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Background. There is significant diversity in the utilization of antibiotics for neonates undergoing
surgical procedures. Our institution standardized antibiotic administration for surgical neonales, in
which mo empiric antibiotics were given lo infants with surgical conditions postnatally, and antibiotics
are given no more than 72 hours perioperatively.

Methods. We compared the time periods before and after implementation of antibiotic protocol in an
institution review board—approved, retrospective review of neonates with congenital surgical conditions
who underwent surgical correction within 30 days after birth. Surgical site infection at 30 days was the
primary outcome, and development of hospital-acquirved infections or multidrug-resistant organism were
secondary outcomes.

Results. One hundred forty-eight infants underwent surgical procedures pre-protocol, and 127
underwent procedures post-protocol implementation. Surgical site infection rates were similar pre- and
post-protocol, 14% and 9% respectively, (P = .21.) The incidence of hospital-acquired infections
(13.7% vs 8.7%, P =.205) and multidrug-resistant organism (4.7 % vs 1.6 %, P = . 143) was similar
between the 2 periods.

Conclusion. Elimination of empiric postnatal antibiotics did not statistically change rates of surgical site
infection, hospital-acquired infections, or multidrug-resistant organisms. Limiting the duration of
perioperative antibiotic prophylaxis to no move than 72 hours after surgery did not increase the rate of
surgical site infection, hospital-acquired infections, or multidrug-resistant organism. Median antibiotic
days were decreased with antibiotic standardization for surgical neonates. (Surgery 2017;162:1295-303.)
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NEONATES BORN WITH CONGENITAL ANOMALIES of the
gastrointestinal (GI) tract or abdominal wall often
are diagnosed prenatally, receive care in the
neonatal intensive care unit (NICU) after birth,
and require corrective surgery before discharge.
The timing of surgery differs based on the type
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of congenital anomaly, the presence of comorbid
conditions, and other variables such as surgeon
preference and resource availability. A common
practice in infants born with anomalies of the GI
tract requiring surgery is the routine administra-
tion of broad-spectrum antibiotics, such as ampi-
cillin and gentamicin from birth until surgical
correction." Because surgical intervention is not
emergent in most conditions, many newborn in-
fants will receive antibiotics for several days before
their surgical procedures. Furthermore, the dura-
tion of antibiotic administration after surgery
varies widely. Thus, many surgical neonates receive
several days of antibiotics.
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AVAILABLE KNOWLEDGE

Guidelines have been published previously
regarding preoperative antibiotic prophylaxis by
the Centers for Medicare & Medicaid Services, the
Joint Commission, the Centers for Disease Control
and Prevention, and the Surgical Care Improve-
ment Project (SCIP) to aid in decreasing rates of
surgical site infection (SSI) in other patient
populations.”” These guidelines give recommen-
dations on when to administer preoperative paren-
teral antibiotics, which preoperative antibiotics to
administer, and when to discontinue perioperative
antibiotics. However, they do not apply to patients
younger than 1 year of age. A recent study docu-
ments wide variability of practice in perioperative
antibiotic therapy in the pediatric population.’1

Perioperative antibiotic usage in the neonatal
population, specifically in the setting of elective
surgery, is usually institution or provider specific.
Currently, no consensus exists regarding prophy-
lactic perinatal antibiotic administration to these
neonates. Without guidelines, practices that
encourage the development of multidrug-
resistant organisms (MDRO), such as prolonged
routine antibiotic administration, may occur. Anti-
biotics can alter the GI flora of neonates and may
have long-lasting effect on the overall health of
patients.””

In 2012, the Children’s Hospital of Wisconsin
adopted an antibiotic stewardship policy. Anti-
biotic stewardship refers to coordinated interven-
tions designed to improve and measure the
appropriate use of antimicrobials by promoting
the selection of the optimal antimicrobial drug
regimen, dose, duration of therapy, and route of
administration.” As part of this initiative, the Chil-
dren’s Hospital of Wisconsin standardized the anti-
biotic usage guidelines for babies in the NICU who
were born with congenital thoracic, GI, and
abdominal wall anomalies with regard to postnatal
group B streptococcal (GBS) prophylaxis and peri-
operative antibiotic administration.

RATIONALE

With regard to postnatal antibiotic administra-
tion, we used the 2011 guidelines put forth by the
American Academy of Pediatrics regarding GBS
prophylaxis.” We also referred to general guide-
lines put forth by SCIP in terms of perioperative
antibiotic protocols.” We recognized that SCIP
guideline recommendations do not cover patients
younger than 1 year of age. In the neonate litera-
ture, no one antimicrobial option has been proven
better than another for empiric perioperative
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coverage. Therefore, we used our hospital antibio-
gram and chose piperacillin-tazobactam as a single
agent for perioperative prophylaxis because it
covers more than 80% of the common gram-
negative organisms and anaerobic bacteria. Howev-
er, if resistant organisms are suspected based on
prematurity, duration of hospitalization, or known
colonization or infection of resistant organisms,
the antibiotic used was changed as deemed appro-
priate by the physicians caring for the neonate.

SPECIFIC AIMS

Our specific aims were to create a standardized
antibiotic practice in the NICU commensurate
with the antibiotic stewardship guidelines by
administering postnatal antibiotics only when a
specific need exists and standardizing the type and
duration of antibiotics given to surgical neonates
in the perioperative setting.

METHODS

Context. Children’s Hospital of Wisconsin is a
298-bed tertiary children’s hospital affiliated with the
Medical College of Wisconsin with a 70-bed level IV
NICU, with 750 admissions per year. Approximately
50 to 60 index surgical procedures are on the
diagnoses of interest annually. A single group of
surgeons and a single group of neonatologists care
for patients. Both groups were engaged in the
development of this quality improvement project.
The number of NICU admissions and surgical cases
did not vary significantly before and after implemen-
tation of the intervention.

We wanted to assess the safety and efficacy of
the newly implemented practice changes. We
selected the development of SSIs within 30 days
of the surgical procedure as the primary outcome
to assess the safety and efficacy of the new
practice. We also evaluated the occurrence of
other hospital-acquired infections (HAI), such as
pneumonia, bacteremia, sepsis, and urinary tract
infections. We specifically looked for colonization
and/or infections associated with MDRO that
were acquired during the infant’s hospitalization.
We also looked for development of necrotizing
enterocolitis (NEC) and sepsis in this population
before and after implementation of the practice
change.

Intervention. To create changes in practice that
would ensure the safety of our patients, we
engaged several disciplines, including pediatric
surgery, neonatology, infectious disease, pharmacy,
and neonatal nursing. There were 4 main compo-
nents of the protocol, with the first 2 focusing on
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postnatal antibiotics and the last 2 on periopera-
tive antibiotics:

(1) Postnatal antibiotics will only be given when there
are signs and symptoms of neonatal infections (ie,
respiratory distress, temperature instability, hypoten-
sion) or perinatal risk factors for sepsis (ie, maternal
fever, chorioamnionitis).

(2) If postnatal antibiotics are given and active infection
is not borne out by cultures, laboratory values, or
progressive symptoms, then antibiotics should be
discontinued within 48 hours.

(8) Preoperative antibiotic prophylaxis will consist of a
preoperative weight-based dose of a single antibiotic
within 1 hour before incision. A single-drug regimen
reduces the risk for adverse effects and, in general,
is more cost-effective.

(4) Perioperative antibiotics will be promptly discontin-
ued within 72 hours after surgery. We used 72 hours
because it would give the surgical team the ability to
have thoughtful input into what was an appropriate
antibiotic duration based on patient status and oper-
ative findings. Perioperative antibiotics can certainly
be discontinued sooner than 72 hours.

Study of the interventions. Institutional review
board approval was obtained for a retrospective
chart review with a full waiver of informed consent
because of minimal risk; data were accessed and
maintained in accordance with HIPAA standards
with applicable waiver. We surveyed the charts of
all neonates (<30 days of age) who underwent
surgical repair for the following diagnoses from
January 1, 2009 to March 31, 2016: esophageal
atresia with or without tracheoesophageal fistula,
congenital diaphragmatic hernia, intestinal atresia
(duodenal, small bowel, and colonic), anorectal
malformation, cloacal extrophy, and covered om-
phalocele. The patients were divided into 2 time
periods relative to the implementation of the
standardized neonatal antibiotic protocol: pre-
protocol (January 1, 2009 to June 30, 2012) and
post-protocol (July 1, 2012 to March 31, 2016).
Patients were excluded if they had previously
received antibiotics for established infections. In-
fants with gastroschisis or ruptured omphalocele
were excluded because providers felt intravenous
antibiotics in these conditions were not prophylac-
tic, but instead were required for an open
abdomen. Infants whose surgery was deemed
emergent for any reason also were excluded.

Data were collected from the patients’ elec-
tronic medical record and confirmed separately
by the authors. All complications, including those
collected in this study, were adjudicated weekly by
members of surgical faculty during discussion at a
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weekly morbidity and mortality conference and
were recorded in a Pediatric Infant Case Log and
Infant Database, maintained by the Division of
Pediatric Surgery.'’

Measures. There were 2 distinct time points
when antibiotics were given to patients: postnatally
(protocol components 1 and 2) and perioperatively
(protocol components 3 and 4). We looked at the
compliance with process measures involving these 2
time points separately. Compliance was manually
extracted from patients’ electronic health records.
The American College of Surgeons National Safety
and Quality Improvement Project—Pediatrics defi-
nitions for SSI were used.'"'” Patients were fol-
lowed for SSI for 30 days after the surgical
procedure and for all other infections until
discharge. If a patient underwent more than one
surgical procedure, the SSI was attributed to the
most recent procedure unless the procedure was
performed to treat an infection, such as a wound
debridement. The presence of other types of infec-
tions were recorded if there was documentation of
the diagnosis by the providers in the chart or if
there were positive cultures and the patient was
treated with the appropriate duration of antibiotics.
Although NEC and sepsis are not considered HAIs,
we collected data on these 2 conditions.

Analysis. The patient populations between the
pre- and postintervention periods were compared
using Wilcoxon rank sum test for continuous
characteristics and %2 analysis for categorical vari-
ables. Rates of SSI and other infections were
compared using y® analysis. Statistical analyses
were conducted using SAS (SAS Institute, Cary,
NC) or STATA 10. (State Corporation, College Sta-
tion, TX). A control g-chart was constructed for
each of the outcomes measures: SSI, HAI, and
MDRO.

Ethical considerations. We followed the existing
national guideline and used institutional-specific
antibiotics. We included all provider stakeholder
representatives when we formulated the change in
practice. All neonatologists and surgeons were able
to weigh in before implementation. Each infec-
tious complication in a surgical neonate was
discussed weekly in morbidity and mortality con-
ference, including the appropriate use and dura-
tion of antibiotics, thus providing timely review of
each case.

RESULTS

The timeline of the development and imple-
mentation in the protocol is outlined in Fig 1. It
took approximately 6 months to formulate the
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eDefining scope of problem

eEmpiric antibitoics given prophylactically for babies with congential surgical conditions
*No consensus for perioperative antibiotic prophylaxis for infants with congenital surgical issues

J

2011 for GBS prophylaxis

*Meeting of Infectious Disease (Antibiotic Stewardship), Neonatology, Surgery, Pharmacy, Nursin?
eCreation of new protocol for postnatal antibiotic prophylaxis based upon AAP guidelines from

ePerioperative antibiotic prophylaxis for babies with congenital surgical conditions using
piperacillin/tazobactam (based on antibiogram) as single agent coverage

J/
)
e\/etting of new protocol with Divisions of Neonatology and Surgery
eOutline of meaures: SSI, MDRO, HAI (NEC, Sepsis)
eProtocol compliance
J
~
eFinalization and communication of protocol
J

eImplementation of protocol for postnatal and perioperative antibiotic prophylaxis in
infants with congenital surgical conditions. Weekly review of infectious complications
of infants post-surgery at surgical morbidity and mortality conference.

J

October teams.
2015

eResults Review and Analysis. Dissemination of results with the surgical and neonatal

N\

Fig 1. Timeline of development and implementation of postnatal and perioperative antibiotic quality improvement

protocol in neonates with congenital surgical conditions.

intervention and present it to all stakeholder
groups before implementation.

Clinical characteristics. During the study period,
275 neonates met the inclusion criteria. Table I
contains the demographic characteristics, diagno-
ses, and American Society of Anesthesiologists
(ASA) Physiologic Status of the pre- and postproto-
col groups. There were 148 infants in the preproto-
col group and 127 in the postprotocol group.
Overall, the study population was similar between
the 2 periods.

Compliance with process measures. Compliance
with the first 2 steps (postnatal antibiotics) was
90%, and compliance with the last 2 steps (peri-
operative antibiotics) was 97%. Compliance with

all 4 steps of the recommendations was 89%
(Table II).

Antibiotic administration. Postnatal antibiotics.
Before protocol implementation, 53% of patients
received postnatal antibiotics, with 34% treated for
inappropriate indications and/or duration. After
protocol implementation, 38% of infants received
postnatal antibiotics, with only 11% of patients
being treated for inappropriate indications or
duration. Seven patients who received postnatal
antibiotics for inappropriate indications had the
antibiotics administered at the referring hospital.
Preprotocol, the median duration of postnatal
antibiotics administered was 2 days (interquartile
range [IQR] = 0-2) compared with 0 (IQR = 0-2;
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Table I. Demographic characteristics, diagnosis, ASA status of patients pre- and postimplementation of
antibiotic standards*

Characteristic median (IQR) Preprotocol (n = 148) Postprotocol (n = 127) P valuef

Birth weight (kg) 2.72 (2.28-3.24) 2.84 (2.3-3.27) .75
Gestational or postmenstrual age (weeks) 37 (35-38) 38 (35-39) .096
Weight at surgery (kg) 2.7 (2.2-3.24) 2.8 (2.25-3.21) .66
Day of life at operation 2 (1-3.5) 2 (1-4) 677
Male, % 59 59 .98
Diagnoses n, (%) .259

EA with TEF 22 (14.9) 31 (24.4)

Pure EA 7 (4.7) 3 (2.4)

H-type TEF 2 (1.4) 1 (0.8)

Duodenal atresia/web 27 (18.2) 20 (15.7)

Intestinal atresia 23 (15.5) 19 (15)

Colon atresia 2 (1.4) 2 (1.6)

Anorectal malformation 29 (19.6) 30 (23.6)

Cloacal extrophy 3 (2) 0

Omphalocele 9 (6.1) 10 (7.9)

Congenital diaphragmatic hernia 24 (16.2) 11 (8.7)
ASA n, (%) .320

ASA 1 0 1 (0.8)

ASA 2 14 (9.5) 17 (13.4)

ASA 3 95 (64.6) 70 (55.1)

ASA 4 37 (25.2) 39 (30.7)

ASA b 1 (0.7) 0

*The 2 populations are equal in terms of demographic characteristics, diagnoses, and ASA.
1T test was used for continuous variables and Chi-square for categorical variables. P < .05 was considered statistically significant..
ASA, American Society of Anesthesiologists; FA, esophageal atresia; TEF tracheoesophageal fistula.

Table II. Compliance with standardized antibiotic practice

Preprotocol n = 148 Postprotocol n = 127 P value

Postnatal antibiotic administration

Antibiotics given at birth, n (%) 79 (53) 49 (38) .01+
Patients with inappropriate indication or duration of postnatal 27 (18.2) 12 (9.4) .04*
antibiotics, n (%)
Median duration of postnatal antibiotics, days (IQR) 2 (0-2) 0 (0-2) .001
Perioperative antibiotic administration

Antibiotics given at operation, n (%) 147 (99.3) 126 (99.2) 91
Patients with inappropriate indication or duration, n (%) 2 (1.4) 0 (0) .19
Median duration of antibiotics, days (IQR) 1 (1-2) 1 (1-1) .0043

*T test, where P < .05 statistically significant.

The first section of the table compares compliance with protocol components 1 and 2, which pertain to postnatal antibiotic administration. Postprotocol,
there was 90% compliance, with a statistically significant decrease in patients who received postnatal antibiotics for inappropriate indications or duration
of time. Median duration of postnatal antibiotics decreased significantly. The second section compares compliance with protocol components 3 and 4,
which pertain to perioperative antibiotic administration. There was significant compliance with perioperative components even before protocol imple-
mentation. Fewer patients received prolonged postoperative therapy after implementation of the protocol.

IQR, Interquartile ratio.

P = .001). There was a statistically significant Perioperative antibiotics. In the preprotocol time
decrease in the number of patients who received period, 3 of 148 patients did not receive preoperative
postnatal antibiotics (P = .01) and the number of antibiotics. Review of the charts showed that the
patients who received antibiotics for inappropriate attending surgeon made a conscious decision not to
indication or duration (P = .04) between the 2 give antibiotics. Postprotocol, only 1 of 127 patients
time periods. did not receive preoperative antibiotics, again with a
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Table III. Comparison of SSI 30 days after surgery,
HAI, and MDRO in patients pre- and postprotocol
implementation

Preprotocol  Postprotocol
n = 148 n=127 P value
SSI within 21 (14) 12 (9) 21
30 days, n (%)
HAI n (%) 20 (13.5) 11 (8.7) .205
MDRO, n (%) 7 (4.7) 2 (1.6) 143

conscious decision to withhold. The median dura-
tion of perioperative antibiotics was 1 day both pre-
and postprotocol with an IQR of 1-2 and 1-1,
respectively (P=.0043). Two patients received antibi-
otics beyond 3 days postsurgery without documented
reason before protocol implementation compared
with no patients after protocol implementation
(P=.338).

Total antibiotics. Before protocol implementa-
tion, the median duration of antibiotic therapy
was 2 days (IQR = 1-3). After protocol implemen-
tation, the median duration of antibiotic therapy
was 1 dat (IQR = 1-3; P=.0001).

Incidence of SSI. SSIs occurring within 30 days
of surgical procedure are detailed in Table III.
Before antibiotic protocol adaptation, there were
206 surgical interventions in 148 unique patients.
There were 16 superficial SSIs, 5 deep SSIs, 1
organ-space SSI, and 2 wound dehiscences. Five
patients required operative interventions to
manage SSI. After implementation of the protocol,
there were 164 operations in 127 patients with 11
superficial SSIs and 1 dehiscence. Only one case
required reoperation to manage SSI. The overall
incidence of SSI was 14% preprotocol, which was
not statistically different from the 9% SSI inci-
dence postprotocol (P = .21). The control chart
(Fig 2) illustrates that there is no difference in
the mean number of cases between each SSI occur-
rence and there is no evidence of special cause
variation.

HAI and MDRO. The incidence of HAI pre-
protocol was 13.5% compared with 8.7% postpro-
tocol. There was a preprotocol incidence of 4.7%
MDRO infection or colonization compared with
1.6% postprotocol. The decrease in HAI and
MDRO before and after protocol did not reach
statistical significance (Table III, Fig 2).

The incidence of NEC preprotocol implemen-
tation was 1.5%, with none after. Sepsis rates were
3.3% preprotocol and 3.1% postprotocol
implementation.
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Postnatal antibiotics and SSI. We compared all
surgical infants who received postnatal antibiotics
with those who did not receive postnatal antibiotics
from both time periods. There were no statistically
significant differences between those who received
antibiotics and those who did not in terms of SSI at
30 days (11% vs 13%, P = .64), HAI (14% vs 8.8%,
P=.16) and MDRO (3% vs 3, P=.9).

Perioperative antibiotics and SSI. One patient
preprotocol did not receive preoperative antibi-
otics. One patient postprotocol had a covered
omphalocele closure, did not receive antibiotics,
and subsequently developed a superficial SSI.
There was no difference in SSI with respect to
the number of days of postoperative antibiotics
received: 0 days, 17%; 1 day, 6.9%; 2 days, 10.9%;
3 days, 41.7%; and 4 or more days, 6%.

DISCUSSION

Neonatal infections and sepsis may present
insidiously, yet cause a significant morbidity and
mortality.'”'*'” Thus, physicians and providers are
obliged to treat neonates with antimicrobial agents
at the first suspected signs of sepsis, making antimi-
crobials the most commonly used medications in
NICUs.'" A review of antibiotic usage in 29 NICUs
in the United States from 1999 to 2000 found that
each patient received a median of 2 antibiotics at
any one time.'” A study by Schulman et al. looked
at 52,061 infants from 127 NICUs across California
and found that “a considerable portion of anti-
biotic use lack[ed] clear warrant” and that anti-
biotic usage in NICUs often is excessive.'® Patel
et al used a set of clinical vignettes of NICU pa-
tients to survey providers and ascertain appro-
priate usage.'” They found correct responses
regarding type of antimicrobial and duration of
therapy ranged from 53% to 97% among
providers.'”

A similar trend in overutilization of antibiotics
has been found for antibiotics intended for peri-
operative prophylaxis to decrease SSIs in the
pediatric population.” Particularly in newborn in-
fants, there is a lack of data regarding the use of
antibiotics.”  Our institutional incidence of
neonatal SSI is about 14%, similar to that quoted
the literature.’ Before 2012, our practice had re-
flected the variability in antibiotic practices that
is seen the literature. We identified 2 areas of sig-
nificant variability: postnatal and perioperative
therapy. The practice of postnatal antibiotic
administration in surgical infants has been
ingrained in some physicians—surgeons and neo-
natologists alike—who were taught the surgical
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dogma that babies born with known surgical diag-
noses undergo a “rule-out sepsis” workup and
receive intravenous antibiotics for 48 hours or
longer until blood and urine cultures show no
infection. Another source of postnatal antibiotic
practice variability lies in prophylaxis for maternal
GBS status, possibility of meconium aspiration, or
prolonged rupture of membranes. The current
guidelines for postnatal antibiotic administration
were published in 2012, but old practices may still
prevail. Regarding perioperative antibiotic therapy,
there are significant differences among providers
ranging from what antibiotic to give, when to
give it relative to the incision, and when to stop
the antibiotic if it is being given for prophylaxis
indications.

To effect any meaningful and measurable
change in outcomes, our practice needed to be
standardized. The hospital had been actively
participating in Solutions for Patient Safety SSI
bundle, but antibiotic administration in newborn
infants is not specified in these recommendations.
When multidisciplinary input is sought and
concerted effort is spent, we proved that compli-
ance with standardization of practice can be
achieved in this patient population, with a resul-
tant decrease in antibiotic use. We demonstrated
that decrease in antibiotic use without increasing
SSIs, HAIs, and MDROs. Between the two time
periods, there was significant change in the SSI
(P=.21), HAI (0.205) and MDRO (0.143). Statisti-
cal significance may not have been reached
because of the low number of patients with these
occurrences. We performed a post hoc power anal-
ysis, using these incidences of each occurrence in
the group. We would need about 550 patients in
each arm to detect a significant difference. Unfor-
tunately, adding more patients would not be
feasible because it would require historical con-
trols before 2009. Since 2009, we have imple-
mented practices within our institution such as
central line bundles and Solutions for Patient
Safety initiatives among others that may change
and affect outcomes of SSIs, HAIs, and MDROs.

Because we created standards in 2 different time
periods (postnatal and perioperative), we analyzed
the possible effects of changing antibiotic practices
with regard to our primary and secondary out-
comes. Because the components of our practice
change may affect the singular outcome of SSI
differently, we decided to assess the primary and
secondary outcomes with respect to the entire
antibiotic protocol, as well as the separate compo-
nents of postnatal antibiotics and perioperative
antibiotics. We found that empiric administration
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of postnatal antibiotics did not confer any advan-
tage to surgical infants with regard to SSIs, HAISs,
and MDROs. Control charts were constructed to
elucidate a difference but found none, which
indicates that no untoward events resulted from
this protocol. Of note, the MDRO charts did have
fewer than 12 data points due to low number of
events and thus might have changed with a longer
collection time. When we looked at the number of
days that postoperative antibiotics were given, giving
antibiotics for 1 day had the least incidence of SSI.
Statistical analysis for this aspect of the present
study is not possible given the small number of
patients who received longer courses of antibiotics.

Limitations. Limitations of this study include its
retrospective nature and the use of historical
controls. As knowledge is gained about the possible
effects of longer antibiotic therapy, we believe that a
randomized control trial would be difficult and
potentially unethical. Our assumption that one
antibacterial agent for antibiotic prophylaxis is
sufficient is based on adult data for different surgi-
cal indications. We used piperacillin-tazobactam in
our protocol based on the institution’s antibiogram;
there may be a more optimal alternative in other
nurseries, or in our own neonatal unit as well. This
is a study based on only one institutional experi-
ence. Replication of our results in other children’s
centers would be desirable.

In conclusion, the present study challenges the
surgical dogma that postnatal antibiotics are
required in uncomplicated neonates with known
surgical diagnoses. The results also suggest that
limitation of postoperative antibiotic prophylaxis
may be beneficial. Moving forward, we have
further limited our postoperative antibiotics to
less than 24 hours in appropriate circumstances.
Finally, we demonstrated that compliance with a
thoughtful, evidence-based standard of antibiotic
administration can be accomplished in neonates.
We hope that the present study may be the first
step in creating standard antibiotic practices in
surgical neonates.
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