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Abstract
Study Design: Single-center prospective cohort.

Objectives: To evaluate a multidisciplinary led, structured protocol for reducing surgical site infections (SSls) in pediatric
scoliosis surgery.

Methods: Following a spike to 8.6% in local annual infection rate, a multidisciplinary team was convened to identify interventions.
The team consisted of spinal surgeons, infectious diseases consultants, physiotherapists, specialist nurses, and theatre managers.
A protocol was initiated, including preoperative skin decontamination; standardized operative site prepreparation; betadine-
soaked swabs sutured to wound edges; blood loss minimization; 3 L0.9% saline pulsed-lavage; defined protocol of glove changes;
antibiotic regime of preoperative gentamicin, intraoperative subfascial vancomycin powder, 48-hour cefuroxime; and intrao-
perative normothermia. A 4-year audit was initiated of all patients aged <18 years undergoing corrective spinal deformity surgery.
Institutional board review was not required.

Results: Between January |, 2014 and January |, 2018, 414 operations were performed on 355 patients: male:female = 1:2.2,
mean age |3.7 years (range 2.5-17.9), 233 idiopathic (mean operated vertebral levels 12), 122 neuromuscular (mean operated
vertebral levels 14), 66 growing rod procedures, 4] multistage procedures. The mean number of operated vertebral levels both
overall and in infected cases was |3 (range 2-17). Nine SSIs occurred in 8 patients at 3 months (4 neuromuscular), resulting in an
overall SSI per operation of 2.2%.

Conclusion: A multidisciplinary approach with standardized measures significantly reduced SSIs in the unit’s pediatric scoliosis
surgery.
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Introduction there is a growing consensus that the most effective means of
reducing the risk of SSIs is a broad based, multidisciplinary

Surgical site infection (SSI) is a well-recognized cause of approach.

morbidity and expense. In the United States, the annual cost
of SSIs reached 1.6 billion dollars in 2017," with some esti-
mates putting it significantly higher.” Patients who develop an
SSI are 5 times more likely to be readmitted and twice as ' The National Hospital for Neurology and Neurosurgery, London, UK
likely to die.® In pediatric scoliosis surgery, an SSI leads to > Guy's and St Thomas’ Hospital, London, UK
prolonged hospital stay in a vulnerable patient group and the .
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Table I. Series of Interventions.

Intervention Description

Preoperative skin
decontamination

Octinesan bathing on the night prior to
surgery and on the day of surgery reduces
bacterial skin carriage, including MRSA

Initial skin preparation with 2% chlorhexidine
prior to further standard 2-layer
skin preparation with either 2%
chlorhexidine or 10% alcoholic betadine
preincision and 7.5% aqueous betadine—
soaked swabs sutured to skin edges
postincision reduces contamination

Controlled systolic blood pressure to a MAP
of 65 to 70 mm Hg, meticulous
hemostasis and the use of tranexamic acid
and Surgiflo shortens operative times and
reduces the need for transfusion thereby
reducing the risk of surgical site infection

3 L of pulsed normal saline reduces debris
and microbial carriage

Changing gloves prior to the insertion
of metalwork and prior to skin closure
reduces the risk of contamination from
surgeons’ hands

Evidence-based rationalizing of the type and
duration of prophylaxis reduces the risk of
surgical site infection: gentamicin to cover
catheterization, subfascial vancomycin
powder, and preoperative cefuroxime
continuing for 48 hours

Maintenance of patient temperature >36°C
reduces surgical site infection and may
influence blood loss

Operative site
preparation

Blood loss
minimization

Pulsed lavage

Timed glove changes

Antibiotic prophylaxis

Normothermia

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MAP, mean
arterial pressure.

Our unit operates from a purpose-built children’s hospital.
Over the study period, 5 consultant surgeons performed sco-
liosis corrective surgery. All 5 had undergone a period of
training at the unit prior to taking up post, leading to a
consensus regarding operating techniques, but previously
no formalized protocol. The published rates of SSI in pedia-
tric scoliosis surgery are as high as 22%,” with widespread
recognition that children with neuromuscular conditions are
at significantly greater risk of infection than those with idio-
pathic scoliosis.*®’ In one series of 227 pediatric patients
undergoing corrective surgery, the relative risk for patients
with neuromuscular conditions was calculated as 8.65.% Our
records indicate that our rate had been within accepted stan-
dards. However, an unprecedented cluster of SSIs in 2013
caused a spike in the annual incidence to 8.6%. The infec-
tions were correlated with each of the 5 surgeons and were
found to be essentially in proportion to the volume of oper-
ations each had performed; there appeared to be no overt
cause or surgeon(s) with suboptimal technique. This
prompted a root cause analysis and multidisciplinary review
of practice.

The advisory team consisted of the spinal orthopedic
consultants, specialist spinal surgery nurses, theatre manag-
ers, physiotherapists, and consultants in infectious disease.
An infection control nurse practitioner was engaged with the
specific remit to prospectively monitor the incidences of
SSIs and to collate data of all surgical procedure in the
pediatric deformity unit. As no individual or single circum-
stance was identified as a cause for this rise in SSIs, a more
general approach and analysis was initiated. This identified
a series of interventions as part of a new protocol for the
standard of practice.

These interventions commence with the admission of the
patient and continue throughout postoperative care. This dis-
crete, multistep process includes pre-theatre skin decontamina-
tion, standardized operative site preparation, minimization of
blood loss, pulsed lavage postinsertion of metalwork, double-
gloving with timed changes of the outer glove, a rationalized
antibiotic regime, and maintaining intraoperative patient nor-
mothermia. These interventions are listed in Table 1 and further
described in the discussion.

Methods
Study Design and Population

The unit operates within a larger London hospital and is a
tertiary referral center for spinal conditions with a catchment
of 4.5 million people covering southeast England, the Channel
Islands, Gibraltar, and Malta. The unit currently has 3 consul-
tant surgeons who operate in a purpose-designed orthopedic
theatre with laminar flow.

Consultant surgeons operated with the assistance of a senior
spinal fellow, or more rarely with a second consultant. Length
of surgery was not directly audited, but the number of operated
levels was used as a surrogate marker for duration. Wound
closure was performed with Vicryl sutures to the subcutaneous
tissues. Regarding skin closure, for adolescent idiopathic sco-
liosis cases subcutaneous 3.0 Monocryl with skin glue. For
neuromuscular cases 2.0 nylon interrupted sutures were
applied, also with glue.

In the time period for the study, the patient population
included idiopathic scoliosis and neuromuscular conditions,
including cerebral palsy (42 cases), Sotos syndrome (1 case),
neurofibromatosis (15 cases), Alagille syndrome (2 cases),
Charcot-Marie-Tooth syndrome (1 case), CHARGE syndrome
(1 case), Di George syndrome (7 cases), Duchenne’s (4 cases),
Dysmorphic syndrome (1 case), Marfan’s syndrome (1 case),
Tay-Sachs syndrome (1 case), Rett’s syndrome (3 cases),
Down syndrome (2 cases), Wolff-Hirschorn syndrome
(2 cases), Aicardi-Guitierre’s syndrome (1 case), Lennox-
Gastaut syndrome (1 case), Prader-Willi syndrome (3 cases),
Bardet-Biedl syndrome (1 case), achrondroplasia (1 case),
spinal muscular atrophy (7 cases), Klinefelter’s syndrome (1
case), Ullrich syndrome (1 case), Williams syndrome (1 case),
and VACTERL syndrome (1 case).
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Superficial incisional
infection

infection

Criterion 1:

Criterion 1:
Purulent drainage from the
superficial incision. incision

Criterion 2:

Criterion 2:
The superficial incision yields
organisms from the culture of
aseptically aspirated fluid or tissue,
or from a swab and pus cells are
present.

Criterion 3:

Criterion 3:
Al least two of the following
symptoms and signs:

. pain or tenderness
localised swelling
redness

heat

the superficial incision is
deliberately opened by a
surgeon to manage the
infection

The clinician diagnoses a
superficial incisional infectian.

negative):

& & &

Criterion 4:

examination.

Criterion 5:
Diagnosis of a deep incisional
surgical site infection by an
altending clinician

PUBLIC HEALTH ENGLAND (PHE) CRITERIA
FOR IDENTIFICATION OF SURGICAL SITE INFECTIONS (SSI)

Deep incisional

Purulent drainage from the deep

The deep incision yields organisms
from the culture of aseptically
aspirated fluid or tissue, or from a
swab and pus cells are present.

A deep incision that spontaneously
dehisces or is deliberately opened
by a surgeon when the patient has
a least one of the

following symptoms or signs
(unless the incision is culture-

. fever (>380C)
. localized pain or tenderness

An abscess or other evidence of
infection involving the deep incision
that is found by direct examination
during re-operation, or by
histopathological Cr radiclogical

Organ/space
infection

Criterion 1:
Purulent drainage from a drain that
is placed through a stab wound into
the organ/space.

Criterion 2:

The organ/space yields organisms
from the culture of aseptically
aspirated fluid or tissue, or from a
swab and pus cells are present,

Criterion 3:

An abscess or other evidence of
infection involving the organ/space
that is found by direct examination,
during re-operation, or by
histopathological or radiological
examination.

Criterion 4:
Diagnosis of an organ/space
infection by an attending clinician

Figure 1. Public Health England (PHE) criteria for identification of surgical site infections (SSls).

The increased rate of SSIs in 2013 prompted the review and
commencement of the new protocol:

The 4-year period from January 1, 2014 to January 1, 2018
was included in this study. Ongoing data collection continued
and provided a minimum of 3 months’ follow-up for the patient
cohort.

Surgical site infection was defined by the Public Health
England guidelines'® (Figure 1).

Fisher’s exact test was used to analyze the percentage of
infections pre- and postprotocol to determine the chi-square
value and establish significance (Table 2).

Results

A total of 414 operations were performed on 355 patients: 111
male, 244 female, mean age 13.7 years (range 2.5-17.9 years).
Overall, 233 patients had adolescent idiopathic scoliosis
(mean operated vertebral levels 12), 122 patients had

underlying neuromuscular diagnoses (mean operated verteb-
ral levels 14). 66 procedures were the insertion of growing
rods or their revision. There were 41 multistage procedures.
The mean number of operated vertebral levels both overall
and in infected cases was 13 (range 2-17), with no indication
that more levels led to an increase risk of infection. Nine
surgical site infections occurred in eight patients at 3 months
(4 neuromuscular), resulting an SSI rate per operation of 1.9%
in the idiopathic group and 2.5% in the neuromuscular group
(Table 3). Once again, no individual surgeon was identified as
having a greater risk of infection.

Organisms were cultured from all the infected cases
(Table 4). Five infections were due to Staphylococcus aureus
(56%). Four cases showed coliforms and fecal organisms
(44%). Of note, all of these were in cases with an underlying
neuromuscular diagnosis. Only 1 of the 9 episodes of infection
required revision of the metalwork; this was the single patient
who presented twice with an SSI.
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Table 2. Statistical Analysis.?

Pre-Protocol Post-Protocol

151 414
13 9

Total no. of operations
Total no. of infections

?Fisher’s exact test 2 X 2 contingency table resulting in a chi-square value of
0.0024 demonstrating significance with P < .5.

Operative Categories

Fusion procedures with fixed rod insertion, growth rod inser-
tion, planned and emergency revision surgery, and
osteotomies.

Discussion

Health care—associated infections (HCAIs) have a significant
and potentially preventable impact on patient care. Currently
for all hospital inpatients in the United Kingdom, 20% of
HCAIs are SSIs. This percentage of the whole has shown a
progressive increase year on year from 14% in 2008."" This
seems to be due to improved prophylaxis against other HCAIs
rather than a rise in SSIs themselves. The general risk for
patients undergoing surgical procedures developing an SSI
remains static at 5%,'? suggesting that there remains scope for
intervention.

Cost analysis for SSI treatment ranges between £814 and
£6626 per episode for all types of operations.'? Given the
inherent high cost of spinal surgery, it can be inferred that
pediatric SSIs are on the upper end of this spectrum. These
costs largely reflect extra interventions, nursing care, and addi-
tional therapies. Not reflected in this cost analysis are the risks
of reoperation. In one series, 50% of the patients who devel-
oped infection following scoliosis surgery required removal of
their metalwork, and 44% had worsening of their deformity as a
result.” In addition, these costs are certainly an underestimate:
Incidences of infection treated by general practitioners in the
community tend to go unreported. Furthermore, these costs do
not represent patient distress, loss of productivity to the unit,
and litigation. Figures from the United States dwarf those from

Table 3. Summary of Operative Types and Infections, 2014 to 2018.

the United Kingdom, with the cost of a single episode of SSI
rising as high as $961722."°

Patients with neuromuscular diagnoses have an increased
risk of SSI compared to those with idiopathic deformities. With
neuromuscular conditions, the spinal deformity is frequently
one of many comorbidities in a generally more vulnerable
patient. Associated factors include reduced mobility, recurrent
chest infections, recurrent urinary tract infections, poor nutri-
tion, limited ability for self-care, and increased dependence.
Each of these aspects increases the risk of SSI, with a recog-
nized relative risk ratio of 8.9 compared to those with idio-
pathic scoliosis.® Our results support this trend. Although
neuromuscular cases made up 34% of the total number of
patients, the incidence of infections seen was 50% of the total.
It is also interesting to note that the organisms in this study for
the neuromuscular cases were predominantly mixed cultures of
fecal organisms, contrasting with the S aureus trend seen in the
idiopathic cases. Nonetheless, analysis of the data reveals that
although the neuromuscular cases had a predictably higher rate
of SSI than the idiopathic cases, the protocol has been effective
with them as well. The initiation of the protocol led to an
average infection rate in idiopathic cases of 2.1% per patient.
The per patient risk of infection in neuromuscular cases was
only marginally higher at 3.3%.

Appropriate bathing reduces the risk of SSI, as recognized
by both the British NICE guidelines'? and by the World Health
Organization.'* Reducing the carriage of methicillin-resistant
S aureus (MRSA) is beneficial,'* with 44% of S aureus infec-
tions currently demonstrating methicillin resistance.'”
Although these guidelines do not recommend a specific deter-
gent, Octinesan (Schulke & Mayr UK Ltd, Sheffield, UK) is
endorsed by the NHS’s Infection Prevention Control Centre
and is effective against MRSA. Patients are prescreened for
MRSA prior to admission, and all receive Octinesan bathing
on the night before the operation and on the morning of
surgery.

The protocol rationalized the immediate preoperative skin
preparation to 2% chlorhexidine (“double strength™). Most skin
preparations are in essence either iodophor or chlorhexidine
based. lodine acts as an oxidizing agent, damaging the sulthy-
dryl groups of bacterial proteins as it dries. Chlorhexidine

Idiopathic Neuromuscular/Syndromic
Total no. of patients 233 122
Total no. operations 258 156
Mean no. of operated levels 12 14

Growing rods, n

Posterior approach, n

Anterior approach, n
Combined, n

Surgical site infections (SSls), n
SSI % per operation/per patient

32 (6 growth rod insertions,
20 lengthening proedures,
6 definitive corrections)

34 (4 growth rod insertions,
24 lengthening procedures,
6 definitive corrections)

213 )
10 4
3 2
5 4
1.9/2.1 2.5/33
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Table 4. Detailed Breakdown of Infected Cases During the Study Period.?

Case Age,y Sex Underlying Condition Operation

Bacteria Identified Treatment

I 14 Female Global developmental delay, Posterior fixation
juvenile Tay-Sachs
neuromuscular scoliosis
2 8.6 Female Idiopathic Growth rod
3 2.6 Female Idiopathic Posterior fixation
4 7 Female Cerebral palsy Anterior approach
5 14 Female ldiopathic Posterior fixation
6 16 Female Pierre Robin syndrome with Posterior fixation
cerebral palsy, GMFCS 4
7 12 Female ldiopathic Posterior fixation
(second stage)
8 9 Female Cerebral palsy, GMFCS 5 Growth rods

Female ldiopathic Growth rods

Escherichia coli, Wound washout

Propionibacterium acnes

Wound washout
Wound washout

Pseudomonas aeruginosa

Pseudomonas aeruginosa,
Staphylococcus aureus

Mixed coliforms, Aspergillus
fumigatus, Staphylococcus
epidermidis, Enterococcus faecalis

Staphylococcus aureus

Wound washout

Wound washout with
vacuum pump dressing
Escherichia coli, Enterococcus faecalis VWound washout

Staphylococcus aureus Wound washout

Staphylococcus aureus, mixed
coliforms

Staphylococcus aureus

Antibiotics only

Revision of metalwork, growth
rods replaced with definitive
fixation (Note: same patient
as no. 2)

Abbreviation: GMFCS, Gross Motor Function Classification System.

?Note that only | patient required a second wound exploration (patient numbers 2 and 9 in the table).

Figure 2. Aqueous betadine (7.5%)—soaked swabs applied to wound
edges.

breaks down bacterial cell walls and starts to work within
20 seconds. Some evidence suggests that chlorhexidine-based
preparations are more effective,'®!” other reviews are less con-
clusive.'®!” The new protocol harnesses both mechanisms
through their combined use. Chlorhexidine is used for the ini-
tial skin preparation. Once the incision has been made, 7.5%
aqueous betadine-soaked swabs are used to cover the wound
edges throughout the procedure (Figure 2). A large, betadine-
soaked swab is folded and applied to each side of the wound

such that the skin edge and superficial centimeter of exposed
tissue were covered. A nylon continuous suture is applied from
the cranial to caudal end of the wound securing the swab in this
configuration. This does not interfere with either tissue access
or fluoroscopic visualization.

Allogenic blood transfusion increases the risk of surgical
site infection,”*** with a reported odds ratio of 3.3 for devel-
oping an SSI when more than 2 units are transfused.>> Methods
to reduce blood loss include controlled mild hypotension with a
mean arterial pressure of 65 to 70 mm Hg, meticulous hemos-
tasis, the use of a cell-saver device, tranexamic acid, and topi-
cal procoagulant preparations. The protocol made these steps
standard practice, including the use of the fibrin-based Surgiflo
(Ethicon Biosurgery, Limerick, Ireland) at the screw insertion
points and ad hoc throughout the operation when bleeding is
encountered. This expedited hemostasis reduces both blood
loss as well as operative time, another potential factor in devel-
oping an SSI.”

Wound irrigation reduces the amount of debris that harbors
infection and may reduce the microbial count itself. The addi-
tion of iodine has been shown to have no benefit, and
the recommended amount of lavage varies with different
centers.”* The multidisciplinary team (MDT) consensus was
to use 3 L of pulsed normal saline following the insertion
of metalwork.

Theatre management techniques such as reducing the
amount of staff present to the minimum and utilizing laminar
flow systems are well established,” and were already in use
prior to 2013. However, the MDT analysis determined that
there was no established protocol for surgical glove changes.
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The evidence for sterile glove use is varied,”*?” but there is
evidence and a degree of common sense to suggest that the
longer the operation, the more likely the surgeon’s hands are
to be contaminated.”® The recommendation of the MDT was to
use double gloves, changing the outer layer prior to the inser-
tion of metalwork and again prior to closing the skin edges, and
at other times during the surgical procedure if contamination of
the gloves was suspected.

The MDT reviewed the antibiotic prophylaxis. Although in
23% of clinically suspected SSI no organism is identified,*® a
2017 study of HCAIs in the United States demonstrated that
83% of infections were due to just 8 common pathogens. Sta-
phylococcus aureus represented 16% of the total. The remain-
ing organisms included low-virulence organisms such as
Propionibacterium acnes (now described as Cutibacterium
acnes) and coagulase negative staphylococcal species. Others
included fecal organisms and those associated with urinary
tract infections. Of note, preoperative catheterization includes
a risk of bacteremia, even in asymptomatic cases.’® The pro-
phylactic regime was tailored accordingly. A single dose of
gentamicin is administered to cover the catheterization and
low-virulence organisms. Cefuroxime, efficacious against Sta-
phylococcus species, is initiated prior to skin incision and con-
tinued for 48 hours postoperatively. The initial dosing schedule
is 6 hourly, so a prolonged operation may result in a second
dose. Following the pulsed-lavage, 1 g (500 mg if patient
weight <20 kg) of vancomycin powder is lain down subfas-
cially, covering a broad spectrum of species, including further
cover against low-virulence organisms.>' The safety and effi-
cacy of topical vancomycin is becoming increasingly recog-
nized, with evidence suggesting that systemic absorption is
minimal.?

The final criterion of the protocol was to maintain patient
normothermia. An odds ratio of 2.2 for developing an SSI has
been shown in patients whose temperatures dropped below
35°C.*? In addition, hemostasis is impaired by hypothermia.
Normothermia may therefore reduce operative blood loss.>*~>

Optimizing patients with neuromuscular conditions includes
addressing aspects such as skin care and nutrition. This is
beyond the scope of this work. The aim was to produce a
robust, reproducible protocol for the reduction of SSIs in pedia-
tric spinal deformity operations applicable to all patients. The
need for this is well established, both locally and globally. The
results support the strength of the protocol.

Potential weaknesses of the study include the fact that the
protocol documents several separate interventions, and the
results rely on the strength of the whole rather than any indi-
vidual aspect. This reflects the multidisciplinary process as
much as the fact that each individual intervention when studied
in isolation has a relatively modest odds ratio for reducing
infection. The protocol therefore maximizes these benefits by
introducing a cumulative effect.

A further limitation is the omission of lengths of surgery. In
this work, the number of operated vertebral levels was used as a
surrogate for this variable. As described, there was no differ-
ence in the average number of operated levels between the

infected and the noninfected cohort. However, a more accurate
analysis would be useful. As the data set continues to grow, this
is an interesting proposal for further work, including variables
such as implant density and experience level of the individual
surgeons.

Another consideration is the so-called “Hawthorne
effect.”** Paraphrased, this suggests that with any intervention
the process of studying it in and of itself can have positive
effects. In this case, the team would have been mindful of the
fact that they would have been under the microscope. However,
with over 4 years of study and over 400 operations, this effect
would certainly have been diluted with time. As our data
demonstrates, the rapid drop in infections with the initiation
of the new protocol has been consistent and sustained.

At present, the work reflects a minimum follow-up of
3 months. The prospective data collection continues, and a
2-year follow up of this cohort will be forthcoming.

Conclusion

The multidisciplinary approach adopted at the unit with stan-
dardized measures significantly and consistently reduced SSIs
in pediatric scoliosis surgery.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Geoffrey A. Tipper, FRCS Ed (Neurosurg)
0001-9961-4122

https://orcid.org/0000-

References

1. de Jonge SW, Gans SL, Atema JJ, Solomkin JS, Dellinger PE,
Boermeester MA. Timing of preoperative antibiotic prophylaxis
in 54552 patients and the risk of surgical site infection: a sys-
tematic review and meta-analysis. Medicine (Baltimore). 2017;
96:¢6903.

2. Kang DG, Holekamp TF, Wagner SC, Lehman RA Jr. Intrasite
vancomycin powder for the prevention of surgical site infection in
spine surgery: a systematic literature review. Spine J. 2015;15:
762-770.

3. Hemani ML, Lepor H. Skin preparation for the prevention of
surgical site infection: which agent is best? Rev Urol. 2009;11:
190-195.

4. Ballard MR, Miller NH, Nyquist AC, Elise B, Baulesh DM, Erick-
son MA. A multidisciplinary approach improves infection rates in
pediatric spine surgery. J Pediatr Orthop. 2012;32:266-270.

5. Borden TC, Bellaire LL, Fletcher ND. Improving perioperative care
for adolescent idiopathic scoliosis patients: the impact of a multi-
disciplinary care approach. J Multidiscip Healthc. 2016;9:435-445.


https://orcid.org/0000-0001-9961-4122
https://orcid.org/0000-0001-9961-4122
https://orcid.org/0000-0001-9961-4122
https://orcid.org/0000-0001-9961-4122

Tipper et al 639

6. Mackenzie WGS, McLeod L, Wang K, et al. Team approach: 20. Bible JE, Mirza M, Knaub MA. Blood-loss management in spine
preventing surgical site infections in pediatric scoliosis surgery. surgery. J Am Acad Orthop Surg. 2018;26:35-44.

JBJS Rev. 2018;6:¢2. 21. Theusinger OM, Spahn DR. Perioperative blood conservation

7. Vitale M, Minkara A, Matsumoto H, et al. Building consensus: strategies for major spine surgery. Best Pract Res Clin Anaesthe-
development of best practice guidelines on wrong level surgery in siol. 2016;30:41-52.
spinal deformity. Spine Deform. 2018;6:121-129. 22. Grant JA, Howard J, Luntley J, Harder J, Aleissa S, Parsons D.

8. Aleissa S, Parsons D, Grant J, Harder J, Howard J. Deep wound Perioperative blood transfusion requirements in pediatric scolio-
infection following pediatric scoliosis surgery: incidence and sis surgery: the efficacy of tranexamic acid. J Pediatr Orthop.
analysis of risk factors. Can J Surg. 2011;54:263-269. 2009;29:300-304.

9. Cahill PJ, Warnick DE, Lee MJ, et al. Infection after spinal fusion 23 Kalish JA, Farber A, Homa K, et al. Factors associated with
for pediatric spinal deformity: thirty years of experience at a surgical site infection after lower extremity bypass in the society
single institution. Spine (Phila Pa 1976). 2010;35:1211-1217. for vascular surgery (SVS) vascular quality initiative (VQI).

10. Glotzbecker MP, Riedel MD, Vitale MG, et al. What’s the evi- J Vasc Surg. 2014;60:1238-1246.
dence? Systematic literature review of risk factors and preventive 74 Norman G, Atkinson RA, Smith TA, et al. Intracavity lavage and
strategies for surgical site infection following pediatric spine sur- wound irrigation for prevention of surgical site infection.
gery. J Pediatr Orthop. 2013;33:479-487. Cochrane Database Syst Rev. 2017;10:CD012234.

11. GQV'UK' Surgical site infection (SSI): guldar%ce, data fmd al?al- 25. Fu Shaw L, Chen IH, Chen CS, et al. Factors influencing microbial
.ys1s. bttps:/. / WVYW'gOV'uk/ government./ collect.lons/ surgical-site- colonies in the air of operating rooms. BMC Infect Dis. 2018;18:4.
infection-ssi-guidance-data-and-analysis. Published February 14, 54 g, opir A, Sorensen P. Evaluation of intraoperative glove change
2014. Accessed July 18, 2019. in prevention of postoperative cerebrospinal fluid shunt infec-

12. National Institute for Health and Care Excellence. Surgical site . ] . .

] ) ) - T tions, and the predictors of shunt infection. Br J Neurosurg.

infections: prevention and treatment, clinical guideline [CG74]. 2017:31:452-458

https://www.nice.org.uk/guidance/cg74. Published October 2008. 27. Mischke C, Verbeek JH, Saarto A, Lavoie MC, Pahwa M, Tjaz S.

Accessed July 18, 2019. . .
L . L . Gloves, extra gloves or special types of gloves for preventing

13. World Health Organization. WHO surgical site infection preven- .

tion evidelines web aopendix 1: overview of available relevant percutaneous exposure injuries in healthcare personnel. Cochrane
'dfl'nes on surgical Is)'lze infect';)n evention. https:// ho Database Syst Rev. 2014;(3):CD009573.

guicelt urgica’ st ron prev - THPSTIWWWWRO- He  Hosseini P, Mundis GM Jr, Eastlack R, et al. Do longer surgical

int/gpsc/appendix1.pdf. Accessed July 18, 2019. rocedures result in greater contamination of surgeons’ hands?

14. George S, Leasure AR, Horstmanshof D. Effectiveness of deco- P ] & £ ’

. . . . . . Clin Orthop Relat Res. 2016;474:1707-1713.
lonization with chlorhexidine and mupirocin in reducing surgical
. . . . . . 29. Dapunt U, Burkle C, Gunther F, Pepke W, Hemmer S, Akbar M.
site infections: a systematic review. Dimens Crit Care Nurs.2016; . . . D .
35:204-222 Surgical site infections following instrumented stabilization of the
15. Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG Jr. spine. The.r Clin Risk Manag: 2017;13:123.9_.1245'
. o . . 30. Lee SE, Kim KT, Park YS, Kim YB. Association between asymp-
Staphylococcus aureus infections: epidemiology, pathophysiol- o ) ] ) o S
.. . . . . . tomatic urinary tract infection and postoperative spine infection in
ogy, clinical manifestations, and management. Clin Microbiol ] i
Rev. 2015:28:603-661 elderly women: a retrospective analysis study. J Korean Neuro-

16. Darouiche RO, Wall MJ Jr, Itani KM, et al. Chlorhexidine- surg Soc. 2010;47:265'279‘ ) )
alcohol versus povidone-iodine for surgical-site antisepsis. 31. Haimoto S, Schar RT, Nishimura Y, Hara M, Wakabayashi T,
N Engl J Med. 2010;362:18-26. Ginsberg HJ. Reduction in surgical site infection with suprafascial

17. Srinivas A, Kaman L, Raj P, et al. Comparison of the efficacy of intrawound application of vancomycin powder in instrumented
chlorhexidine gluconate versus povidone iodine as preoperative posterior spinal fusion: a retrospective case-control study. J Neu-
skin preparation for the prevention of surgical site infections in rosurg Spine. 2018;29:193-198.
clean-contaminated upper abdominal surgeries. Surg Today. 32- Seamon MJ, Wobb J, Gaughan JP, Kulp H, Kamel I, Dempsey
2015:45:1378-1384. DT. The effects of intraoperative hypothermia on surgical site

18. Dumville JC, McFarlane E, Edwards P, Lipp A, Holmes A, Liu Z. infection: an analysis of 524 trauma laparotomies. Ann Surg.
Preoperative skin antiseptics for preventing surgical wound infec- 2012;255:789-795.
tions after clean surgery. Cochrane Database Syst Rev. 2015;(4):  33. Gorges M, West NC, Cheung W, Zhou G, Miyanji F, Whyte SD.
CD003949. Preoperative warming and undesired surgical and anesthesia out-

19. Kaoutzanis C, Kavanagh CM, Leichtle SW, et al. Chlorhexidine comes in pediatric spinal surgery—a retrospective cohort study.
with isopropyl alcohol versus iodine povacrylex with isopropyl Paediatr Anaesth. 2016;26:866-875.
alcohol and alcohol- versus nonalcohol-based skin preparations: ~ 34. McCarney R, Warner J, Iliffe S, van Haselen R, Griffin M, Fisher

the incidence of and readmissions for surgical site infections after
colorectal operations. Dis Colon Rectum. 2015;58:588-596.

P. The Hawthorne effect: a randomised, controlled trial. BMC
Med Res Methodol. 2007;7:30.


https://www.gov.uk/government/collections/surgical-site-infection-ssi-guidance-data-and-analysis
https://www.gov.uk/government/collections/surgical-site-infection-ssi-guidance-data-and-analysis
https://www.nice.org.uk/guidance/cg74
https://www.who.int/gpsc/appendix1.pdf
https://www.who.int/gpsc/appendix1.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


