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• The purpose of the study was to evaluate the effect of local application of vancomycin 
powder (VP) to prevent surgical site infections (SSIs) after posterior spine surgery.

• A comprehensive search of Web of Science, EMBASE, Pubmed, Ovid, and Cochrane 
Library databases for articles published was performed to collect comparative studies of 
intrawound vancomycin in posterior spine surgery before March 2021. Two reviewers 
independently screened eligible articles based on the inclusion and exclusion criteria, 
assessed the study quality, and extracted the data. Revman 5.4 software was used for data 
analysis.

• A total of 22 articles encompassing 11 555 surgical patients were finally identified for meta-
analysis. According to the information provided by the included literature, the combined 
odds ratio showed that topical use of VP was effective for reducing the incidence of SSIs 
(P < 0.00001) after posterior spine surgery without affecting its efficacy in the treatment 
of deep infections (P < 0.00001). However, there is no statistical significance in superficial 
infections. In a subgroup analysis, VP at a dose of 1, 2, and 0.5–2 g reduced the incidence 
of spinal SSIs. The result of another subgroup analysis suggested that local application of 
VP could significantly reduce the risk of SSIs, whether it was administered after posterior 
cervical surgery or thoracolumbar surgery. Moreover, the percentage of SSIs due to gram-
positive germs (P < 0.00001) and MRSA (P < 0.0001) could reduce after intraoperative VP 
was used, but did not significantly reduce to gram-negative germs.

• The local application of VP appears to protect against SSIs, gram-positive germs, and MRSA 
(methicillin-resistant Staphylococcus aureus) infections after the posterior spinal operation.

Introduction

Surgery site infections (SSIs) is one of the common 
complications affecting surgical management and patient 
recovery. Related studies report that the incidence of SSIs 
is 1–14% (1, 2, 3, 4, 5). The incidence of SSIs is mainly 
due to the physical condition of the patient and the 
operation method. Studies have shown that diabetes and 
posterior spinal surgery are high-risk factors for infection. 
Comparatively, posterior spinal surgery is a more severe 
trauma and the posterior vascular supply is poorer, harder 
to confront bacteria, which leads to the infection rate 
to be higher than that of anterior surgery. For anterior 

cervical surgery, the incidence of deep SSIs was 0.4% 
(6), while for posterior cervical surgery was 0.7% (7). 
Systemic antibiotics were used before surgery, which was 
recommended by the evidence-based clinical guideline 
for prophylactic antibiotics in spinal surgery (8). However, 
the incidence of SSIs still ranges from 1 to 10%. Once 
SSIs occur, the impact on patients will be catastrophic, 
which results in increased hospitalization costs, extended 
length of hospitalization, and even the need for another 
operation (1, 9). Hence, further measures to prevent SSIs 
need to be found.
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In the spine SSIs microflora, the most common bacteria is 
Staphylococcus aureus (45.2%), followed by Staphylococcus 
epidermidis (31.4%), and methicillin-resistant pathogens 
(34.3%) of all SSIs (10). In recent years, scholars began to 
study vancomycin powder (VP) spray, local to lower spine 
SSIs because of its antimicrobial activity on most of the 
gram-positive bacteria and cost-effectiveness. In addition, 
many predecessors have performed a meta-analysis to 
study the relieving effect of vancomycin in spinal surgery. 
However, the results of vancomycin in posterior spinal 
surgery are contradictory. Different surgical approaches 
have various surgical indications and different infection 
rates. In posterior surgery, some scholars have found 
that the application of vancomycin could reduce the 
occurrence of SSIs and that it is statistically significant. 
As some conclusions are contrary to it, whether local 
application of vancomycin can prevent SSIs after posterior 
spinal surgery remains inconclusive.

In this study, we performed a meta-analysis to answer 
the following questions: (i) whether local spraying of VP 
can reduce SSIs in the posterior spine; (ii) whether local 
application of vancomycin can reduce SSIs in different 
surgical areas; (iii) which dosage of VP is suitable for 
posterior spinal operation; (iv) what is the effect of the 
application of vancomycin on infectious bacteria.

Materials and methods

This meta-analysis was conducted in agreement with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement (11). The PRISMA 
Checklist is provided in the supplemetnary materials (see 
section on Supplemetnary materials provided at the end 
of the article). The protocol was registered on PROSPERO 
(Registration No: CRD42021241661).

Search strategy

All articles published before March 2021 in PubMed, 
Web of Science, EMBASE, Ovid, and Cochrane Library 
databases were searched using the terms ‘vancomycin’, 
‘posterior’, and ‘spinal or spine’. The search strategy used 
for the PubMed search were: ‘((‘posterior’[All Fields] OR 
‘posteriors’[All Fields]) AND (‘spine’[MeSH Terms] OR 
‘spine’[All Fields] OR ‘spines’[All Fields] OR ‘spines’[All 
Fields] OR (‘spinal’[All Fields] OR ‘spinally’[All Fields] OR 
‘spinals’[All Fields]))) AND (‘vancomycin’[MeSH Terms] OR 
‘vancomycin’[All Fields] OR ‘vancomycine’[All Fields] OR 
‘vancomycins’[All Fields] OR (‘vancomycin’[MeSH Terms] 
OR ‘vancomycin’[All Fields] OR ‘vancocin’[All Fields] OR 
‘vancomycine’[All Fields] OR ‘vancomycin s’[All Fields] 
OR ‘vancomycins’[All Fields]))’. No language restrictions 
were applied during the search. We also searched the 
reference lists of articles retrieved from the electronic 

search for related articles. In addition, the reference lists 
of systematic review and meta-analysis articles concerning 
prophylactic VP and spinal surgery were scanned. Two 
independent researchers (HL and HZH) performed the 
searches and made decisions regarding the inclusion and 
exclusion criteria. When the two researchers had different 
opinions about the eligibility of a study for inclusion or a 
consensus was not reached, it was then decided by the 
senior researcher after a group discussion.

Inclusion criteria: (i) clinical retrospective or prospective 
studies; (ii) subjects who had undergone open posterior 
spinal surgery but had no preoperative infection in the 
spinal region; (iii) intervention measures and intraoperative 
application of vancomycin in the incision was the main 
difference between the experimental group and the 
control group; (iv) outcome index was the rate of SSIs.

Exclusion criteria: (i) case reports, reviews, letters, 
animal trials, and republished literature; (ii) no control 
group was established; (iii) non-posterior spinal surgery; 
(iv) the sample included patients with suspected 
preoperative spinal tract infection.

Data extraction and study assessment

Two investigators (HZH and HL) independently extracted 
all the related data from selected studies. Disagreements 
were resolved by consensus, and a third reviewer addressed 
the disagreements if investigators were unable to reach 
a consensus. Data extracted included the first author’s 
name, year of publication, type of study, sample size, SSIs 
case number (superficial and deep SSIs), bacterial type 
of infection, surgical area (cervical spine, thoracolumbar 
spine), the dosage of VP, and the follow-up time. A 
simplified version of the Oxford Centre for Evidence-based 
Medicine (OCEBM) guide (12) was used to evaluate the 
evidence. The Newcastle–Ottawa scale (NOS) was used to 
evaluate the literature quality of the retrospective cohort 
studies (13).

Statistical analysis

The meta-analysis was performed by using RevMan 5.4 
software provided by the Cochrane collaboration, and the 
GRADEpro software was used to examine the following 
domains: study design, risk of bias, inconsistency, 
indirectness, and imprecision. First, the heterogeneity 
among the studies was qualitatively and quantitatively 
evaluated by Q test and I2 value calculation. When P > 0.1 
and I2 < 50, the heterogeneity was not significant and 
the data were combined with a fixed-effect model. When 
the heterogeneity was significant (P < 0.1 or I2 > 50), the 
random-effects model merged the data. The odds ratio 
(OR) and 95% confidence interval (CI) were used to indicate 
the difference of effects for the data of chloric variables. 
When OR < 1, it indicated that the event was beneficial to 
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the test group; when P < 0.05, it was suggested that the 
difference was statistically significant; when P > 0.05, the 
difference was not statistically significant.

Results

Study characteristics

A total of 284 articles were revealed from PubMed, Web of 
Science, EMBASE, Ovid, and Cochrane Library databases. 
Of this, 123 were duplicates and hence excluded. After 
carefully reading the titles and abstracts of the articles, 
a further 124 irrelevant articles were excluded and 37 
articles were selected. After reading the full text, 15 articles 
were excluded. Of these 15 deleted studies, one study 
included combination surgeries using the anterior and 
posterior approach, 2 studies didn’t report the rate of SSIs, 
2 studies didn’t include the control group, 3 studies used 
different methods to clean the surgical site between the 
control and intervention group, 5 studies didn’t mention 
the exact number of the posterior spinal surgery, 3 studies 
reported the same result, and we included only one study. 
Finally, a total of 22 studies that followed the inclusion 
and exclusion criteria were chosen for the present meta-
analysis (Fig. 1). All these studies are retrospective trials 
registering a total of 11 555 patients eligible for meta-
analysis (14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35). All relevant information 
mentioned in the included studies is given in Table 1. The 
quality score of the included studies ranged from 1 to  

5 points. All these studies were evaluated by NOS score 
and were of high-technical quality (Table 2).

Effectiveness of wound spraying with vancomycin powder in 
the prevention of spinal SSIs

We used 5.4 RevMan software to combine the OR of the 
results of 22 studies and found significant heterogeneity 
(P = 0.02, I2 = 41%), and the random-effects model was used 
to merge the extracted data. Results show that compared 
with the control group, before closing the wound, the 
topical use of VP can effectively reduce the posterior spine 
SSIs, and the result was statistically significant (OR: 0.43, 
95% CI: 0.32–0.60; P < 0.00001, Fig. 2). The Grading 
of Recommendation, Assessment, Development, and 
Evaluation (GRADE) for this outcome was moderate (O) 
(Table 3). SSIs are mainly divided into superficial and deep 
incisional infections in terms of site, and the effect of local 
application of VP may be different between the two. Some 
researchers will adjust the spraying according to different 
situations, such as the patient’s wound size or weight dose. 
Of course, there are some researchers using the fixed dose 
of 1 g or 2 g. Additionally, relevant studies have shown 
that differences in spinal surgery areas may affect the 
occurrence of SSIs. Therefore, three subgroup analyses 
were conducted in this paper according to different 
vancomycin doses, surgical areas, and infected sites.

Effectiveness of wound spraying with vancomycin powder in 
the prevention of deep and superficial SSIs

Subgroup analysis of the included studies that explicitly 
indicated deep and superficial infections was performed, 
P > 0.1, I2 < 50. The heterogeneity was not significant, and 
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Figure 1
Flow diagram for search and selection of included studies.

Table 1 Characteristics of the included studies.

Reference Design
Sample 

size
Follow-up 
(months)

Adhikari et al. (14) Retrospective 158 –
Byvaltsev et al. (15) Retrospective 214 –
Delgado-López et al. (16) Retrospective 300 –
Devin et al. (17) Retrospective 2056 1
Dewan et al. (18) Retrospective 565 3
Emohare et al. (19) Retrospective 303 –
Garg et al. (20) Retrospective 538 3
Gun-Ill et al. (21) Retrospective 571 3
Haimoto et al. (22) Retrospective 515 6
Heller et al. (23) Retrospective 683 3
Hill et al. (24) Retrospective 300 1
Li et al. (25) Retrospective 569 12
Liu et al. (26) Retrospective 334 –
Maajid et al. (27) Retrospective 303 3
Martin et al. (28) Retrospective 306 1
Martin et al. (29) Retrospective 289 1
Oktay et al. (30) Retrospective 209 3
Pahys et al. (31) Retrospective 518 –
Strom et al. (33) (cervical) Retrospective 171 12
Strom et al. (32) Retrospective 253 12
Sweet et al. (34) Retrospective 1732 12
Takeuchi et al. (35) Retrospective 668 3
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the fixed-effect model was used to combine OR values of 
the extracted data. The results showed that the local use 
of VP could play a significant preventive effect in deep 
infections (OR: 0.37, 95% CI: 0.24–0.57; P < 0.000001, 
I2 = 31%, moderate GRADE, Fig. 3 and Table 3). However, 
there was no statistically significant difference in superficial 

infections between the VP and control groups (OR: 1.10, 
95% CI: 0.58–2.10; P = 0.77, I2 = 0%, low GRADE, Fig. 3 
and Table 3).

Effectiveness of different doses of vancomycin powder in the 
prevention of spinal SSIs

At present, there is no separate report on the dose gradient 
titer of VP. We can only conduct separate subgroup 
analysis on the dose of 1g, 2g and 0.5–2 g VP, and the 
results showed that VP sprayed on the wound, at a dose of 
1 (OR: 0.34, 95% CI: 0.25–0.46; P < 0.00001, I2 = 50%, Fig. 
4A), 2 (OR: 0.41, 95% CI: 0.23–0.74, P=0.003, I2 = 77%, 
Fig. 4B), and 0.5–2 g (OR: 0.47; 95% CI: 0.34–0.66; 
P < 0.0001, I2 = 0%, Fig. 4C), respectively could reduce 
the occurrence of SSIs after posterior spine surgery. The 
results had a general meaning, and a fixed quantity of 
VP has a preventive effect on spinal SSIs, and there was a 
statistically significant difference in the results. The GRADE 
for these outcomes was moderate (⊕⊕⊕◯) (Table 3).

Effectiveness of wound spraying with VP at different 
surgical areas

Relevant studies have shown that the difference in spine 
surgery areas may affect the incidence of SSIs. Therefore, 
we conducted a subgroup analysis based on the surgery 
area (cervical spine, thoracic spine, and lumbar spine) as 
the included studies did not provide enough information 
about thoracic spine surgery, and as most of the thoracic 

Table 2 New Castle–Ottawa Scale ratings. Each asterisk represents one 
point.

Reference Selection Comparability Exposure/outcome

Adhikari et al. (14) **** – ***
Byvaltsev et al. (15) **** – **
Delgado-López 
et al. (16)

**** * **

Devin et al. (17) **** * **
Dewan et al. (18) **** * ***
Emohare et al. (19) **** – **
Garg et al. (20) **** ** ***
Gun-Ill et al. (21) **** * **
Haimoto et al. (22) **** ** ***
Heller et al. (23) **** * ***
Hill et al. (24) **** – **
Li et al. (25) **** ** ***
Liu et al. (26) **** ** ***
Maajid et al. (27) **** ** ***
Martin et al. (28) **** ** **
Martin et al. (29) **** ** **
Oktay et al. (30) **** ** ***
Pahys et al. (31) **** ** ***
Strom et al. (33) 
(cervical) 

**** ** ***

Strom et al. (32) **** ** ***
Sweet et al. (34) **** ** ***
Takeuchi et al. (35) **** ** ***

Figure 2
Forest plot of comparison: vancomycin vs control, outcome: surgical site infections.
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spine surgery involves the thoracolumbar junction, we 
analyzed the thoracic and lumbar spine area as a whole. 
In 22 studies, 1071 patients underwent cervical spine 
surgery (16, 26, 29, 31, 33), and the incidence of SSIs in 
the VP group was 1.8% (8/433) and 4.1% (26/638) in the 
control group. The results showed that the incidence of 
SSIs had been decreased in the VP group compared to 
the control group (OR: 0.44; 95% CI: 0.20–0.94; Fig. 5A), 
which was statistically significant (P < 0.05). Of them, 10 
studies included a total of 4549 cases undergoing thoracic 

and lumbar spine surgery (14, 15, 16, 19, 21, 25, 26, 28, 
32, 34), 2187 cases in the experimental group, and 2362 
cases in the control group. The results showed that the 
VP group had reduced infection of the spine surgery site 
compared with the control group (2.4% vs 6.1%). The 
difference was statistically significant (OR: 0.42; 95% CI: 
0.30–0.59, Fig. 5B). Subgroup analysis shows that local 
application of vancomycin could reduce the incidence of 
SSIs in cervical, thoracic, and lumbar surgery. The level of 
evidence was moderate (⊕⊕⊕◯) (Table 3).

Table 3 Grading of Recommendations Assessment, Developing, and Evaluation used to assess the systematic review outcomes. Vancomycin was 
compared to control for patients with posterior spine surgery.

 
 
Outcomes

Anticipated absolute effects, per 1000*

Relative effect, OR (95% CI)

Number of  
Certainty of the 
evidence (GRADE)

Risk with 
control

Risk with vancomycin 
(95% CI) Participants Studies†

SSIs 55 25 (18–34) 0.43 (0.32–0.60) 11 555 22 ⊕⊕⊕◯ Moderate
Superficial SSIs 33 36 (19–66) 1.10 (0.58–2.10) 1112 4 ⊕⊕◯◯ Low
Deep SSIs 35 13 (9–20) 0.37 (0.24–0.57) 4291 9 ⊕⊕⊕◯ Moderate
Dose of 1 g 75 27 (20–36) 0.34 (0.25–0.46) 4590 12 ⊕⊕⊕◯ Moderate
Dose of 2 g 36 15 (8–27) 0.41 (0.23–0.74) 2327 3 ⊕⊕⊕◯ Moderate
Dose between 0.5 –and 2 g 44 21 (16–30) 0.47 (0.34–0.66) 4638 7 ⊕⊕⊕◯ Moderate
Cervical 41 18 (8–38) 0.44 (0.20–0.94) 1071 5 ⊕⊕⊕◯ Moderate
Thoracolumbar 61 26 (19–37) 0.42 (0.30–0.59) 4549 10 ⊕⊕⊕◯ Moderate
Infectious bacteria 61 32 (25–43) 0.51 (0.39–0.69) 4731 13 ⊕⊕◯◯ Low
MRSA 17 3 (2–7) 0.20 (0.10–0.43) 4731 13 ⊕⊕⊕◯ Moderate
Gram-positive bacteria 41 15 (10–23) 0.35 (0.23–0.56) 3591 11 ⊕⊕⊕◯ Moderate
Gram-negative bacteria 15 14 (8–26) 0.98 (0.54–1.79) 2908 10 ⊕⊕◯◯ Low

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% 
CI).†All studies were observational.
OR, odds ratio.

Figure 3
The subgroup analysis of the surgical site infections (SSIs) in deep and superficial SSIs.
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The effect of local application of vancomycin on 
infectious bacteria

Vancomycin is a glycopeptide antibiotic widely used in 
the treatment of gram-positive bacterial infections. Studies 
have shown that vancomycin can reduce the risk of MRSA 
infections. For this reason, we have analyzed infectious 
bacteria after the topical use of vancomycin. A total of 
13 pieces of literature reported on the types of bacteria 
infected after topical vancomycin application (14, 16, 20, 
21, 23, 24, 25, 26, 27, 28, 29, 30, 33). The results showed 
that the use of vancomycin could significantly reduce 
the positive rate of bacterial culture (OR: 0.51; 95% CI: 
0.39–0.69; P < 0.00001, I2 = 6%, low GRADE, Fig. 6 and 
Table 3). We conducted a subgroup analysis of different 
bacterial types. The results showed that vancomycin could 
significantly reduce the infection of MRSA (OR: 0.20; 95% 
CI: 0.10–0.43; P < 0.0001, I2 = 0%, Fig. 7A) and gram-

positive bacteria (OR: 0.35; 95% CI: 0.23–0.56; P < 0.00001, 
I2 = 14%, moderate GRADE, Fig. 7B and Table 3) but was not 
statistically significant for the prevention of gram-negative 
bacterial infections (OR: 0.98; 95% CI: 0.54–1.79; P = 0.95, 
I2 = 0%, low GRADE, Fig. 7C and Table 3).

Sensitivity analysis

The sensitivity analysis of the included studies was carried 
out with the method of one-by-one exclusion, and the 
OR values of the remaining studies were combined after 
excluding any study. No single study was found to have a 
significant impact on the final results.

The funnel plot of bias risk

Figure 8 shows that small sample studies may be the 
leading cause of bias.

Figure 4
The subgroup analysis of the dosage of vancomycin powder used.
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Discussion

SSIs are one of the most common acquired hospital 
infections (36, 37), and the incidence of spinal SSIs can 
be as high as 14%. It not only increases the morbidity and 
mortality of patients (38) but also causes a severe burden 
to hospitals, patients and their families, and indeed for 
the whole medical and health system. Spinal SSIs will 

increase the risk of nerve injury, spinal instability, bone 
nonunion, deformity, etc. In addition, SSIs treatment 
needs to increase the application of antibiotics, repeated 
debridement, revision, and prolonged hospital stay (39, 
40, 41). It is reported that the additional medical costs 
incurred by SSIs in about 500 000 patients in the United 
States every year can be as high as 10 billion US dollars 
(42). Studies have shown that about 60% of SSIs can be 

Figure 5
The subgroup analysis of the use of vancomycin powder in different surgical areas.

Figure 6
The effect of local application of vancomycin on infectious bacteria.
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prevented, and reducing SSIs has become an important 
goal in improving medical care and health and to improve 
the quality of work (43). According to the latest guidelines 
for antibiotic prophylaxis in spinal surgery issued by the 
Spinal Society of North America (44), prophylactic use 
of antibiotics such as cephalosporins in spinal surgery 
can reduce the infection rate of patients at the surgical 
site because the common pathogens of SSIs are mostly 

gram-positive bacteria such as cephalosporin-sensitive 
Staphylococcus aureus and Staphylococcus epidermidis (45).

However, the incidence of spinal SSIs can still reach 
0.7–10% with intravenous antibiotic prevention alone, 
among which, in patients with other diseases (such as 
diabetes), the incidence of SSIs can get to 2.0–10%, and 
in patients without these complications, the incidence of 
SSIs is about 0.7–4.3%.

Figure 7
The subgroup analysis of different bacterial types.
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Vancomycin is a glycopeptide antibiotic widely used 
in the treatment of gram-positive bacterial infections. 
Animal experiments have confirmed that spreading VP at 
the incision can effectively remove Staphylococcus aureus 
(46), while the toxic, and side effects of local application of 
VP are low. According to the level obtained from surgical 
drains, the local concentration of vancomycin has been 
revealed to range between 263 and 2938 μg/mL on the 
day of surgery and with a trend down to undetectable 
levels on postoperative day 4 (34). This generates a 
concentration nearly 1000-fold higher than the minimum 
inhibitory concentration for MRSA and coagulase-negative 
Staphylococcus, thereby reducing the development 
of resistant bacteria (34, 47). However, intrawound 
application of VP may select gram-negative infections in 
spine surgery (48). Since O’Neill and Sweet first reported 
the use of intraoperative VP at the spinal wound site, it has 
been supported by the majority of researchers (34, 49). 
The primary point is that this prophylactic method can 
decrease healthcare costs, the resources used, improve 
the quality of life during hospitalization, and reduce 
postoperative wound infection rates. Additionally, few side 
effects of intrawound vancomycin used have been revealed 
during spinal surgeries. However, the randomised control 
trial (RCT) by Tubaki et  al. showed that the local use of 
vancomycin could not significantly affect the occurrence 
of spinal SSIs (50). Since then, the discussion about 
whether local spraying of vancomycin effectively prevents 
spinal SSIs has not been concluded. There are many 
studies on the effectiveness of local use of vancomycin in 
spinal surgery, but no studies focus on posterior spinal 
surgery. Posterior spinal surgery is a high-risk factor for 
SSIs (39) and its infection rate is different from other spinal 
surgery. So in this study, we analyzed whether the local 
application of vancomycin can prevent SSIs after posterior 
spinal surgery. Most studies support the conclusion that 

intrawound VP used in posterior spinal surgery can reduce 
the postoperative incidence of wound infection without 
apparent side effects. However, five articles demonstrate 
no significant difference (14, 16, 20, 28, 29). Hence, it is 
necessary to assess the efficiency of intraoperative VP in 
posterior spinal surgery based on the available evidence.

This study combines the latest research results published 
in recent years, conducted multi-group subgroup 
analysis according to different surgical areas, vancomycin 
doses, and infection types, and explored the impact of 
intraoperative local application of VP on SSIs after posterior 
spinal surgery in more detail. Data collation and analysis 
of the 22 included studies found that local spraying of VP 
can reduce the incidence of SSIs after spinal surgery as 
a whole (OR: 0.43, P < 0.00001), mainly to reduce the 
incidence of deep SSIs after posterior spinal surgery. 
Superficial infections were not statistically significant. In 
addition, two studies reported that vancomycin causes 
adverse reactions such as pseudoarthrosis (20, 26). The 
incidence of adverse reactions with vancomycin was 
not statistically significant. Studies have found that the 
difference in SSIs may be related to different spine surgery 
areas. Therefore, we conducted a subgroup analysis based 
on the surgery area (cervical spine, thoracolumbar spine) 
and found that vancomycin can effectively reduce spinal 
SSIs of thoracolumbar and cervical spine surgery.

In most studies, the dose of vancomycin for topical 
application is 1g or 2 g. Animal experiments and in 
vitro experiments have found that topical application of 
vancomycin can inhibit the activity of osteoblasts, thereby 
affecting bone healing. When the dose of vancomycin is 
greater than 3 mg/cm2, it can inhibit the proliferation and 
migration activity of osteoblasts (51), Codschmidt (52) 
et  al.’s in vitro study on the concentration-dependent 
effect of vancomycin showed that when the concentration 
of vancomycin was greater than 4000 µg/mL, it inhibited 
the growth of fibroblasts. At present, there is no uniform 
standard for the safety of the dosage of vancomycin. It 
is often used by surgeons based on clinical experience, 
and there are not sufficient pharmacokinetic studies. 
However, according to current research results, the 
dosage of vancomycin applied locally does not exceed 2 
g. Our research results also show that 1g, 2g, and 0.5–2 g 
vancomycin application can effectively reduce the infection 
of the posterior spinal incision. A retrospective study 
on the preventive use of vancomycin in spinal surgery 
showed that the incidence of SSIs was 6.7%, and the 
positive rate of gram-negative bacteria in the experimental 
group was significantly higher than that of the control. 
Most of them were mixed bacterial infections (53). Our 
study showed that the topical use of vancomycin could 
significantly reduce MRSA and gram-positive bacterial 
infections. However, it was not statistically significant for 
the prevention of Gram-negative bacterial infections.

Figure 8
Funnel plot of the included studies in this meta-analysis for the 
incidence of surgical site infection.
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Of all the documents included in this study, 15 articles 
support the intraoperative local application of VP, while 
the other 5 articles hold different views, and 2 articles 
did not evaluate the conclusions. The types of surgery 
and administration methods used in each study are 
different, and risk factors for the infection are different. 
Differences in SSIs determination criteria and follow-up 
time, etc., may be the reasons for disagreements. The 
primary factors of the included study, such as age, 
gender, and complications (diabetes, hypertension, 
obesity, and coronary heart disease), may also cause SSIs. 
Confounding factors affect the evaluation of the efficacy 
of vancomycin in reducing SSIs. Although the 15 studies 
supporting the application of VP have different sample 
sizes, the types of surgery used are all conventional spinal 
surgery, and the postoperative follow-up time is generally 
longer. At the same time, these studies have minimized 
the differences in other infection risk factors between 
the experimental and control groups, thereby effectively 
avoiding the interference of these factors in the research 
results. Although the different conclusions put forward 
by the other five studies should have been paid enough 
attention to, they still exist. The question still needs to 
be further explored. In addition, the Centers for Disease 
Control and Prevention defines SSIs as surgery-related 
infections that occur within 30 days after surgery without 
internals or within 1 year after surgery with internals (54). 
Many (24, 28, 29) conducted studies only followed up 
for 1 month after spinal internal fixation, which is likely 
to underestimate the incidence of postoperative SSIs. The 
potential difference between the experimental group and 
the control group infection rate is also easily ignored and 
increased heterogeneity.

Limitations

This review carries potential limitations. First of all, the 
studies we included are retrospective cohort studies, 
lacking prospective studies and RCT studies. According 
to the role of Cochrane Collaboration Guidelines, the 
inclusion of randomized controlled studies in a meta-
analysis is most suitable for evaluating the impact 
of interventions on the disease because randomized 
controlled trials can eliminate potential biases that affect 
research results. Therefore, our research results will be 
affected by bias. Secondly, the included studies lack a 
unified standard for the definition of SSIs, which could 
affect the evaluation of SSIs. The sample size included 
in the study, surgical methods (such as traditional and 
minimally invasive surgical internal fixation and non-
internal fixation), complications, surgical indications, 
surgical area, and antibiotic application differences will 
affect the evaluation of vancomycin efficacy and increase 
the bias risk. Thirdly, the included studies did not fix the 

potential confounding factors, which led to the limited 
adaptability of the research results of reducing SSIs of 
the spine. Therefore, we could not further evaluate the 
confounding factors that affect SSIs, such as age, BMI, 
concomitant diseases, smoking, etc. Fourthly, differences 
in follow-up time will underestimate the incidence of deep 
SSIs and long-term complications. As there is a lack of 
uniform standards for the use of VP, it is often based on the 
experience of surgeons, which could affect the evaluation 
of the efficacy and safety of vancomycin. Therefore, we 
need to evaluate further the effect of vancomycin use on 
infection at the spinal surgery site. To further clarify the 
impact of topical application of VP on SSIs after spinal 
surgery, more large-sample, high-quality clinical studies 
should be conducted in the future, such as randomized 
controlled trials withstandard medication regimens, 
unified SSIs determination criteria, and follow-up time 
limits, etc. At the same time, the pharmacokinetics of VP, 
drug-resistant bacteria, and the potential complications 
need to be further studied. Nevertheless, the overall 
quality of the cohort studies included in the pooled 
analysis is good, and the level of evidence is moderate, 
and multicenter double-blind, randomized controlled 
trials are necessary to confirm these findings.

Conclusion

Local application of VP has become an option for spinal 
surgeons to reduce SSIs. This study extracted and 
analyzed relevant literature and found that the local 
application of VP can effectively reduce the incidence 
of SSIs in posterior spinal surgery, especially for deep 
SSIs, but was not statistically significant for superficial 
SSIs. Local application of vancomycin can provide a 
high-concentration bactericidal environment with few 
systemic adverse reactions that is convenient to use, easy 
to manage, and inexpensive, which can effectively reduce 
medical costs and resources and improve the quality of life 
of patients during hospitalization.
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