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Abstract

Study design Retrospective.

Objective Can a standardized, hospital-wide care bundle decrease surgical site infection (SSI) rate in pediatric spinal
deformity surgery?

Summary of background data SSI is a major concern in pediatric spinal deformity surgery.

Methods We performed a retrospective review of our primary scoliosis surgeries between 1999 and 2017. In 2008, we
implemented a standardized infection reduction bundle. Interventions included preoperative nares screening for methicillin-
resistant staphylococcus aureus or methicillin-sensitive Staphylococcus aureus 2 weeks preoperatively, and treatment with
intranasal mupirocin when positive, a bath or shower the night before surgery, a preoperative chlorohexidine scrub, timing
of standardized antibiotic administration, standardized intraoperative re-dosing of antibiotics, limiting operating room traf-
fic, and standardized postoperative wound care. In 2011, we added intrawound vancomycin powder at wound closure. Our
inclusion criteria were patients 21 years of age or less with idiopathic, neuromuscular, syndromic, or congenital scoliosis
who had a primary spinal fusion or a same day anterior and posterior spine fusion with segmental spinal instrumentation
of six levels or more. We compared the incidence of early (within 90 days of surgery) and late (> 91 days) SSI during the
first postoperative year.

Results There were 804 patients who met inclusion criteria: 404 in the non-bundle group (NBG) for cases prior to protocol
change and 400 in the bundle group (BG) for cases after the protocol change. Postoperatively, there were 29 infections (7.2%
of total cases) in the NBG: 9 early (2.2%) and 20 late (5.0%) while in the BG there were only 10 infection (2.5%): 6 early
(1.5%) and 4 late (1.0%). The reduction in overall SSIs was statistically significant (p =0.01). There was a trend toward
decreased early infections in the BG, without reaching statistical significance (p =0.14).

Conclusion Standardized care bundles appear effective in reducing the incidence of postoperative pediatric spine SSIs.
Level of evidence Level III.
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Introduction after pediatric spine deformity surgery can generate mean

hospital charges of $154,537 [1]. This is in addition to the

Surgical site infections (SSI) continue to be a significant
concern in pediatric spinal deformity surgery. The associ-
ated costs of an infection can be overwhelming. A single SSI
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psychosocial cost on a family caring for their child, plus the
real cost to them of lost work during their child’s hospitali-
zation. From a public policy perspective, the Department
of Health and Human Services has identified healthcare-
associated infections as the most common type of complica-
tion for hospitalized patients and, in 2008, began not paying
hospitals for the costs of treating such infections, deeming
them preventable events. Furthermore, the Affordable Care
Act’s Hospital Acquired Condition Reduction Program,
implemented in 2015, reduces all payments to facilities in
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the lowest quartile for hospital-acquired conditions [2]. Due
to significant patient morbidity and the myriad of negative
repercussions resulting from SSIs, surgeons have made it a
priority to identify modifiable risk factors and preventative
strategies that can decrease the rate of SSIs in spinal deform-
ity patients.

Nevertheless, SSIs continue to be a vexing problem for
modern medicine and surgery. There are often no discern-
ible inciting events for SSI. Even the effects of wound heal-
ing and intraoperative bacterial contamination on SSI rates,
from a basic science perspective, are not fully understood
[3,4].

However, it is understood that different populations of
patients with spinal deformity, including idiopathic, neu-
romuscular, syndromic, and congenital all carry unique
underlying factors contributing to their spinal deformity.
As aresult, patient-specific risk factors for these subgroups
also differ, as do the corresponding rates of SSIs. Published
infection rates vary, but can range from as low as 0.5%
in adolescent idiopathic scoliosis to upwards of 25% for
patients with neuromuscular scoliosis [5, 6].

As most patient-specific risk factors cannot be modified,
some surgeons have focused their efforts on standardizing
care by employing preventative strategies to lower infec-
tion rate and by addressing modifiable risk factors, thereby
minimizing the risk of SSI [7]. To that end, our institution
developed a comprehensive, standardized infection reduc-
tion bundle in 2008. While surgeries prior to 2008 did have
a standardized care path, this care path had minimal focus on
SSI reduction and only included 24 h of prophylactic antibi-
otics. There were no changes to the preoperative antibiotics
to cover MRSA or Gram-negative bacteria, and no focus on
the time frame in which preoperative antibiotics were admin-
istered. The new infection reduction bundle focused specifi-
cally on minimizing risk factors for SSIs. Our interventions
include preoperative nares screening for methicillin-resistant
Staphylococcus aureus (MRSA) or methicillin-sensitive
Staphylococcus aureus (MSSA) approximately 2 weeks
preoperatively, and treatment with intranasal mupirocin
when positive; a bath or shower the night before surgery;
a preoperative chlorohexidine scrub immediately before
surgery; timing of standardized antibiotic administration;
standardized intraoperative re-dosing of antibiotics; limiting
operating room (OR) traffic; and standardized postoperative
wound care (Appendix). Minor modifications to the bundle
occurred over time including adding vancomycin powder
to the wound in 2011. We incorporated these changes into
our existing care path for preoperative, intraoperative, and
postoperative care of our pediatric spinal deformity patients.

Through a retrospective cohort design, we sought to
understand if our new infection prevention bundle affected
rates of SSI in primary posterior spinal fusion surgeries
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and segmental spinal instrumentation for pediatric spinal
deformity.

Materials and methods

Using our Institutional Review Board (IRB)-approved Pedi-
atric Orthopaedic Spine Database, we performed a retro-
spective review of our primary scoliosis surgeries between
1999 and 2017. This study was also IRB approved.

Our inclusion criteria were patients 21 years of age or less
with a diagnosis of idiopathic, neuromuscular, syndromic,
and congenital scoliosis who had a posterior spinal fusion
or a same day anterior and posterior spine fusion with seg-
mental spinal instrumentation of six levels or more, and a
minimum of 1 year of postoperative follow-up.

We excluded patients with kyphosis, staged anterior and
posterior procedures, anterior only procedures, growing rod
procedures, and instrumentation of five levels or less.

Patients were assigned to the non-bundle group (NBG)
for cases prior to the protocol change in 2008, or to the bun-
dle group (BG) for cases after 2008. Patients in the NBG
were treated only with cefazolin for 24 h, with no other
infection reduction methods as part of their care. Our senior
nurse practitioner was present in the OR for all spine sur-
geries in the NBG. Antibiotics were consistently discussed
with anesthesia and administered, though timing of dosing
related to incision was not mandated by a protocol and com-
pliance was not specifically monitored. Patients in the BG
were all treated in line with the standardized infection reduc-
tion bundle and were all followed by our senior pediatric
orthopaedic nurse practitioner to ensure protocol adherence.
To add further verification and eliminate bias, a pediatric
infectious disease nurse independently monitored all spine
surgeries for compliance. Lack of full compliance with all
components of the bundle did not result in cancelling cases.
Two specific components had compliance rates less than
100%: staph screens (99% compliance) and chlorhexidine
wipes in the PACU (97%). We studied patient demographics,
operative details, and the incidence of early (within 90 days
of surgery) and late (> 91 days) infections between the two
groups as described by the Centers for Disease Control [8].

Results

There were 804 consecutive patients who met inclusion cri-
teria. There were 404 patients in the NBG and 400 patients
in the BG. Due to the large number of patients, the demo-
graphics of both groups were very similar (Table 1). There
were 251 patients with idiopathic scoliosis (IS) in the NBG
and 237 patients in the BG; 116 patients with neuromuscular
scoliosis (NMS) in the NBG and 118 patients in the BG;
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26 patients with syndromic scoliosis in the NBG and 29
patients in the BG; and 11 congenital scoliosis patients in
the NBG and 16 patients in the BG.

The mean age of the patients at surgery in both groups
was also similar. The mean age of NBG patients with IS
was 14 +2 years, NMS patients were 13.6 +2.6 years, syn-
dromic patients were 14 + 1.4 years, and congenital were
11.5 £ 1.6 years. The mean age of BG patients with IS
was 14 +2 years, NMS patients was 13.9 +2.7 years, syn-
dromic patients was 13.4+2.5 years, and congenital was
12.7 + 1.6 years. The mean preoperative major curve mag-
nitude of NBG patients with IS was 57°+11°, NMS was
71° +20°, syndromic was 65°+20°, and congenital was
61°+ 14°. The mean preoperative curve magnitude of BG
patients with IS was 56° + 10°, NMS was 71° +20°, syndro-
mic was 67° +15°, and congenital was 70° + 16°. The mean
follow-up of the NBG was 5.7 years & 3.4 years and the BG
was 3.3 years +2.1 years.

Surgery-specific variables were also examined to ensure
similarity between groups, examining operative time (inci-
sion to closure), levels fused, and transfusion requirements.
These findings are also outlined in Table 1.

Postoperatively, there were 29 infections (7.2% of total
cases) in the NBG: 9 early (2.2%) and 20 late (5.0%). This
included 1 early and 14 late infections in the IS group, 5
early and 5 late in the NMS group, 3 early and O late in the
syndromic group and O early and 1 late in the congenital
group. The BG had ten infections (2.5% of total cases): six

Table 2 Microbiology of Infections

early (1.5%) and four late (1.0%). There were no early or
late infections in the IS group, five early and four late in
the NMS group, one early and zero late in the syndromic
group and no early or late infections in the congenital group
(Table 2).

The mean time to early infections was 18.9 days in NBG
and 18.2 days in BG. The mean time to late infection in NBG
was 4.1 years and 2 years in the BG. There was only one late
infection in both groups within the first year.

Associated respiratory and urinary tract infections were
also noted. There were six patients in the NBG who devel-
oped a postoperative UTI, one of which ultimately had an
early SSI with Enterococcus faecalis. Three patients in the
BG had a postoperative UTI, though none developed a post-
operative SSI. Overall, there were 23 patients in the NBG
who developed a postoperative respiratory complication
(pneumothorax (6), pleural effusion (6), hemothorax (3),
atelectasis (3), respiratory arrests (3), and aspiration pneu-
monia (2)), none of which had a subsequent SSI. In the BG,
seven patients developed a postoperative respiratory com-
plication [plural effusion (2), pneumothorax (2), aspiration
pneumonia (1), hemothorax (1), pneumonia (1)], none of
which developed a postoperative SSI.

The type of metal in the instrumentation was also noted
between both groups (Table 3).

As all perioperative data were prospectively recorded in
our Pediatric Orthopaedic Spine Database, we were able to
document compliance with each component of the bundle

Idiopathic Scoliosis

Neuromuscular Scoliosis

Syndromic Scoliosis Congenital Scoliosis

NBG BG NBG BG NBG BG NBG BG

Early Infection (# 1 0 5 5 3 1 0 0

of patients)

Early SSI organ- Pseudomonas —  Enterococcus Bacteroides (beta ~ Pseudomonas, MSSA - -

isms faecalis, MSSA lactamase +), MSSA, Peptos-
(n=3), Strepto- MSSA, MRSA, treptococcus
coccus viridans Proteus mira-
bilis, Pseu-
domonas + Pro-
teus mirabilis

Late infection (# of 14 0o 5 4 0 0 1 0

patients)

Late SSI organisms MSSA, Propi- —  Coagulase-Neg- Corynebacte- - - Coagulase-neg- —
onibacterium, no ative Staphy- rium + Coagu- ative Staphylo-
growth (n=12) lococci (n=2), lase-Negative cocci

Corynebacte- Staphylococci,
rium + Coagu- MSSA + Pro-
lase-Negative teus, Pseu-
Staphylococci, domonas +E.
MRSA, Staphylo-  coli, no growth
coccus aureus
Total infections 15 0 10 9 3 1 1 0
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Table 3 Types of instrumentations
Idiopathic Scoliosis, Neuromuscular Scoliosis, Syndromic Scoliosis, Congenital Sco- Total Total
n=488 n=234 n=55 liosis, n=27 NBG, BG,
n=404 n=400
NBG BG NBG BG NBG BG NBG BG NBG BG
Stainless steel 183 (13 late) 0 101 (3 early, 4 late) 2 17 (1 early) 11 (1late) O 312 2
Titanium 68 (1 early, 1 late) 122 15 (2early, 1 late) 87 (5 92early) 19 0 10 92 238
early, 4
late)
Cobalt chrome 0 115 0 29 0 10 (1 early) O 6 0 160
Early infection 1 0 3 1 0 0 9 6
Late infection 14 0 0 0 1 0 20 0
Total infections 15 0 10 9 3 1 1 0 29 10
Total patients 251 237 116 118 26 29 11 16 404 400

throughout the study period, with 99% compliance for staph
screens, 100% compliance for mupirocin treatment if posi-
tive staph screen, 97% compliance with chlorhexidine wipes
in PACU, 100% compliance with vancomycin powder, and
100% compliance with antibiotic timing and redosing.
Overall, the reduction for all SSIs was statistically sig-
nificant for (p =0.01). There was a trend toward decreased
infection rate for early infections, but this did not reach sta-
tistical significance (p =0.14). Overall, we have had no early
infections between November 2015 and now (May 2019).

Discussion

Implementing the infection bundle led to a statistically sig-
nificant reduction in all SSIs. Twenty-nine of 404 patients
(7.2%) in the NBG before the bundle were implemented
developed postoperative infections, compared with only
10 of 400 patients (2.5%) in the BG after bundle imple-
mentation. While there was a trend toward decreased early
infection rates in patients treated after the bundle was imple-
mented, this did not reach statistical significance. We feel
this was due to our low number of infection cases overall.
Our incidence is currently even lower owing to no acute
infections since November 2015.

We acknowledge that this study has limitations, including
the single-center patient pool, the bundled enacting several
changes at one time, and the retrospective methodology.
Although our sample included a large number of patients,
when splitting the analysis by diagnosis, the subgroups
declined in size. It is difficult to provide an adequately large
patient pool in each subgroup of spinal fusions by diagnosis
in one center. Additionally, as an academic medical center,
findings specific to our institution may not be applicable to
the general population. However, the effect of intergroup
variability on the results was minimized as the demograph-
ics between groups were very similar. Also, as any practice

would over nearly 2 decades, our cohort of surgeons evolved,
with some staying and gaining more experience, new sur-
geons joining, and some leaving. While each of these factors
may have some effect, we would suggest it would not be
substantially different than any other academic practice over
such a length of time. Additionally, all surgeons followed the
same infection reduction bundle, which decreases variability
between individual surgeons. Temperature management of
the patients during and immediately after surgery was not
different between both groups. There was, however, a differ-
ence in blood loss between the groups, though aminocaproic
acid was used in both groups. In 2009, a bipolar sealer was
added to our tool box, which may explain the decrease in
blood loss in the BG [9]. However, blood loss has not been
demonstrated to affect the rate of SSIs in a systematic review
of the literature [10]. Despite these limitations, this study
provides evidence that a systematic, preoperative bundled
approach can decrease SSIs in pediatric patients undergoing
spinal surgery.

SSIs continue to be a significant problem after pediat-
ric spine surgeries, but literature varies widely in reporting
how commonly SSIs occur. SSI rates are reported between
0.5% and 25% for pediatric patients after scoliosis surger-
ies, depending on the underlying etiology [7, 11]. Addition-
ally, infection rates vary widely among different institutions
[12]. In 2016, Garg et al. retrospectively analyzed an 8-site
multicenter database for patients implanted with VEPTR,
and found the rate of SSIs ranged from 2.9 to 42.9% [12].
By standardizing protocols across centers, we can aim to
optimize a bundle to decrease SSIs based on best evidence
and practices.

The merits of standardized protocols to decrease SSIs
has been demonstrated across disciplines in the surgical lit-
erature [13—-16]. Stambough et al. found a decreased SSI
rate in arthroplasty patients after implementation of an
infection reduction care bundle, noting a 0.8% rate of SSIs
before the bundle, and a 0.2% rate of SSIs after the bundle
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[13]. Additionally, Gorgun et al. found similar benefits of a
standardized care bundle in colorectal cancer, reporting a
decrease in SSI rates from 11.8 to 6.6% after the Colorectal
Surgery SSI Prevention Bundle Protocol was implemented
[16].

Specific to spinal surgery, multiple studies have shown
that adhering to protocols decreases rates of SSIs [17-19].
In 2018, Lopez et al. investigated the impact of a Vancomy-
cin and Cefazolin as a standard preoperative prophylactic
antibiotic regiment on SSIs in adult spinal fusions [18]. The
study involved comparing rates of SSIs before and after a
standard antibiotic protocol. The authors found a significant
reduction in SSI from 4 to 2%. Glotzbecker et al. compared
infection rates in high-risk posterior spinal fusion pediatric
patients before and after a multidisciplinary clinical path-
way was implemented at their institution. The pathway was
created in 2012, and the study examined rate of infection
before and after implementation, finding that adherence to
a multi-factorial protocol led to lower SSI rates, decreased
cost associated with care, and ultimately improved patient
outcomes [17]. In 2018, Vandenberg et al. studied a group of
patients treated after a multidisciplinary task force updated
protocols to address modifiable risk factors for SSI. The
study compared rates of SSI in patients who were compliant
with the protocol versus patients who were non-compliant
and found that compliance with an antibiotic bundle was
associated with decreased risk of developing an SSI in pedi-
atric patients undergoing index or revision posterior spine
fusion surgery [19].

Although evidence remains limited and sometimes con-
tradictory, several recent studies have measured single-
variable changes in care, which can add to the evidence
supporting an optimal bundle for pediatric spinal fusion
patients [20-22]. Yet not all components to a bundle have
good supporting evidence as a single variable. For example,
we addressed the timing of intravenous antibiotics. However,
the literature reported conflicting findings on the importance
of this aspect of care [7]. We also included preoperative
nares screening for MRSA and MSSA. Previous studies
suggest prophylactic screening and treatment of MRSA can
improve SSI rates [23, 24]. We employed a pre-operative
chlorohexidine scrub, which has suggested reduced rates of
SSI in various surgical specialties; however, the effective-
ness of this practice has not been demonstrated in pediatric
patients with spinal deformities [25]. Additional aspects
of the care bundle we implemented included minimizing

@ Springer

OR traffic, although OR traffic has not been associated with
increased risk of SSIs [26]. Finally, standardizing postopera-
tive wound care was a component of our bundle, although
there is insufficient evidence that specific wound care affects
SSI rates in pediatric spine deformity surgeries [7].

Several recent studies have examined the effect of intra-
wound vancomycin powder. There is variable reporting on
the effect of vancomycin and risk of postoperative SSIs
[27, 28, 21]. Garg et al. studied the effectiveness of topi-
cal vancomycin in a mixed population of pediatric patients
undergoing primary or revision posterior spinal fusion. This
study found that the use of intra-wound vancomycin was not
effective in reducing SSIs in pediatric spine surgeries [27].
Contrary to the Garg et al. study, Thompson et al. studied
early-onset scoliosis patients at our institution and found that
that vancomycin was effective at reducing the rate of SSIs
though their study was in an early-onset scoliosis popula-
tion [28].

We acknowledge that the bundle did not test individual
measures, but rather evaluated changes as a whole when
quantifying reduction in infection rates. Further studies are
needed to identify the benefits of individual preventative
strategies added to infection reduction bundles, as well as
any potential additive or synergistic benefit by combining
several interventions. Although we were unable to provide
evidence for each individual component, cumulatively we
observed a decrease in infection rate after our bundle was
enacted.

Surgical site infections remain a significant concern in
pediatric spinal deformity surgery. Our bundled approach
to infection reduction demonstrated a statistically signifi-
cant decrease in SSIs. Further work is needed to optimize
the interventions contained within a bundle utilizing larger
standardized data sets, as well as investigations regarding
individual interventions in specific patient subpopulations.
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tion: CP-K, GHT, JPS-H, CKH, RJM. Statistical analysis: CP-K, JLS,
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