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C
ost containment is becoming increasing important 
in health care, and this also pertains to lumbar spi-
nal surgery. One specific area of focused improve-

ment has been efforts to lower readmission rates. Despite 
many initiatives, one persistent obstacle to achieving this 
goal has been the occurrence of postoperative surgical site 
infection (SSI). Despite attempts to reduce SSI, large stud-
ies on posterior lumbosacral spine instrumentation infec-
tion report ranges between 3% to 4% across all indica-
tions.13,19 Moreover, depending on the comorbidities and 

surgical complexity, individual risks can approach as high 
as 15%.2,21

Surgeons are more amenable than ever to incorporate 
strategies to lower SSI. One potential promise has been the 
use of vancomycin, a broad-spectrum glycopeptide antibi-
otic that provides coverage for many gram-positive organ-
isms, including skin flora. Vancomycin was first isolated 
from Actinobacteria species in 1953 by Edmund Kornfeld 
and later introduced after FDA approval as an intravenous 
formulation in 1958.12 Decades later, surgery has seen the 

AbbreviAtioNs MIC = minimal inhibitory concentration; SSI = surgical site infection.
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obJect The use of intrawound vancomycin is rapidly being adopted for the prevention of surgical site infection (SSI) 
in spinal surgery. At operative closure, the placement of vancomycin powder in the wound bed—in addition to standard 
infection prophylaxis—can provide high concentrations of antibiotics with minimal systemic absorption. However, despite 
its popularity, to date the majority of studies on intrawound vancomycin are retrospective, and there are no prior reports 
highlighting the risks of routine treatment.
methods A MEDLINE search for pertinent literature was conducted for studies published between 1966 and May 
2015 using the following MeSH search terms: “intrawound vancomycin,” “operative lumbar spine complications,” and 
“nonoperative lumbar spine complications.” This was supplemented with references and known literature on the topic.
results An advanced MEDLINE search conducted on May 6, 2015, using the search string “intrawound vancomycin” 
found 22 results. After a review of all abstracts for relevance to intrawound vancomycin use in spinal surgery, 10 studies 
were reviewed in detail. Three meta-analyses were evaluated from the initial search, and 2 clinical studies were identi-
fied. After an analysis of all of the identified manuscripts, 3 additional studies were included for a total of 16 studies. 
Fourteen retrospective studies and 2 prospective studies were identified, resulting in a total of 9721 patients. A total of 
6701 (68.9%) patients underwent treatment with intrawound vancomycin. The mean SSI rate among the control and 
vancomycin-treated patients was 7.47% and 1.36%, respectively. There were a total of 23 adverse events: nephropathy 
(1 patient), ototoxicity resulting in transient hearing loss (2 patients), systemic absorption resulting in supratherapeutic 
vancomycin exposure (1 patient), and culture-negative seroma formation (19 patients). The overall adverse event rate for 
the total number of treated patients was 0.3%.
coNclusioNs Intrawound vancomycin use appears to be safe and effective for reducing postoperative SSIs with 
a low rate of morbidity. Study disparities and limitations in size, patient populations, designs, and outcomes measures 
contribute significant bias that could not be fully rectified by this systematic review. Moreover, care should be exercised 
in the use of intrawound vancomycin due to the lack of well-designed, prospective studies that evaluate the efficacy of 
vancomycin and include the appropriate systems to capture drug-related complications.
http://thejns.org/doi/abs/10.3171/2015.7.FOCUS15258
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increased use of intrawound vancomycin, which was first 
administered to cardiothoracic surgery patients with posi-
tive results as an unreconstituted powder intended for use 
in intravenous preparations.12

These successful results led to vancomycin’s experi-
mental use in spinal surgery patients. In the spine litera-
ture, the use of vancomycin powder has appeared to sig-
nificantly lower the incidence of postoperative SSIs in a 
number of retrospective studies, from a mean incidence of 
4.1% to 1.3%.12,13 One aspect under further study is the ide-
al population for its use, as its use appears to be relatively 
more beneficial in higher risk populations in some stud-
ies.13 Most importantly, due to the lack of a well-designed, 
prospective study, the FDA has not currently approved 
vancomycin as an intrawound application. However, van-
comycin use has been associated with a decreased infec-
tion rate, resulting in a cost savings of $244,402 per 100 
thoracolumbar deformity procedures due to decreased re-
admission, reoperation, and medical management.25

The benefits of using intrawound vancomycin are the 
ability to achieve a significantly higher minimal inhibi-
tory concentration (MIC) in the wound bed, while mini-
mizing the serum concentration of the drug and therefore 
lowering systemic absorption. Clinical studies show that 
serum vancomycin levels remain at normal therapeutic 
levels (15–20 mg/ml)1 or subtherapeutic to undetectable 
levels,7 while local wound concentrations exceed the MIC 
needed to treat most covered microbes.1 An elevated se-
rum concentration of vancomycin can be associated with 
all of the complications reported with the intravenous use 
of vancomycin hydrochloride, the most concerning of 
which is nephrotoxicity which can occur at a rate of 6%.20

Again, despite the limited availability of high-quality 
evidence in the literature, intrawound vancomycin has 
seen considerable use among spine surgeons, even more 
so in spine surgeries involving instrumentation such as re-
vision procedures, trauma, and deformity.16 At the present 
time, very limited reports are available on the potential 
complications of intrawound vancomycin use. One theo-
retical concern with vancomycin that has been highlighted 
in the spine literature is that broad-spectrum gram-pos-
itive coverage could routinely result in the selection of 
gram-negative and anaerobic bacterial SSIs.8

We performed a systematic review of the literature with 
the aim of summarizing potential vancomycin-related ad-
verse effects.

methods
An advanced MEDLINE search of English-language 

papers was conducted on May 6, 2015, using the search 
string “intrawound vancomycin” in accordance with 
PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines.15 Papers were re-
viewed in their entirety when considered for inclusion. 
The identified reviews and meta-analyses were reviewed 
for additional studies. All references identified in each pa-
per were analyzed, and potentially relevant abstracts were 
reviewed for further inclusion.

inclusion criteria

The included articles were already published or pub-

lished prior to print, written in the English language, and 
involved only human subjects. Prospective clinical trials 
and retrospective case series with and without compara-
tive cohorts were eligible for inclusion. All included ar-
ticles were analyzed, and infection rates were recorded 
with and without intrawound vancomycin use as well as 
the dosage. All studies must have included data regarding 
perioperative procedural complications. In particular, the 
collected secondary variables included adverse events that 
are potentially attributed to intrawound vancomycin use, 
which includes the SSI rates, cultured microbial organ-
isms, mortality, nephropathy, ototoxicity, drug-related skin 
manifestations, and pseudoarthrosis. All included studies 
were reviewed in detail by 2 authors (K.W. and G.M.G.) to 
confirm eligibility and limit bias across studies.

exclusion criteria

Excluded papers were laboratory or animal research 
studies, non–English-language publications, case studies, 
and commentaries. Descriptive studies, surgical technique 
studies, and articles deemed irrelevant to the topics of in-
terest, as reviewed by 2 authors (G.M.G. and K.W.), were 
also excluded to limit bias. Meta-analyses and systematic 
reviews were not included. Relevant studies that appeared 
in both searches were included in both groups for analysis 
if they were comparative studies.

results
The advanced MEDLINE search, which was conducted 

on May 6, 2015, using the search string “intrawound van-
comycin,” found 22 results. After reviewing all abstracts 
for relevance to intrawound vancomycin use in spinal sur-
gery, 10 studies were reviewed in detail. Three meta-anal-
yses were evaluated from the initial search, and 2 clinical 
studies were identified. After reviewing all manuscripts, 4 
additional studies were identified and a total of 16 studies 
were selected (Fig. 1).

Adverse events

Fourteen retrospective studies and 2 prospective stud-
ies were identified with a total of 9721 patients. A total 
of 6701 (68.9%) patients underwent treatment with intra-
wound vancomycin. The mean SSIs rate among the control 
and vancomycin-treated patients were 7.47% and 1.36%, 
respectively. There were a total of 23 adverse events: ne-
phropathy (1 patient), ototoxicity resulting in transient 
hearing loss (2 patients), systemic absorption resulting 
in supratherapeutic vancomycin exposure (1 patient), and 
culture-negative seroma formation (19 patients) (Table 1). 
The overall adverse event rate of the total number of treat-
ed patients was 0.3%.

discussion
The incidence of adverse events pertaining to intra-

wound vancomycin use is noticeably low across the ma-
jority of studies, with only an added morbidity of 0.3%. 
However, when interpreting vancomycin studies, it has to 
be taken into consideration that the majority of the con-
clusions derived are from retrospectively obtained clinical 
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data and not well-designed prospective studies. The usual 
limitations to analysis apply, such as the low complication 
rate due to recall bias.3 Still, in just 4 years, intrawound 
vancomycin use has been reported with an extremely low 
rate of adverse events in 6701 patients. This is even more 
impressive considering that all of these postoperative 
seromas were treated with wound revisions without any 
further events, and all manifestations of systemic toxicity 
such as nephropathy and ototoxicity were rare and tran-
sient.

Molinari et al.17 reported the largest case series to date 
of intrawound vancomycin use in 1512 surgeries. They 
found 1 case of transient renal failure. While all patients 
received 1 g vancomycin, the time course of renal failure, 
the changes in creatinine over time, and the serum con-
centrations of vancomycin remain unclear. Prior studies 
show that serum vancomycin rarely increases to supra-
ther apeutic levels after intrawound administration and is 
nearly undetectable after 24 hours.1,7 Armaghani et al. do 
note in their retrospective study on vancomycin use that 
there was one outlier in which supratherapeutic vancomy-
cin levels were noted without any systemic toxicity.1 Fur-
thermore, Gans et al. evaluated both serum vancomycin 
and creatinine levels and found no significant rise in either 
laboratory value across 87 pediatric patients undergoing 
spinal deformity surgery.7

selective pressures concerns on gram-Negative ssis and 
vancomycin resistance

Postoperative SSIs are predominantly gram-positive 
and usually methicillin-sensitive Staphylococcus aureus.2 
Ghobrial et al. highlighted the use of intrawound vancomy-
cin in spinal surgery patients from higher risk populations, 
such as patients undergoing lumbar revision and deformi-
ty procedures, and included a total of 981 patients.8 Eighty 
percent (n = 786) of all described surgeries involved the 
lumbar spine, and a 5.2% infection rate was noted as well 
as an approximately 1.5% (n = 15) rate of culture-negative 
seroma.8 Fifteen of the cultured infections were polymi-
crobial, as well as 2 fungal cultures, and a wide range of 

gram-negative infections of the spine were noted, with the 
most common pathogenic cultured organisms including 
Corynebacteria, Escherichia coli, Proteus, and Pseudo-
monas (Fig. 2). Tomov et al. reviewed the use of intra-
wound vancomycin in spinal surgery in their retrospective 
series of 2325 patients, which included a historical com-
parative cohort.26 An overall decline in the infection rate 
was noted, particularly in gram-positive organisms and 
methicillin-resistant S. aureus, with a respective 27% and 
23% decrease of each.26 The proportion of gram-negative 
and polymicrobial infections also decreased after the use 
of vancomycin, which can only be explained by significant 
differences in patient populations and operative durations 
with the use of historical controls.

One additional consideration with the widespread use 
of vancomycin powder in spinal surgery is the theoreti-
cal concern of promoting the development of vancomy-
cin-resistant organisms. None of the reported studies to 
date describe postoperative spinal infections caused by 
vancomycin-resistant pathogens in patients with the prior 
use of intrawound vancomycin. While the development of 
vancomycin-resistant S. aureus has not been published in 
the spinal surgery literature, vancomycin-resistant S. au-
reus development has been found to be a concern when the 
MIC of vancomycin is below 4 mg/ml.24 However, previ-
ously published studies have demonstrated that vancomy-
cin can reach high concentrations well beyond the MIC 
needed to treat gram-positive organisms without systemic 
effects.1

dosage effect on complications

Currently, there are no human studies designed to de-
termine the optimum concentration of intrawound van-
comycin. Eder et al. demonstrated the in vitro, negative, 
dose-dependent effect of local vancomycin powder on 
osteoblast activity.5 Osteoblast cell cultures were exposed 
to 0, 3, 6, or 12 mg/cm2 of vancomycin powder. At con-
centrations only above 3 mg/cm2, a decline in the pH with 
a concomitant decrease in osteoblast activity was noted. 
This was also confirmed with a decrease in alkaline phos-
phatase activity and calcium deposition. There was detect-
able osteoblast activity with further dose escalation up to 
12 mg/cm2. Furthermore, significant cell death due to the 
acidic pH was noted at 6 mg/cm2. Therefore, the biggest 
theoretical concern is the increased risk of pseudarthrosis, 
which is particularly concerning as vancomycin is used 
in revision thoracolumbar spine surgery where a higher 
risk of SSI has been reported.21 In prior retrospective se-
ries guiding current use, vancomycin dosing protocols 
are administered at the standard 1 g4,9,17,18,22 or 2 g11,16,23,25 
and distributed evenly throughout the wound, regardless 
of wound size. Further in vivo studies are required to de-
termine if safe levels are met, with a particular statisti-
cal emphasis on its impact on fusion rates. This clinical 
question is exceedingly important with protocols that 
involve the admixture of vancomycin powder within the 
bone graft.7,23 Most clinical studies involving vancomycin 
are retrospective and do not involve subgroup analyses to 
evaluate pseudarthrosis between groups. In one of the ear-
liest studies, Strom et al. found no significant difference in 
the lumbar fusion rates between vancomycin-treated and 
control groups.22

Fig. 1. Study selection.
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limitations of the clinical studies on intrawound 
vancomycin

Many studies lack sufficient numbers to more clearly 
examine the relationship between increased gram-nega-
tive and polymicrobial infections and intrawound vanco-
mycin. Postoperative cultures by organism were not avail-
able for every study, which would have allowed a more 
detailed analysis. Culture-negative seromas are uncom-
mon and have been reported in increased numbers in 2 
retrospective studies.8,26 The cause-effect relationship has 
not been established between vancomycin and culture-
negative seromas because high doses of intrawound van-
comycin could theoretically sterilize the culture samples. 
Alternatively, further studies are needed to determine the 
causative relationship between vancomycin powder and 
related seromas.

conclusions
Intrawound vancomycin use appears to be safe and ef-

fective for reducing postoperative SSIs with a low rate of 
morbidity. Study disparities and limitations in size, patient 
populations, designs, and outcome measures contribute 
significant bias that could not be fully rectified by this 
systematic review. Moreover, care should be exercised in 
the use of intrawound vancomycin due to the lack of well-

designed, prospective studies that evaluate the efficacy of 
vancomycin and include the appropriate systems to cap-
ture drug-related complications.
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