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a r t i c l e i n f o

abstract
For decades, safe surgery focused on intraoperative technique and decision-making. The traditional
hierarchy placed the surgeon as the leader with ultimate authority and responsibility. Despite the
advances in surgical technique and equipment, too many patients have suffered unnecessary complications and suboptimal care. Today, we understand that the conduct of safe and effective surgery
requires evidence-based decision-making, multifaceted treatment approaches to prevent complications,
and effective communication in and out of the operating room. In this manuscript, we describe three
signiﬁcant advances in quality and safety that have changed the approach to surgical care: the National
Surgical Quality Improvement Program, evidence-based bundled prevention of surgical site infections,
and the Surgical Safety Checklist.
& 2018 Elsevier Inc. All rights reserved.

Keywords:
Safety and quality
Surgical site infection
Prevention

The National Surgical Quality Improvement Program –
Pediatrics
History of NSQIP
The National Surgical Quality Improvement Program (NSQIP)
has played a signiﬁcant role in the transformation of surgical care
by emphasizing the importance of data and transparency. Originally developed as a quality improvement program at the Veterans
Health Administration, NSQIP was designed to examine surgical
outcomes through developing risk-adjusted models for non-cardiac procedures.
In 1986, Congress called for a formal evaluation of surgical
morbidity and mortality at the Veterans Health Administration
(VA).1 As a result of this mandate, the National VA Surgical Risk
Study (NVASRS) was initiated in 1991. This was a prospective
observational study that aimed to characterize patient risk factors,
operative details, and perioperative complications for patients
undergoing non-cardiac surgical procedures at 44 VA hospitals.2
Following study completion, the NVASRS was further implemented at all VA medical centers that performed surgery, achieving great success, with a 47% reduction in mortality and 43%
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reduction in morbidity within 30 days of surgery.3 The name of the
program was subsequently changed to the VA NSQIP.
In 1999, NSQIP was expanded to non-VA centers by the
American College of Surgeons (ACS) through a pilot program
funded by the Agency for Healthcare Research and Quality.3 Three
non-VA centers (Emory University, University of Kentucky, and
University of Michigan) implemented NSQIP and compared their
patient outcomes to VA patients’ data. The NSQIP model for postoperative mortality was applied to the non-VA patients and
demonstrated excellent predictive power (AUC 0.94 for general
surgery, 0.92 for vascular surgery).4 NSQIP was then adopted by
the ACS and was expanded to the private sector. Today, ACS NSQIP
for adult surgical care provides comparative data for process
improvement of surgical mortality and morbidity by collecting
over 100 variables representing preoperative risk factors, intraoperative variables, and 30-day outcomes.

NSQIP pediatrics
Following the success of the ACS NSQIP in the adult population,
there was signiﬁcant interest in developing a similar program for
children’s surgery. Through collaboration with the American Pediatric Surgical Association and ACS, the ACS NSQIP Pediatric was
developed.3 Unlike adult NSQIP, ACS NSQIP Pediatric was designed
to include pediatric subspecialties from the start, including

https://doi.org/10.1053/j.sempedsurg.2018.02.006
1055-8586/& 2018 Elsevier Inc. All rights reserved.
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otolaryngology, orthopedic surgery, plastic surgery, neurosurgery,
urology, gynecology, and general and thoracic surgery. In 2008, a
1-year pilot program was initiated at 4 academic, tertiary children’s
hospitals to evaluate and reﬁne variables and data collection.5,6 In
2010, ACS NSQIP Pediatric expanded its program to include 29
institutions in the program’s second phase, with the aim of
developing and validating models to stratify outcomes based on
potential risk factors.7 During the year-long second phase, data for
over 37,000 patients were collected with greater than 90% 30-day
follow up. These data were used to generate risk-stratiﬁed models
allowing a comparison of outcomes for each hospital with regard to
pediatric mortality as well as providing national benchmarks for
clinically relevant outcomes.7 After validation of the risk-adjusted
model, the ACS NSQIP Pediatric became available to all children’s
hospitals and currently has over 100 participating hospitals.
ACS NSQIP pediatric methodology
The NSQIP database is comprised of over 120 variables from the
preoperative period to 30-day outcomes. The foundation of NSQIP
lies in strict and consistent variable deﬁnitions. A Surgical Clinical
Reviewer (SCR) trained by NSQIP collects these variables, and SCRs
undergo annual audits for at least 95% abstraction accuracy. Intraand inter-hospital collaborations by SCRs provide group learning
that minimizes deﬁnitional variability over time.
Cases are sampled systematically to limit high volume procedures (such as appendectomy and tonsillectomy), capture low
volume procedures (such as congenital diaphragmatic hernia and
tracheoesophageal ﬁstula repairs), and limit selection bias.
Trauma, cardiac and transplant procedures are excluded from
ACS NSQIP Pediatric.3,6 Risk-adjusted hospital level reports are
released by the ACS NSQIP on a semiannual basis. Risk-adjustment
is performed using outcome-based regression models that are
publically available at https://riskcalculator.facs.org/peds/. For
example, the estimated risk of any complication for a patient
undergoing surgery for esophageal atresia with tracheoesophageal
ﬁstula is around 25%, with a mortality risk approaching 5% (Fig. 1).
This tool can be beneﬁcial for informed consent as well as
counseling patients and parents on risks speciﬁc to the individual
patient.
For surgeons at participating hospitals, more personalized data
is available. Observed-to-expected ratios are provided in tables for
each complication with clear identiﬁcation of better or worse than
expected performance. Hospital-level performance over time is
also provided to help identify areas for improvement. For example,
a group in the Kaiser Permanente Northern California system used
their NSQIP semiannual reports to identify prolonged intubations
as an area for improvement. Using quality improvement methodology, they established a team with stakeholders, mapped out
issues contributing to prolonged intubation, and identiﬁed interventions to reduce the length of intubation. In 12 months, the
number of patients intubated longer than 48 hours approached
the national benchmark. A similar approach was taken to reduce
their rate of postoperative pneumonia, and after 7 months had
improved their rate to zero.8
Through ACS NSQIP Pediatric, procedures with high risk of
morbidity and mortality have been identiﬁed. Examples of these
procedures include: appendectomy, tracheostomy, and ventriculoperitoneal shunts. Targeted collection of these procedures with
speciﬁc variables was initiated to further study these entities and
gain insight to areas for potential improvement.
Advantages and limitations of ASC NSQIP Pediatric
There are several distinct beneﬁts of the methodology of NSQIP
and access to multi-level outcomes data that enhance quality
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improvement efforts. Uniform collection of clinically abstracted
data is superior to administrative or billing data available through
the Pediatric Health Information System, Kids’ Inpatient Database
(KID), or from Center for Medicare and Medicaid Services. In a
study by Lin et al., patient data from KID was compared to ACS
NSQIP Pediatric, which demonstrated more complete capture of
blood transfusion in ACS NSQIP Pediatric.9 NSQIP data can also be
used to augment traditional morbidity and mortality conference
which has been shown to underestimate the incidence of postoperative complications.10,11 NSQIP also provides participating
centers with a participant use ﬁle that has been used to develop
a risk assessment tool to predict patient mortality with high
reliability.12 Similarly, models to predict surgical site infection
(SSI) with improved risk stratiﬁcation over traditional methods
such as surgical wound class have been developed.13 These data
have been used to identify patients at increased risk for complications, which would beneﬁt from future research efforts and
quality improvement. In a study by Bucher et al., neonates were
identiﬁed as having two-times greater odds of death and 20%
greater odds of having perioperative morbidity compared to nonneonates.14
Increased transparency of data through NSQIP and emphasis on
quality improvement has helped to spark collaboration amongst
centers that typically compete locally. Several state and regional
collaboratives have formed and many have been able to leverage
ﬁnancial support for quality improvement efforts from insurers.15
These collaboratives have studied many areas within and achieved
signiﬁcant improvements in evidence-based practices and reduction in SSI.16–18
Continued challenges in pediatric surgery (and ACS NSQIP
Pediatric) include the overall low complication and mortality rates
in a wide breath of cases combined with limited sample sizes for
cases with higher morbidity and mortality rates.19 For example,
there were only 125 patients who underwent myelomeningocele
repair in 2013 out of over 60,000 patients collected from over 50
ACS NSQIP Pediatric hospitals.20 Although the case sampling
method of ACS NSQIP Pediatric is designed to reduce selection
bias, only a small fraction of the cases performed at an institution
are submitted for review. As a result, actual rates of surgical
outcomes may be misrepresented for an institution based on
chance alone. A study by Gross et al. compared the Children’s
Hospital of Wisconsin’s institutional database (containing all cases
performed over a 2-year period) to the cases sampled by ACS
NSQIP Pediatric. Although ACS NSQIP Pediatric broadly identiﬁed
the procedures with higher post-operative event rates, it overestimated the rate of 30-day complications (4.4% overall vs. 12.5%
NSQIP).21 Another limitation identiﬁed is that many complications
may be underestimated by only evaluating 30-day outcomes.
Many clinically-relevant procedure-speciﬁc outcomes are not
robustly captured in the ACS NSQIP Pediatric such as anastomotic
leak after bowel surgery.21 Misclassiﬁcations may also occur that
attribute complications to an unrelated surgical procedure.
Despite rigorous training and deﬁnitions, the collection and
quality of some variables remain a challenge. For example, investigations on surgical wound classiﬁcation have revealed inconsistent reporting between surgeons, SCRs and operating room
nurses for common procedures such as appendectomy within a
single institution.22 Our own investigations of ACS NSQIP Pediatric
have revealed similar inaccuracies with regard to wound class on a
national level. These examples emphasize the importance of
collaboration between the surgeon champion and the SCR to
maximize data quality.
One seemingly untapped resource of ACS NSQIP Pediatric is the
potential to conduct local quality improvement projects based on
the data provided. Contrary to the adult literature, examples of
quality improvement sparked by ACS NSQIP Pediatric are lacking
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Fig. 1. ACS NSQIP Pediatric Risk Calculator for a patient undergoing surgery for esophageal atresia with tracheoesophageal ﬁstula.

for a variety of reasons including the relative lag of data reporting, the need for education of surgeon champions on quality
improvement methodology, and the provision of case studies to
utilize data and reports. It is also possible that quality improvement projects are being conducted with NSQIP data, but are not
being published due to lack of rigorous study designs or publication bias. Despite its limitations, ACS NSQIP Pediatric has revolutionized the ﬁeld of pediatric surgery by creating a mechanism for
routine evaluation of clinical outcomes and providing national
benchmark data. ACS NSQIP Pediatric has created a platform for
collaboration and sharing of best practices, and has changed the
way quality improvement is performed and revered in pediatric
surgery.

Surgical safety checklists

study evaluated adoption of SSCs after the Ministry of Health
and Long-Term Care mandated their use and reporting of adherence. The study of 3 months before mandate and 3 months after
mandate in 101 hospitals and 109,341 procedures found no
difference in operative mortality of complications. Criticisms of
this study were that they did not measure the validity of reported
compliance or process measures to assess compliance.34 Indeed,
implementation of and adherence to SSCs were important features
of WHO checklist studies. Team training, robust implementation
strategies and meaningful use appear to be crucial components of
checklist effectiveness.35–38 Despite a paucity of randomized controlled trials, several systematic reviews have demonstrated the
association between checklist use and reduced post-operative
morbidity.28,39–41 The conclusion offered by many authors is that
it is not necessarily the checklist itself but it’s implementation that
drives safer surgery.42,43

Background
Description of checklist
After the publication of the Institute of Medicine Report (IOM)
“To Err is Human” in 1999, a national and international spotlight
was focused on medical error and safety efforts to reduce preventable adverse events.23 The IOM report suggested looking at
other high risk industries such as aviation as a basis for medical
safety. Surgical safety checklists (SSC) grew out of similar safety
checklists in these high risk and high precision industries.24 As
part of its 2nd global patient safety challenge, the World Health
Organization (WHO) developed a SSC.25 The 19 point checklist was
implemented in eight pilot hospitals across the world and demonstrated signiﬁcantly reduced post-operative complications and
mortality at these sites.26 Since then, SSCs have been widely
adopted, implemented in thousands of hospitals and mandated
in countries such as the United States, Canada and the United
Kingdom.27–29
Initial studies of SSC use were positive, but widespread implementation such as the experience in Ontario, Canada described by
Urbach et al. questioned SSC effectiveness.26,30–33 The Urbach

The WHO SSC was based on principles of simplicity, wide
applicability and measurability. The checklist is simple, not
exhaustive, in order to make it less of a burden to use. It is not
only a memory aid but a tool for improved communication. The
WHO SSC is broad and not speciﬁc but can be modiﬁed for special
settings such as pediatric surgery, thoracic surgery, neurosurgery
and otorhinolaryngology, to name a few.44–47 The “checklist”
phenomenon has extended to medicine, intensive care, and
speciﬁc procedures.48–51 Tailoring of the checklist to the speciﬁc
context has been shown to increase ownership and improve use.52
Measuring the impact of the SSC has evolved overtime but remains
challenging. Further measurement strategies are discussed below.
As originally described, the SSC is a three phase checklist:
pre-induction (sign in), pre-incision (time out) and debrieﬁng
(sign out).25 The WHO notes that a checklist coordinator is
essential. Institutions variably implement and perform different
components of the SSC and differ in their adherence to the
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portions they choose to implement.38,53,54 The process of checklist
implementation and its subsequent change in safety culture as
well as implementing all phases of the checklist is likely more
important than any single component. Mayer et al. found the most
signiﬁcant reductions in case-mix adjusted complications when all
3 phases of the checklist were completed.55
Pre-induction phase (sign in)
The pre-induction phase, though not universally performed as a
distinct checklist, is intended to be conducted with the coordinator/circulating nurse, anesthesia provider, and patient/parent if
able.56 The surgeon’s presence may be helpful but not required.
The pre-induction checklist and similar pre-OR brieﬁngs have been
shown to improve on time starts as measured by room entry,
especially in ﬁrst cases.57–60
Pre-incision phase (time out)
The pre-incision phase is a pause prior to incision to conﬁrm
critical variables. The WHO SSC states that the surgical team be
involved; however, many institutions require that all people in the
operating room identify themselves and participate as necessary.25
Pre-incision checklists have been shown to shorten intra-operative
time as well as operating room costs related to reduced OR
time.35,61 Other research has demonstrated high adherence associated with good catches/near misses as well as fewer intraoperative delays.62,63
Debrieﬁng (sign out)
The debrieﬁng phase of the SSC occurs in the OR with the
anesthesia provider, surgeon, scrub technologist, and circulating
nurse. It provides the operative team an opportunity to review
pertinent intraoperative events and ﬁndings as well as communicate postoperative plans. Using a standardized approach provides
an efﬁcient instrument to transfer pertinent information among
the intraoperative team. In addition, use of a checklist has the
potential to improve patient safety as the patient transitions to the
next phase of treatment by ensuring all members of the team are
cognizant of vital intraoperative events. There has been little
published on the debrieﬁng phase but Porta et al. demonstrated
use of this phase reduced pre-OR delays, while Wyrick et al.
showed improved accuracy of surgical wound class documentation.64,65 Standardization of communications, particularly in handoff situations, has been shown to reduce errors.66
Use of all three phases also appears important. A well designed
stepped wedge randomized controlled trial in Norway demonstrated reduced complications rates with a stronger effect when all
three phases were conducted.67 Mayer et al. found a 43% reduction
in post-operative complications when all components were
done.55
Implementation and measurement
One mechanism by which the SSC may reduce complications is
through the implementation strategy and the overall effect on
team dynamics and safety culture.32 Implementation strategy is
crucial to SSC adoption and success.68 Some strategies include full
explanation for rationale of the checklist and its items, integration
into established OR practices, tailoring the checklist to make it
more applicable and improve stakeholder involvement dedicated
resources, hands-on leadership and feedback.68,69 Effective implementation improves the perception of safety culture and requires
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team training as well as time.32,36 Mandating adoption without
appropriate implementation strategies often leads to reported
compliance but no behavior change.37,38
In locations where checklist use is mandated, the measures of
compliance are typically self-reported “checking the box.” In the
authors’ institution, adherence, simple verbalization of a checklist
item was evaluated and found to be severely lacking at the
beginning of SSC implementation.70 Multifaceted interventionsannual safety workshops focusing on safety culture, high-reliability organizations, error identiﬁcation and effective communication; modiﬁcation of the checklist for the pediatric OR;
implementation of an anonymous report card system; and continuous audit and feedback- improved adherence.44 Fidelity, meaningful completion of a checkpoint beyond simple verbalization,
was evaluated for checklist items that required additional teamwork and communication. Again, ﬁdelity was poor at the ﬁrst
audit but improved with targeted interventions.63
Because one of the three tenets of the WHO SSC is measurability, more attention should be paid to 1) what measures are
used 2) how the measures can be used and benchmarks for
improvement. Morbidity and mortality are likely not appropriate
measures in pediatric surgery because these rates are low. Process
measures, such as ﬁdelity or safety culture, and outcome measures
such as good catches/near misses or peri-operative efﬁciency may
be better metrics.
Case study: Children’s Memorial Hermann Hospital
In 2009, the Memorial Hermann Health System (MHHS), a
multi-hospital system including a tertiary academic children’s
hospital, implemented a system-wide surgical safety checklist for
all cases in the operating room. The system-wide checklist was
modeled on the three-phase WHO SSC.
Early results were disappointing. Although hospital compliance
was 100%, none of the cases executed all items on the list, with an
average of 4 out of 13 items completed and as low as zero
adherence on one item.70 Without full explanation of items or
team training for implementation, staff members were uncertain
as to what checkpoints were.
Timing of and responsibility for checklist items were confusing.
The checklist leader, or coordinator as described by the WHO, was
unclear as were the individuals responsible for each item. For
example, conﬁrmation of prophylactic antibiotics was a perplexing
item. Antibiotics were ordered by the surgeons but given to the
patient by anesthesia staff. Likewise, sterility indicators are
checked during setup but at the time of the pre-incision SSC, just
before incision, the scrub technician may or may not have been the
one to conﬁrm the indicator. Similarly, nobody knew when to
conﬁrm the patient identiﬁcation band and medical record number. The proposed process was at the time of surgery but in
pediatrics, access to the patient is often very limited after the
operative drapes were applied. Conﬁrming the patient’s band after
draping often disrupted the sterile ﬁeld.
As a result of the confusion, the pediatric perioperative staff
took it upon themselves to develop a stakeholder-driven, pediatric-speciﬁc SSC. We focused initial efforts on the pre-incision SSC.
The ﬁrst change was establishing the common understanding that
the checklist was used to conﬁrm that actions were completed and
not a list of items to be done at the timeout. The moderator or
checklist coordinator was the circulating nurse. We also established a routine around reading and conﬁrming the checklist. The
nurse starts reading the checklist when all essential parties are
present and the patient is prepped and draped prior to skin
incision. The nurse conﬁrms with each member that they had
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checklist adherence and shorter times from patient OR entry to
incision as well as improved adherence to this phase when parents
are engaged.

Summary

Fig. 2. Number of checkpoints completed during pre-incision checklist performance in 2011–2013, Children’s Memorial Hermann Hospital case study.

completed the items. The procedure does not begin until the entire
checklist is completed and all parties agree.
Stakeholder ownership was important. The OR leadership
empowered the circulating nurse to conduct the checklist. This
was strategically chosen in efforts to build consistency and
establish a culture of the checklist performance in our ORs. If the
checklist was to be performed for every patient, every day, the
ultimate responsibility needed to be with OR team members in the
OR every day.
There were several other barriers to embracing the checklist.
We had to have common deﬁnitions for all checklist items.
Essential imaging was preoperative diagnostic radiographs. Prophylactic antibiotics was not a simple yes or no. The antibiotic item
meant drug, dose, time, and redose plan. Some felt that the
checklist took too long, sometimes longer than the operations.
Many of the items did not seem to be germane for that particular
patient or operation. However, the OR leadership insisted that the
checklist be performed in the same manner for every case and
every patient. We understood that not all checklist items may have
beneﬁt that particular patient or operation but all operations
beneﬁted from some item on the checklist.
After addressing basic concerns, safety trainings were
implemented and the number of checkpoints completed began
to increase from 4 out of 13 in 2011 to 65% of cases completing all
checkpoints in 2013 (Fig. 2). As the checklist was continually
modiﬁed based on stakeholder feedback, the number of items
changed.
To maintain our culture of safety we conduct annual safety
workshops with all peri-operative staff (Fig. 3), train new employees and residents in patient safety, hold weekly OR safety council
meetings to discuss concerns and breakdowns in our system, and
continue to modify the checklist to make it as applicable as
possible (Fig. 4), and have multiple avenues for staff reported
concerns, including paper and electronic anonymous methods.
Ultimately, we were able to establish a culture of high compliance and adherence. We have monitored our pre-incision
performance since 2011 and saw great improvement in the ﬁrst
few years with a plateau of 4 90% adherence thereafter. We
started to measure ﬁdelity, meaningful completion of checklist
items, and found it to be inferior to adherence but it has improved
over time as well. We continue to work on auditing and improving
our pre-induction and debrieﬁng phases where performance is
much lower than that of the pre-incision checklist.62 We have also
investigated alternative metrics and beneﬁts to appropriate performance of the SSC and have found that adherence to the preincision SSC was associated with “good catches” and high ﬁdelity
to the SSC reduced intra-operative delays.62,63,71 Some of our
current work has shown an association with pre-induction

Surgical safety checklists, properly implemented and meaningfully conducted, improve communication,72–75 safety attitudes
and culture,76 teamwork,47,77 perioperative efﬁciency,63,64 and
identiﬁcation of potential harms.62 The challenges in SSC effectiveness are likely due poor implementation and lack of meaningful
use or ﬁdelity. Though the exact mechanism is not completely
certain, checklists and their subsidiary beneﬁts are associated with
the primary goal- reduced morbidity and mortality as well as
improved patient safety. Checklists are used to drive a culture of
accountability, teamwork and communication which are all hallmarks of a strong safety culture.

Surgical site infections in pediatric surgery
Background
Surgical site infections (SSI) are a signiﬁcant cause of patient
harm both during and after hospitalization.80 Up to 2–5% of
patients undergoing clean extra-abdominal operations and up to
20% undergoing intra-abdominal operations will develop a SSI.81 It
is estimated that between 750,000 and 1 million SSIs occur in the
United States each year; resulting in more than 1.6 billion dollars
of excess hospital charges.82 In the effort to reduce the incidence of
institutional SSIs and unnecessary healthcare costs, comprehensive prevention bundles have been established at pediatric surgical
programs with signiﬁcant reduction in high risk surgeries.83
Unfortunately, those bundles were only used for a speciﬁc set of
procedures and the components cannot be assessed individually.
Individual interventions to reduce SSI have been of interest for a
long time. The National Surgical Infection Prevention Project is an
example that reinforces the evidence that prophylactic antibiotics
dosed within 60 minutes prior to incision reduces the rate of SSI.81
The surgical risk of infection for the pediatric population is not
identical to the adult population and may warrant the creation of
pediatric-speciﬁc prevention bundles. For example, two studies
dedicated to the pediatric patient demonstrated contradictory
ﬁndings to publications focusing on SSI reduction with preoperative methicillin-resistant Staphylococcus aureus (MRSA) screening
and antibiotic prophylaxis in adults.84,85 Furthermore, the risk of
adverse effects may be exaggerated in the pediatric population.
While strict intraoperative glycemic control has been shown to
reduce SSI in adults, it may carry unacceptably morbid risks of
intraoperative hypoglycemia in children.86
Despite remarkable developments in the use of surgical techniques and the implementation of bundles, surgical site infections
remain a substantial burden associated with increased morbidity,
mortality and healthcare costs. Recommendations have been made,
but implementation into clinical practice remains an unresolved
issue. SSI improvement programs require an integrative approach
with measures taken during the pre-, intra-, and post-operative
phases of care from numerous stakeholders involved.83,87

Pre-operative phase
The pre-operative phase of care consists of the time period
prior to an operation or procedure. Pre-operative care often
includes skin preparation, MRSA decolonization, and hair removal.
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Fig. 3. Pre-induction checklist adherence and iterative interventions, Children’s Memorial Hermann Hospital case study.

Fig. 4. 2017 Three phase surgical safety checklist, Children’s Memorial Hermann Hospital.

Skin preparation
Pre-operative bathing or showering with an antiseptic skin
wash product is a well-accepted, widely practiced procedure for
reducing the skin microﬂora. However, it is less clear whether
reducing this skin microﬂora leads to a lower incidence of surgical
site infection. A Cochrane review from 2015 evaluated randomized
control trials comparing antiseptic preparation used for preoperative full body bathing or showering with non-antiseptic
preparations in people undergoing surgery. Seven trials with a
combined 10, 157 participants were reviewed. The antiseptic used
was 4% chlorhexidine gluconate (CHG) in comparison to placebo or
bar soap. The review found no clear beneﬁt for pre-operative
showering and bathing with CHG over other wash products
to reduce SSI.87 In an effort to debunk the conclusions of
the Cochrane review, Edmiston et al. performed a randomized

prospective trial standardizing a preadmission showering regimen.
They demonstrated that a standard regimen produced a maximum
skin surface concentration of CHG that are sufﬁcient to kill possible
skin microﬂora found in common wound infections. No SSI data
was collected to demonstrate effectiveness to prevention.88
An additional application for Chlorhexidine is preoperative full
body wipe with a 2% CHG cloth. The goal of the preoperative
wiping regimen is to reduce the overall skin microﬂora burden to
help prevent infection. Although the wipes have been found to
reduce the skin ﬂora, ultimate decrease in SSI rates have not been
broadly reproduced.89 Supporters of the CHG wipes and bathing
regimens believe that this inconsistency is due to poor compliance
with strict standardized preoperative bathing and cleansing protocols. Of note, with the large adoption of the CHG in its many
forms, there is a growing concern but no supportive evidence for a

Downloaded for library services (libraryservices@lvhn.org) at Lehigh Valley Health Network from ClinicalKey.com by Elsevier on
August 30, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

98

K.T. Anderson et al. / Seminars in Pediatric Surgery 27 (2018) 92–101

developing bacterial resistance to CHG.90 There is a well-documented incidence of skin irritation in 4% of patients which may be
higher in the infants and children with sensitive skin.91
MRSA decolonization
Staphylococcus aureus is the most common cause of skin and
soft tissue infections. A number of recent studies have shown
increases over the last two decades in the incidence rates of MRSA.
The association between S. aureus nasal carriage and staphylococcal infection is well established; but the correlation between
staphylococcal nasal colonization and post-operative wound infection remains controversial.84
Bode et al. performed a randomized multicenter control trial in
adult patients concluding that the use of mupirocin nasal ointment
and chlorhexidine soap on admission for documented S. aureus
nasal carriers reduced the incidence of surgical site infections.92
This conclusion has not been supported in the pediatric literature.
A prospective study of children by Steiner et al. scheduled for
elective same-day surgical procedures demonstrated a 20% positive nasal swab and a 0.44% SSI rate. The authors concluded that
no correlation existed between positive nasal swabs and wound
infections in children undergoing ambulatory surgery.84 An additional prospective observational study by Vegunta et al. found
MRSA colonization in approximately 28%, but only a single MRSA
SSI, concluding that colonization is not a major risk factor for SSI in
pediatric elective surgical patients.85 For patients with known
MRSA colonization, however, vancomycin should be considered
the appropriate antimicrobial agent for prophylaxis when prophylaxis is indicated. The rates of MRSA colonization may be greater in
patients who previously spent 4 5 days in a long term or acute
care institutional stetting.84
Hair removal
Although preparation of people for surgery has traditionally
included removal of hair from the incision site, some studies claim
that preoperative hair removal is harmful, causes surgical site
infections, and should be avoided. To determine if routine preoperative hair removal and timing or method of hair removal
inﬂuences rates of SSI, a Cochrane review from 2011 evaluated
randomized controlled trials that compared hair removal to no
hair removal, different methods of hair removal, hair removal at
different times before surgery, and hair removal in different
settings. A generalized conclusion was difﬁcult because of the
low power of the studies; however, it was found that clippers were
associated with fewer SSIs than razors or depilatory creams.93
Intra-operative phase
The intra-operative phase of care consists of the time period in
the operating room just before surgery or just after surgery. The
intra-operative care often includes antibiotic administration, skin
preparation, temperature control, and glucose control.
Antibiotics
Appropriate use of antibiotic prophylaxis has been shown to
decrease the incidence of surgical site infections; however, giving
inappropriate antibiotics may be a harmful practice leading to
complications such as increasing bacterial resistance and Clostridium difﬁcile infection.94 Inappropriate overall use and inappropriately broad use of pre-operative antibiotics is common.
Appropriate indications for preoperative antibiotics, outside of
the wound class 3 and 4 cases, are clean-contaminated procedures
(i.e., gastrointestinal, genitourinary, or respiratory tract entered
with minimal contamination). One might extend this to clean
procedures where an infection has a potential for high morbidity,

such as procedures involving the central nervous system and
insertion of central line or prosthetic device.94 With these standards established, Rangel et al. demonstrated that there is signiﬁcant variation in the use of antibiotic prophylaxis in the pediatric
population. He found that many patients didn't receive prophylaxis
when appropriate and did when inappropriate.95 When using
antibiotic prophylaxis, Kronman et al. identiﬁed an overutilization
of Vancomycin and antipseudomonal coverage for pediatric surgical inpatients.95 This misuse of antibiotics may lead to complications and emphasizes the need for institutional antibiotic
stewardship programs.95
The goal of antimicrobial prophylaxis is to achieve serum and
tissue drug levels for the duration of the operation that exceed the
minimum inhibitory concentration for organisms likely to be
encountered during the operation. Based on published evidence,
the national performance measure for the infusion of the ﬁrst
antimicrobial dose should begin within 60 minutes before incision,
although when a ﬂuoroquinolone or vancomycin is indicated, the
infusion should begin within 120 minutes before incision to
account for antibiotic-associated reactions.90
True beta lactam allergy is lower than that recorded in the
medical record. Medical history should be sufﬁcient to determine
if the patient has a true allergy with symptoms including urticaria,
pruritus, angioedema, bronchospasm, hypotension, arrhythmia or
other serious adverse drug reaction. In operations for which a
cephalosporin represents good prophylaxis, an alternative agent
should only be given when a high likelihood of adverse reaction is
suspected. The antibiotic choice for true beta-lactam allergy is
operation speciﬁc. When covering for gram positive cocci, vancomycin and clindamycin are good alternatives. One should take into
account local resistance patterns and the institutional incidence of
infections.90 There are limited data on appropriate antimicrobial
dosing for prophylaxis. The drug should be given based on patient
weight, adjusted dosing weight or body mass index, and administration should be repeated if an operation is still ongoing two
half-lives after the ﬁrst dose.92

Skin preparation
The goal of the intra-operative skin antisepsis preparation is to
reduce the skin surface microﬂora to a subpathogenic level before
incision to help prevent wound contamination. Most common skin
preparations used in the pediatric population are Chlorhexidine
gluconate and povidone iodine. Both are alcohol-based and exhibits similar broad spectrum of antibacterial activity. CHG, however,
is not inactivated by blood or serum and exhibits residual
antimicrobial activity on the skin that is sustained for several
hours after application.96 Despite this added coverage, the SSI
reduction has not been demonstrated by Cochrane Review to be
superior when using CHG when compared to other alcohol based
skin preparations.97 This conclusion was supported by Ghorial
et al. in their prospective analysis of almost 7,000 spine surgery
patients and by Raja et al. in their prospective review of over 700
cardiac surgery patients.98,99 CHG has been shown to be superior
for intravascular line placement. Mimoz et al.’s most recent
multicenter, randomized control trial demonstrated a signiﬁcant
protection against short term catheter-related infection when
compared with povidone iodine-alcohol.100 Additional, Yasuda
et al. demonstrated complimentary evidence with the conclusion
that CHG is superior to povidone iodine when preventing intravascular catheter colonization.101 These trials provide strong
recommendation for including chlorhexidine in all central line
placement bundles.100
In conclusion, there is no statistically signiﬁcant difference in
SSI prevention between available skin antisepsis except with
central line placement.
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Hypothermia
Inadvertent peri-operative hypothermia is a phenomenon that
can occur as a result of the suppression of the central mechanisms
of temperature regulation due to anesthesia, as well as the more
mundane lack of attention to room temperature control and
patient coverage. Hypothermia has been associated with clinical
complications such as SSI and wound healing delay. One way to
prevent hypothermia is to use active body surface warming
systems (ABSW) that transfer heat to patients via skin contact.
Melling et al. performed a randomized control trial of warming vs
non-warming during clean surgery which demonstrates a 14% SSI
rate in the non-warmed group and 5% in the warmed group
(p¼ 0.001).102 A Cochrane review from 2016 evaluating randomized control trials comparing the ABSW system against a control or
other ABSW system demonstrated no evidence of superiority of
any one system but forced air warming seemed to have a beneﬁcial
effect in terms of lower rate of SSI and complications compared to
not applying an active warming device.90 Some evidence suggested that extending systemic warming to the peri-operative
period could be more beneﬁcial than limiting it to
intraoperatively.103

Hyperglycemia
Diabetes prevalence is increasing in the US and appropriate
management of patients with diabetes has become increasingly
important for the prevention of hospital acquired infections. A
meta-analysis by Martin et al. evaluated risk factors for SSIs among
patients to better understand the impact of pre-existing diabetes
on the incidence of SSIs. A signiﬁcant association between diabetes
and SSI was consistent across multiple types of surgeries and after
controlling for BMI. While the researchers also conﬁrmed an
association between both pre and postoperative hyperglycemia
and SSI, a history of diabetes remained a signiﬁcant risk factor in
meta-analyses that controlled for hyperglycemia.104
Intensive glucose control may involve a risk of hypoglycemia,
which in turn results in severe complications. A systematic review
to compare intensive vs. conventional glucose control protocols in
relation to reduction of SSI was completed by de Vies et al. The
beneﬁt for an intensive compared with a conventional glucose
control protocol in reducing SSI was an odds ratio of 0.43. There
was a higher risk of hypoglycemic events found for intensive group
compared to conventional group.86

Post-operative phase
The post-operative phase of care consists of the time period of
care after the patient leaves the operating room.

Antibiotics
Patients who develop SSIs are up to 60% more likely to spend
time in the intensive care unit, 5 times more likely to be
readmitted to the hospital and have twice the mortality compared
to patients without SSI.90 Using an appropriate perioperative
regimen will reduce these SSI rates. The ﬁrst antimicrobial dose
should begin within 60 minutes before surgical incision and
prophylactic antimicrobial agent should be discontinued within
24 hours of the end of surgery.90 The majority of evidence
demonstrates that antimicrobial prophylaxis after wound closure
is unnecessary in clean and clean-contaminated procedures. Prolonged use aides in emerging resistant bacterial strains. Surgical
procedures with infection or contamination involved may require
tailoring of antibiotic therapy based on surgical ﬁndings, cultures,
and postoperative symptomology.
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Summary
The Centers for Disease Control and Prevention estimate that
approximately 500,000 SSIs occur annually in the United States.90
The postoperative cost of a patient with a surgical site infection is
nearly three times the amount of patients without.80 SSI bundles
are in their infancy. There is more research needed to support the
optimal bundle for reduction of SSI. Patient engagement has the
potential to help with the implementation of current SSI guidelines.87 At a single institution, a bundle for SSI established for
pediatric high-risk surgeries showed a 21% reduction in SSIs. The
bundle included – pre-op bathing, intra-op skin antisepsis, avoidance of intra-op razor use, proper antibiotic timing and re-dosing,
and appropriate timing of post-op antibiotics if needed.83
In the effort to reduce SSI events, each institution needs to
develop an effective bundle which includes elements from the
preoperative, intraoperative, and postoperative phases of care.
These above mentioned recommendations should be addressed
and implementation should involve critical stakeholder and
patient engagement and thoughtful review of the risks and
beneﬁts of each intervention.78,77

Conclusion
While numerous advances have been made in children’s
surgical quality and safety, we have highlighted three areas that
have impacted perioperative care from different perspectives. The
National Surgical Quality Improvement Program has changed how
we measure and track outcomes, while demonstrating the importance of codifying our collective experience. The Surgical Safety
Checklist provides insight on how simple interventions that can
dramatically improve communication and team dynamics, but
remain challenging to implement. Prevention of surgical site
infections, one of our most common and costly complications,
requires multiphase, multimodal initiatives to remain effective.
These initiatives, along with numerous others, have shown that
providing safe and high quality surgical care is complex and
requires signiﬁcant efforts by all members of the surgical team.
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