A Collaborative Multicenter QI
Initiative To Improve Antibiotic
Stewardship in Newborns

To determine if NICU teams participating in a multicenter quality
improvement (QI) collaborative achieve increased compliance with the
Centers for Disease Control and Prevention (CDC) core elements for antibiotic
stewardship and demonstrate reductions in antibiotic use (AU) among
newborns.

OBJECTIVES:

From January 2016 to December 2017, multidisciplinary
teams from 146 NICUs participated in Choosing Antibiotics Wisely, an
Internet-based national QI collaborative conducted by the Vermont Oxford
Network consisting of interactive Web sessions, a series of 4 pointprevalence audits, and expert coaching designed to help teams test and
implement the CDC core elements of antibiotic stewardship. The audits
assessed unit-level adherence to the CDC core elements and collected
patient-level data about AU. The AU rate was deﬁned as the percentage
of infants in the NICU receiving 1 or more antibiotics on the day of
the audit.

METHODS:

RESULTS: The percentage of NICUs implementing the CDC core elements
increased in each of the 7 domains (leadership: 15.4%–68.8%; accountability:
54.5%–95%; drug expertise: 61.5%–85.1%; actions: 21.7%–72.3%; tracking:
14.7%–78%; reporting: 6.3%–17.7%; education: 32.9%–87.2%; P , .005 for
all measures). The median AU rate decreased from 16.7% to 12.1% (P for
trend , .0013), a 34% relative risk reduction.

NICU teams participating in this QI collaborative increased
adherence to the CDC core elements of antibiotic stewardship and achieved
signiﬁcant reductions in AU.

CONCLUSIONS:

Unnecessary antibiotic use (AU) is
a signiﬁcant problem in health care
across both the inpatient and
outpatient settings. Antibiotic therapies
provide potentially life-saving beneﬁts
to patients with bacterial infection, but
these therapies have multiple, often
dangerous, adverse effects that pose
risk. Among very low birth weight
preterm neonates, prolonged use of
antibiotics has been associated with

increased subsequent risk of
necrotizing enterocolitis,
bronchopulmonary dysplasia,
retinopathy of prematurity, fungal
infection, and mortality.1–4 Authors of
epidemiological studies have associated
early antibiotic exposures among term
infants with increased risks of atopic
and allergic disorders as well as
increases in early childhood weight
gain.5–8 Such adverse impacts of early
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antibiotic exposures may be mediated
through effects on the developing
neonatal gut microbiome. Antibiotic
exposure at birth can cause
prolonged changes in the developing
microbiota,9–11 and early life
antibiotic exposures are associated
with abnormal host development in
preclinical animal models.12–14

Over the past decade, multiple
national22 and international23
campaigns have addressed antibiotic
overuse and promoted antibiotic
stewardship. In the United States in
2014, the Centers for Disease Control
and Prevention (CDC) introduced 7
core elements of antibiotic
stewardship for all inpatient
facilities.24 To help address the
overuse and misuse of antibiotics in
newborns, the Vermont Oxford
Network (VON) partnered with the
CDC in a multicenter, Internet-based
quality improvement (QI) learning
collaborative effort, Choosing
Antibiotics Wisely.25 Although singlecenter reports demonstrate
successful reduction of unnecessary

2

PBPs Provided as Part of the Choosing Antibiotics Wisely iNICQ
Demonstrate an organizational commitment and promote an organizational culture that supports
appropriate AU in the NICU as a critical priority
Develop, test, implement, and continually reﬁne policies and protocols for appropriate AU in speciﬁc
neonatal conditions including suspected early- and late-onset sepsis, necrotizing enterocolitis, and
surgical conditions
Apply pharmacy-driven interventions designed to assure appropriate antibiotic treatment of newborn
infants
Report regularly on AU and resistance in the NICU to doctors, nurses, and staff

AU in newborns through the
introduction of a sepsis risk
calculator,26,27 few have taken
a systematic approach to antibiotic
stewardship28 and none on a national
scale. In this report, we describe the
impact of participation in the VON
Choosing Antibiotics Wisely QI
collaborative on antibiotic use rates
(AURs) in 146 neonatal centers. Our
objective of the current study was to
assess the progress of the
participating NICUs with respect to
achieving the CDC core elements of
antibiotic stewardship and measure
the AUR over the 2 years of this
collaborative.

METHODS
Program Description
Choosing Antibiotics Wisely was an
Internet-based Neonatal
Improvement Collaborative for
Quality (iNICQ) launched by the VON
in 201625 and concluded in 2018.
This program engaged NICUs in
a virtual learning network consisting
of 6 to 9 webinars per year, supported
by an evidence-based toolkit
outlining 4 potentially better
practices (PBPs). Webinars provided
a review of current evidence with an
emphasis on translating evidence into
practice, testing PBPs, and sharing
team data-driven improvement
stories. The collaborative emphasized
the rigorous use of QI methodology
(the model for improvement29) to
demonstrate measurable change.
Centers were provided with
a comprehensive toolkit that included
PBPs,30 with an emphasis on the

importance of testing changes in their
local context before wide-scale
adoption. The PBPs (Table 1)
encompassed CDC core elements of
antibiotic stewardship as the
foundation for QI work for the
individual teams and entire
collaborative. Although no single
practice or bundle of care was
prescribed to the NICUs, the teams
self-selected key PBPs to guide local
site-speciﬁc interventions. In
Choosing Antibiotics Wisely, each
participating center formed
a multidisciplinary QI team, engaged
clinical staff, and participated in 2
prospectively planned, crosssectional, 1-day audits each year
(February and November). The audits
represent a uniform assessment of QI
work across sites and included the
following: compliance with key
elements of antibiotic stewardship,
standardization of 12 common
clinical guidelines, measured AUR,
and captured patient-level
characteristics (eg, birth weight,
gestational age at birth and at the
time of audit, severity of illness, AU,
and indications). After each audit,
centers performed a gap analysis to
target and further reﬁne their
ongoing QI initiatives. Teams were
encouraged to develop SMART
(speciﬁc, measurable, attainable,
relevant, and timely) aim statements
and to implement changes to local
practices starting with small-scale
rapid cycle improvement (ie, plan, do,
study, act). The VON provided
coaching and a sample table of
measures (process, outcome,
balancing, family-centered, and value
[ie, cost needed to achieve desired
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Antibiotic overuse adversely impacts
society as well as individual patients.
A steady rise of antibiotic-resistant
infections as a percent of total
bacterial infections has been
observed over the last 14 years, with
associated excess mortality and
cost.15 Considerable practice
variation in AU has been
demonstrated among NICUs16 and
has been identiﬁed as a major source
of health care waste in newborn
medicine, particularly when used
beyond 48 hours in infants with
negative culture results.17 Admissions
to NICUs in the United States have
been increasing in the last decade
across all of the birth weight
strata18,19 without evidence of an
increase in illness acuity.20 One
contributor to this may be variations
in the practice of evaluating wellappearing newborns for early-onset
sepsis on the basis of the maternal
intrapartum diagnosis of
chorioamnionitis.21

TABLE 1 PBPs for Antibiotic Stewardship

Participants
A total of 262 individual centers
(Supplement Table 4) participated in
at least 1 year of this collaborative,
with centers participating for 1, 2, or
all 3 years. Of those, 221 NICUs
participated in at least 1 of the ﬁrst
2 years (eg, 2016–2017), and 146
participated in at least 1 audit during
that time period. The intention of the
third year was to encourage
participation in a global sustainment
strategy by the VON and CDC for
continuing rigorous antibiotic
stewardship in newborn care. Thus,
only the ﬁrst 2 years of the Choosing

Antibiotics Wisely collaborative were
selected for the audit analysis. In the
third year, a number of new centers
joined the collaborative, whereas
multiple other centers completed
their participation after 2 years as
priorities shifted for the respective
NICUs. Several statewide QI
organizations and health systems
formally joined the iNICQ
collaborative, mobilized hospitals in
their state and/or system, and
provided additional support,
coaching, and guidance to
participating teams. These states
received state-level VON Day Audit
reports in addition to individual
center reports to fuel their regional
improvement efforts.

Audits
Audit details and baseline ﬁndings
(February 2016) have been
previously described,25 including the
core elements. The AUR was deﬁned
as the percentage of infants in a unit
receiving 1 or more antibiotics on the
day of the audit. In addition, we
described individual NICUs’ progress
on management of disease-speciﬁc

guidelines (eg, for early-onset sepsis).
The audits took place on 1 day during
a 2-week prescribed period. Each
audit had 2 parallel assessments: (1)
NICU-level questions that were
focused on the 7 CDC core elements
and general antibiotic stewardship
program (ASP) practices
(Supplemental Table 6 in Ho et al25),
standardization around 12 key
clinical or disease triggers for
antibiotic prescribing, and the
presence of speciﬁc policies,
protocols or guidelines, as well as
other unit-level variables relevant to
the ASP; and (2) patient-level details,
including the number of patients
exposed to antibiotics on that day, the
total unit census, and relevant clinical
details about each of the patients
treated with antibiotics. Not all
centers participated in each audit.
The reason for lack of participation
was not tracked systematically,
although some common reasons
provided by individual centers
included the lack of a timely
institutional review board (IRB)
waiver and personnel availability to
perform the audit.

Statistical Approach

FIGURE 1
NICU AUR among participating NICUs across the 4 audits. The box and whiskers plot represents the
median (solid line), interquartile range (box) and lowest to highest values for each of the four
audits. The p-value represents the Cochrane-Armitage test for trend.
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Our primary aims with this article
were to describe progress toward
the CDC core elements and changes
in AUR from the ﬁrst audit to the
fourth audit. Cochran-Armitage trend
tests were used to assess changes in
the CDC core elements and in AUR
over the 4 time points, with P , .05
considered signiﬁcant. Descriptive
analyses of disease-speciﬁc guidelines
were presented without statistical
testing. Primary analyses included
centers that participated in any
audit. A priori sensitivity analyses
were planned to limit secondary
analyses to only those centers
that participated in all 4 audits (N =
85). Besides the AUR, additional
patient-level elements described
in the baseline publication25 will
be presented in a separate
publication.
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outcome and/or quality31]), and
teams were asked to develop a local
measurement plan to evaluate their
ongoing tests of change. Choosing
Antibiotics Wisely collaborative
intentionally aligned the approach to
reducing unnecessary AU with the
CDC core elements of antibiotic
stewardship to help develop
infrastructure rather than choosing 1
speciﬁc strategy (eg, implementation
of the early-onset sepsis risk
calculator; see Fig 1).

Human Subjects
The IRB at the University of Vermont
determined that Choosing Antibiotics
Wisely was not human subjects
research. Each center was provided
with sample materials to modify for
their IRB or approving body and was
responsible to obtain a local
determination status.

Between 2016 and 2017, 146 centers
participated in at least 1 of the 4
audits, with 122 centers participating
in both of the years. Eighty-ﬁve of the
eligible centers (69.7%) participated
in all 4 audits, whereas 81.3% and
82.3% of the centers in years 1 and 2
participated in both of the audits for
that year, respectively. Of these 146
centers, 92.8% were from the United
States and 65.2% were teaching
hospitals. Participating NICUs had
variable levels of care: 29.7% had
restrictions on ventilation or did not
perform surgery; 51.1% had no
restrictions on ventilation and
performed surgery but not perform
cardiac surgery requiring bypass; and
19.2% had no restrictions on
ventilation and performed surgery
including cardiac surgery requiring
bypass.
The proportion of NICUs
implementing 1 or more of the 7
CDC core elements of antibiotic
stewardship (Table 2) increased over
the 4 audit time points (P , .005
for all 7 elements). Whereas
accountability, drug expertise, and
ongoing education all reached .85%
compliance by the fourth audit,
elements relating to leadership
commitment, action (eg,
implementation of antibiotic time
outs at 48–72 hours after initiation of
antibiotics), and AUR tracking
remained in the 68% to 78% range.
The number of centers participating
in National Healthcare Safety
Network (NHSN) AU and antibiotic
resistance (AR) modules improved
but remained low at 17.7% (Table 2).

4

February 2016 November 2016 February 2017 November 2017
(N = 143)
(N = 137)
(N = 146)
(N = 141)

Leadership commitment
Accountability
Drug expertise
Time out
Tracking
NHSN reporting
Ongoing education
All of the above

%

%

%

%

15.4
54.5
61.5
21.7
14.7
6.3
32.9
0

51.1
89.1
85.4
56.9
68.6
13.1
73.0
5.8

60.3
89.7
83.6
61.6
63.7
14.4
75.3
5.5

68.8
95.0
85.1
72.3
78.0
17.7
87.2
9.9

P

,.0001
,.0001
,.0001
,.0001
,.0001
.0046
,.0001
.0005

The table shows the percent of NICUs that participated in 1 or more of the VON Day Audits that met each of the core CDC
elements of antibiotic stewardship. N refers to the number of individual NICUs that participated in each audit.

Only 9.9% of participating centers
met all 7 of the core CDC elements as
deﬁned here by audit 4.
At baseline assessment, there was
substantial variation between centers
(9.8%–53.1%) in the prevalence of
disease-speciﬁc policies, protocols or
guidelines to standardize diagnosis,
and antibiotic treatment of 12
common neonatal conditions
(Table 3). Among the disease-speciﬁc
policy areas, guidance was most
commonly found for maternal risk
factors for evaluating risk of earlyonset sepsis (53.1%), for addressing
suspected or proven early-onset
sepsis or meningitis (44.8%), and for
identifying and managing methicillinresistant Staphylococcus aureus
(MRSA) colonization (43.4%).

Guidelines were least likely to be
present for surgical site infection
(9.8%), ventilator-associated
pneumonia (13.3%), and urinary
tract infection (14%). At the end of
the 2-year period, the presence of
disease-speciﬁc guidelines increased
in all 12 categories (Table 3).
Hospital-speciﬁc factors included
increases in ﬁnancial support
provided to the NICU and/or hospital
for antibiotic stewardship (from
10.5% to 32.6% of centers) and
increased awareness of local infection
antibiograms (55.9% to 69.5%) as
well as modest increases in NHSN
reporting (6% to 17.7%). Providerspeciﬁc practices included improved
monitoring and reporting of provider
adherence to speciﬁc treatment

TABLE 3 Percent of NICUs With Policies, Protocols, or Guidelines To Standardize the Diagnosis and
Antibiotic Treatment of Common Neonatal Conditions

Maternal risk factors,
Suspected or proven
Early-onset sepsis or meningitis
Late-onset sepsis or meningitis
Ventilator-associated pneumonia
Central venous line infection
Urinary tract infection
Necrotizing enterocolitis
Surgical site infection
Prophylaxis for urinary tract infection
Prophylaxis for surgery
Prophylaxis for fungal sepsis
MRSA colonization

February 2016
(N = 143)

November 2017
(N = 141)

%

%

53.1

71.6

44.8
32.9
13.3
30.8
14.0
31.5
9.8
19.6
25.2
35.0
43.4

73.8
50.4
27.7
48.9
34.0
44.7
19.1
30.5
27.7
40.4
51.1

The table shows the percent of NICUs that participated in 1 or more of the VON Day Audits that had a policy, protocol, and/
or guideline for 1 of the listed common neonatal conditions. N refers to the number of NICUs that participated in the
respected audit.
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RESULTS

TABLE 2 CDC Core Elements of ASPs Among Participating NICUs Across the 4 Audits

recommendations (7% to 36.2%) as
well as to documentation of 3 key
components (dose, duration, and
indication for treatment) of every
antibiotic order and/or prescription
(7% to 37.6%).

A priori sensitivity analyses limited to
centers that participated in all 4
audits (N = 85) revealed similar
ﬁndings for compliance with CDC
core elements (Supplemental
Table 5), the number of diseasespeciﬁc guidelines (Supplemental
Table 6), and AUR (Supplemental
Fig 2). Despite improvement across
all the participating centers, there
was a large variability with respect to
implementation of the CDC core
elements and policies as well as
the AUR.

DISCUSSION
Among the participating centers in
the VON Choosing Antibiotics Wisely
iNICQ, there was both a clinically
meaningful and statistically
signiﬁcant increase in
implementation of the CDC core
elements of antibiotic stewardship
that mirrored the reduction in AU
over the 2-year time period.
Improvement opportunities remain
across the 7 categories, especially
leadership commitment, as deﬁned
by having a written plan for antibiotic
stewardship, and NHSN reporting.
The CDC core elements were
designed for implementation at the
hospital level; in this study, we

PEDIATRICS Volume 144, number 6, December 2019

Participating NICUs made strides in
increasing the number of
standardized policies, protocols, and/
or guidelines for some of the common
conditions encountered in the
neonatal setting. Progress in
developing guidance was not seen
across all disease-speciﬁc conditions,
perhaps reﬂecting the need for NICUs
to prioritize their time and resources
and focus on the most frequently
encountered conditions (ie, risk for
early- and late-onset sepsis). The
combination of increase in
compliance with the CDC core
elements along with the standardized
guidelines likely contributed to
statistically signiﬁcant and clinically
meaningful decrease in the AU.
Although it increased over the
2 years, the use of the CDC NHSN AU
and AR modules remained 1 of the
lowest categories in compliance. This
intervention relies heavily on
hospital-level technology and
resources to facilitate automated
reporting directly from the hospital’s
electronic data sources to the CDC.
Low levels of awareness around the
NHSN AU and/or AR modules,
coupled with the signiﬁcant
technological infrastructure and
resources required to accomplish this
task, may have contributed to speed
of adoption of this important national
data set, which has the potential to
provide a continuous source of
ongoing high-quality data to fuel local
QI work. In the future, as NHSN
participation grows, these data will
be a resource for benchmarking, risk
adjustment, and standardized
antimicrobial administration ratios
(SAARs). The use of risk adjustment,
such as SAARs, can help NICUs

identify target areas for antimicrobial
stewardship when observed use
exceeds what is expected for similar
units or populations. The VON and
the CDC, along with other
stakeholders, are currently
developing SAAR measures that are
speciﬁc to the newborn population.
The Choosing Antibiotics Wisely
iNICQ results build on the previously
reported baseline audit25 and reveal
that a multicenter national QI
collaborative can improve ASP and
AUR outcomes. Efforts to increase key
domains of antibiotic stewardship
practice provide a strong foundation
for NICUs to maintain ongoing efforts
that promote judicious antimicrobial
use. In addition, this approach can
help NICUs (as well as other
individual units within a hospital)
align their goals with center, state,
and national priorities and
demonstrate the value of investing in
disciplined QI to achieve improved
results.
Collaborative QI initiatives are used
widely in health care and have
demonstrated success, although the
results are likely overestimated given
the publication bias and in some
cases limited use of standard QI
reporting criteria.32 Nonetheless,
collaboration leads to greater
opportunities to standardize care,
share ideas, and benchmark to
propagate progress. Recent data from
the Sharing Antimicrobial Reports for
Pediatric Stewardship collaborative
revealed an increase in development
of antibiotic stewardship
interventions, including
implementations of some of the CDC
core elements across children’s
hospitals in the United States33
(although individual metrics over
time across the hospitals have yet to
be reported). The case to support the
success of the VON Choosing
Antibiotics Wisely iNICQ as
a collaborative QI effort includes 2 of
multiple previously successful iNICQ
initiatives on neonatal abstinence
syndrome34 and alarm safety35 that
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The audits also evaluated the crosssectional point-prevalence AUR
across the participating centers. The
mean number of infants audited per
center at each time point was 29, and
the mean number of infants being
treated with antibiotics at the time of
the audit was 5. The median AUR
decreased from 16.7% (interquartile
range [IQR]: 9.7%–25.9%) in
February 2016 to 12.1% (IQR:
4.5%–20.0%) in the November 2017
audit (Fig 1), which is a 34% relative
risk reduction.

examined their relevance, application,
and potential impact at a unit level.
There was large interhospital
variation across the categories, with
only 9.9% of centers achieving all
core elements. Choosing Antibiotics
Wisely set a high bar by
recommending that the core elements
be applied at the NICU level.

Although the results of Choosing
Antibiotics Wisely iNICQ are
promising, several limitations must
be acknowledged. Selection bias is an
important limitation that has been
previously discussed.25 The
participating NICUs self-selected to
participate in this iNICQ collaborative.
Second, the estimate of both ASP and
AUR was made at 4 discrete crosssectional time periods, and not all of
the centers participated in all 4
audits. We tested the validity of this
analysis by comparing it to outcomes
from the 85 centers that participated
in all 4 audits and the ﬁndings were
consistent. Furthermore, although
there is undoubtedly daily, weekly,
and monthly variation in AUR, the
4 cross-sectional assessments provide
a consistent trend in AUR reduction,
which is also supported by the
observation of center-speciﬁc AURs
submitted as abstracts to the VON
Annual Quality Congress (VON,
personal communication, 2018), as
well as recent publications from
centers participating in the
collaborative.36–38 Third, there is
a lack of a balancing measure(s) at
the collaborative level, although all of
the NICUs were encouraged to
develop one(s) as part of their local
work, which reﬂected the local
context of their project. Typical
balancing measures for antibiotic

6

stewardship can include increase in
infections and mortality and other
morbidities as a result of
undertreatment. Neither was
practical to obtain at the audit time
points, given the additional factors
on the causal pathway that would
not be captured in a cross-sectional
audit. In fact, one could hypothesize
that given the established
relationship between antibiotic
overuse and infections and
mortality,1,2,4 both could decrease, as
previously demonstrated for lateonset infections in the NICU.28
Furthermore, with the relatively
low incidence of mortality and
infections in the NICU, there may
be additional challenges with
adequately assessing signal versus
noise in the balancing measures.
Finally, although the CDC core
elements of antibiotic stewardship
have demonstrated reductions in
unnecessary antibiotic exposure39
and associated reductions in
resistant organisms,40 Choosing
Antibiotics Wisely iNICQ was not
designed to demonstrate a causal
relationship between adherence to
CDC core elements and decrease in
AUR. However, this raises important
questions for future research that is
focused on the impact of applying
ASP elements at the unit level and to
special populations like newborns.
Despite the limitations, the results of
the Choosing Antibiotics Wisely iNICQ
reveal successful implementation of
the CDC core elements of antibiotic
stewardship, as well as a meaningful
reduction in AUR. This collaborative
was built on the evidence for beneﬁt
of ASPs, including impact on
decreased antibiotic-resistant
organisms,41 reduced unnecessary
use, prescribing errors, and costs.42
As in many collaborative QI
initiatives, not all of the teams were
able to achieve all of the goals
(including the fact that only 9.9% of
NICUs met all the CDC core elements),
leaving further opportunities for
improvement. In addition, the

sustainment phase of antibiotic
stewardship improvement will be
critically important. Key lessons
learned from the Choosing Antibiotics
Wisely collaborative include the need
for prioritization when there are
multiple avenues for improvement
within the same scope (ie, clinical
guidelines, policies, and/or
procedures), as well as capitalizing on
the opportunity to collaborate with
hospital support to successfully
implement core elements such as
those in place by the CDC for
antibiotic stewardship. NICUs were
encouraged to seek out pharmacy,
information technology, and adult
antibiotic stewardship resources at
their respective facilities to be more
efﬁcient with their use of resources
and time to implementation. Lastly,
the importance of local QI efforts at
the center level cannot be
understated. Although a multicenter
collaborative QI offers many
aforementioned advantages,
encouraging the individual NICUs to
really dig in and understand their
local processes contributed greatly to
implementation and success of core
elements and policies.
It is our hope that setting the
foundation with the core stewardship
principles will help ensure stability
and sustainment of the work. In
particular, core elements such as
tracking and reporting AU will
prompt continuous monitoring and
awareness to help enable
sustainment. Increased participation
in the NHSN AU module from
hospitals with NICUs is already
demonstrating promise with 351
participants in the United States.43
Such efforts should promote rapid
cycle uptake and dissemination of
national clinical reports and
consensus guidelines, such as the
recently published American
Academy of Pediatrics reports
on the management of neonates
with suspected or proven earlyonset sepsis.44,45 As part of the next
phase of this work, VON has
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achieved meaningful outcomes. Some
VON centers had the opportunity to
participate in all 3 collaboratives and
likely beneﬁted from the exposure to
disciplined QI science methods and
learning from previous efforts.
Furthermore, Choosing Antibiotics
Wisely brought together several
health systems and states to work
alongside the iNICQ units. Although
not evaluated here, it might be
reasonable to hypothesize a potential
dose response to collaborative QI in
which the centers that engaged at
local, regional, and global efforts had
a potentially added beneﬁt in their
improvement compared to individual
NICUs.

committed to the 2018 US
Antimicrobial Resistance Challenge46
with a goal of reducing antibiotics
by 45% by 2022.

ACKNOWLEDGMENTS

We thank our medical, nursing,
pharmacy, and infectious disease
colleagues who participate in VON
collaboratives to improve care for
infants and their parents.
Participating centers are listed in
Supplemental Table 4.

ABBREVIATIONS
AR: antibiotic resistance
ASP: antibiotic stewardship
program
AU: antibiotic use
AUR: antibiotic use rate
CDC: Centers for Disease Control
and Prevention
iNICQ: Internet-based Neonatal
Improvement Collaborative
for Quality
IQR: interquartile range
IRB: institutional reviewboard
MRSA: methicillin-resistant
Staphylococcus aureus
NHSN: National Healthcare Safety
Network
PBP: potentially better practice
QI: quality improvement
SAAR: standardized antimicrobial
administration ratio
VON: Vermont Oxford Network

Address correspondence to Dmitry Dukhovny, MD, MPH, Department of Pediatrics, Oregon Health & Science University, 707 SW Gaines St, Portland, OR 97239. E-mail:
dukhovny@ohsu.edu
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2019 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: Dr Buus-Frank, Ms Morrow, Dr Soll, and Dr Horbar are employees of the Vermont Oxford Network (VON). Dr Edwards is grant funded by
VON to the University of Vermont. Dr Dukhovny is a paid faculty for the Choosing Antibiotics Wisely Collaborative and served as the VON Fellow Liaison (2015–2018).
Drs Ho, Puopolo, and Goldmann are paid faculty for Choosing Antibiotics Wisely Collaborative. Drs Zupancic and Pursley are on faculty for the VON Annual Quality
Congress; Drs Srinivasan and Pollock have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: No external funding.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.

REFERENCES
1. Cotten CM, McDonald S, Stoll B, et al;
National Institute for Child Health and
Human Development Neonatal Research
Network. The association of thirdgeneration cephalosporin use and
invasive candidiasis in extremely low
birth-weight infants. Pediatrics. 2006;
118(2):717–722
2. Cotten CM, Taylor S, Stoll B, et al; NICHD
Neonatal Research Network. Prolonged
duration of initial empirical antibiotic
treatment is associated with increased
rates of necrotizing enterocolitis and
death for extremely low birth weight
infants. Pediatrics. 2009;123(1):58–66

PEDIATRICS Volume 144, number 6, December 2019

3. Puopolo KM, Mukhopadhyay S, Hansen
NI, et al; NICHD Neonatal Research
Network. Identiﬁcation of extremely
premature infants at low risk for earlyonset sepsis. Pediatrics. 2017;140(5):
e20170925
4. Ting JY, Synnes A, Roberts A, et al;
Canadian Neonatal Network
Investigators. Association between
antibiotic use and neonatal mortality
and morbidities in very low-birthweight infants without cultureproven sepsis or necrotizing
enterocolitis. JAMA Pediatr. 2016;
170(12):1181–1187

5. Kummeling I, Stelma FF, Dagnelie PC,
et al. Early life exposure to
antibiotics and the subsequent
development of eczema, wheeze,
and allergic sensitization in the
ﬁrst 2 years of life: the KOALA
Birth Cohort Study. Pediatrics.
2007;119(1). Available at: www.
pediatrics.org/cgi/content/full/119/1/
e225
6. Metsälä J, Lundqvist A, Virta LJ, et al.
Mother’s and offspring’s use of
antibiotics and infant allergy to
cow’s milk. Epidemiology. 2013;24(2):
303–309

7

Downloaded from http://publications.aap.org/pediatrics/article-pdf/144/6/e20190589/1078336/peds_20190589.pdf by guest on 22 January 2022

We acknowledge the support of
VON team member Pam Ford who
provided ongoing support to the
iNICQ collaborative participating
centers throughout the project
and VON team members Karla
Ferrelli and Kathy Leahy who
managed centers’ participation in
the audits.

We thank state perinatal QI
collaboratives and their respective
health departments who provided
guidance, support, and, in some
cases, funding to participate in
this initiative: Alaska, Colorado
(Colorado Perinatal Care
Quality Collaborative), Georgia
(Georgia Perinatal Quality
Collaborative), Oregon and
Southwest Washington (Northwest
Neonatal Improvement Priority
Alliance), Tennessee (Tennessee
Initiative for Perinatal Quality
Care), West Virginia, and Wisconsin.
We also thank Children’s Hospital
of Philadelphia Newborn Care
Network, Cleveland Clinics,
Indiana University Health, Inova
Health System, and Piedmont
Health System Collaborative for
participating as health system
partners.

7. Risnes KR, Belanger K, Murk W, Bracken
MB. Antibiotic exposure by 6 months
and asthma and allergy at 6 years:
ﬁndings in a cohort of 1,401 US
children. Am J Epidemiol. 2011;173(3):
310–318
8. Saari A, Virta LJ, Sankilampi U, Dunkel
L, Saxen H. Antibiotic exposure in
infancy and risk of being overweight in
the ﬁrst 24 months of life. Pediatrics.
2015;135(4):617–626

10. Nogacka A, Salazar N, Suárez M, et al.
Impact of intrapartum antimicrobial
prophylaxis upon the intestinal
microbiota and the prevalence of
antibiotic resistance genes in vaginally
delivered full-term neonates.
Microbiome. 2017;5(1):93
11. Stearns JC, Simioni J, Gunn E, et al.
Intrapartum antibiotics for GBS
prophylaxis alter colonization patterns
in the early infant gut microbiome of
low risk infants. Sci Rep. 2017;7(1):
16527
12. Cho I, Yamanishi S, Cox L, et al.
Antibiotics in early life alter the murine
colonic microbiome and adiposity.
Nature. 2012;488(7413):621–626
13. Cox LM, Yamanishi S, Sohn J, et al.
Altering the intestinal microbiota
during a critical developmental window
has lasting metabolic consequences.
Cell. 2014;158(4):705–721

19. Harrison W, Goodman D. Epidemiologic
trends in neonatal intensive care, 20072012. JAMA Pediatr. 2015;169(9):
855–862
20. Schulman J, Braun D, Lee HC, et al.
Association between neonatal intensive
care unit admission rates and illness
acuity. JAMA Pediatr. 2018;172(1):
17–23
21. Mukhopadhyay S, Taylor JA, Von Kohorn
I, et al. Variation in sepsis evaluation
across a national network of nurseries.
Pediatrics. 2017;139(3):e20162845
22. The President’s Council of Advisors on
Science and Technology. Report to the
president on combating antibiotic
resistance. 2015. Available at: https://
www.cdc.gov/drugresistance/pdf/
report-to-the-president-on-combatingantibiotic-resistance.pdf. Accessed
December 12, 2018
23. World Health Organization. Global
Action Plan on Antimicrobial
Resistance. Geneva, Switzerland: World
Health Organization; 2015
24. National Quality Partners Playbook.
Antibiotic stewardship in acute care.
2016. Available at: https://store.
qualityforum.org/collections/antibioticstewardship/products/national-qualitypartners-playbook-antibioticstewardship-in-acute-care. Accessed
December 12, 2018

29. Langley GJ, Moen RD, Nolan KM, et al.
The Improvement Guide: A Practical
Approach to Enhancing Organizational
Performance, 2nd ed. San Francisco,
CA: Jossey-Bass; 2009
30. Plsek PE. Quality improvement methods
in clinical medicine. Pediatrics. 1999;
103(1 s uppl E):203–214
31. Dukhovny D, Pursley DM, Kirpalani HM,
Horbar JH, Zupancic JA. Evidence,
quality, and waste: solving the value
equation in neonatology. Pediatrics.
2016;137(3):e20150312
32. Wells S, Tamir O, Gray J, et al. Are
quality improvement collaboratives
effective? A systematic review. BMJ Qual
Saf. 2018;27(3):226–240
33. Newland JG, Gerber JS, Kronman MP,
et al; SHARPS Collaborative. Sharing
Antimicrobial Reports for Pediatric
Stewardship (SHARPS): a quality
improvement collaborative. J Pediatric
Infect Dis Soc. 2018;7(2):124–128
34. Patrick SW, Schumacher RE, Horbar JD,
et al. Improving care for neonatal
abstinence syndrome. Pediatrics. 2016;
137(5):e20153835
35. Hagadorn JI, Sink DW, Buus-Frank ME,
et al. Alarm safety and oxygen
saturation targets in the Vermont
Oxford Network iNICQ 2015
collaborative. J Perinatol. 2017;37(3):
270–276

25. Ho T, Buus-Frank ME, Edwards EM, et al.
Adherence of newborn-speciﬁc
antibiotic stewardship programs to
CDC recommendations. Pediatrics.
2018;142(6):e20174322

36. Astorga MC, Piscitello KJ, Menda N,
et al. Antibiotic stewardship in the
neonatal intensive care unit: effects of
an automatic 48-hour antibiotic stop
order on antibiotic use [published
online ahead of print May 28, 2018].
J Pediatric Infect Dis Soc. doi:10.1093/
jpids/piy043

15. Thorpe KE, Joski P, Johnston KJ.
Antibiotic-resistant infection treatment
costs have doubled since 2002, now
exceeding $2 billion annually. Health Aff
(Millwood). 2018;37(4):662–669

26. Gievers LL, Sedler J, Phillipi CA, et al.
Implementation of the sepsis risk score
for chorioamnionitis-exposed
newborns. J Perinatol. 2018;38(11):
1581–1587

37. Bhat R, Custodio H, McCurley C, et al.
Reducing antibiotic utilization rate in
preterm infants: a quality improvement
initiative. J Perinatol. 2018;38(4):
421–429

16. Schulman J, Dimand RJ, Lee HC, et al.
Neonatal intensive care unit antibiotic
use. Pediatrics. 2015;135(5):826–833

27. Warren S, Garcia M, Hankins C. Impact
of neonatal early-onset sepsis
calculator on antibiotic use within two
tertiary healthcare centers. J Perinatol.
2017;37(4):394–397

38. Makri V, Davies G, Cannell S, et al.
Managing antibiotics wisely: a quality
improvement programme in a tertiary
neonatal unit in the UK. BMJ Open Qual.
2018;7(2):e000285

14. Oyama N, Sudo N, Sogawa H, Kubo C.
Antibiotic use during infancy promotes
a shift in the T(H)1/T(H)2 balance
toward T(H)2-dominant immunity in
mice. J Allergy Clin Immunol. 2001;
107(1):153–159

17. Ho T, Dukhovny D, Zupancic JA,
Goldmann DA, Horbar JD, Pursley DM.

8

18. Edwards EM, Horbar JD. Variation in
use by NICU types in the United States.
Pediatrics. 2018;142(5):e20180457

28. Nzegwu NI, Rychalsky MR, Nallu LA, et al.
Implementation of an antimicrobial
stewardship program in a neonatal
intensive care unit. Infect Control Hosp
Epidemiol. 2017;38(10):1137–1143

DUKHOVNY et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/144/6/e20190589/1078336/peds_20190589.pdf by guest on 22 January 2022

9. Azad MB, Konya T, Persaud RR, et al;
CHILD Study Investigators. Impact of
maternal intrapartum antibiotics,
method of birth and breastfeeding on
gut microbiota during the ﬁrst year of
life: a prospective cohort study. BJOG.
2016;123(6):983–993

Choosing wisely in newborn medicine:
ﬁve opportunities to increase value.
Pediatrics. 2015;136(2). Available at:
www.pediatrics.org/cgi/content/full/
136/2/e482

42. Smith MJ, Gerber JS, Hersh AL.
Inpatient antimicrobial stewardship in
pediatrics: a systematic review.
J Pediatric Infect Dis Soc. 2015;4(4):
e127–e135

40. Slayton RB, Toth D, Lee BY, et al. Vital
signs: estimated effects of
a coordinated approach for action to
reduce antibiotic-resistant infections in
health care facilities - United States.
MMWR Morb Mortal Wkly Rep. 2015;
64(30):826–831

43. O’Leary EN, van Santen KL, Edwards EM,
et al. Using NHSN’s antimicrobial use
option to monitor and improve
antibiotic stewardship in neonates.
Hosp Pediatr. 2019;9(5):340–347

41. Marston HD, Dixon DM, Knisely JM,
Palmore TN, Fauci AS. Antimicrobial
resistance. JAMA. 2016;316(11):1193–1204

PEDIATRICS Volume 144, number 6, December 2019

44. Puopolo KM, Benitz WE, Zaoutis TE;
Committee on Fetus and Newborn;
Committee on Infectious Diseases.
Management of neonates born at #34
6/7 weeks’ gestation with suspected or

proven early-onset bacterial sepsis.
Pediatrics. 2018;142(6):e20182896
45. Puopolo KM, Benitz WE, Zaoutis TE;
Committee on Fetus and Newborn;
Committee on Infectious Diseases.
Management of neonates born at $35
0/7 weeks’ gestation with suspected or
proven early-onset bacterial sepsis.
Pediatrics. 2018;142(6):e20182894
46. Centers for Disease Control and
Prevention. The AMR challenge. 2018.
Available at: https://www.cdc.gov/
drugresistance/intl-activities/amrchallenge.html#v. Accessed December
17, 2018

Downloaded from http://publications.aap.org/pediatrics/article-pdf/144/6/e20190589/1078336/peds_20190589.pdf by guest on 22 January 2022

39. Davey P, Marwick CA, Scott CL, et al.
Interventions to improve antibiotic
prescribing practices for hospital
inpatients. Cochrane Database Syst Rev.
2017;(2):CD003543

9

