successful antibiotic steward-
ship program.
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