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A B S T R A C T

Background: The ideal duration of neonatal antibiotic prophylaxis is not determined with wide variance in
practice. This study aims to evaluate the association between duration of antibiotics and surgical site infection
(SSI) in neonatal surgery.
Methods: A retrospective review regarding antibiotic prophylaxis was performed on <30-day-old surgical patients
at a children's hospital from 2014 to 2019. The patients were analyzed based on demographics, presence of SSI,
and antibiotic duration. The primary outcome was the development of SSI with ANOVA, chi-square, and recursive
partitioning used for statistical analysis.
Results: 19/155 patients developed an SSI (12.26 %). Those with an SSI had a lower weight at surgery (p ¼ 0.03).
Additionally, wound classification (p ¼ 0.17) and antibiotic duration >48hrs (p ¼ 0.94) made no statistical
difference in SSI rate. The two variables most closely linked to SSI development were gestational age (100 %) and
weight at time of procedure (80.76 %).
Conclusions: Antibiotic prophylaxis >48 h did not decrease the incidence of SSI. Risk factors for SSI development
in neonatal surgery were lower gestational age, decreased weight at time of procedure and total length of
procedure.
1. Introduction

Surgical site infections (SSI) are the most common healthcare asso-
ciated infection worldwide carrying significant cost, prolonged hospital
length of stay and tremendous morbidity to patients.1 Neonates are
particularly susceptible to SSIs due to immature immune systems, which
add to the associated risk.2

Perioperative antibiotic prophylaxis is a proven strategy to prevent
SSIs and their associated morbidity, thereby reducing healthcare cost.3,4

However, current guidelines for antibiotic prophylaxis in neonatal sur-
gery are limited and based on extrapolated adult data or expert opinion.5

Specifically, a paucity of data exist regarding appropriate neonatal
antibiotic prophylaxis following clean-contaminated vs. contaminated
surgery.4,6 Without evidence-based guidelines, there is a wide variance of
prescribing patterns in this population (especially with regards to dura-
tion), potentially contributing to increased morbidity, antibiotic resis-
tance, and cost.3,4,7
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Our primary aim was to determine if there is a correlation between
duration of perioperative antibiotic prophylaxis and the incidence of SSIs
in neonates undergoing clean, clean-contaminated and contaminated
surgical procedures. Additionally, we aimed to identify factors that in-
fluence the development of SSIs in this population. By addressing this
critical knowledge gap, we hope to guide clinical decision making and
improve the care of neonates undergoing surgical procedures.

2. Methods

2.1. Study design

After IRB approval, a retrospective case control study was performed
of two Level III neonatal intensive care units (NICU), which combined
contain 80 NICU beds. The review included all neonatal surgeries per-
formed between 2014 and 2019. Patients were excluded from analysis if
they were deemed to have a dirty wound classification, mortality on the
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2024
data mining, AI training, and similar technologies.

 Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
ización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

mailto:pavan.brahmamdam@corewellhealth.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjsurg.2024.115901&domain=pdf
www.sciencedirect.com/science/journal/00029610
www.americanjournalofsurgery.com
https://doi.org/10.1016/j.amjsurg.2024.115901
https://doi.org/10.1016/j.amjsurg.2024.115901


S. Wilhelm et al. The American Journal of Surgery 236 (2024) 115901
day of surgery, required multiple operations on the same day, or had an
additional co-morbid condition requiring antibiotic use.
2.2. Outcomes

Patient demographics, medical history, as well as perioperative
management were all recorded including antibiotic administration and
documentation of an infection. Our primary outcome was the develop-
ment of SSI, which is, “an infection that occurs after surgery in the part of
the body where the surgery took place,” as defined by the Center of
Disease Control.8 However, not all infections are explicitly described in
the medical record. For the purpose of this study, any additional anti-
biotic administration or clinical signs of an infection following the pro-
cedure, was considered an SSI. The patient population was then stratified
based on duration of antibiotics into those that received no perioperative
antibiotics (n ¼ 55), 0–48 h (n ¼ 42), and >48 h (n ¼ 58) of post-
operative antibiotics. Secondary analysis compared SSI rates with dura-
tion of antibiotics and specific patient characteristics.

Wound classification was determined at the time of the operation by
operating room staff. For this study, we combined the wound class of
clean-contaminated and contaminated prior to data analysis. This was
done as prior publications have noted poor differentiation between these
two wound classifications amongst pediatric surgeons.9
2.3. Statistical analysis

The study data were evaluated utilizing five distinct analyses: 1.)
descriptive statistics of the total population, 2.) descriptive statistics of
the antibiotic regimen utilized, 3.) univariate analysis based on the
presence of SSI, 4.) univariate analysis based on antibiotic duration, and
5.) variable importance index to rank factors linked to SSI.

When comparing SSIs and perioperative antibiotic administration t-
tests, Fischer's exact tests, and Chi-Square tests were used as needed for
continuous and categorical variables. When comparing duration of an-
tibiotics with continuous predictors, Pearson Correlation analysis was
used.

Duration of antibiotics (0 h, 0–48 h, and>48 h) was compared with a
one-way analysis of variance (ANOVA). Categorical variables are dis-
played in terms of frequencies with percentages in parentheses and are
compared between the three groups using Chi-Square tests. Pairwise
comparisons were done to see where the significance lies when
comparing three groups. Pairwise p-values<0.0167 indicate a significant
association between the pairwise comparisons. This is because the
Fig. 1. Study p
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Bonferroni correction is used for multiple comparisons so pairwise p ¼
0.05 divided by 3 comparisons.

A variable importance index was generated via recursive partitioning
to create a rank order of which variables were most closely linked to a
SSI. Recursive partitioning is a machine learning technique that divides a
dataset into smaller and smaller groups based on their characteristics, to
create a decision tree that can predict outcomes. Variable importance
indices measure how much each variable contributes to the accuracy of
the decision tree model. Unlike p-values in frequentist statistics, which
test for the significance of individual predictors, variable importance
indices consider the joint effect of all predictors in the model and can
identify non-linear and interactive relationships between variables.10

3. Results

3.1. Descriptive analysis

Out of the initial 198 patients identified, 43 were excluded, resulting
in a final analysis that included 155 patients. Among these patients who
met the inclusion and exclusion criteria, a total of 19 (12.26 %) ulti-
mately developed SSI (Fig. 1).

The average age of all patients was 37.77 weeks (�2.83 weeks) with
birth weight of 2.96 kgs (�0.75 kgs). The patients underwent surgery at
11.33 days (�9.54 days), and had an average weight of 3.06 kgs (�0.80
kgs) at the time of surgery. Mean surgery length was 2.02 h (�0.94 h).
Patient wound classification was broken down into either clean wounds
(80, 51.61 %) or clean-contaminated and contaminated wounds (75,
48.39 %). The average length of perioperative antibiotics was 2.25 days
(�2.54 days). Additionally, 55 patients (35.5 %) received no antibiotics,
42 patients (27.1 %) received between 0 and 48 h of post-operative an-
tibiotics, and 58 (37.4 %) received >48 h of post-operative antibiotics
(Fig. 2).
3.2. Antibiotic regimen

In total, 17 different antibiotic combinations were given to 100 pa-
tients. No individual antibiotic regimen was statistically more or less
likely to develop an SSI. The most common combination was ampicillin
and gentamycin, which was administered to 47 patients (7 with an SSI
and 40 without an SSI, p ¼ 0.509). This was followed by cefazolin with
20 patients (3 with SSI and 17 without an SSI, p ¼ 0.689) and piper-
acillin/tazobactamwhich was administered to 11 patients (all without an
SSI, p ¼ 0.198). The remaining 14 antibiotic combinations were
opulation.
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Fig. 2. Distribution of antibiotic duration.
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prescribed to the final 22 patients (7 with SSI and 15 without an SSI).
3.3. SSI vs no SSI

A univariate analysis was used to compare those with a SSI to those
without a SSI (Table 1). No statistically significant difference was found
between groups with respect to gestational age, birth weight, age at
surgery, length of procedure, or sex. Those with a SSI had a lower weight
at the time of procedure, were more likely to have received perioperative
antibiotics, and were prescribed antibiotics for a longer period of time
(Table 1).
Table 1
Univariate analysis of patient and procedural characteristics stratified by SSI
development.

Characteristic SSI n ¼ 19 No SSI n ¼ 136 P value

Gestational age, weeks
mean (SD) 36.15 (4.46) 37.99 (2.47) 0.09

Birth weight, kg
mean (SD) 2.60 (1.04) 3.01 (0.69) 0.11

Age at surgery, days
mean (SD) 10.71 (8.66) 11.41 (9.68) 0.76

Sex, n (%)
male 10 (52.63) 94 (69.12) 0.15
female 9 (47.37) 42 (30.88)

Weight at procedure, kg
mean (SD) 2.70 (0.97) 3.11 (0.76) 0.03

Type of procedurea, n (%)
Laparoscopic 2 (10.53) 51 (37.50)
Laparotomy 12 (63.16) 44 (32.35)
Abdominal wall defect 0 (0) 9 (6.62)
Thoracic 0 (0) 5 (3.68)
ENT 1 (5.26) 1 (0.74)
Skin and soft tissue 2 (10.53) 10 (7.35)
Urology 2 (10.53) 10 (7.35)
Other 0 (0) 6 (4.41)

Length of procedure, hours
mean (SD) 2.43 (1.35) 1.97 (0.86) 0.16

Length of perioperative antibiotics, days
mean (SD) 3.47 (2.67) 2.07 (2.49) 0.02

Length of perioperative antibiotics, hours, n (%)
0 2 53 0.05
0-48 7 35
>48 10 48

Perioperative antibiotics given, n (%) 17 (89.47) 83 (61.02) 0.02
Contamination status, n (%)
clean 7 (36.84) 73 (53.68) 0.17
clean-contaminated/contaminated 12 (63.16) 63 (46.32)

Abbreviations.
ENT, ear, nose, throat.
kg, kilogram.

a Chi square not valid for Type of Procedure due to expected frequencies <5.
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3.4. Antibiotic duration (0hrs, <48hrs, >48hrs)

We then compared duration of perioperative antibiotics into the three
aforementioned groups: no perioperative antibiotics, 0–48 h of post-
operative antibiotics, and >48 h of postoperative antibiotics (Table 2).
The groups were different with regards to each patient characteristic
measured: gestational age, birth weight, age at surgery, weight at pro-
cedure, length of procedure, and sex.

Specific pairwise comparisons determined that patients who received
a longer duration of antibiotics were found to be younger, both in terms
of gestational age and age at surgery. Similarly, patients who received
extended antibiotic regimens were smaller, both in terms of birth weight
and weight at time of surgery. Finally, irrespective of age or weight,
extended antibiotic use was associated with longer operations.

Patients who received a longer duration of antibiotics were more
likely to have clean-contaminated and contaminated surgeries. Likewise,
patients without peri-operative antibiotics were more likely to have un-
dergone clean procedures.

3.5. Variable importance index

With the use of recursive partitioning, an analysis of the risk factors
most likely to be associated with a SSI was performed (Table 3). These
variables were then ranked in terms of relative importance. Gestational
age was the most important risk factor linked to the development of a SSI.
Second most important was weight at time of procedure, which was
80.76 % as important as gestational age for the development of a SSI.
This was followed by sex, length of procedure, type of procedure, length
of antibiotics, and birth weight.

4. Discussion

Great differences are seen in the prescribing patterns for antibiotics in
the neonatal population.3,11 Significant practice variability was seen in
our study, with average duration of antibiotics prescribed 2.26 days with
a standard deviation of 2.54. The longevity of antibiotic use has been
shown to increase rates of drug resistance, however the risk of creating
these multidrug resistant organisms needs to be weighed against pre-
vention of adverse outcomes.12 In our study, the SSI rate was 12.26 %.
This rate is similar to other reported data.13,14 In one study of 1094 ne-
onates that underwent surgery, there was an overall SSI rate of 16.6 %,
which increased to 20.2 % in contaminated cases.15 In our population,
clean contaminated and contaminated cases contributed to 48.39 % of
cases while clean cases made up 51.61 % of procedures. Research has
shown that surgical patients with SSI have a significantly higher risk of
death, compared to patients without SSI.16 Additionally, it has been
found that both following evidence-based strategies could prevent up to
half of all SSIs and implementation of antimicrobial stewardship pro-
grams limits overall antibiotic duration.17,18

High variability in antibiotic prophylaxis is seen in clinical practice
with high percentages of inappropriate prescribing.3,7 Even though
several retrospective studies and a multicenter prospective study have
identified age at surgery, sex, length of surgery, and contamination at
operation as risk factors for SSI in the general pediatric population, only
one study has addressed the issue of perioperative antibiotic duration in
neonates prior to our study.19,20 We found no evidence of decreased SSI
rate or decreased complications in patients where antibiotics were
continued for longer durations (>48 h). This is similar to recent data for
all pediatric patients (<18 years old) demonstrating no correlation be-
tween postoperative antibiotic prophylaxis and SSI rates.6 Due to the lack
of consensus guidelines, pediatric and neonatal recommendations are
largely based on expert opinion and from data extrapolated from adult
patients.5 While extrapolating data can improve outcomes in certain
situations, there are well documented differences between neonatal and
adult immune systems. Specifically, impaired chemotaxis and phagocy-
tosis, as well as a relative deficiency of immunoglobulins, place neonates
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Table 2
Univariate analysis of patient and procedural characteristics stratified by antibiotic duration.

(1) 0 Hours (n ¼ 55) (2) 1–48 Hours (n ¼ 42) (3) > 48 Hours (n ¼ 58) Overall P-Value Pairwise P-Values

(1) vs. (2) (1) vs. (3) (2) vs. (3)

Gestational Age, weeks
mean (SD) 38.98 (1.49) 37.96 (2.63) 36.48 (3.39) < 0.0001 0.03 < 0.0001 0.02

Birth Weight, kg
mean (SD) 3.23 (0.58) 3.04 (0.78) 2.64 (0.77) < 0.0001 0.19 < 0.0001 0.01

Age at Surgery, days
mean (SD) 17.50 (8.32) 11.37 (9.59) 5.44 (6.49) < 0.0001 0.001 < 0.0001 0.0009

Weight at Procedure, kg
mean (SD) 3.44 (0.61) 3.12 (0.81) 2.67 (0.77) < 0.0001 0.04 < 0.0001 0.006

Length of Procedure, hours
mean (SD) 1.47 (0.36) 2.15 (1.15) 2.46 (0.91) < 0.0001 0.0006 < 0.0001 0.13

Sex, n (%)
male 47 (85.45) 27 (64.29) 30 (51.72)
female 8 (14.55) 15 (35.71) 28 (48.28 %) 0.0006 0.02 0.0001 0.21

Development of SSI, n (%)
Yes 2 (3.64) 7 (16.67) 10 (17.24)
No 53 (96.36) 35 (83.33) 48 (82.76) 0.0524 0.0284 0.0190 0.9398

Contamination Status, n (%)
clean 45 (81.82) 21 (50) 14 (24.14)
clean-contaminated/contaminated 10 (18.18) 21 (50) 44 (75.86 %) <0.0001 0.0009 <0.0001 0.0074

Abbreviations.
kg, kilogram.

Table 3
Variable importance indices.

Variable Relative Importance

Gestational Age, weeks 100.00 %
Weight at Procedure, kg 80.76 %
Sex 59.97 %
Length of Procedure, hours 54.73 %
Type of Procedure 45.39 %
Length of Antibiotics, days 38.45 %
Birth Weight, kg 28.71 %

Abbreviations.
kg, kilogram.
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at an increased rate of SSI.19

In our study, those patients that had greater than 48 h of antibiotics
were more likely to have undergone a longer surgery, had younger
gestational age, lower birth rate, lower weight at procedure, and more
likely to have clean-contaminated or contaminated cases as opposed to
clean procedures. This may be due to implicit bias within the practi-
tioners who prescribe antibiotics more aggressively to seemingly more
vulnerable patients. There were multiple pediatric surgeons trained in
different programs, different eras and had different beliefs/reasoning for
length of antibiotic prophylactic use. Additionally, a strong influence
from a number of neonatologists with whom we share decision making,
were involved in antibiotic prescribing.

There are limitations to our study, including the retrospective nature
of this study, the differing prescribing patterns of physicians, and the long
time period of the chart review. The retrospective nature of this study
does not allow for randomization or control of the characteristics of the
different groups. The extended duration of this chart review allows for
certain changes of practice between individual providers in this time
frame, which may not be accurately reflected in this study.

5. Conclusions

According to our variable importance index, potentially modifiable
risk factors associated with SSI development in neonates were low
gestational age, lower weight at time of procedure and total length of
procedure. Most importantly, antibiotic prophylaxis greater than 48 h
was not associated with a decreased rate of SSI. Going forward, these
findings could aid in the development of guidelines for peri-operative
4
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antibiotics in this special patient population.
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