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Surgical site infections in neonates are independently
associated with longer hospitalizations
EA Gilje1, MJ Hossain2, CD Vinocur1,3 and L Berman1,3

OBJECTIVE: There is limited data characterizing the risk and impact of surgical site infection (SSI) in neonates; this makes it difficult
to identify factors that increase neonatal SSI risk and to determine how SSI affects outcomes in this special population.
STUDY DESIGN: The American College of Surgeons National Surgical Improvement Program Pediatric (NSQIP-P) collected data on
children undergoing surgery at children’s hospitals from 2012 to 2014. Neonates undergoing general surgical procedures were
characterized with regard to demographic characteristics and comorbidities. Perioperative variables such as wound class, type of
surgery and length of operation were also evaluated.
RESULTS: Seven thousand three hundred and seventy-nine neonates were identified in the NSQIP-P participant user file. The
overall SSI rate was 2.6%. Only wound class and length of surgery were significantly associated with SSI. Furthermore, SSI was
independently associated with longer length of stay, even after adjusting for covariates.
CONCLUSIONS: This is the largest study to date analyzing SSI in neonates. We found that perioperative variables have a more
significant impact on SSI than patient factors, suggesting that operation-related characteristics are influencing SSI. Furthermore,
neonates with SSI are more likely to have prolonged hospitalizations even after adjusting for patient comorbidities.
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INTRODUCTION
Surgical site infections (SSIs) have a significant impact on
postoperative morbidity and mortality as well as length and
cost of hospitalization.1 Although risk factors for SSI are well-
established in adults, these are less clear in children and infants.2–4

Neonates represent a special population that is thought to be at
higher risk for infection due to their immature immune systems.5–9

Data characterizing the risk factors for and impact of SSI in
neonates are limited,10–16 and the neonatal surgical population
appears to be increasing.
Admissions to the neonatal intensive care unit are increasing

nationwide. In 2012, neonatal intensive care unit admission rates
ranged from 4% for normal birth weight infants to 84% for very
low birth weight infants. From 2007 to 2012, the overall admission
rate showed a relative increase of 23%.17 As care for neonates is
advancing, the number of surgical interventions required in this
group also increases.18 A considerable proportion of infants
admitted to the neonatal intensive care unit require surgical
interventions.
For this reason, it is increasingly important to further

characterize SSI in this population. Previous studies suggest that
perioperative factors are more important than patient
factors.11,12,15,16,19 The primary aim of this study was to
characterize the prevalence and risk factors for SSI in
neonates using the American College of Surgeons National
Surgical Quality Improvement Program-Pediatric (NSQIP-P) data-
base. We also sought to evaluate how SSI impacts other
perioperative complications and length of stay (LOS) in this
population.

METHODS
Data source
The NSQIP-P participant use file includes prospectively collected data on
children undergoing surgery at any of the 64 participating children’s
hospitals. Patients were randomly selected from a list of predefined
Current Procedural Terminology (CPT) codes. The list of CPT codes is
designed to capture procedures with higher postoperative complication
rates. To minimize bias in patient selection, the first 35 cases are selected
over an 8-day cycle. This process ensures that cases occurring on any day
of the week will have an equal chance of being selected. Programs are
required to submit data for 40 of the 46 8-day cycles occurring in 1
calendar year.20 Each participating hospital has a certified surgical clinical
reviewer who reviews charts and follows up with patients to enter
information in the database. All patients included have a 30-day follow-up,
whether discharged or still in the hospital. The NSQIP-P database captures
demographics, comorbidities and other preoperative risk factors, intrao-
perative variables and 30-day perioperative outcomes for children under-
going surgery. Data are routinely audited and excluded from the
participant use file if it does not meet predefined criteria regarding case
capture and accurate assignment of variables. This data set has been
published for 2012, 2013 and 2014, and all 3 years were used in this study.
The study protocol was evaluated by the Nemours institutional review
board and deemed to be not human subject research and therefore did
not require approval.

Case selection
We evaluated neonates undergoing major general surgery procedures. The
NSQIP-P defines neonates as infants who were either delivered at term
(437 weeks) and had surgery within 29 days of birth or born prematurely
(o37 weeks) and had surgery within 51 weeks postconceptual age.20 We
included only cases designated as ‘inpatient’ and excluded patients with a
postoperative LOS o1 day. These criteria helped us to exclude those cases
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observed for 24-h apnea monitoring after surgery, as the day of surgery is
not included in the postoperative LOS calculation.

Variables
We characterized all neonates with regard to demographic characteristics,
birth weight, prematurity, American Society of Anesthesiologists class and
other comorbidities. We also evaluated perioperative variables such as
wound class, type of surgery (anatomic location of operation) and length
of operation (less than or greater than 1 h). Type of surgery was assigned
by grouping CPT codes into one of the several anatomical categories. The
composite outcome of SSI was assigned to any patient with a superficial,
deep or organ space SSI. We chose to use the composite SSI variable rather
than treating each type of SSI as an individual outcome variable as the
overall event rate of 2.6% was low, but we did repeat the analyses with
each type of SSI to better understand the variable impact of different types
of SSIs. We also evaluated other perioperative outcomes, including
postoperative complications, LOS and mortality. Postoperative complica-
tions evaluated include: bleeding requiring transfusion425 cc kg− 1 in the
first 72 h postoperatively, reintubation, urinary tract infection, pneumonia,
central line-associated bloodstream infection, sepsis, deep venous
thrombosis, reoperation, readmission, still in hospital after 30 days, and
death. Conditions that were present both preoperatively and post-
operatively (such as sepsis or pneumonia) were not considered post-
operative complications. Reoperation and readmission for any reason were
captured in the database, not just for reasons related to the original
operation. In addition, these events are captured regardless of whether
they are planned or unplanned.

Statistical analysis
We evaluated the association between patient and perioperative variables
and SSI using chi-squared or Fisher’s exact test, as appropriate. The
distribution of the LOS was right skewed, therefore the median and
interquartile range were used to summarize this variable. We tested
associations between preoperative patient characteristics and comorbid-
ities, perioperative variables and median LOS using Wilcoxon rank-sum
test. All preoperative variables that were significantly associated with LOS
and all complications significantly associated with SSI (P-value⩽ 0.05) were
included in a multiple regression analysis to assess whether SSI was
independently associated with increased LOS after adjusting for covariates.
A Box-Cox transformation of the LOS variable with power parameter λ
approaching 0, equivalent to a natural log transformation, modified this
variable to a symmetric shape with a normal distribution. Stepwise
backward variable selection was used. All statistical analyses were
performed using SAS Enterprise Guide 5.1 (Cary, NC, USA).

RESULTS
From 2012 to 2014, there were 9138 surgical cases in neonates
entered into the NSQIP-P database. Of these, 1759 cases were
excluded who had a postoperative LOS o1 day. After excluding
those who did not have a stay in the hospital after surgery, 7379
surgical cases in neonates were included in our study. These had
an overall SSI rate of 2.6% (193 cases). The majority of cases
captured in the database involved infants who were born at
435 weeks gestation (N= 5436) and at normal birth weight
(N= 4853). However, there were also 1000 cases in neonates born
at o30 weeks gestation, and 1083 cases in neonates classified as
very low birth weight (1 to 1.5 kg) or extremely low birth weight
(o1 kg). No patient characteristics were significantly associated
with SSI at a level of P= 0.05 (Table 1). The patient characteristics
that approached statistical significance include younger gesta-
tional age (P= 0.08) and ventilator dependence (P= 0.07).
Variation in SSI rates according to perioperative variables are

shown in Table 2. Abdominal cases accounted for about 90% of all
neonatal general pediatric surgical cases that were captured in the
database (N= 6492). There were 5267 gastrointestinal cases. The
anatomical location of surgery was not significantly associated
with SSI (P= 0.19). We found that SSI was significantly associated
with higher wound class, with 4.4% of dirty/infected wound cases
having an SSI vs 1.8% of clean cases (P= 0.002). Longer duration of

surgery was also found to be significant: operations that lasted
41 h saw a 3.1% rate of SSI vs 2.1% in those that lasted o1 h
(P= 0.01).

Table 1. Variation in SSI rates according to preoperative
characteristics of neonates

Preoperative characteristics of
neonates

Number (%) of patients with
SSI

P

Birth weight
Normal (42.5 kg) 114 (2.4) 0.19
Low (1.5–2.5 kg) 42 (2.9)
VLBW (1–1.5 kg) 14 (3.2)
ELBW (o1 kg) 23 (3.6)

Gestational age at birth 0.08
o24 weeks 3 (5.1)
24 weeks 1 (0.78)
25–26 weeks 12 (4.0)
27–28 weeks 12 (4.6)
29–30 weeks 11 (4.4)
31–32 weeks 10 (3.2)
33–34 weeks 15 (2.5)
35–36 weeks 23 (2.1)
Full term 106 (2.4)

Chronic lung disease
Yes 25 (3.3) 0.24
No 168 (2.5)

Ventilator dependence
Yes 48 (3.3) 0.07
No 145 (2.5)

Tracheostomy
Yes 3 (6.3) 0.11
No 190 (2.6)

Cardiac risk factors
Yes 70 (2.7) 0.89
No 123 (2.6)

IVH
None 175 (2.5) 0.37
Grade 1 8 (4.2)
Grade 2 3 (3.3)
Grade 3 3 (5.7)
Grade 4 2 (2.5)
Unknown grade 2 (5.7)

Seizure disorder
Yes 6 (3.6) 0.42
No 187 (2.6)

Preoperative pneumonia
Yes 1 (3) 0.88
No 192 (2.6)

Preoperative sepsis
Yes 13 (6.7) 0.12
No 180 (2.6)

ASA class
1 12 (2.3) 0.57
2 46 (2.3)
3 98 (3.0)
4 35 (2.5)
5 1 (1.1)

Abbreviations: ASA, American Society of Anesthesiologists; ELBW, extre-
mely low birth weight; IVH, intraventricular hemorrhage; SSI, surgical site
infection; VLBW, very low birth weight.
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About 15% of neonates experienced at least one postoperative
complication (Table 3). The most common complications were
bleeding requiring transfusion of at least 25 cc kg− 1 within 72 h of
surgery, reintubation and SSI. Patients with SSI were more likely to
experience other complications (Figure 1). Importantly, those with
SSI were more likely to have postoperative sepsis (9.8% vs 1%,
Po0.0001) and reoperation (21.2% vs 4.9%, Po0.0001). Neonates
with SSI were also more likely than those without SSI to require
readmission (15.5% vs 4.8%, Po0.0001) or to still be in the
hospital at 30 days postoperatively (31.1% vs 14.9%, Po0.0001).
Infants with SSI had a significantly longer LOS compared with

those without SSI (median 21 days, interquartile range 9 to
42 days vs median 11 days, interquartile range 3 to 26 days,
Po0.0001). In a multiple linear regression model adjusting for
gender, birth weight, prematurity, ventilator status, operating
room time, wound class, reintubation, reoperation, sepsis and
American Society of Anesthesiologists class, SSI was indepen-
dently associated with longer postoperative LOS. The difference in
the average LOS for those with SSI vs those without was 2.0 days
(s.e. 1.1).
Overall, we found that, of the total 193 SSIs, there were 142

superficial incisional SSIs, 16 deep incisional SSIs and 36 organ
space SSIs. We repeated the bivariate analyses to determine
whether patient comorbidities and/or operative characteristics
were associated with each subtype of SSI, and we found that
ventilator-dependent patients were more likely to have organ
space SSIs (P= 0.0009) and that higher wound class and longer
operating room times, which were significantly associated with
composite SSI, were associated with deep incisional SSI
(P= 0.0005) and organ space SSI (Po0.0001), respectively. We
found that the association between each subtype of SSI and other
postoperative complications showed a similar pattern to that of
the composite SSI, except that organ space SSI was significantly
associated with a greater number of other complications,
including pneumonia (Po0.0001) and death (P= 0.001). We
repeated the multivariable linear regression evaluating association
between superficial, deep and organ space SSI and increased LOS
and found that both superficial and organ space infection
remained significant after adjusting for covariates (similar to
composite SSIs).

DISCUSSION
With 7379 surgical cases from the NSQIP-P database, our study
represents the largest present-day analysis of SSIs in neonates.15

The overall SSI rate of 2.6% was also lower than what is previously
reported in neonates. Other studies had rates that ranged from
3.8% to 37%.10,12,13,15,16,19 It seems possible that this difference
could be a result of improvement in infection control over time, as
the earliest study evaluated cases from 1975.19 However, it could
be attributed to differences in case selection. For example, the
study by Vu et al.16 selected cases for specifically contaminated
and dirty wound classification, so it is not unexpected that their
infection rate was higher. Furthermore, the rate of SSI in our study
is comparable to the rate of SSI in older children.12,21,22

One might expect that the smaller and younger neonates
would be more likely to experience SSI. However, this may not be
the case. The only significant association we found between
patient characteristics and SSI was that patients with ventilator
dependence preoperatively were more likely to have organ space
infections postoperatively. This may indicate that sicker patients
are more likely to develop serious organ space infections, but no
other patient characteristics were found to predispose patients to
infection. Our findings somewhat surprisingly indicate that
characteristics of the operation, rather than those of the individual
patient, appear to be more important risk factors for SSI. This is
similar to the conclusions of Horowitz et al.,12 who found that
wound infections in children are more related to operative factors
rather than the overall physiological status. Their study evaluated
all pediatric age groups and included only 124 neonates, but this
is also supported by other studies of neonates. Wound class and
operating room time have most often been associated with higher
rates of SSI,10,11,14,19 while gestational age and birth weight are
usually found to be insignificant.10,11,15,19 This is consistent with
our findings. In other neonatal SSI studies, mechanical ventilation
and previous infection or positive culture were significantly
associated with SSI.10,13,14,16 Segal et al.15 also found type of
surgery to be significant. These variables were not significantly
associated with SSI in our study, but lower gestational age did

Table 2. Variation in SSI rates according to perioperative variables

Perioperative variables Patients with SSI, N (%) P

Wound class
Clean 42 (1.8) 0.002
Clean/contaminated 111 (2.7)
Contaminated 22 (3.9)
Dirty/infected 18 (4.4)

Type of surgery
Abdominal 0.19
Stomach 50 (1.9)
Small intestine 52 (3.3)
Colorectal 28 (2.8)
Hepatobiliary and pancreas 3 (3.7)
Abdominal wall defects 27 (3.4)
Other abdominal 11 (3.3)

Thoracic 3 (2.7)
Thoracoabdominal 19 (2.6)
Skin and soft tissue 0
Head and neck 0

Length of operation
⩽ 1 h 78 (2.1) 0.01
41 h 115 (3.1)

Year of operation
2012 63 (3.0) 0.52
2013 64 (2.5)
2014 66 (2.5)

Abbreviation: SSI, surgical site infection. Statistically significant findings in
bold.

Table 3. Postoperative outcomes

Postoperative outcome N (%)

SSI 193 (2.6)
Bleeding requiring transfusion 425 cc kg− 1 in the first
72 h postoperatively

369 (5)

Reintubation 331 (4.5)
UTI 46 (0.6)
Pneumonia 56 (0.8)
CLABSI 37 (0.5)
Sepsis 92 (1.3)
DVT 25 (0.3)
Reoperation 392 (5.3)
Readmission 371 (5)
Any complication 1032 (14)
Still in hospital at 30 days 1130 (15)
Death 272 (3.7)

Abbreviations: CLABSI, central line-associated bloodstream infection; DVT,
deep venous thrombosis; UTI, urinary tract infection; SSI, surgical site
infection.
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approach statistical significance, and preoperative ventilator
dependence was associated with organ space infection.
When considering neonates who experience SSIs, one would

hypothesize that this is a generally sick group of patients and that
the SSI alone is not likely to prolong their overall hospital course.
Our findings did not confirm this hypothesis, as the NSQIP-P data
showed that SSI was associated with higher rates of other
complications and significantly longer LOS. Compared with
neonates without SSI, those with SSI were more than twice as
likely to still be in the hospital after 30 days; they were also four
times as likely to need reoperation and almost 10 times as likely to
develop sepsis. Furthermore, those with organ space infection also
saw higher mortality rates. Although the causative relationship
cannot be assumed, it seems plausible that SSI could lead to sepsis
or reoperation. There is a paucity of data regarding complications
associated with SSI, but Segal et al.15 also found that SSI was
significantly associated with increased postoperative LOS. We
found that SSI exerts an independent effect on LOS even after
adjusting for patient characteristics, operative characteristics and
other postoperative complications.
As a retrospective database study, our study has several

limitations. We were unable to adjust for patient characteristics
not captured in this data set, and it is possible that there are
unmeasured variables that influence likelihood of SSI that were
not captured. Given that our study indicates that intraoperative
factors are significantly related to the development of SSIs, it is
unfortunate that we were also unable to account for differences in
operative technique or adherence to appropriate perioperative
antibiotic dosing regimens that are likely to influence the rate of
SSI. All of the operations in this data set were performed in
children’s hospitals and results may not be generalizable to
operations performed in infants in non-children’s hospitals. When
considering the outcome variables of readmission and reopera-
tion, it is important to consider that these events may have
occurred for reasons unrelated to the original procedure or may
have been planned and therefore should not necessarily be
considered complications. The data set does not distinguish
between planned and unplanned readmissions and reoperations.
Also, the data set does not capture 100% of cases performed at
participating institutions, so there is potential for sampling error.

It is important to note, however, that the CPT codes included in
sampling algorithm are chosen because they tend to have higher
event rates, so if anything we would be likely to overestimate
complication rates. Finally, the NSQIP-P participant use file does
not include unique hospital identifiers, so we were unable to
adjust for clustering effects within hospitals.
This study shows that perioperative variables have a more

significant impact on SSI than patient factors, suggesting that risk
factors for SSI in neonates should be modifiable. Systematic
approaches to SSI prevention, including appropriate timing of
perioperative antibiotics,23 maintenance of perioperative
euthermia24 and adequate preoperative skin preparation,25 are
likely to have a positive impact on even the most vulnerable
patients. SSI is significantly and independently associated with
longer LOS as well as postoperative bleeding, sepsis, pneumonia,
reintubation, readmission and reoperation. These findings high-
light the importance of optimizing the approach to perioperative
neonatal care in order to minimize the incidence of SSI and
thereby improve perioperative outcomes in this vulnerable
population.
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