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Abstract
Study design  Retrospective descriptive, single-center study.
Objectives  To determine the effect of standardized intrawound vancomycin powder and betadine irrigation on surgical site 
infection (SSI) rates after posterior spinal fusion (PSF) in idiopathic scoliosis.
Summary of background data  Since 2005, our pediatric spine center has implemented a series of changes to lower the risk 
of SSI. The most recent interventions—intrawound vancomycin powder and betadine irrigation—are applied just before 
closure, aiming to reduce the culture-positive bacterial contamination known to occur in many cases. We sought to determine 
the impact of these end-of-case measures on our center’s SSI rate.
Methods  We retrospectively reviewed patients who underwent PSF for idiopathic scoliosis at our institution from January 
1, 2010, to June 30, 2018, identifying all cases that returned to the operating room for surgical debridement within 90 days 
of PSF. Cases were surgeon-audited to ensure inclusion of all infections that met Centers for Disease Control and Prevention 
(CDC) criteria for acute SSI. Vertical expandable prosthetic titanium ribs, growing rods, staged procedures, and nonidiopathic 
cases were excluded. Annual rates of SSIs were correlated with the initiation of each SSI prevention measure.
Results  Among 740 cases of PSF for idiopathic scoliosis from 2010 to 2018, the overall acute SSI rate by CDC criteria was 
0.68%. The idiopathic SSI rate dropped significantly, from 1.70 to 0.20%, after the standardized introduction of intrawound 
vancomycin powder and betadine irrigation before closure (p < 0.04). The implementation of these end-of-case measures in 
2012–2013 was soon followed by an institution best 3.5-year SSI-free period for idiopathic cases.
Conclusions  Since intrawound vancomycin powder and betadine irrigation were added to our SSI prevention bundle, we 
have seen a significantly lower SSI rate after PSFs for idiopathic scoliosis. These findings suggest that anti-SSI interventions 
to reduce wound contamination at the end of the case may have a particularly positive impact on SSI reduction.
Level of evidence  Level III, therapeutic.

Keywords  Surgical site infection · Idiopathic scoliosis · Infection prevention · Posterior spinal fusion · Quality 
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Introduction

Preventing surgical site infections (SSIs) has been an intense 
focus for those working to improve the quality, safety, and 
value in pediatric spinal deformity surgery. The costs of 
readmission and reoperation for SSI after posterior spinal 
fusion (PSF) are high, ranging from $26,977 to $961,722 
[1]. Coupled with these high costs are well-established intra-
operative contamination rates that make PSFs inherently 
high-risk procedures. Some studies have demonstrated that 
as many as 21% of idiopathic PSF cases are contaminated 
just before closure, whereas others have shown that nearly a 
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third of PSF cases become contaminated at earlier stages of 
the procedure [2, 3]. As a result of these high rates of con-
tamination, the risk of infection after PSF ranges from 0.5 
to 1.6% in idiopathic scoliosis, and rates as high as 15.2% 
have been seen in series of neuromuscular scoliosis [4–14].

A wide variety of infection prevention strategies have 
been studied to address SSI after PSF, ranging from com-
prehensive antibiotic prophylaxis protocols to preoperative 
skin preparation to postoperative dressing changes [15–18]. 
Inconsistent results and practice variation across institutions 
have made it difficult to reach consensus on the most effec-
tive infection prevention strategies [18]. Consequently, Best 
Practice Guidelines (BPG) are often based on expert opinion 
rather than evidence-based research [19].

Beginning in 2005, our large pediatric spine center imple-
mented an SSI Bundle to minimize SSI rates. The Bundle 
has been updated and improved periodically, based on new 
evidence. The Bundle includes measures before entering 
the operating room (OR; like chlorhexidine gluconate 4% 
[CHG] wipes), measures just before surgery (strict control of 
the timing of antibiotic administration), end-of-case meas-
ures to decrease wound contamination, and postoperative 
measures (antibiotics and wound care). We have closely 
tracked the impact of newly implemented changes to our 
Bundle over the past decade. The most recently imple-
mented interventions, intrawound vancomycin powder and 
betadine irrigation, are applied just before closure. Both of 
these interventions were transitioned into our standard of 
care 2012–2013. The purpose of this study was to determine 
the effects of these end-of-case interventions on the infection 
rate after PSF for idiopathic scoliosis in a pediatric popula-
tion and determine if it is the end that truly counts.

Materials and methods

We studied a consecutive series of patients who had a posterior 
spinal fusion between 2010 and June 2018 performed by one 
of the seven pediatric orthopaedic surgeons at a single tertiary 
care children’s hospital, and captured every acute SSI case. 
Cases of potential infection were surgeon-audited to identify 
all true infections that met the Centers for Disease Control 
and Prevention (CDC) definition of acute SSI—a postopera-
tive wound infection within 90 days of the index procedure 
[20]. Juvenile and adolescent idiopathic scoliosis cases were 
included. Nonidiopathic (neuromuscular, syndromic, congeni-
tal) cases of scoliosis were excluded. Patients with previous 
spinal procedures including vertical expandable prosthetic 
titanium ribs, growing rods, and staged procedures were also 
excluded. Surgical techniques, including choice of implants, 
number of levels fused, osteotomies, and wound closure, were 
not standardized between surgeons or across the study period. 

Study approval was obtained from the institutional review 
board.

Annual surgical site infection rates were calculated for 
each year. Both intrawound vancomycin powder (500 mg) 
and betadine irrigation were transitioned into our standard of 
care during 2012–2013. January 1, 2013, was the start date 
for which both interventions were consistently used by all 
pediatric spine surgeons at our institution. These measures 
were added to our previously implemented infection pre-
vention strategies—a Bundle in 2010 (intravenous cefazolin 
given within 60 min of incision, impervious dressing + CHG 
applied after wound closure) and distribution of CHG wipes 
for use at home preoperatively in 2011. We evaluated the 
effect of these end-of-case measures by comparing before 
and after intervention SSI rates. Statistical significance (two-
tailed, p < 0.05) was tested using the χ2 and Fisher exact test, 
depending on the number of cases. All statistical analyses 
were conducted using SPSS version 23 (SPSS Inc., Armonk, 
NY).

Results

A consecutive series of 740 cases of PSF for idiopathic sco-
liosis from January 1, 2010, to June 30, 2018, were analyzed. 
Five cases met criteria for SSI, yielding an overall SSI rate 
of 0.68% during the 8.5-year study period. The mean time 
from surgery to reoperation for SSI was 27.8 days (range 
14–69). Adolescent idiopathic scoliosis (AIS) was the most 
common etiology within the cohort (91.9%, n = 680), and all 
five infections occurred in patients with AIS. The remainder 
of the cohort consisted of patients with juvenile idiopathic 
scoliosis (JIS); no SSIs occurred in these patients.

Following the standardized introduction of intrawound 
vancomycin powder and betadine irrigation before closure, 
the SSI rate dropped significantly, from 1.70% (n = 4/235) 
to 0.20% (n = 1/505) (Fig. 1, p < 0.04). This corresponded to 
a number needed to treat (NNT) of 67 patients—to prevent 
one SSI within 90 days of surgery, these measures would 
have to be used in 67 cases. The implementation of these 
end-of-case measures in 2012–2013 was soon followed by 
an institution best 3.5-year SSI-free period for idiopathic 
cases. No significant changes in idiopathic SSI rates were 
seen after the standardized implementation of previous 
infection prevention measures, including the initial Bundle 
in 2010 and distribution of CHG wipes for preoperative use 
at home in 2011.

Discussion

Implementing effective infection prevention strategies in 
pediatric spinal deformity surgery has been a major qual-
ity focus for the past decade. Studies showing that nearly 
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one-third of wounds become contaminated over the course 
of the procedure provide some insight regarding, where SSI 
prevention measures should focus [2, 3]. Shiono et al. stud-
ied 80 patients with cultures collected at multiple time points 
during the PSF procedure and demonstrated that although 
25% of cases are contaminated after initial exposure, 32.5% 
are contaminated just before wound closure [3]. When con-
sidering only idiopathic pediatric cases of PSF, Nandyala 
et al. identified 11 of 52 (21%) cases that had positive micro-
bial cultures from the paraspinal muscles just before wound 
closure [2]. Not every instance of contamination leads to 
infection, but even in idiopathic cases, nearly 2% of cases 
become infected in the immediate postoperative period 
[4–8].

The consequences of postoperative SSI are substantial, 
with high costs of management and the morbidity associ-
ated with removal of implants and potential progression of 
spinal deformity [1, 21]. There remains a substantial varia-
tion in infection prevention strategies between institutions 
and surgeons. A 2013 survey distributed by the Pediatric 
Orthopaedic Society of North America (POSNA) showed 
that among the 123 surgeons who responded, consensus 
(> 80% agreement) was reached for less than half of the 30 
proposed SSI prevention measures [18]. Consequently, Best 
Practice Guidelines for infection prevention in pediatric spi-
nal deformity surgery are largely based on expert consensus 
[15, 19].

Coordinating efforts with infectious disease experts, 
hospital administration and operating room leadership, 
our pediatric spine surgeons implemented a variety of 
potential SSI prevention measures, with continued OR 
surveillance and regular committee meetings to examine 
compliance and SSI rates. Although our infection preven-
tion strategies were standardized, other aspects of surgical 
technique varied with surgeon preference and over time, 

particularly as new implants and techniques became avail-
able. Nonetheless, the overall SSI rate for our idiopathic 
cases (0.68%) is consistent with previous literature [4–8]. 
The standardized practice of the application of intrawound 
vancomycin powder and copious betadine irrigation just 
before wound closure led to a clinically and statistically 
significant decrease in SSI rates among patients under-
going PSF for idiopathic scoliosis (1.70% vs. 0.20%, 
NNT = 67).

The impact of betadine irrigation on SSI risk has been 
investigated in a variety of surgical fields [22–25]. Within 
pediatric orthopedics, betadine (povidone–iodine) irriga-
tion has been shown to significantly decrease the risk of 
SSI among AIS patients compared with intraoperative gen-
tamicin irrigation (26.7% vs. 7.0%) [26]. Despite this, less 
than half of surgeons routinely use betadine irrigation for 
infection prevention after PSF, with rates ranging from 9 to 
39% [18, 19]. The efficacy of dilute betadine irrigation is 
more well-established in the adult spine literature [27–30]. 
Most notably, Tomov et al. demonstrated a 50% reduction 
in post-spinal surgery SSI rates in a cohort of more than 
2400 adults after the standardized introduction of betadine 
irrigation and application of intrawound vancomycin pow-
der [30]. Although some have proposed potentially adverse 
effects of betadine on wound healing through in vitro studies 
that demonstrated a reduction in fibroblast migration and 
proliferation, Chang et al. showed that diluted betadine solu-
tions do not influence wound healing, bone union, or clinical 
outcome [27, 31]. Our clinical experiences with betadine 
irrigation align with their findings; we did not observe any 
change in rates of wound healing or fusion after the stand-
ardized implementation of betadine irrigation in 2012–2013.

Independently, the effectiveness of intrawound vancomy-
cin powder at preventing SSI after PSF is less clear. Recent 
literature suggests that its widespread usage may increase 
the risk of Gram-negative and polymicrobial SSIs [32, 33]. 
Though in vitro studies have demonstrated its potentially 
harmful effects on bone healing and cellular viability and 
morphology, these adverse effects have not been found in 
clinical practice [34–36]. Similar to betadine irrigation, 
the role of intrawound vancomycin powder has been better 
evaluated in the adult spine literature. Some authors have 
contended that the usage of intrawound vancomycin powder 
improves infection rates both on its own and when combined 
with intravenous antibiotic prophylaxis [37–41]. Alterna-
tively, others have shown that infection rates are similar, 
even after the implementation of intrawound vancomycin 
powder (5.3% vs. 5.1%), though the authors acknowledged 
that they planned to continue using the technique [41]. In 
one published pediatric study, van Herwijnen et al. showed 
that its usage in addition to betadine irrigation did not fur-
ther reduce AIS SSI rates compared with betadine alone 
[26]. It is important to note, however, that their definition of 

Fig. 1   Posterior spinal fusion (PSF) surgical site infection (SSI) rates 
from 2010 to 2018 for idiopathic scoliosis. Arrow denotes approxi-
mate time when end-of-case measures were implemented
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SSI differed from ours and included superficial infections 
and a 1-year follow-up period.

Part of the difficulty in understanding the impact of 
intrawound vancomycin powder on pediatric SSI rates is the 
variability in microbe susceptibility, based on underlying eti-
ology. Neuromuscular patients are more vulnerable to Gram-
negative infections, which are not covered by prophylactic 
vancomycin [4, 6–8, 15, 42, 43]. Some have recommended 
that vancomycin be added to the wounds of these “high-risk” 
patients [19]. A post hoc analysis of our 197 neuromuscu-
lar PSF cases from 2010–2018 demonstrated that end-of-
case measures did not improve the SSI rate (6.5% vs. 5.3%, 
p = 0.75), suggesting that intrawound vancomycin may play 
less of a preventive role in nonidiopathic cases, given their 
known risk of Gram-negative infections and fecal postopera-
tive wound contamination (Table 1).

When taking a closer look at our data, there is a slight 
trend toward improving SSI rate from 2010 to 2012, before 
the implementation of end-of-case measures, but after the 
implementation of bundles and preoperative CHG wipes. 
These earlier interventions were previously shown to not sig-
nificantly decrease SSI rates at our institution. Additionally, 
given what is known about progressively increased wound 
contamination, strategies applied before surgery, such as 
preoperative CHG wipes, are less likely to have an impact.

This study has several limitations. First, it is a single-
center, retrospective study. The strength of this method-
ology is that our institution can serve as its own internal 
control—the OR environment, local biome, and surgeons’ 
habits are similar over time, and we can monitor compli-
ance to ensure that interventions are being applied appro-
priately. The drawback is that this may limit its general-
izability to other institutions that have different practice 
patterns, biomes and resources. Additionally, this study 
design and the lack of standardization of surgical tech-
nique over time limit our ability to control for other factors 
that could impact risk of postoperative surgical site infec-
tion, including BMI, type of implant, surgical techniques 
(i.e., osteotomies), surgical time, and number of levels 
fused. A randomized controlled trial would circumvent 
this limitation; however, the feasibility of such a study is 
low, in light of the established high rates of intraoperative 
contamination during PSF. Furthermore, the low incidence 

of SSI after PSF makes it difficult to demonstrate signifi-
cant effects of each individual intervention. Though we 
cannot definitively distinguish the impact of individual 
measures vs. the cumulative effects of the changes imple-
mented, our evidence now shows that the most recent end-
of-case interventions are the first to significantly reduce 
SSI rates in our idiopathic scoliosis cohort.

In summary, a decade of practice changes, surveillance, 
and interventions at our institution has had varying impact 
on SSI rates after spinal fusion. Intrawound vancomycin 
powder and copious betadine irrigation at the end of the 
case are the first interventions to significantly lower the 
SSI rate after PSF for idiopathic scoliosis. These findings 
emphasize the importance of taking appropriate infection-
preventing precautions just before closing the wound.

Key points

•	 End-of-case measures, such as applying intrawound van-
comycin powder and betadine irrigation, were particu-
larly valuable in reducing SSI rates after PSF in patients 
with idiopathic scoliosis.

•	 The standardized introduction of these two interventions 
led to an institution best 3.5-year SSI-free period in idi-
opathic cases.

•	 These are the first in a series of anti-SSI interventions 
implemented at our institution to significantly reduce SSI 
rates after PSFs for idiopathic scoliosis.
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Table 1   Impact of institution-wide end-of-case measures on surgical site infection (SSI) rate after posterior spinal fusion (PSF)

a Non-idiopathic includes neuromuscular and syndromic cases

Years Total (n = 1062; SSI = 18) Idiopathic (n = 740; 
SSI = 5)

Non-idiopathica 
(n = 322; SSI = 13)

Neuromuscu-
lar (n = 197; 
SSI = 11)

End-of-cCase 2010–2012 8/323 = 2.48% 4/235 = 1.70% 4/88 = 4.54% 3/46 = 6.52%
M measures 2013–2018 10/739 = 1.35% 1/505 = 0.20% 9/234 = 3.85% 8/151 = 5.30%
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