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Abstract

Objective—Surgical site infection (SSI) following CSF shunt operations has been well studied,
yet risk factors for nonshunt pediatric neurosurgery are less well understood. The purpose of this
study was to determine SSI rates and risk factors following nonshunt pediatric neurosurgery using
a nationwide patient cohort and an institutional dataset specifically for better understanding SSI.

Methods—The authors reviewed the American College of Surgeons National Surgical Quality
Improvement Program Pediatric (ACS NSQIP-P) database for the years 2012-2014, including all
neurosurgical procedures performed on pediatric patients except CSF shunts and hematoma
evacuations. SSI included deep (intracranial abscesses, meningitis, osteomyelitis, and ventriculitis)
and superficial wound infections. The authors performed univariate analyses of SSI association
with procedure, demographic, comorbidity, operative, and hospital variables, with subsequent
multivariate logistic regression analysis to determine independent risk factors for SSI within 30
days of the index procedure. A similar analysis was performed using a detailed institutional
infection database from Children’s Hospital of Alabama (COA).

Results—A total of 9296 nonshunt procedures were identified in NSQIP-P with an overall 30-
day SSI rate of 2.7%. The 30-day SSI rate in the COA institutional database was similar (3.3% of
1103 procedures, p = 0.325). Postoperative time to SSI in NSQIP-P and COA was 14.6 * 6.8 days
and 14.8 + 7.3 days, respectively (mean + SD). Myelomeningocele (4.3% in NSQIP-P, 6.3% in
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COA), spine (3.5%, 4.9%), and epilepsy (3.4%, 3.1%) procedure categoriess had the highest SSI
rates by procedure category in both NSQIP-P and COA. Independent SSI risk factors in NSQIP-P
included postoperative pneumonia (OR 4.761, 95% CI 1.269-17.857, p = 0.021), immune disease/
immunosuppressant use (OR 3.671, 95% CI 1.371-9.827, p = 0.010), cerebral palsy (OR 2.835,
95% CI 1.463-5.494, p = 0.002), emergency operation (OR 1.843, 95% CI 1.011-3.360, p =
0.046), spine procedures (OR 1.673, 95% CI 1.036-2.702, p = 0.035), acquired CNS abnormality
(OR 1.620, 95% CI 1.085-2.420, p = 0.018), and female sex (OR 1.475, 95% CI 1.062-2.049, p =
0.021). The only COA factor independently associated with SSI in the COA database included
clean-contaminated wound classification (OR 3.887, 95% CI1 1.354-11.153, p = 0.012), with
public insurance (OR 1.966, 95% CI 0.957-4.041, p = 0.066) and spine procedures (OR 1.982,
95% CI 0.955-4.114, p = 0.066) approaching significance. Both NSQIP-P and COA multivariate
model C-statistics were > 0.7.

Conclusions—NSQIP-P SSI rates, but not risk factors, were similar to data from a single center.

Keywords
surgical site infection; NSQIP; complication; pediatric neurosurgery

Surgical site infection (SSI) is a relatively common complication of surgery with significant
associated morbidity, mortality, and cost.”-18:31 SS| rates have declined dramatically since
the early days of surgery due to ubiquitous use of sterile technique, antibiotic prophylaxis,
and improved postoperative wound care.32 Despite these advances, SS is still occasionally
encountered after surgery. Some SSlIs have been classified as “never events” after select
procedures and are, to some extent, considered preventable.2532 Furthermore, SSI can lead
to serious complications including sepsis or death, highlighting the need to prevent SSI
where possible.

Numerous studies have investigated postoperative infection after pediatric and adult
neurosurgery, with varied rates of infection by procedure
type.1:7:1314,.20,21,24,25,27,28,33-35,37,40,41,43-45,50,52 pedjatric neurosurgical patients are at the
greatest risk of SSI relative to all other pediatric surgical patients, particularly patients with
CSF shunts.11.16.17 Therefore, substantial efforts toward study and prevention of shunt
infection have been a top priority of pediatric neurosurgeons. Study of nonshunt
neurosurgical SSI in pediatric patients has not been as thorough. Although multiple studies
have suggested techniques for lowering SSI risk in neurosurgery, including double- gloving,
antibiotic prophylaxis, and laminar airflow circulation,1:7-9:14.33.34.36.4047 there remains
ample opportunity to study and implement additional measures to further reduce SSI risk,
particularly in nonshunt surgery.

Data on national rates of SSI following nonshunt procedures are lacking. Most studies on
SSI after pediatric neurosurgical procedures are single-center studies focused on one type of
procedure. Therefore, a nationwide, validated clinical database with prospectively collected
patient data could be useful for identifying national SSI rates and risk factors across different
procedures. The American College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database contains clinical patient information, prospectively
collected by trained data abstractors with a minimum 80% required follow-up at 30 days,
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providing high-quality data for such an analysis.}! One limitation of this database is a dearth
of neurosurgery-specific variables and variables that might be collected when specifically
studying SSI. These provide essential risk factor and procedure information. Therefore, the
reliability and applicability of NSQIP neurosurgical data has been challenged.10 A
comparison of NSQIP to a neurosurgery-specific patient database, constructed with a focus
on SSI, represents an opportunity to evaluate the applicability of NSQIP within
neurosurgery.22

The goal of the current study is to identify risk factors for SSI in nonshunt pediatric
neurosurgery. In addition, we will compare SSI data from the NSQIP database to a
neurosurgery-specific patient database maintained at our own institution. In this way, we can
determine whether the variables that are associated with SSI in NSQIP are also associated
with SSI in the more specific and more detailed institutional database. We can also
determine whether there are additional variables from the institutional database that are
important risk factors for infection but are not included in the NSQIP data.

Data Source and Reliability

The ACS-NSQIP Pediatric (NSQIP-P) is a clinical patient database with 50 children’s
hospitals participating in year 2012, 56 hospitals participating in year 2013, and 64 hospitals
in year 2014.3-5 This database is maintained and supported by general pediatric surgery
services. Cases involving patients aged 18 years or older at the time of the index procedure,
trauma, and transplantation are excluded from the NSQIP-P data set. Each NSQIP site has
an ACS-trained and -certified data abstractor. Interrater disagreement rates are
approximately 2% according to an ACS audit, well below the 5% disagreement rate
considered “acceptable” by the ACS.3-°

Previous studies have shown that NSQIP-P is a highly reliable clinical data set, with 91.4%
confirmed follow-up at 30 days.1! The data set does not capture any events after 30
postoperative days. Studies investigating NSQIP-P for data reliability have found that
completeness of data collection for all variables was greater than 95% with 98% interrater
reliability in the early stages of program implementation.38 Compared with administrative
data sets such as the Nationwide Inpatient Sample (NIS) that rely heavily on ICD-9 coding
for accuracy, the NSQIP data set is demonstrably more sensitive and specific for clinical
surgical data such as morbidity and mortality.>1 NSQIP-P data are more sensitive for SSI
capture than billing claims and nosocomial infection marker data.20

The Children’s of Alabama (COA) pediatric neurosurgery infection database was
constructed by retrospective medical record review for the purpose of determining risk
factors for SSI. Pediatric neurosurgical procedures from January 2009 through March 2012
at COA were included in the original data set. COA is a large-volume, tertiary care hospital
serving a multistate area in the southeastern United States. Data on both 30-day and 90-day
SSI were collected, with minimum follow-up of 90 days for all patients.

J Neurosurg Pediatr. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sherrod et al. Page 4

Data Acquisition and Variables of Interest

The authors queried the 2012, 2013, and 2014 ACS NSQIP-P participant use file for patients
treated by a neurosurgeon (Fig. 1). Procedure categorization was conducted using previously
described methods.*2 Briefly, after filtering by surgical subspecialty, procedures were
categorized by Current Procedural Terminology (CPT) code into the following categories:
spine, craniotomy for neoplasm, Chiari decompression, craniosynostosis/craniofacial,
myelomeningocele (MMC) closure, epilepsy, skin lesion, and other (baclofen pump
placement or removal representing more than 80% of this category). Figure 1 displays the
CPT codes included within each category. Epilepsy procedures were not recorded in the
NSQIP-P dataset until 2014. Cerebrospinal fluid shunting procedures have a higher risk of
infection and have been the focus of previous, detailed work. It is also difficult to capture
known risk factors for CSF shunt infection in an administrative database.*3 Therefore, shunt/
ventricular catheter procedures were excluded from the analysis. Trauma cases (e.g.,
hematoma evacuation) are not included in the NSQIP-P dataset. A similar procedure
categorization and case exclusion method was used for data from COA.

Patient demographic variables in NSQIP-P included age, sex, year of operation, race,
gestational age at birth, and neonate status. NSQIP-P does not contain socioeconomic data
such as insurance class; however, insurance data were analyzed from the COA dataset.
Variables describing patient comorbidities, hospital stay details, and operative details
variables in NSQIP-P are provided in Supplemental Table S1.

COA hospital and operative variables included total length of stay, time from operation to
discharge, time from admission to operation, prior operation within 30 days, length of
operation, perioperative blood transfusion, wound classification, surgeon, prophylactic
antibiotic use, implant use, number of operating room personnel, and calendar quarter of
operation.

Surgical site infection is coded in NSQIP-P as 3 different subtypes according to CDC
definitions: superficial incisional SSI, deep incisional SSI, and organ/space SSI.28 These 3
subtypes were combined into 1 primary outcome, any SSI, because the COA data did not
distinguish between deep or superficial SSI. The COA data set was collected specifically for
neurosurgical infection outcomes research, with more attention paid to infectious organism
and site of culture than level of wound infection. Therefore, to compare COA and NSQIP
SSI outcomes, we analyzed the single outcome of any SSI. SSI is coded in NSQIP-P if at
least one of the following is true: the superficial wound/deep wound/operative organ/
operative space area has purulent drainage; an abscess of the deep wound/organ space is
found by radiographic imaging modalities, physical examination of the surgical wound,
reoperation for wound exploration or debridement, or by histopathological modalities;
organisms are isolated from an aseptically obtained wound culture; greater than or equal to
one of the signs or symptoms of SSI are present (fever > 38°C, wound dehiscence, pain/
tenderness, or localized swelling, erythema, or heat; not a valid criterion if wound cultures
are negative); or SSI diagnosis by an attending physician or surgeon. Organ/space SSIs
relevant to neurosurgery that are explicitly mentioned in NSQIP-P infection criteria include
osteomyelitis, intracranial abscesses, dural abscesses, meningitis, ventriculitis, and spinal
abscesses. In the COA infection database, infection with documented positive cultures from
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CSF, blood, wound, abscess, or implant was required for SSI coding. Results of Gram stain
alone were not sufficient for SSI coding in NSQIP-P or COA.

Data on days to diagnosis of SSI were also analyzed. In the NSQIP-P data, time to SSI was
captured as time to first positive SSI criterion (see above). In the COA data, time to SSI was
captured as time to collection of the first positive culture from the appropriate site (wound,
CSF, blood, abscess, or implant). NSQIP-P is limited to 30-day postoperative follow up; data
on 30-day SSI were collected. Data on both 30-day and 90-day SSI were collected for COA.

Statistical Analysis

Results

The association of predictor variables with any postoperative 30-day SSI occurrence was
investigated via univariate analysis. This initial unadjusted analysis was performed using a
chi-square test, an independent sample t-test, and binary logistic regression where
appropriate. Contingency tables were created for all categorical variables to calculate
relative frequencies of SSI outcome with corresponding unadjusted odds ratios and 95%
confidence intervals. Variables reaching an alpha value of 0.2 or less in the univariate
analysis were then entered into a multivariate adjusted binary logistic regression analysis to
determine independent risk factors for SSI. Variables were considered independently
significant at p < 0.05. Receiver operating characteristic (ROC) curve analysis was
performed with calculation of area under the curve (AUC), or the C-statistic, for the
multivariate logistic regression analysis. Statistical analysis was performed using SPSS
version 23.0 (IBM Corporation).

The institutional review board (IRB) of our institution does not require IRB approval for
research using the NSQIP-P dataset because NSQIP data are deidentified and HIPAA
(Health Insurance Portability and Accountability Act) compliant.48 Furthermore, for
additional patient privacy protection, facility identifiers are not included in the NSQIP-P
dataset. IRB approval was granted, however, for construction, maintenance, and analysis of
the COA neurosurgical infection database in compliance with research protocols at the
University of Alabama at Birmingham.

Overall SSI and Procedural Frequencies

A total of 9296 nonshunt neurosurgical procedures performed on pediatric patients from
2012 through 2014 were identified in NSQIP-P. A total of 2594 nonshunt neurosurgical
procedures from 50 participating children’s hospitals were identified in 2012, 3015
procedures from 56 children’s hospitals in 2013, and 3687 procedures from 64 children’s
hospitals in 2014. The overall 30-day SSI rate was 2.7% (n = 251). There was no significant
difference between rates of SSI per year during the 2012-2014 period (Fig. 2). SSI occurred
14.6 £ 6.8 days postoperatively (mean £ SD). The time to 30-day SSI in the NSQIP-P cohort
is shown in Fig. 3A.

A total of 1103 nonshunt procedures performed by pediatric neurosurgeons from January
2009 through March 2012 were identified in the COA institutional data. The overall 30-day
SSI rate was 3.3% (n = 36, p = 0.325 vs NSQIP-P 30-day SSI rate). The overall 90-day SSI
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rate was 3.9%. SSI occurred 14.8 + 7.3 days (mean * SD) postoperatively for the 30-day
infection group, whereas it occurred 20.6 + 16.5 days postoperatively in the 90-day infection
group. Data on time to 30-day and 90-day SSI are displayed in Fig. 3B and C, respectively.
Fifty percent of 30-day COA SSIs were initially cultured from the wound, 36% were
cultured from CSF, 6% were cultured from blood, and the remaining positive cultures were
from abscesses or other sites. The most common infectious organism was Staphylococcus
aureus.

Procedural Categories

Table 1 contains data on 30-day SSI rates by procedure category. The categories with the
highest 30-day SSI rates in NSQIP-P were MMC closure (4.3%), spine (3.5%), and epilepsy
(3.4%). These same procedure categories were associated with the highest infection risk in
data from COA (6.3%, 4.9%, and 3.1%, respectively). Spine was the only category with a
statistically significant increase in SSI risk in NSQIP-P relative to all other procedure
categories (p = 0.002), with the rate for MMC closure approaching significance (p = 0.068).
The procedure categories with the lowest 30-day SSI rates were skin lesion (0.7%),
craniosynostosis/craniofacial (1.5%), and Chiari decompression (1.9%)—also very similar
to COA data (1.4%, 2.2%, and 0%, respectively). Craniosynostosis/craniofacial (p = 0.016)
and Chiari decompression (p = 0.021) categories were at a statistically significant decreased
risk of SSI in NSQIP-P relative to all other procedure categories, while skin lesion was not.
No individual procedure by CPT code had an SSI rate greater than 10%.

Patient Demographics and Comorbidities

Table 2 displays results from the unadjusted univariate analysis of patient demographics
associated with SSI. Younger age, neonate status, and female sex were all significant risk
factors for SSI in NSQIP-P on unadjusted analysis. In the COA demographic data, no
variable was significant on univariate analysis. However, younger age, public insurance
status, and gestational age of 29-32 weeks were entered into the COA multivariate model (p
<0.2).

Table 3 displays results of the unadjusted univariate analysis of patient comorbidities
associated with SSI. The postoperative comorbidities shown are only reported if they
occurred prior to SSI development. Multiple comorbidities were significantly associated
with SSI on unadjusted analysis, and the strongest associations were observed in patients
with postoperative pneumonia, SIRS/sepsis prior to surgery, postoperative UTI, and immune
disease/immunosuppressant use. No preexisting comorbidities (other than preoperative
diagnoses and history of prematurity) were tracked in the COA database.

Hospital and Operative Factors

Hospital factors associated with SSI on univariate analysis are contained in Table 4. Several
variables describing length of stay and discharge destination were significantly associated
with SSI on unadjusted analysis in NSQIP-P. None of the hospital factors reached
significance on univariate analysis for the COA dataset, although length of stay (time from
admission to discharge) and time from operation to discharge were entered into the COA
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multivariate analysis (p < 0.2). Postoperative length of stay was only entered into
multivariate models if SSI had not occurred prior to discharge.

Operative factors associated with SSI on univariate analysis are displayed in Table 5. Longer
operative time, longer duration of anesthesia, emergency operation, and ASA class were all
significantly associated with SSI in NSQIP-P. The following COA operative variables were
entered into the multivariate analysis (p < 0.2): length of operation, clean-contaminated
wound class, total number of operating room personnel, and multiple circulator nurses.

Multivariate Analysis

The results of the adjusted multivariate logistic regression analysis of independent risk
factors for SSI are shown in Table 6. Postoperative pneumonia, immune disease/
immunosuppressant use, cerebral palsy, emergency operation, spine procedure category,
acquired CNS abnormality, and female sex were all independently and significantly
associated with SSI in the NSQIP-P cohort. The ROC curve analysis for the NSQIP-P
multivariate model yielded an AUC (C-statistic) of 0.713 (95% CI 0.673-0.753, p < 0.001).
The only independent predictor of SSI in the COA multivariate model was clean-
contaminated wound class. Spine procedure category (p = 0.066) and public insurance status
(p = 0.066) approached but did not reach the alpha value required for independent
significance in the COA cohort. The ROC curve analysis for the COA multivariate model
yielded an AUC of 0.701 (95% CI 0.610-0.792, p < 0.001).

Discussion

We have identified 30-day infection rates and risk factors for SSI following nonshunt
pediatric neurosurgical procedures using a national clinical database and an institutional,
neurosurgery-specific database. Our results show that the nationwide NSQIP-P SSI rates are
similar to those of our own institution. Spine procedures, craniotomies, and epilepsy
procedures had the highest rates of SSI in both datasets. The most important findings of this
study are that NSQIP-P is a reasonable tool for epidemiological data on SSI frequency, SSI
is challenging to predict using the variables provided by both the NSQIP data set and a
neurosurgery-specific institutional data set, and the identified risk factors in both data sets
are largely not modifiable.

Procedure Type and SSI

Rates of SSI varied significantly between different procedure types, although no individual
procedure had an SSI rate greater than 10%. Considering categories of procedures, spine
procedures were most likely to be associated with SSI. Laminectomies were at particularly
high risk for SSI, comprising three of the top seven procedures by SSI rate. Craniotomies for
partial or subtotal hemispherectomy, excision of epileptogenic focus with EEG during
surgery, and excision of craniopharyngioma were also at relatively higher risk for SSI; these
are typically complicated procedures with long operative times and significant underlying
patient comorbidity. The relative rarity of each aforementioned procedure could play a role
in the likelihood of SSI development. Distribution of SSI rate by procedure category was
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similar between the NSQIP-P and COA data sets, providing evidence in favor of NSQIP-P
validity—at least on an epidemiological and categorical outcomes level.

Both Chiari decompression and craniosynostosis/craniofacial procedure categories were at
significantly lower risk of 30-day SSI compared with other procedure categories. The SSI
rate reported here for these categories is comparable to previous studies. In their literature
review on Chiari malformation Type |, Arnautovic et al.® reported wound infection rates
after Chiari decompression surgery ranging from 1% to 9% (median 3%). A retrospective
review of SSI after intracranial surgery for craniofacial malformations at a single institution
reported an SSI rate of 3.2%.52 The findings in NSQIP-P were consistent with institutional
data from COA, with both Chiari decompression and craniosynostosis/craniofacial being
among the procedure categories with the lowest SSI rates in both data sets.

Myelomeningocele procedures approached but did not reach statistical significance as an
independent risk factor for SSI. This may be partially due to the relatively low number of
MMC closure procedures performed, which may decrease power and increase likelihood of
a Type Il (i.e., false negative) statistical error. The SSI rate reported here (4.4%) is relatively
low compared with previous studies. One study of 91 MMC procedures found a meningitis/
shunt infection rate of 16.4% and a surgical wound infection rate of 11.0%.14

Independent Risk Factors

Independent risk factors for SSI were identified in both data sets. Importantly, risk factors
were not very similar between data sets. The discrepancy in variables collected by the 2 data
sets is the most likely explanation for discrepant risk factors. Of note, the COA database did
not track any preexisting patient comorbidities—neurological or nonneurological—whereas
NSQIP contains predefined comorbidities, several of which were SSI risk factors.
Additionally, the NSQIP database did not track certain intraoperative or administrative
variables (e.g., number of personnel in operating room, use of an implant, insurance status)
that were tracked in the COA data set. Other than female sex as an SSI risk factor in the
NSQIP results, the remainder of the SSI risk factors are relatively unsurprising in both data
sets. The similar time to SSI and similar rates of overall SSl/procedural SSI between data
sets supports the notion of data-set similarity, yet the risk factor discrepancy may simply
reflect differences in risk factor variables collected per data set. Despite these discrepancies,
the results of the multivariate analysis met acceptable levels of predictive accuracy for the
NSQIP-P analysis (ROC curve AUC or C-statistic 0.713) and yielded several significant
findings.

Postoperative pneumonia (in the absence of preceding SSI) was an independent risk factor
for SSI. However, one limitation of this finding is that pneumonia may precede later SSI and
can therefore be thought of as a “risk factor” per se, but the actual clinical significance of
this relationship is unclear. Additionally, patients with a higher degree of medical
complexity or with comorbid medical conditions may be predisposed to pneumonia in the
same way they are predisposed to SSI. Only 3 patients had postoperative pneumonia
preceding SSI, increasing the likelihood of a false positive statistical test result (Type |
error). Therefore, this finding should be interpreted with caution.
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One of the strongest categorical risk factors for SSI was immune disease or
immunosuppressant use. This finding has been demonstrated as a risk factor for SSl in
previous literature.3L Intuitively, it also follows that immune suppression or deficiency will
likely predispose patients to infection. Implementation of SSI prophylaxis measures (e.g.,
preoperative antibiotics, antibiotic sutures, intraoperative antibiotic powder) and careful
postoperative wound care in immunosuppressed patients may help protect against SSI in
these patients. NSQIP-P does not include specific information regarding type of
immunodeficiency, immunosuppressant medications, etc., which is a limitation of this
finding.

The only procedural category that emerged as an independent risk factor in NSQIP-P was
spine. The spine procedure category approached significance in the COA results (p = 0.066).
These results may indicate room for quality improvement in spine surgery, especially with
respect to laminectomies (which had particularly high SSI rates). Previous studies on SSI in
pediatric spinal deformity surgery have reported SSI rates of 5.5%.28 The relative lack of
vascularity in paraspinal tissue, especially relative to pericranial vascularity, may predispose
to infection. Studies in adults support this claim, as spinal SSI rates are higher than cranial
SSl rates in very large patient populations.13.25

Patients who underewent emergency surgeries were at significantly greater risk of SSI
development. There are many potential explanations for this observation, including more
severe underlying disease and more complex and longer operations (shown to be significant
on univariate analysis itself). Furthermore, appropriate preventative measures for SSI
prophylaxis may be more difficult to implement in emergent cases.

Cerebral palsy was noted to be an independent risk factor in the NSQIP-P data. Cerebral
palsy may be indicative of more debilitating underlying conditions that might predispose to
SSI, such as neuromuscular scoliosis.28 Acquired CNS abnormality was found to be an
independent risk factor as well. Acquired CNS abnormalities are most likely related to injury
or infection that may predispose to SSI by a similar mechanism as developmental delay.
However, acquired CNS abnormality is insufficiently granular to make inferences about
links between particular patient conditions and SSI risk.

Perhaps the most surprising finding of the NSQIP-P analysis was that female sex was an
independent risk factor for SSI, with female patients having approximately 40% greater odds
of SSI than male patients on adjusted analysis. The odds ratio for female sex showed small
effect size (95% CI 1.062—2.049) and was the smallest of the odds ratios for independently
significant risk factors. The results from the COA institutional analysis showed no
significant differences between male and female sex. However, there was a trend toward a
higher rate of SSI in the COA cohort (3.4% SSI vs 3.1% SSI in males). Results from the
literature are mixed regarding sex and SSI risk. In pediatric neurosurgery, female sex has
been reported as a risk factor for shunt infection (adjusted OR 1.2).44 Sex was not a
significant predictor of SSI in a study of pediatric spine surgeries.28 In adult neurosurgery,
female sex has been associated with increased risk of SSI after craniotomy/craniectomy (OR
3.49).12 However, an analysis of the adult NSQIP database found that female sex was
significantly protective (OR 0.697) against SSI after craniotomy.2” In a systematic review of
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risk factors for adult SSI, exploring results from 57 studies of various surgical procedures, 5
studies found female sex to be an SSI risk factor whereas 4 studies found female sex to be
protective.1® This finding warrants caution in interpretation of overall results as well.1% One
potential explanation for this finding may involve the fact that the NSQIP-P dataset is
reportedly collected via a random case sample on a weekly cycle. However, achieving a truly
random sample is unlikely, and the sample for neurosurgical patients may have contained
more female patients who happened to develop SSI. For instance, it could be that the NSQIP
sample of the procedures with greatest SSI risk (e.g., MMCs, spine, epilepsy cases)
contained more female patients. Ultimately, we are unable to account for the sex differences
observed in the present study, and we recommend that future studies specifically examine
the relationship between sex and pediatric neurosurgical SSI.

The timing to SSI events was similar for NSQIP-P and COA data, with a mean time to SSI
of approximately 2 weeks. However, mean time to SSI when considering 90-day SSI in the
COA data set increased to approximately 3 weeks, yet the data distribution became skewed
after accounting for 90-day SSI rates (skewness statistic of 2.035 for 90-day time to
infection data vs skewness statistic of —0.073 for 30-day time to infection data; a greater
absolute value of the skewness statistic indicates greater deviation from normal distribution).
These data have implications for appropriate timing of postoperative wound checks. Most
30-day SSls occurred from 1 to 3 weeks postoperatively in both data sets; this is likely the
ideal window for postoperative wound checks.

Pertinent Negative Findings

Numerous variables in this study showed noteworthy lack of association with SSI. Although
previous studies have shown that longer operative time is a risk factor for SSI,24% we did not
find longer operative time to be a significant risk factor for SSI on multivariate analysis. We
analyzed operative time as a continuous variable rather than as an interval variable, and our
method may be less likely to show a statistically significant result for substantially longer
operations. Wound classification in NSQIP-P showed no difference in risk for SSI on
multivariate analysis despite the intuitive assumption that wound classification stratifies risk
for SSI. However, the wound class of clean-contaminated was independently predictive of
SSI in the COA data. Interestingly, several other large NSQIP-P studies have found that
wound classification is not a significant predictor of SSI.29:30 There may be substantial
interrater or interhospital variation in wound classification, decreasing the utility of this
variable as a predictor of infection.

Blood transfusion has been shown to be a risk factor for SSI,48 although no differences were
seen here. Premature patients were not at increased SSI risk despite previous studies
showing otherwise.23 However, in studies showing prematurity to be a risk factor for SSI, it
is difficult to determine if prematurity alone is responsible for increased SSI risk.
Preoperative sepsis did not increase risk for postoperative SSl, likely because SSI is
typically caused by foreign/external infection rather than internal. Steroid use has been
shown to increase risk for SSI in adult neurosurgical populations but was not significant on
multivariate analysis in this study.242° This is an interesting negative finding given that
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immune disease/immunosuppressant use was found to be a significant and independent risk
factor, whereas steroid use was not independently significant (although steroid use
approached significance via univariate analysis). The lack of SSI association with steroid use
yet significant SSI association with immune disease/immunosuppressant use may indicate
that immune disease is a stronger predictor of SSI than immunosuppressant medication
alone. However, the discordant findings may indicate variability in the NSQIP-P data.

In the COA data, variables that were not included in NSQIP-P, such as prophylactic
antibiotic use, implant use, and presence of multiple scrub nurses were not associated with
SSI risk. These findings, coupled with the ROC accuracy analysis, may indicate that NSQIP-
P is sufficient for analysis of postoperative SSI. Many of the criticisms of NSQIP-P stem
from its lack of neurosurgery-specific data and variables like medication use during/before
surgery; however, these types of variables did not appear to make a noticeable difference in
SSI outcome. Importantly, given the independent significance of public insurance as a risk
factor in the COA data, the lack of socioeconomic variables in NSQIP-P rather than surgery-
specific variables may be a more important deficiency.

SSI Prevention

Due to SSl-associated morbidity, cost of care, and return to system, SSI prevention has been
and should continue to be a major objective of all surgeons. Surgical site infection is a major
risk factor for unplanned readmission following pediatric neurosurgery, leading to increased
cost and resource allocation.#2 Within pediatric neurosurgery, numerous studies have
described various methods of SSI prevention, mostly within the scope of preventing shunt
infection. Implementation of infection prevention protocols has significantly decreased rates
of infection in shunt and spine surgery,16:17:36.4041 demonstrating room for quality
improvement and potential application of similar protocols in general neurosurgical
nonshunt surgery. While previous studies have demonstrated reduced SSI rates with
interventions such as antibiotic-impregnated sutures,*? double gloving,*’ administration of
intraoperative bacitracin or vancomycin powder prior to wound closure,18 and
appropriately dosing antibiotics and minimizing hypothermia,® none of these factors were
significantly associated with SSI in either the NSQIP-P or institutional analysis. In fact, no
modifiable risk factors were identified in either analysis.

Study Limitations

One limitation of this study is the lack of follow-up for SSI and SSl-associated
complications beyond 30 days after surgery. Previous studies and the authors’ review of
COA institutional data have conclusively demonstrated that SSI in pediatric neurosurgery
certainly can occur well after 30 days postoperatively.3° The results of this study,
particularly regarding rates of SSI with a longer time horizon, should therefore be
interpreted with caution as underreporting is a concern. Nevertheless, our institutional data
showed little absolute increase in infections when the follow-up period was extended to 90
days instead of only 30 days (3.9% vs 3.3%). While the increase shows that the risk of
infection exists beyond 30 days, the small size of the increase supports the notion that 30-
day infection rate is a reasonable indicator of overall infection rate.
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NSQIP-P and COA definitions of SSI differ. In particular, SSI in the COA database requires
positive cultures (of wound, blood, CSF, abscess, etc.), and time to SSI in COA was
determined by time to culture collection. However, SSI in NSQIP requires that only one of
several criteria be positive, with the time to SSI coded as time to the first positive required
criterion. Therefore, the risk for underreporting noncultured, yet clinically significant, SSI is
higher in the COA data, especially for superficial infections. Furthermore, time to SSI was
captured differently between the NSQIP-P and COA data sets.

The NSQIP-P database lacks neurosurgery-specific and SSI-specific variables of
importance, such as antibiotic-impregnated catheter use, number of personnel in operating
room, causative organism(s), method of SSI determination/diagnosis, incision size, specific
type of organ/space SSI (e.g., meningitis vs ventriculitis), laboratory results, culture site/
results, and prophylactic antibiotic use. These limitations of the NSQIP-P dataset have
received previous attention in the pediatric neurosurgical literature.1? While inclusion of
SSl-specific and neurosurgery-specific variables in NSQIP-P may help better predict SSl,
our institutional data did not show any significant difference in SSI rates even after
accounting for these variables. In a recent editorial, Lam et al. discuss limitations of patient
databases and point out the “need to examine codes in detail and aspire to validate them with
institutional clinical data in the study process.”22 We feel that our current study adds value
by providing such a comparison.

The relative frequency of different procedure types in our analysis may be skewed due to
epilepsy procedures not being present in the 2012 and 2013 data sets. The seemingly low
volume of cases in the NSQIP-P data relative to the COA case volume is due to the random
sampling cycle from NSQIP-P. NSQIP-P does not include all of the surgical cases from
participating institutions due to concern for overworking data abstractors. Instead, they
implement an 8-day cycle of random case sampling.3-> Therefore, it is expected that the
NSQIP-P national data will not contain a proportionally greater number of cases relative to
COA volume. The lower number of epilepsy procedures could result in Type |1 (false
negative) statistical error due to underpowered sampling.

NSQIP-P does not include trauma cases, which presumably excludes a substantial and
relevant portion of neurosurgery cases such as hematoma evacuation. However, COA data
showed no association of hematoma evacuation with SSI risk in a preliminary subgroup
analysis (not presented here). Thus the lack of these data in NSQIP-P may not be a
substantial shortcoming.

NSQIP-P also lacks data on time of year in which the operation occurred, which may yield
important information regarding seasonal risk for SSI. However, the COA analysis showed
no difference in SSI rates by quarter of operation.

Finally, there is risk of Type | (false positive) statistical error due to the large number of
independent variables analyzed relative to the number of dependent variable outcomes in
NSQIP-P. However, the creation of a multivariate model by selecting variables based on the
results of univariate analyses inherently corrects for the problem of multiple measures to
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some degree. Some variables, such as postoperative pneumonia, had very few occurrences
and therefore may lead to spurious statistical test results.

Regarding limitations of the COA data, the COA data set lacks patient comorbidity
information, which may help explain the difference in ROC curve analysis between NSQIP-
P and COA even though the COA data set contains more neurosurgery-specific operative
data. The COA data reflect the experience at a single institution and represent an imperfect
metric with which to compare NSQIP-P data. Data were analyzed from the 2009
through2012 period primarily to avoid duplicating cases between NSQIP-P and COA for
comparison; however, these data are relatively old and the clinical utility of such data may
be limited. Finally, Type Il statistical error is possible in the COA data set analysis due to the
relatively low number (36) of SSI outcomes and procedures for certain categories (e.g.,
Chiari decompression and craniosynostosis/craniofacial procedures).

Despite these limitations, this study may help pediatric neurosurgeons identify risk factors
for developing SSI and institute appropriate measures to help prevent SSI where practical
and reasonable.

Conclusions

We have identified rates of and risk factors for 30-day SSI after nonshunt pediatric
neurosurgery using a national database and an institutional database. NSQIP-P data and data
from a single institution were similar across many aspects. Pediatric patients undergoing
spine surgery, craniotomy for epilepsy, and MMC closure procedures are at particularly high
risk for SSI. Postoperative pneumonia, immune disease/immunosuppressant use, cerebral
palsy, emergency operation, spine procedure category, acquired CNS abnormality, and
female sex all independently increased SSI risk in NSQIP-P, whereas clean-contaminated
wound classification independently predicted SSI in data from a single center.

Substantially similar SSI rates were identified in both the national NSQIP-P data and our
local institutional data. However, the independent risk factors and methods for SSI capture
differed in the 2 data sets.

Finally, few of the risk factors identified here are modifiable. Nevertheless, at-risk
populations may benefit from more directed efforts at reducing surgical site infection.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Cohort selection from the 2012-2014 NSQIP-P data set. Trauma cases (e.g., hematoma
evacuations) are excluded automatically from all NSQIP-P data capture. *Epilepsy
procedures were not included in the 2012-2013 data set. t*Other” procedures are primarily
baclofen pump placement or replacement (> 80%).
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SSI trend over time in NSQIP-P. Statistical analysis was performed via binary logistic

regression.
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Fig. 3.

Time to SSI event histograms with expected normal distribution curves shown in dashed
lines. A: NSQIP 30-day time to SSI. Skewness statistic 0.359, standard error 0.154. B: COA
30-day time to SSI. Skewness statistic —0.073, standard error 0.393. C: COA 90-day time to
SSI. Skewness statistic 2.035, standard error 0.361. Std. Dev. = standard deviation.
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