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Abstract: Introduction: Surgical site infections (SSls), associated with high morbidity and mortality, are potentially
devastating complications in spine surgery. Topical vancomycin powder (TVP) prophylaxis is a promising option to
reduce the number of SSls. The aim of this study is to determine whether the existing data support the routine use
of TVP in spine surgery, with a focus on the spectrum of bacteria. Materials and Methods: A systematic literature
search was conducted through Ovid Medline and PubMed as of May 2017. Eligible data were extracted to evaluate
the outcomes of SSls and bacterial spectrum. Statistical analysis was performed to determine differences. Results:
Twenty-three studies were included in the review. A significant difference was found between the patients treated
with additional TVP and those treated with sole intravenous administration of antibiotics (P < 0.001). MRSA infec-
tions were found in 6 patients with TVP (50.0%) and in 45 without TVP (56.3%, P = 0.685). The incidence of Gram-
negative infections was 43.1% in patients with TVP prophylaxis, significantly higher than with standard prophylaxis
(22.2%, P = 0.003). Conclusions: TVP is a viable recommended option because it decreases the overall incidence
of SSls in spine surgery, although no conclusions can be drawn as to whether TVP affects the incidence of Gram-
negative infections and reduces the MRSA infection rate, owing to the limited amount of high-quality literature.
Therefore, further research with unified standards and long-term follow-up are required to evaluate this issue.

Keywords: Vancomycin, powder, topical application, spine, surgery, surgical site infection, prophylaxis, spectrum
of bacteria, MRSA, adverse events

Introduction

Postoperative surgical site infections (SSls) are
among the most common acute complications
and occur in up to 30% of patients undergoing
spine surgery [1-3]. Several studies have dem-
onstrated significant morbidity with SSls after
spinal procedures [4-6]. Multiple reoperations,
instrumentation removal, long-term antibiotic
therapy, prolonged hospital stays, incremental
hospital complications, and poor patient out-
comes have been reported exhaustively [7-9].
The substantial problem created by morbidity
and mortality associated with SSls creates an
economic burden for the American health-care
system costing from 1 to 10 billion dollars
annually [10].

The use of perioperative prophylactic antibiot-
ics in spine surgery is a well-accepted practice
for the prevention of SSls. First-generation
cephalosporins and clindamycin have been
preferentially used because of their high activi-
ty against Gram-positive organisms, particular-
ly Staphylococcus aureus, which is the most
common cause of SSls [9]. However, local isch-
emia, hematoma, and seroma of surgical sites
impair the intravenous delivery of antibiotics,
leading to inadequate local concentrations
[11]. Moreover, increasing resistance to com-
mon antibiotic medications has led to ineffec-
tive prophylaxis against methicillin-resistant
Staphylococcus aureus (MRSA), which has un-
dergone a significant increase in frequency and
is notoriously difficult to treat [12-14].
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Table 1. The characteristics of included studies

TVPIA prophylaxis IA prophylaxis
Authors Years Country Study design LOE Statiz(r)wient Funding Samp|e Gender  Age (years Sample Gender (F/M) Age Follow-up
size (F/M) old) size (years old)
Dennis et al. [16] 2016 Singapore Retrospective 3 Yes No 117 73/44 45 272 219/53 48 1 year
Gaviola et al. [17] 2016 United States  Retrospective 3 No No 116 51/65 62 210 91/119 55 NR
Lee et al. [22] 2016 Korea Retrospective 3 Yes NR 275 147/128 40.7% > 60 yr 296 152/144 42.9% > 60yr >8 months
Schroeder et al. [18] 2016 United States  Retrospective 3 Yes No 1224  647/577 56.3 2253 1200/1053 571 12 months
Liu et al. [23] 2015 United States  Retrospective 3 Yes No 180 102/78 61.8 154 88/66 60.4 3 months postop-
eratively
Devin et al. [24] 2015 United States  Retrospective 3 Yes No 966 489/477 60.5 1090 553/537 59.5 30-day postopera-
tively
Heller et al. [25] 2015 United States  Retrospective 3 Yes Yes (Academic 342 187/155 55.3 341 173/168 49.1 > 90-day postop-
funds) eratively
Martin et al. [26] 2015 United States  Retrospective 3 Yes No 115 57/58 62.3 174 83/91 57.6 NR
Hill et al. [27] 2014 United States  Retrospective 3 Yes No 150 70/80 54.14 150 83/67 58.33 Mean 9.4 months
Theologis et al. [28] 2014 United States  Retrospective 3 Yes No 151 103/48 62.4 64 35/29 60 Mean 26 months
Martin et al. [29] 2014 United States  Retrospective 3 Yes No 156 107/49 63.4 150 101/49 62.7 NR
Caroom et al. [30] 2013 United States  Retrospective 3 Yes Yes (Industrial 40 NR 59.8 72 NR 56.4 Mean 18 months
funds)
Kim et al. [31] 2013 Korea Retrospective 3 No NR 34 13/21 57.88 40 23/17 60.05 NR
Tubaki et al. [20] 2013 India Prospective RCT 2 Yes Yes (Academic 433 198/235 441 474 200/274 46.7 Mean 12.4
funds) months
Pahys et al. [32] 2013 United States  Retrospective 3 Yes No 195 70/125 571 483 213/270 53.6 > 3 months
Strom et al. [33] 2013 United States  Retrospective 3 Yes No 79 34/45 60 92 37/55 60 Mean 3.4 years
Strom et al. [34] 2013 United States  Retrospective 3 Yes No 156 67/89 64 o7 45/52 64 Mean 3.2 years
Sweet et al. [35] 2011 United States  Retrospective 3 Yes No 911 465/446 56 821 394/427 53 Mean 2.5 years
O’Neill et al. [36] 2011 United States  Retrospective 3 Yes No 56 21/35 43 54 19/35 45 Mean 28.5 weeks
Murphy et al. [21] 2016 Ireland Prospective 4 Yes NR 52 20/32 53.2 - - - 2 years
Okafor et al. [37] 2016 United States  Retrospective 4 Yes NR 35 11/24 61.4 - - - NR
Ghobrial et al. [38] 2014 United States  Retrospective 4 Yes No 981 487/494 59.4 - - - NR
Molinari et al. [39] 2011 United States  Retrospective 4 Yes No 1512 NR NR - - - NR

COl, Conflict of Interest; IA, Intravenous administration of antibiotics; LOE, Level of evidence; NR, Not reported; TVPIA, Combined application of topical vancomycin powder and intravenous administration of antibiotics.
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The application of topical vancomycin powder
(TVP) seems to be a promising option [15, 16].
This method has been investigated in cardio-
thoracic, orthopedic, and vascular surgery with
achievement of protective benefit [16]. In spine
surgery, several studies demonstrated that
combined application of TVP and IA (TVPIA) pro-
phylaxis reduced postoperative SSls in com-
parison with IA prophylaxis alone [17-19]. How-
ever, two questions remain unanswered: (1)
Does additional TVP reduce the incidence of
MRSA infections? (2) Does additional TVP
change the incidence of Gram-negative infec-
tions? The aim of this literature review is to
determine whether the existing data support
the utilization of intra-wound vancomycin pow-
der in routine spine surgery, with a focus on the
spectrum of bacteria.

Materials and methods

The guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses were
followed in conducting this systematic review
[20].

Data sources

Electronic searches were conducted on Ovid
Medline and PubMed using a combination of
the following search terms: “vancomycin pow-
der”, “topical application”, “spine surgery”,
“surgical site infection”, and their synonyms.
Both prospective and retrospective studies
that described TVP administration for adult
patients before May 2017 were included. There
were no restrictions related to surgical indica-
tion, type of spine surgery, dose of vancomycin
powder, definition of infection, and demogra-
phic data of patients. Non-English articles,
abstracts from conferences, and unpublished
articles were excluded. Studies with unclear
reporting of methods or results were also
excluded.

Two reviewers with methodological and con-
tent expertise independently screened all titles
and abstracts for eligibility. After abstract
screening, studies meeting the eligibility crite-
ria underwent a full-text review. References
from the articles were reviewed to identify addi-
tional studies of interest. All discrepancies
were resolved by consensus through a process
that required reviewers to discuss the rationale
for their decisions. Reviewers were blinded to
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author names, journal names, and year of
publication.

Data extraction and evaluation

Data from included studies were extracted by
two reviewers independently and verified by the
third reviewer. The data extracted from each
article included study design, levels of evi-
dence, conflict of interest statement, source of
funding, sample size, gender, mean age, follow-
up, surgical type, use of instrumentation, loca-
tion and dose of vancomycin powder, infection
outcomes, pathogens, adverse events, defini-
tion of infection, and antibiotic regimens.

Contrastive research that compared TVPIA
prophylaxis in spine surgery against standard
practice with regard to the outcome of infec-
tions and the bacterial spectrum was eligible
for inclusion. Non-comparative studies were
additionally included to determine the defini-
tion of infection, incidence of SSI, adverse
events, and antibiotic regimens. General SSI
rate, MRSA infections, and Gram-negative/-
positive bacterial spectrum were the key points
for evaluation.

Assessment of study quality

Study quality was graded using the systematic
quality assessment described by the Oxford
Centre for Evidence Based Medicine guide-
lines. Two authors of the present study inde-
pendently graded the quality of each study.
Disagreements among any of the above data
were resolved through discussion among all
authors.

Statistical analysis

Statistical analysis was performed by determi-
nation of descriptive statistics, and differences
between the groups were calculated using cat-
egorical variables and the chi-squared test. A P
value of less than 0.05 was considered statisti-
cally significant.

Results
Study characteristics

Twenty-three articles (2 prospective studies
[21, 22] and 21 retrospective studies [17-19,
23-40]) met the inclusion criteria (Table 1).
Nineteen studies were compared research.
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Table 2. Definition of infection and antibiotic regimens

Infection criteria

Antibiotic Regimens

Authors General Superficial Deep Preoperative Intraoperative Postoperative
Dennis et al. [16] CDC criteria 1 g cefazolin IV NR Continued for 48 hours
Gaviola et al. [17] CDC criteria 2 g cefazolin IV Redosed every NR
3 hours
Lee et al. [22] Infection occurring within 12 weeks follow- Occurring above the Beneath the lumbosacral fascia 2 g cefotetan IV Redosed every 2 g cefotetan IV every 12 hours for
ing the operation, requiring an additional  lumbosacral fascia 4 hours 5 days
operation (i.e., an irrigation and debride-
ment) and having positive wound cultures.
Schroeder et al. [18] NR NR NR 1or2gcefazolin V. NR 24 h regimen
Liu et al. [23] NR NR NR Cefazolin or NR Subsequent doses every 8 hours
clindamycin for a day
Devin et al. [24] Visual wound inspection and contrast- NR NR 2 g cefazolin IV NR 1 g cefotetan IV every 8 hours for

Heller et al. [25]

Martin et al. [26]

Hill et al. [27]

Theologis et al. [28]

Martin et al. [29]

Caroom et al. [30]

Kim et al. [31]

Tubaki et al. [20]

Pahys et al. [32]
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enhanced MRI

Infections occurring within 90 days follow-
ing the operation, requiring an additional
operation (i.e. an irrigation and debride-
ment) and having positive wound cultures.
Defined as being diagnosed during the
initial hospitalization or during a hospital
readmission or postoperative clinic ap-
pointment within 30 days of the surgery.

NR

Requiring revision surgery within 90 days.

Defined as being diagnosed during the
initial hospitalization or during a hospital
readmission or postoperative clinic ap-
pointment within 30 days of the surgery.

NR

NR

NR

Postoperative acute wound infections (in-
volving the suprafascial and/or subfascial
space) were defined as infections requir-
ing a formal irrigation and debridement in
the operating room.

Occurring above the
lumbosacral fascia

NR

Involving superficial skin
or subcutaneous tissue

NR

NR

NR

Confirmed by the results
of swab culture of surgi-
cal wound discharge

NR

NR

Beneath the lumbosacral fascia

NR

Involving subfascial tissue,
requiring irrigation, surgical de-
bridement plus oral antibiotics, or
intravenous antibiotic administra-
tion, depending on the infectious
disease recommendation.

NR

NR

NR

Confirmed by culture results of
the drainage line tip.

NR

NR

20 mg/kg body
weight of Ancef IV

Cefazolin IV

1-2 g Cefazolin IV

Intravenous anti-
biotics
Cefazolin IV

Cefazolin, clindamy-
cin, or vancomycin IV

1 g cefazolin IV

750 mg cefurox-
ime IV

Cephalosporins IV

Redosed every
4 hours

NR

NR

NR

NR

NR

NR

NR

NR

1 days

1 g Ancef IV every 8 hours for 24
hours

Cefazolin IV every 8 hours for 1 day

24-hour period

NR

Cefazolin IV every 8 hours for 1 day

Until 24 hours after the drain was
removed on postoperative day 2

1 g cefazolin IV every 8 hours for
1 day

750 mg cefuroxime IV every 8 hours
for 1 day for noninstrumented; 750
mg cefuroxime IV every 8 hours until
drain removal for instrumented

24-hour period
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Strom et al. [34]

Sweet et al. [35]

O'Neill et al. [36]

Murphy et al. [21]
Okafor et al. [37]

Ghobrial et al. [38]

Molinari et al. [39]

NR

NR

Clinical examination and constitutional
symptoms

NR

NR
NR

At the discretion of the attending surgeon

NR

NR

NR

Involved the superficial
skin or subcutaneous
tissues

Identified by wound
inspection

NR
NR

NR

NR

NR

NR

Involving the subfascial layers
and the spinal instrumentation

Identified with axial imaging if
necessary
NR

NR

NR

Surgical database,patient medi-
cal records, and clinical evidence
were searched to identify
evidence.

Vancomycin powder prophylaxis in spinal SSls

Cefazolin or vanco-
mycin IV
Cefazolin IV

2 g cefazolin IV

1 g cefazolin IV

1.5 g cefuroxime IV

Intravenous
cephalosporin/900
mg of intravenous
clindamycin

1 g cefazolin IV

1 g cefazolin IV

NR

NR

NR

NR

NR
NR

NR

NR

Continued while the drains were in
place

continued while the drains were in
place

Continued for 24 hours

1 g cefazolin IV every 8 hours for
1 day

1.5 g cefuroxime IV for 24 h
At least 24 h

Cephalosporin given two more doses
every 8 hours

NR

CDC, Centers for disease control and prevention; IV, Intravenous; NR, Not reported.
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One Level ll, 18 Level lll, and 4 Level IV studies
were included. Three studies reported funding
from industrial or academic establishment.

The total sample size was 15,563. The number
of patients in observational studies ranged
from 35 to 3,477, and the minimum follow-up
reported was 30 days. The sole randomized
controlled trial (RCT) had a sample size of 907
and a mean follow-up of 12.4 months [21].
Another prospective study had a sample size of
52 and a mean follow-up of 2 years [22].

All studies covered spine surgery with vary-
ing surgical indications, such as degenera-
tive, deformity, neoplastic, traumatic, and oth-
er pathologies. Operative sites were diverse,
ranging from occipitocervical to iliolumbar
fusion through anterior, posterior, and lateral
approaches. Twelve studies reported that all
patients underwent instrumented spine sur-
gery, while the other 10 reported partial
instrumentation.

Definition of infection

The reports included were complicated by the
inconsistent definitions of SSI. The most com-
mon definitions adhered to the Centers for
Disease Control and Prevention National
Healthcare Safety Network definition of SSI
[41] or similar definition. Superficial SSI was
defined as infection occurring within 30 days
postoperatively; involvement of skin and su-
bcutaneous tissue only; purulent drainage;
isolation of organism; deliberate opening of
the incision when the patient has signs of lo-
cal infection and the wound is culture positive
or not cultured; or diagnosis of SSI by the sur-
geon or attending physician. Deep SSI was
defined as a patient with fever or localized pain
within 90 days of the operation; involvement of
an abscess, purulent drainage or a deep inci-
sion that spontaneously dehisces or is opened
by a surgeon; and culture positive or not
cultured.

Other SSI definitions included “visual wound
inspection and contrast-enhanced magnetic
resonance imaging [25]”, “infections requiring
a formal irrigation and debridement in operat-
ing room [33]", “clinical examination and con-
stitutional symptoms [36]”, and “at the discre-
tion of the attending surgeon [39]". The details
of SSI definitions are given in Table 2.
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Antibiotic regimens

Many kinds of antibiotics were administered,
such as cefotetan, cefazolin, cefuroxime,
clindamycin, and vancomycin, at different
doses (Table 2). Preoperative antibiotic regi-
mens were relatively consistent in that patients
received an intravenous dose within 60 min-
utes prior to surgical incision. Intraoperative
antibiotics were readministered every 3 or 4
hours. There was some ambiguity in the report-
ing of postoperative regimens, for example, “24
h regimen [19, 24-28, 30-33, 36]", “continued
for 48 hours [17]", “every 12 hours for 5 days
[23]”, and “continued while the drains were in
place [31, 34, 35]".

Topical vancomycin

The descriptions of dosing and location of TVP
were variable (Table 3). The most common
dose was 1 g (ranging from 0.25 to 6.0 g). In
their detailed description of intraoperative
application, most authors stated that TVP was
directly applied on the muscle, fascia, and
subcutaneous tissues; others reported that
placement was solely on the subfascial spa-
ce. The powder was applied so that “the bone
graft or dura mater was not exposed” for
most surgeons. By contrast, Gaviola et al.
described that when powder was applied “no
specific effort is made to keep it off exposed
neural elements or vessels [18]". In four stud-
ies the bony element was exposed to vancomy-
cin powder [18, 24, 31, 36]. Sweet et al. even
described that approximately 1 g of vancomy-
cin powder was mixed with the bone grafting
material and that an additional 1 g of vancomy-
cin power was applied directly into the wound
[36]. Gaviola et al. [18], Liu et al. [24], and
Caroom et al. [31] reported that powder was
exposed to implants, whereas Strom et al.
described a contrasting method of application
[34, 35].

Surgical site infections

In 19 contrastive studies, 96 infections were
identified among the 5,696 patients who
received TVP (1.69%), compared with 318
among the 7,287 patients who did not (4.36%).
A significant difference was found between
the patients treated with TVPIA and with IA pro-
phylaxis (chi-squared = 74.300; P < 0.001;
Table 3).
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Table 3. Clinical details of included studies

Inst Topical Vancomycin Powder TVPIA prophylaxis IA prophylaxis Adverse
nstru-
Authors Surgery type . Infection Infection Conclusions
mented |ocation Dose o, Pathogens ., Pathogens Events
Rate (%) Rate (%)
Dennis et al. [16] Spine surgery Partly NR 1g 0.9 Pseudomonas aerugi- 6.3 MRSA, Coagulase-negative Staph- No Recommend
nosa ylococcus, Bacillus cereus, Pseu-
domonas aeruginosa, Escherichia
coli, Klebsiella pneumoniae
Gaviola et al. [17] Multilevel Spinal All Soft tissues, implants, and 2g 5.2 MSSA, Coagulase- 11 MSSA, Coagulase-negative Staph- No Recommend
Fusion bony elements. No specific negative Staphylococcus ylococcus sp, Peptostreptococcus
effort is made to keep it off sp, Enterococcus sp, sp, Enterococcus sp, Propioni-
exposed neural elements or Clostridium sp, MRSA, bacterium sp, Corynebacterium
vessels. Escherichia coli, Proteus sp, Escherichia coli, Proteus sp,
sp, Bacteroides fragilis Morganella sp, Pseudomonas sp
Lee et al. [22] Posterior lumbar ~ Partly NR NR 5.5 Staphylococcal, MRSA, 10.5 Staphylococcal; MRSA; Non- No Recommend
surgeries Nonstaphylococcal staphylococcal
Schroeder et al. [18] Degenerative Partly Covering all the layers of the 1-1.5g 0.4 P. acnes, E. coli, MRSA 1.3 MSSA, MRSA, Staphylococcus NR Recommend
spine surgery wound coagulase negative, Propionibac-
terium acnes, Escherichia coli,
gram negative infections
Liu et al. [23] Posterior instru- All Evenly sprayed on the muscle, 1 g (0.5-2) 2.8 Staphylococcus 71 Staphylococcus aureus, Proteus No Recommend
mented spine fascia, implants, and grafted aureus, Coagulase- mirabilis, MRSA, Enterococcus, for nontumor
surgeries bone in the surgical site negative staphylococcus, MRSA, Coagulase-negative spine pa-
before wound closure Enterobacter cloacae, staphylococcus, Staphylococcus tients
Citrobacter koseri lugdunensis
Devin et al. [24] Posterior spine Partly Placed directly on the muscle, 1 g per 10 cm 2.2 NR 5.1 NR NR Recommend
degenerative fascia, and subcutaneous tis- wound length
surgery sues taking care not to expose
bone graft or dura mater.
Heller et al. [25] Posterior instru- All Applied directly to the wound 0.5-2 ¢ 2.6 NR 8.8 NR No Recommend
mented spinal
arthrodesis
Martin et al. [26] Posterior cervical All Directly on the deep wound 2g 5.2 MSSA, Enterobacter 6.9 Coagulase-negative staphylo- NR Not recom-
fusion surgery and subfascial muscle cloacae, Morganella cocci, MSSA, Proteus mirabilis, mended
tissues, taking care not to morganii, Pseudomonas Propionibacterium, Serratia
expose bone graft or dura. aeruginosa, Coagulase- marcescens, Escherichia coli,
negative staphylococci, S.marcescens, Peptostreptococ-
Diphtheroids, Coagulase- cus
negative staphylococci,
Propionibacterium
Hill et al. [27] Posterior spinal Partly NR 1-2g 3.3 NR 7.4 MRSA, Enterococcus No Relative rec-
surgery ommended
Theologis et al. [28] Complex adult NR Placed solely in the subfascial 2 g 2.6 MRSA; Corynebacterium 10.9 MRSA; MSSA; Corynebacterium No Recommend
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deformity recon-
struction

space; none was placed
subcutaneously.

Jjeikeium; Citrobacter
freundii; Escherichia coli

afermentans var Lipophilicum;
Staphylococcus epidermidis;
Pseudomonas mirabilis; Proteus
mirabilis, Enterobacter cloacae,
Escherichia coli
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Martin et al. [29]

Caroom et al. [30]

Kim et al. [31]

Tubaki et al. [20]

Pahys et al. [32]

Strom et al. [33]

Strom et al. [34]

Sweet et al. [35]

O’Neill et al. [36]

Murphy et al. [21]

Okafor et al. [37]

Ghobrial et al. [38]

Molinari et al. [39]

Thoracolumbar All
and lumbar

spine fusion for
deformity cases

Posterior cervical All
fusion

Instrumented All
spinal fusion

Spine surgery Partly

Posterior cervical
spine operations

Partly

Posterior cervical All
fusion

Lumbar
laminectomy and
posterior fusion

Partly

Instrumented All
thoracolumbar
fusions

Posterior spine All
fusions for trau-
matic injuries

Elective and All
trauma surgeries

of thoracic or

lumbar region

Spine tumor All
surgery

Spinal proce-
dures

Partly

Spine surgery Partly

Vancomycin powder prophylaxis in spinal SSls

Placed directly on the muscle,
fascia, and subcutaneous tis-

sues taking care not to expose
bone graft or dura.

Applied to the wound subfas-
cially along the bone graft and
instrumentation

Directly applied on the mus-
cle, fascia, and subcutaneous
tissues after ensuring that the
bone graft or dura mater was
not exposed.

Placed directly on the muscle,
fascia, and Subcutaneous tis-
sues taking care not to expose
bone graft or dura.

NR

Muscle, fascia, and subcuta-
neous tissue

Sprinkled onto the muscle,
fascia, and sub-cutaneous
tissue just prior to closure; it
was not applied to theninstru-
mentation or bone graft

Approximately 1 g of vancomy-
cin powder was mixed in with
the bone grafting materialThe
remaining 1 g of vancomycin
powder was sprinkled evenly
in the deep and superficial
portions of the wound.

Placed directly on the muscle,
fascia, and subcutaneous tis-

sues taking care not to expose
bone graft or dura

Subfascial layer

The deep fascia and subcuta-
neous tissue

Subfascial and epifascial
layers

Deep lumbar fascia

2g 5.1
1g 0
1g 0
1g 1.61
500 mg 0
1g 2.5
1g 0
1+1g 0.2
1g 0
lor2g NR
1g (250 mg 4.9

for anterior cer-
vical surgeries)

113g(056g 6.71

1g 0.99

Coag-neg Staph, E.
cloacae, MSSA, S.
marcescens, MRSA, K.
pneumoniae, C. freundii

Staph aureus and
Klebsiella

MRSA, Gram-negative rod

Clostridium
septicum;Escherichia coli

Staphylococcus aureus,
Enterobacter cloacae

G+ and G- microorgan-
ism, Fungal, Polymicrobial
Staphylococcus aureus,
MRSA, Enterococcus

5.3

15

12.5

1.68

1.86

10.9

11

2.6

13

MSSA, Coag-neg Staph, MRSA, E.
aerogenes, P. mirabilis, Entero-
coccus, P. aeruginosa

MRSA, MRCNS

MRCNS, Acinetobacter bauman-
nii, MSSA

Escherichia coli, Staph aureus

MRSA

MSSA, MRSA, coagulase-negative
staphylococci, Gram-negative
rods

MSSA, MRSA, coagulase-negative
staphylococci, Gram-negative
rods

Staphylococcus aureus, co-
agulase negative staphylococcus
organism

MRSA, Polymicrobial

NR

No

No

No

No

No

No

No

No

No

NR

NR

No

Not recom-
mended

Recommend

Recommend

Not recom-
mended

Recommend

Recommend

Recommend

Recommend

Recommend

Recommend

Recommend

Not recom-
mended

Recommend

IA, Intravenous administration of antibiotics; MRSA, Methicillin-resistant Staphylococcus aureus; MRCNS, Methicillicin-resistant coagulase-negative staphylococci species; MSSA, Methicillin-sensitive Staphylococcus aureus; NR, Not reported;
TVPIA, Combined application of topical vancomycin powder and intravenous administration of antibiotics.
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Table 4. Bacterial spectrum of included studies

TVPIA prophylaxis n IA prophylaxis n

Gram+ Coagulase-negative staphylococci 7 MRSA 41
MRSA 6 MSSA 35
MSSA 6 Coagulase-negative staphylococci 27
Staphylococcus aureus 2 MRCNS 4
Propionibacterium 3 Enterococcus 9
Corynebacterium jeikeium 2 Staphylococcus aureus 2
Enterococcus 1 Propionibacterium 6
Clostridium 1 Peptostreptococcus 6
Diphtheroids 1 Corynebacterium 2

Bacillus cereus 1

Gram- Escherichia coli 4 Pseudomonas 9
Enterobacter 3 Escherichia coli 7
Citrobacter 3 Proteus 6
Klebsiella 3 Gram-negative rods 5
Pseudomonas 2 Klebsiella 3
Proteus 2 Serratia marcescens 3
Serratia marcescens 2 Morganella 2
Bacteroides fragilis 1 Enterobacter 2
Morganella 1 Acinetobacter baumannii 1
Gram-negative rods 1

IA, Intravenous administration of antibiotics; MRSA, Methicillin-resistant Staphylococcus aureus; MRCNS, Methicillicin-resistant
coagulase-negative staphylococci species; MSSA, Methicillin-sensitive Staphylococcus aureus; TVPIA, Combined application of
topical vancomycin powder and intravenous administration of antibiotics.

Sixteen studies described that the use of TVP
in surgical wounds significantly reduced the
incidence of SSI. These studied showed that
the patient was 1.9-13.0 times more likely to
have SSI with regular prophylaxis than with
additional TVP. Routine use of TVP for SSI was
not recommended in 4 studies [21, 27, 30, 39],
including the single RCT, because no significant
improvement of SSls and vancomycin-related
adverse effects were observed.

Liu et al. compared the efficacy of TVP in pre-
venting postoperative SSI between patients
with and without spinal tumor [24]. The SSI rate
of nontumor patients was significantly reduced
by TVP application (7.0% vs 0.7%, P = 0.011).
However, this promising result was not appar-
ent in tumor patients (8.0% vs 14.8%, P =
0.442). Thus, the authors recommend that TVP
application may be beneficial for nontumor
spine patients and may be less effective in
tumor patients.

Pathogens

There were 15 divergent studies that reported
detailed infectious pathogen outcomes (Table
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4). Coagulase-negative staphylococci and Es-
cherichia coli were the most common Gram-
positive and Gram-negative organisms after
application of TVP. The majority of documented
Gram-positive and Gram-negative infections
were MRSA and Pseudomonas without TVP.

In studies with methicillin-resistant testing,
MRSA infections were found in 6 out of 12
patients with TVP (50.0%), while 45 out of 80
without TVP (56.3%) had MRSA infections. The
difference in incidence was not significant (chi-
squared = 0.165, P = 0.685).

The incidence of Gram-negative infections was
higher in patients with TVPIA prophylaxis
(43.1%) than in those with IA prophylaxis alone
(22.2%) (chi-squared = 8.713, P = 0.003). Simi-
lar results were reported by Ghobrial et al. [39],
namely that 66 of 981 patients were diagnos-
ed with SSl and 51 patients had positive wound
cultures with 60.7% Gram-negative infections.

Adverse events

All studies reported that there were no adverse
events definitively attributable to TVP. A pro-
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spective study focusing on side effects report-
ed that no vancomycin-related adverse effects
were detected [22].

Discussion
Literature review

Vancomycin derives its name from “vanquish”
because this drug can Kill penicillin-resistant
Staphylococcus aureus. It is highly efficacious
against Gram-positive bacteria by inhibiting
cell wall synthesis. The broad antibacterial
spectrum thus helps clinicians to vanquish
Staphylococcus aureus, Streptococcus pneu-
moniae, Clostridium, enterococci, and so forth
[16]. The application of topical antibiotics to
surgical wounds is not a new concept. TVP was
first used in 1989 by cardiac surgeons to
decrease sternal infections after sternotomy
[16]. In spine surgery, SSI prevention by TVP
has been studied extensively, but without
consensus.

According to some scholars, TVP is a promising
option for additional prophylaxis against post-
operative SSls. This conclusion has gained
support in recent research. A study by
Schroeder and colleagues evaluated the use of
intrasite vancomycin in degenerative spine sur-
gery and found a reduction in the rate of SSls
(0.4% vs 1.3%) and irrigation and debridement
procedures [19]. Devin et al. studied a cohort
of 2,056 patients and compared the infection
rates between those receiving and not receiv-
ing topical vancomycin from 7 spinal surgery
centers across the United States, all undergo-
ing posterior spine surgery [25]. They found
that TVP reduced the risk of SSI and return to
the operating room associated with SSI (2.2%
vs 5.1%). Similar results were reported by
Korean and Singaporean researchers. Lee et
al. demonstrated that TVP application resulted
in a significant decrease in SSI rates (5.5% vs
10.5%) in posterior lumbar surgical procedures
[23]. Dennis et al. confirmed a decrease in the
number of SSI in patients receiving TVP (6.3%)
in comparison with those treated only with IA
prophylaxis (0.9%) [17]. Molinari et al. and
Ghobrial et al. reported low infection rates
(0.99% and 6.71%) and recommended prophy-
lactic vancomycin application to spinal wounds
[40]; however, the results of these two studies
were influenced by the fact that there was no
control group for comparison.
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Meanwhile, different messages have been sent
forth. Two studies by the same team claimed
that significantly reduced SSI rates after using
TVP in spinal deformity [30] (5.1% and 5.3%)
and posterior cervical fusion surgery [27]
(5.2% and 6.9%) were not observed. However,
Matin et al. pointed out that in these two stud-
ies the follow-up was only 1 month (inferred
from the article) after spine operations [27, 30].
Such a short follow-up period tends to underes-
timate the incidence of postoperative SSls and
overlooks the potential difference between
application and nonapplication of TVP. Ghobrial
et al. found that prophylactic TVP in spine sur-
gery may increase the incidence of Gram-
negative or polymicrobial spinal infections [39],
although again there was no direct control
group for comparison in this study. The only
prospective RCT by Tubaki et al. confirmed that
the use of TVP in surgical wounds did not sig-
nificantly reduce the incidence of spinal SSI
(1.61% and 1.68%) owing to the fact that this
method may not be effective when the infec-
tion rate is low [21]. As a prospective RCT study,
the non-blinded trial did not evaluate preopera-
tive body mass index, smoking, and other risk
factors that may affect the SSI postoperatively.
In addition, the number of subjects was insuffi-
cient to properly discern the difference in infec-
tion rates between the two groups based on
the reported SSl rate.

SSl infection rates and pathogens

The present study examined the overall effec-
tiveness of TVP in preventing SSlIs in spine
surgery. The pooled effects of studies following
the inclusion criteria showed that TVPIA prophy-
laxis reduces the infection rate compared with
IA prophylaxis alone (1.69% vs 4.36%, P <
0.001). We would infer that TVP is an effective
approach to help decrease general SSls in
spine surgery. However, results showed unex-
pectedly that MRSA infections were 50.0% and
56.3% in patients with and without TVP, respec-
tively (P = 0.685). In the present study, the
methicillin-resistant testing results were ob-
tained from only 12 and 80 infected patients
with or without TVP, respectively. The small
number of subjects and the lack of high-quality
literature render a definitive conclusion and
clinical significance contentious.

An obvious difference in the bacterial spectrum
was found under two prophylaxis approaches.
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Gram-positive infection was 56.9% after TVP
prophylaxis and 77.8% after IA prophylaxis
alone. Ghobrial et al. reported similar results,
although this study used historical controls
without a control group for comparison [39].
The high rate of Gram-negative organism infec-
tions could be a result of selection after routine
topical use. From another perspective, this
result may be attributed to the fact that Gram-
positive organisms were killed by vancomycin.
Even without TVP, the absolute number of
Gram-negative infections may not decrease. In
contrast to the bacteria-colonized intestine, the
wound bed during a spine operation is a sterile
environment. It remains unclear whether local
antibiotics would cause flora imbalance and
superinfection. Even TVP decreased Gram-
positive infections, it has little effect on Gram-
negative SSls after spinal surgery. Studies with
larger samples are warranted in order to pro-
vide more detailed investigation of Gram-
negative and multiple infections after TVP.

Theoretically, local reactions during the use of
TVP can lead to the potential development of
vancomycin-resistant bacteria. While this is-
sue has not been addressed in current litera-
ture, one study has suggested that given local
drainage concentrations of vancomycin in the
range of 200-300 ug/mL, the development of
vancomycin-resistant bacterial infection may
be not a concern [16]. With the exception of
specific co-infection, increased vancomycin
resistance is not easily acquired through local
administration.

Finally, one must bear in mind that throughout
all of the studies reviewed herein there is no
standard strategic approach for vancomycin
use, no unified SSI definition, and no agreed
intravenous antibiotics regimen, and potential
confounding variables involved in these basic
factors could adversely affect any conclusions.

Adverse events

Renal toxicity, allergy, hypotension, seroma,
neuritis, and pseudarthrosis constitute the
potential adverse events. In the literature
reviewed in this study, no definitive vancomy-
cin-related adverse events were reported. One
study found that the topical application of 1 g of
vancomycin powder resulted in negligible sys-
temic uptake [22]. However, there were some
complications that were suspected to be asso-
ciated with vancomycin. Ghobrial et al. reported
that the use of intraoperative vancomycin may
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correlate with postoperative seromas, owing to
the high incidence of non-positive cultures [39].
Molinari et al. described that one patient was
found to have unexplained renal failure/insuffi-
ciency after surgery while two others experi-
enced transient hearing loss [40]. One sterile
seroma and one acute kidney failure were
reported by Okafor et al. [38]. In two isolated
case reports, there have been documented
adverse events (circulatory collapse [42] and
anaphylactic reaction [43]) related to TVP.
Whether topical application could lead to sys-
temic reactions should be evaluated carefully.

Pseudarthrosis is a much debated complica-
tion of spine surgery. In theory, local reactions
arising from the use of TVP can potentially lead
to development of pseudarthrosis [44]. Several
studies demonstrated that pseudarthrosis was
not correlated with local delivery of vancomycin
[36, 45]. Sweet et al. described that when
approximately 1 g of vancomycin powder was
mixed with the bone grafting material, no sig-
nificant rate of pseudarthrosis was observed in
preliminary results [36]. However, current stud-
ies are insufficient to provide a meaningful
analysis. Further standardized studies with
long-term follow-up are required to determine
the impact of TVP on pseudarthrosis.

Conclusions

TVP remains a viable recommended option
because it decreases the overall incidence of
SSls in spine surgery. The limited available lit-
erature examined in the present study gener-
ated insufficient data from which to make a
qualitative judgment that TVP changes the inci-
dence of Gram-negative infections and reduces
the MRSA infection rate. Before routine appli-
cation of TVP, these issues need to be resolved.
Therefore, further research utilizing unified
standards and long-term follow-up are required
to appropriately evaluate the effect of TVP.
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