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Abstract

Objective: This study aimed to systematically analyze the effectiveness and safety of the local
application of vancomycin powder to prevent surgical site infection (SSI) after spinal surgeries and
provide guidance for clinical practice.

Methods: Two researchers independently searched PubMed, Web of Science, Elsevier, and China
National Knowledge Infrastructure using the MeSH terms “spinal surgery,” “vancomycin,” “local,”
“topical,” “prophylactic,” “surgical site infection,” and “SSI” to identify studies published between
January 2010 and January 2020 on the local application of vancomycin powder for preventing SSI
after spinal surgeries. The outcome assessment indicators were analyzed using RevMan 5.3
software.

Results: Three randomized controlled trials, two prospective studies, and 26 retrospective
studies were included in the current research. The results of the meta-analysis revealed significant
differences between the vancomycin and control groups (non-vancomycin group) concerning the
incidence of SSI (risk ratio =0.39, 95% confidence interval =0.28-0.55, Z = 5.46), indicating that
local application of vancomycin powder can significantly reduce the incidence of SSI.
Conclusion: Local application of vancomycin powder is an effective and safe method to prevent
SSI after spinal surgeries.
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Background

Surgical site infection (SSI) is one of the
most common complications of spinal sur-
gery, occurring at an incidence of 0.3% to
20.0%."% In spinal surgeries, SSI could
result in the development of pseudoarthro-
sis, spinal cord and neural injury,
pyemia, and even patient death. Multiple
surgeries and the wusage of antibiotics
lead to extended hospital stay and increased
healthcare costs.>* More than 60% of
SSIs are reported to be caused by
Staphylococcus  aureus and coagulase-
negative Staphylococcus, both of which
can be controlled by vancomycin. Since its
first application in 2011, vancomycin has
been used locally to prevent SSI in many
surgical centers.”® However, the effects of
the local application of vancomycin are not
consistent. The current meta-analysis aimed
to clarify whether local vancomycin appli-
cation is an effective and safe method for
preventing SSI after spinal surgeries.

Methods

Search of the literature

Two researchers independently searched
PubMed, Web of Science, Elsevier,
and  Chinese = National = Knowledge
Infrastructure using the keywords “spinal
surgery,” “vancomycin,” “local,” “surgical
site infection,” and “SSI” to identify ran-
domized controlled trials (RCTs), half-
randomized studies, prospective cohort
studies, and retrospective studies of the
local application of vancomycin powder
for preventing SSI. Considering the

relatively short period of local application
of vancomycin in spinal surgeries, only
studies published between January 2010
and January 2020 were included in the
research. The incidence of SSI was used as
the main outcome assessment parameter.
Case reports, studies that only reported
the outcome of prophylactic vancomycin
use, and studies that only compared bio-
chemical test results such as C-reaction pro-
tein or procalcitonin levels or the
erythrocyte sedimentation rate were exclud-
ed from this study. Ethics approval was not
required for this meta analysis.

Extraction of data

Two researchers independently extracted
information such as the duration of study
follow-up, patient age, methods of random-
ization, vancomycin dosage, method of
drug application, and incidence of SSI.

Quality assessment

The quality of the included studies was
assessed using the instructions provided by
the Cochrane Handbook and Newcastle—
Ottawa scale.” The criteria used in the
current study include the method of random-
ization, blinding, and the integrity of data.

Statistical analysis

The outcome assessment indicators were
analyzed using RevMan 5.3 software.
A fixed-effects model was applied when I?
< 50%, and a random-effects model was
used when I%>50%. Subgroup analysis
was performed when necessary.
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Results

In total, 992 studies were screened by title,
and 31 studies® *® were included in the final
meta-analysis. The 31 studies included a
total of 17,708 patients. Among those
patients, 7627 patients were treated with
vancomycin after spinal surgeries to prevent
SSI, and the remaining 10,081 patients were
included as controls (Figure 1, Table 1).
The 31 studies included three RCTs, two
prospective cohort studies, and 25 reported
retrospective case series. The studies were
conducted from 2011 to 2019, and most of
the studies were published between 2013
and 2015. Despite the retrospective nature

of most of the included studies, the level of
evidence was II to III for most studies, and
the Newcastle-Ottawa scale was 5 to 7. A
random-effects model was used for the
overall analysis of the efficacy of vancomy-
cin for preventing SSI because 1>=54%.
The overall risk ratio (RR) was 0.39 (95%
confidence interval [CI]=0.28-0.55), indi-
cating a significantly lower incidence of
SSI in the vancomycin group than in the
control group (P < 0.001, Figure 2).

RCTs normally have little patient selec-
tion bias and better repeatability than ret-
rospective studies. Thus, in this study, we
separately analyzed the results of RCTs

Initial identification of papers from the database (n =992 )

—r

Titles screened (n =992)

—~

Records excluded for not meeting
the inclusion criteria (n =748)

Abstracts were screened (n =244)

L

Records excluded (n =181)

Full-text articles were assessed for final inclusion (n =63)

-~ L

32 Full-text articles excluded from because

-not fitted for the study design of the
inclusion criteria (n=25)

-poor ratio of follow up (n=3)

-sufficient

available (n=4)

data outcome measures not

Included in the final meta-analysis (n = 31)

Figure |. Schematic chart of study inclusion.
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Risk Ratio Risk Ratio

_StudvorSubgroup  Weight M-H, Random,95% CI M-H,Random.95%Cl

Cannon 2018 1.1% 0.06 [0.00, 1.09) |

Caroom 2013 1.2% 0.08[0.00, 1.28] ¢

Devin2015 6.5% 0.42[0.26, 0.69] _

Emohare 2014 1.2% 0.14[0.01, 2.48) ¢

Eren 2018 2.0% 0.14[0.02,1.12) —_—

Garg 2018 4.3% 1.59 [0.54, 4.66] e

Godil 2013 1.2% 0.06 [0.00, 1.10) —

Haimoto2018 1.2% 0.03 [0.00, 0.58) —

Heller 2015 5.6% 0.30[0.14, 0.62) —_—

Hey 2017 2.1% 0.14[0.02, 1.02) —_—

Hida 2017 1.2% 0.05[0.00, 0.88] —

Hill2013 4.4% 0.45[0.16, 1.28) —_—

Horii 2018 57% 1.78[0.88, 3.60] T

Kim2013 1.2% 0.11[0.01, 1.86) ¢

Li Xiucan 2016 5.5% 0.47 [0.22,1.01] i

Maajid 2018 43% 0.23[0.08, 0.67) —_—

Madhuchandra2018 1.9% 0.20[0.02, 1.64] s

Martin 2014 47% 0.96 [0.37, 2.50] —_—

Martin 2015 4.7% 0.76[0.29, 1.98) S

Mirzashahi2017 4.3% 1.94 [0.68, 5.56] S

Oneil 2011 1.2% 0.06 [0.00, 1.10] —

Pahys 2013 1.2% 0.20[0.01, 3.33)

Strom 2013 lumbar 3.1% 0.23[0.05, 1.03] —_—

Strom2013 cervical 1.2% 0.05[0.00, 0.78] —

Sweet2011 3.2% 0.09[0.02, 0.38) - B

Takeuchi 2018 2.5% 0.66[0.11, 3.85) - 1

Theologis2014 3.9% 0.24[0.07, 0.80] -

Thompson2018 4.5% 0.35[0.13, 0.95] -

Tian Feng 2018 5.0% 0.42[0.17, 1.01] |

Tomov 2015 6.0% 0.47 [0.25, 0.87) N

Tubaki2013 4.1% 0.99[0.32, 3.05) _

Total (95% CI) 100.0% 0.39 [0.28, 0.55] &>

Heterogeneity: Tau? = 0.39; Chi? = 65.31, df =30 (P = 0.0002); P =54% (001 01 1 10 100

Test for overall effect: Z = 5.46 (P < 0.00001)

Favours [Vancomycin] Fawvours [Control]

Figure 2. Overall meta-analysis of all included studies. Cl, confidence interval.

and retrospective cohort studies. The three
RCTs included in the meta-analysis
reported the results for a total of 1517
patients, including 742 patients in the van-
comycin group and 775 patients in the con-
trol group. The overall RR was 1.22 (95%
CI=0.62-2.40), indicating no significant
difference between the two groups
(P=0.48, Figure 3). Meanwhile, data
from the remaining 28 prospective and ret-
rospective studies including 16,656 patients
(7094 in the vancomycin group and 9562 in
control group) revealed a significantly lower

incidence of SSI in the vancomycin group
than in the control group (RR =0.33, 95%
CI=0.23-0.47, P <0.01, Figure 3).

Spinal surgeries with internal fixation
usually require more time and result in a
higher level of intraoperative hemorrhage.
Together with foreign body implantation,
patients who undergo internal fixation are
more likely to experience SSI than non-
instrumented cases. In the current study,
19 studies involving 8015 patients (3533
patients in the vancomycin group and
4482 patients in the control group) reported
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RCTs Odds Ratio
. R 0
Mirzashahi2017 31.5% 1.99[0.67, 5.93]
Takeuchi 2018 19.4% 065[011, 3.96]
Tubaki2013 49.1% 0.96 [0.34, 2.66]
Total (35% Cl) 100.0% 1.22[0.62, 2.40]
Total events
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Test for overall effect: Z = 0.58 (P = 0.56)
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e
— el
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retrospective cohorts Odds Ratio
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Cannon 2018 1.3% 0.05 [0.00, 1.03]
Carcom 2013 1.4% 0.07 [0.00, 1.15]
Devin2015 7.4% 0.411[0.25, 0.68]
Emohare 2014 1.3% 0.14[0.01, 2.45]
Eren 2018 2.3% 0.14[0.02, 1.09]
Garg 2018 4.8% 1.60[0.53, 4.84]
Godil 2013 1.3% 0.06 [0.00, 1.01]
Haimoto2018 1.4% 0.03 [0.00, 0.56]
Heller 2015 6.3% 0.28[0.13, 0.60]
Hey 2017 23% 0.13[0.02, 0.98]
Hida 2017 1.3% 0.12[0.01, 2.30]
Hill2013 49% 0.44[0.15, 1.29]
Horil 2018 6.5% 1.80[0.88, 3.67]
Kim2013 1.3% 0.09 [0.00, 1.76]
Li Xiucan 2016 6.1% 0.45[0.20, 1.00]
Maaijid 2018 4.8% 0.211[0.07, 0.64]
Madhuchandra2018  2.1% 0.18[0.02, 1.61]
Meartin 2014 5.2% 0.96[0.35, 2.63]
Meartin 2015 5.2% 0.74[0.27, 2.04]
Oneil 2011 1.3% 0.06 [0.00, 1.01]
Pahys 2013 1.4% 0.19[0.01, 3.33]
Strom 2013 lumbar 1.4% 0.02[0.00, 0.41]
Strom2013 cervical 3.4% 0.21[0.05, 1.00]
Sweet2011 3.6% 0.08 [0.02, 0.36]
Theologis2014 42% 0.22[0.06, 0.79]
Thompson2018 4.9% 0.3210.11, 0.93]
Tian Feng 2018 5.6% 0.411[0.16, 1.01]
Tomov 2015 6.9% 0.46 [0.25, 0.86]
Total (95% Cl) 100.0% 0.33 [0.23, 0.47]

Heterogeneity: Tau? = 0.39; Chi? = 56.95, df = 27 (P =0.0007); I> = 53% !

Test for overall effect: Z = 6.05 (P < 0.00001)
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L ——————
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Favours [experimental] Favours [control]

Figure 3. Subgroup analysis according to study design. Cl, confidence interval.

the results of surgeries with internal fixa-
tion. The meta-analysis illustrated that the
incidence of SSI was significantly decreased
by the local application of vancomycin
(RR=0.30, 95% CI=0.18-0.48, P<0.01,
Figure 4).

Discussion

Vancomycin is a type of glycopeptide anti-
body. It was initially used to treat inflam-
mation caused by S. aureus that cannot be
controlled by penicillin because of patient
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Tubaki2013 7.4% 0.99[0.32, 3.11] -1
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Figure 4. Meta-analysis of studies only including patients who underwent internal fixation.

allergy or bacterial resistance.” The drug
adheres to the bacterial cell wall and
causes various defects, including changes
in the permeability of the bacterial cell
membrane and selective inhibition of the
formation of several RNAs. The local
application of vancomycin ensures that a
high concentration of antibiotics accumu-
lates at the surgical site while maintaining
low drug concentrations in the blood, kill-
ing Gram-positive bacteria in the surgical
site. while causing little harm to internal
organs. One of the first reports of vancomy-
cin locally applied as a means for SSI pre-
vention in spinal surgery was that by Sweet
et al.’! They used 2 g of vancomycin, with 1
g applied to the bone graft and 1 g applied
directly on the incision, and the incidence of
infection was 0.2%, which was significantly
lower than the control rate of 2.6%. After
spinal injury or surgery, blood flow is usu-
ally disrupted, which makes the intravenous
delivery of antibiotics to the injured site

difficult. The local administration of vanco-
mycin guarantees that a sufficient antibiotic
concentration is achieved at the injured site
while avoiding the side effects of high drug
concentrations in the circulation system.
Most studies identified in our meta-
analysis revealed that this strategy signifi-
cantly reduced the risk of SSI.

Although the local application of vanco-
mycin proved to be generally effective in
reducing the incidence of SSI, our results
indicated that local delivery may not
affect the incidence of SSI in patients with
no internal fixation. This could be explained
by the already significantly lower ratio of
SSI after spinal surgeries with no internal
fixation. As presented in Table I, patients
in different studies underwent different sur-
gical procedures ranging from more inva-
sive thoracolumbar deformity correction
and tumor removal'>?326333% {5 Jess inva-
sive decompression and fracture stabiliza-
tion.®?73% For example, the incidence of
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SSI was as high as 5.2% among patients
undergoing deformity correction in the
study by Martin et al.,”> versus less than
1% among patients undergoing posterior
cervical spine surgeries.?®

Despite the significantly lower risk of SSI
in the vancomycin group than in the control
group in most retrospective studies, all three
RCTs**%%7 reported no significant differ-
ences of the SSI risk between the groups.
However, one of the RCTs used another
locally applied antibiotic, and the other
two RCTs were hampered by weak study
designs and unreliability. Two of the three
RCTs provided no trial registration number,
and none of the RCTs was a multi-center
study. One RCT compared vancomycin
with the antibiotic ampicillin. The repeat-
ability of these RCTs is questionable.

Safety is the main concern regarding the
preventative application of vancomycin.
The intravenous administration of vanco-
mycin can lead to thrombophlebitis, eosin-
ophilia, “red man syndrome,” ototoxicity,
and nephrotoxicity.*® When 1 g of vanco-
mycin powder was administered to a female
patient after corpectomy caused by breast
cancer metastasis in a study Dby
Mariappan,*' an allergic reaction and circu-
latory collapse occurred. Youssef** identi-
fied an epidural seroma 6 weeks after the
local application of 2 g of vancomycin in
a female patient undergoing lumbar spine
surgery. These are the only reports in the
current literature of serious adverse effects
associated with locally applied vancomycin.
Edin et al.* found that when the concen-
tration of vancomycin is lower than
1000 pg/mL, it has little effect on osteo-
blasts. In a study of Gans et al.,** 87 chil-
dren undergoing surgical intervention for
spinal deformity received 500 mg of vanco-
mycin powder locally, and the blood serum
concentration of vancomycin was not sig-
nificantly different from that of patients in
the control group. In the study by
Armaghani, the serum vancomycin

concentration was 2.5 pg/mL immediately
after surgery and 1.1 pg/mL 2 days after
surgery, which were significantly lower
than the concentration that can be toxic
to cells (10,000 pg/mL). Meanwhile, the cor-
responding concentrations in the drainage
fluid at these time points were 403.0 and
115.0 pg/mL, respectively.*> The current
meta-analysis included no reports on the
adverse effects of local vancomycin applica-
tion on vital organs.

Although most studies confirmed that
vancomycin can significantly decrease the
incidence of SSI, there is no consensus on
the effective vancomycin dose for this pur-
pose. The vancomycin dose has varied from
500 mg to 6 g in different studies, with most
studies using doses of 1 to 2 g. The site at
which the vancomycin should be applied is
also under dispute. There is no consensus
regarding whether the drug should be
applied in deep or superficial fascia, directly
to the bone graft, or on the host bone.
Further animal and human studies are
needed to study the effect of vancomycin
in each of those scenarios.

In addition to safety, drug resistance is
another important subject concerning the
application of antibiotics. Considering that
vancomycin is one of the last effective
measures against surgical infections, wheth-
er local application can lead to vancomycin-
resistant bacterial infection is one of the
main concerns in the preventive application
of this antibiotic. It can be concluded from
the current meta-analysis of nearly 20,000
patients that the local application of vanco-
mycin powder during spinal surgery does
not increase the incidence of vancomycin-
resistant bacterial infection.

Other authors such as Bakhsheshian®®
and Texakalidis et al.*’ conducted meta-
analyses of studies investigating the effect
of vancomycin powder on the incidence of
SSI after spinal surgery. Considering that
several studies on this subject are newly
published, we included larger numbers of
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studies in patients in our meta-analysis. The
current study, despite our comprehensive
literature search and inclusion of a large
number of patients, has certain disadvan-
tages. First, only three of the included stud-
ies were RCTs, which had the opposite
result as the overall data, and the remaining
studies were reports from retrospective
patient series. Second, most studies includ-
ed relatively small number of patients,
which may have led to patient selection
bias. However, most studies had relatively
high quality, and because of the large
overall patient base, the results of this
meta-analysis can be used as a reference
for decision making in spinal clinics.

Increasing numbers of authors agree that
the local application of vancomycin is a
cost-effective and safe strategy for prevent-
ing SSI in spinal clinics. However, the phar-
macokinetics of this process is unclear, and
all three RCTs indicated that vancomycin
provided insignificant advantages over con-
trol treatments. More high-quality RCTs
involving larger numbers of patients are
needed before this method can be recom-
mended as a routine modality in clinical
practice.

Conclusions

Based on the current literature, the inci-
dence of SSI after spinal surgeries can be
significantly decreased by the local applica-
tion of vancomycin powder. However,
more high-quality RCTs should be con-
ducted to further validate this conclusion.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Jiang Zhao (® https://orcid.org/0000-0002-7588-
9612

References

1. Berrios-Torres SI, Umscheid CA, Bratzler
DW, et al. Centers for disease control and
prevention guideline for the prevention of
surgical site infection, 2017. JAMA Surg
2017; 152: 784-791.

2. Ban KA, Minei JP, Laronga C, et al
American College of Surgeons and Surgical
Infection Society: surgical site infection
guidelines, 2016 update. J Am Coll Surg
2017; 224: 59-74.

3. Koakutsu T, Sato T, Aizawa T, et al.
Postoperative Changes in Presepsin Level
and Values Predictive of Surgical Site
Infection After Spinal Surgery. Spine
( Phila Pa 1976) 2018; 43: 578-584.

4. Anderson PA, Savage JW, Vaccaro AR,
et al. Prevention of surgical site infection in
spine surgery. Neurosurgery 2017; 80:
S114-S123.

5. Kang DG, Holekamp TF, Wagner SC, et al.
Intrasite vancomycin powder for the preven-
tion of surgical site infection in spine sur-
gery: a systematic literature review. Spine J
2015; 15: 762-770.

6. Delgado-Lépez PD, Martin-Alonso J,
Martin-Velasco V, et al. Vancomycin
powder for the prevention of surgical site
infection in posterior elective spinal surgery.
Neurocirugia (Astur) 2020; 31: 64-75.

7. Stang A. Critical evaluation of the
Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 2010; 25:
603-605.

8. Cannon JGD, Ho AL, Mohole J, et al.
Topical vancomycin for surgical prophylaxis
in non-instrumented pediatric spinal surger-
ies. Childs Nerv Syst 2019; 35: 107-111.

9. Caroom C, Tullar JM, Benton EG Jr, et al.
Intrawound vancomycin powder reduces
surgical site infections in posterior cervical
fusion. Spine (Phila Pa 1976) 2013; 38:
1183-1187.

10. Devin CJ, Chotai S, McGirt MJ, et al.
Intrawound vancomycin decreases the risk


https://orcid.org/0000-0002-7588-9612
https://orcid.org/0000-0002-7588-9612
https://orcid.org/0000-0002-7588-9612

Shan et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

of surgical site infection after posterior spine
surgery: a multicenter analysis. Spine (Phila
Pa 1976) 2018; 43: 65-71.

Emohare O, Ledonio CG, Hill BW, et al.
Cost savings analysis of intrawound vanco-
mycin powder in posterior spinal surgery.
Spine J 2014; 14: 2710-2715.

Garg S, Bloch N, Potter M, et al. Topical
vancomycin in pediatric spine surgery does
not reduce surgical site infection: a retro-
spective cohort study. Spine Deform 2018;
6: 523-528.

Godil SS, Parker SL, O’Neill KR, et al.
Comparative effectiveness and cost-benefit
analysis of local application of vancomycin
powder in posterior spinal fusion for spine
trauma. J Neurosurg Spine 2013; 19:
331-335.

Haimoto S, Schar RT, Nishimura Y, et al.
Reduction in surgical site infection with
suprafascial intrawound application of van-
comycin powder in instrumented posterior
spinal fusion: a retrospective case-control
study. J Neurosurg Spine 2018; 29: 193-198.
Heller A, McIff TE, Lai SM, et al.
Intrawound vancomycin powder decreases
staphylococcal surgical site infections fol-
lowing posterior instrumented  spinal
arthrodesis. J Spinal Disord Tech 2015; 28:
E584.

Hey HWD, Thiam DW, Koh ZSD, et al. Is
intraoperative local vancomycin powder the
answer to surgical site infections in spine
surgery?. Spine (Phila Pa 1976) 2017; 42:
267-274.

Hida T, Ando K, Kobayashi K, et al.
Intrawound Vancomycin powder as the pro-
phylaxis of surgical site infection after inva-
sive spine surgery with a high risk of
infection. Nagoya J Med Sci 2017; 79: 545.
Hill BW, Emohare O, Song B, et al. The use
of vancomycin powder reduces surgical
reoperation in posterior instrumented and
noninstrumented  spinal surgery. Acta
Neurochir (Wien) 2014; 156: 749-754.
Horii C, Yamazaki T, Oka H, et al. Does
intrawound vancomycin powder reduce sur-
gical site infection after posterior instru-
mented spinal surgery? a propensity score—
matched analysis. Spine J 2018; 8&:
2205-2212.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kim HS, Lee SG, Kim WK, et al
Prophylactic intrawound application of van-
comycin powder in instrumented spinal
fusion surgery. Korean J Spine 2013; 10: 121.
Li X, Qin Y, Wang X, et al. The effect of
local application of vancomycin powder
after posterior lumbar interbody fusion sur-
gery on prevention of surgical site infection
and fusion rate. Chinese Journal of Spine and
Spinal Cord 2016; 26: 1109-1114.

Maajid S, Mir AA, Motten T, et al. Effect of
prophylactic intra-operative instillation of
vancomycin powder on surgical site infec-
tions following spinal surgery: a retrospec-
tive case control study. JK-Practitioner
2018; 23: 20.

Madhuchandra P and Rao SS. Efficacy of
local vancomycin in preventing surgical site
infections following spinal instrumentation.
Int J Orthop 2018; 4: 648—651.

Martin JR, Adogwa O, Brown CR, et al.
Experience with intrawound vancomycin
powder for posterior cervical fusion surgery.
J Neurosurg Spine 2015; 22: 26-33.

Martin JR, Adogwa O, Brown CR, et al.
Experience with intrawound vancomycin
powder for spinal deformity surgery. Spine
( Phila Pa 1976) 2014; 39: 177-184.
Mirzashahi B, Chehrassan M and Mortazavi
SMJ. Intrawound application of vancomy-
cin changes the responsible germ in elective
spine surgery without significant effect on
the rate of infection: a randomized prospec-
tive study. Musculoskelet Surg 2018; 102:
35-39.

O’Neill KR, Smith JG, Abtahi AM, et al.
Reduced surgical site infections in patients
undergoing posterior spinal stabilization of
traumatic  injuries using vancomycin
powder. Spine J 2011; 11: 641-646.

Pahys JM, Pahys JR, Cho SK, et al.
Methods to decrease postoperative infec-
tions following posterior cervical spine sur-
gery. J Bone Joint Surg Am 2013; 95:
549-554.

Strom RG, Pacione D, Kalhorn SP, et al.
Lumbar laminectomy and fusion with rou-
tine local application of vancomycin
powder: decreased infection rate in instru-
mented and non-instrumented cases. Clin
Neurol Neurosurg 2013; 115: 1766—1769.



Journal of International Medical Research

30.

31.

32.

33.

34.

35.

36.

37.

38.

Strom RG, Pacione D, Kalhorn SP, et al.
Decreased risk of wound infection after pos-
terior cervical fusion with routine local
application of vancomycin powder. Spine
( Phila Pa 1976) 2013; 38: 991-994.

Sweet FA, Roh M and Sliva C. Intrawound
application of vancomycin for prophylaxis
in instrumented thoracolumbar fusions: effi-
cacy, drug levels, and patient outcomes.
Spine (Phila Pa 1976) 2011; 36: 2084-2088.
Takeuchi M, Wakao N, Kamiya M, et al.
A double-blind randomized controlled trial
of the local application of vancomycin
versus ampicillin powder into the operative
field for thoracic and/or lumbar fusions.
J Neurosurg Spine 2018; 29: 553-559.
Theologis AA, Demirkiran G, Callahan M,
et al. Local intrawound vancomycin powder
decreases the risk of surgical site infections
in complex adult deformity reconstruction: a
cost analysis. Spine (Phila Pa 1976) 2014;
39: 1875-1880.

Thompson GH, Poe-Kochert C, Hardesty
CK, et al. Does Vancomycin Powder
Decrease  Surgical Site Infections in
Growing Spine Surgery?: A Preliminary
Study. J Bone Joint Surg Am 2018; 100:
466-471.

Tian F and Yi Y. Effects observation of
local intrawound application vancomycin
in prevention surgical site infection after
the spine surgeries. J Clin Orthop 2018; 21:
157-159.

Tomov M, Mitsunaga L, Durbin-Johnson
B, et al. Reducing surgical site infection in
spinal surgery with betadine irrigation and
intra-wound vancomycin powder. Spine
( Phila Pa 1976) 2015; 40: 491.

Tubaki VR, Rajasekaran S and Shetty AP.
Effects of using intravenous antibiotic only
versus local intrawound vancomycin antibi-
otic powder application in addition to intra-
venous  antibiotics on  postoperative
infection in spine surgery in 907 patients.
Spine (Phila Pa 1976) 2013; 38: 2149-2155.
Eren B, Giizey FK, Kitis S, et al. The effec-
tiveness of pedicle screw immersion in van-
comycin and ceftriaxone solution for the

39.

40.

41.

42.

43.

44.

45.

46.

47.

prevention of postoperative spinal infection:
a prospective comparative study. Acta
Orthop Traumatol Turc 2018; 52: 289-293.
King EA, Challa S, Curtin P, et al. Penicillin
skin testing in hospitalized patients with
p-lactam allergies: effect on antibiotic selec-
tion and cost. Ann Allergy Asthma Immunol
2016; 117: 67-71.

Barber KE, Bell AM, Stover KR, et al.
Intravenous vancomycin dosing in the elder-
ly: a focus on clinical issues and practical
application. Drugs Aging 2016; 33: 845-854.
Mariappan R, Manninen P, Massicotte EM,
et al. Circulatory collapse after topical appli-
cation of vancomycin powder during spine
surgery: case report. J Neurosurg Spine 2013;
19: 381-383.

Youssef JA, Orndorff DG, Scott MA, et al.
Sterile seroma resulting from multilevel
XLIF procedure as possible adverse effect
of prophylactic vancomycin powder: a case
report. Evid Based Spine Care J 2014; 5:
127-133.

Edin ML, Miclau T, Lester GE, et al.
Effect of cefazolin and vancomycin on
osteoblasts in vitro. Clin Orthop Relat Res
1996;  333: 245-251. DOI: 10.1097/
00003086-199612000-00027.

Gans I, Dormans JP, Spiegel DA, et al.
Adjunctive vancomycin powder in pediatric
spine surgery is safe. Spine (Phila Pa 1976)
2013; 38: 1703-1707.

Armaghani SJ, Menge TJ, Lovejoy SA, et al.
Safety of topical vancomycin for pediatric
spinal deformity: nontoxic serum levels
with supratherapeutic drain levels. Spine
(Phila Pa 1976) 2014; 39: 1683-1687.
Bakhsheshian J, Dahdaleh NS, Lam SK,
et al. The use of vancomycin powder in
modern spine surgery: systematic review
and meta-analysis of the clinical evidence.
World Neurosurg 2015; 83: 816-823.
Texakalidis P, Lu VM, Yolcu Y, et al
Impact of powdered vancomycin on pre-
venting surgical site infections in neurosur-
gery: a systematic review and meta-analysis.
Neurosurgery 2019; 84: 569-580.



	table-fn1-0300060520920057

