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BACKGROUND AND OBJECTIVES: Surgical site infections (SSI) in neurosurgery result in prolonged hospitalizations,
readmissions, poor outcomes, and even death. Prevention of SSI remains paramount to mitigate the risk of this
complication. In this study, we aimed to evaluate the effect of topical use of vancomycin powder during surgical closure
in cranial surgery for the reduction of SSI.

METHODS: This is a retrospective cohort study of cranial neurosurgical patients from 2016 to 2022 in Fundacién Santa
Fe de Bogota. Baseline clinical and surgical characteristics were collected, as well as vancomycin powder use. The primary
outcome of interest was SSI within 90 days after surgery. A P value of .05 was considered significant.

RESULTS: We found a total of 1395 patients, of which 1108 met the selection criteria. Surgical site infection was seen in
32 patients (2.9%). Topical use of vancomycin powder during surgical closure was associated with a lower frequency of
SSlin cranial surgery n = 10 (2.3%) relative to those who did not use vancomycin n = 22 (3.3%), and it was found to be a
protective factor in the multinomial regression, with a statistically significant result (relative risk = 0.397, P = .034).
CONCLUSION: The evidence supporting the use of vancomycin powder during surgical closure is currently weak, as the
association did not reach statistical significance in the primary analysis. However, a P value of less than 0.05 was obtained in the
multivariate analysis. To further assess the efficacy of this intervention, additional randomized prospective studies are needed.
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the clinical setting and are among the most common
neurosurgical postoperative complications.' It is estimated
that SSI prolongs a patient’s hospital stay by 10 days and rep-
resents an additional cost of approximately $20000.% The in-
cidence of SSI varies widely depending on the type of surgery and
patient risk.” An incidence ranging from 2% to 13% is reported in
the literature for spine and skull surgery.””
There are different risk factors that have been reported to increase
surgical site infection, such as cerebrospinal fluid fistula, chronic

S urgical site infections (SSI) are a major cause of morbidity in

ABBREVIATION: SSI, surgical site infections.
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corticosteroid use (more than 3 months), instrumentation, diabetes
mellitus, arterial hypertension, cancer, and smoking.8’9

The implications of SSI include multiple reinterventions, in-
strument removal, long-term antibiotic therapy, and prolonged
hospital stay with all the additional potential risks associated with
health care.'” In severe cases, it can result in abscesses, sepsis, and
even death.!!!

For these reasons, it is essential to work on SSI prevention to
improve the quality of care and reduce the use of health care re-
sources.” Currently, prophylactic intravenous antibiotics are com-
monly used in the perioperative setting.'” In the neurosurgical setting,
intravenous cephalosporins have been used due to their high activ-
ity against gram-positive bacteria, particularly Staphylococcus aureus
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and Staphylococcus epidermidis, which are the main etiological
agents identified in neurosurgical SSI patients.'? However, the
effectiveness of this measure has been limited by progressive
antibiotic resistance in these pathogens'!%: Up to 60% resistance to
cephalosporins has been reported among SSI causative organisms.'?

Therefore, there is a need to find other methods to prevent SSI.
Studies have found that the use of topical vancomycin before
surgical closure can be associated with up to a 12-fold decrease in
the incidence of SSI.'* Local application of vancomycin powder
to the surgical wound in spinal and intracranial surgery is be-
coming increasingly popular.ls

Vancomycin covers a broad spectrum of gram-positive bacteria, is
accessible, easy to apply, and reaches high local concentrations while
its systemic absorption is almost nil.” Because of these high local
concentrations, which exceed the minimum inhibitory concentration
even for resistant organisms, this intervention has not been found to
increase resistance to vancomycin.” Several studies suggest that local
application of vancomycin to the surgical wound can reduce the
incidence of SSI significantly; however, its usefulness is uncertain due
to the low quality of most available evidence, and there are currently
no large studies that evaluate the effectiveness of topical vancomycin
application in skull base surgery in Latin America.*®'%!! For this
reason, this study aims to evaluate the effect of topical use of van-
comycin powder during surgical closure in cranial surgery for the
reduction of SSI over a 6-year period in a Latin American country.

METHODS

Ethics Statement

This study is reported according to the criteria listed in the
Strengthening the Reporting of Observational studies in Epidemiology
statement. All research protocols were approved by the Institutional
Review Board of Fundacién Santa Fe de Bogotd. This study did not
require informed consent from the patients as the data were collected
anonymously, using an alphanumeric code. Identifying information, such
as names or patient ID, was not used in this study.

Study Design

This was a single-center, retrospective cohort study conducted at
Fundacién Santa Fe de Bogotd between January 1, 2016, and May 31,
2022. This study included patients who underwent cranial surgery, and
topical vancomycin (generic formulation) was used for surgical closure.

Selection Criteria

Inclusion Criteria
Adult patients (older than 18 years) with a complete clinical history,
who complied with a follow-up of up to 90 days after undergoing the
surgical procedure (elective and nonelective procedures).

Exclusion Criteria

Patients undergoing cerebrospinal fluid shunt surgery because our
clinical care center protocol for hydrocephalus requires the application
of intravenous vancomycin before the procedure.
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Patients undergoing resection of hypophysial lesions through trans-
sphenoidal approach in whom topical vancomycin is not used due to
the type of approach.

Cerebrospinal fluid fistula, although a risk factor for infection, is
considered a surgical complication. Consequently, cases with this
complication were excluded from this study due to their higher risk of
infection, thereby minimizing the potential confounding effect.
Patients who were excluded from this study were those who did not
complete the 90-day follow-up, either because they did not continue
with the scheduled check-ups or due to non—SSI-related deaths.

All patients in this study underwent surgery following the institutional
guidelines for SSI prevention, including the administration of prescribed
antibiotic prophylaxis, maintaining normoglycemia before and after the
procedure, adhering to operating room hygiene protocols, and ensuring
proper skin preparation and disinfection. However, it is important to
acknowledge that intraoperative blood glucose levels and temperature
may fluctuate because of the lack of continuous monitoring.

At this institution, some neurosurgeons use topical vancomycin on all their
patients, whereas others do not use this intervention on any of their patients.
Whether a patient received vancomycin powder was determined solely by
which neurosurgeon operated on him, regardless of patient characteristics.

The primary end point was the diagnosis of a SSI, as defined by the
Center for Disease Control and Prevention criteria,'®!” which are used
for SSI surveillance in Fundacién Santa Fe de Bogotd.

Statistical Analysis

The data were initially collected in an Excel database and subsequenty
stored in RedCap as database software. Statistical analysis of this study was
performed using SPSS version 22 software. A univariate analysis was con-
ducted to describe the demographic and clinical characteristics of the par-
ticipants. To determine the association between the use of topical vancomycin
and the development of SSI, a relative risk with a 95% CI was calculated. To
control for potential confounding factors, a multinomial logistic regression
model was used. The final model was selected based on its parsimony and
absence of collinearity between variables. It is worth noting that the model
presented here, despite being the best, may still be affected by the imbalance
caused by the frequency of SSI. Statistical significance was defined as P < .05.

RESULTS

Participants and Descriptive Data

We found a total of 1395 patients undergoing cranial surgery,
of which 1108 met the selection criteria (Table 1). The age range
varied between 18 and 94 years, with a median age of 60 years.

Vancomycin powder was placed during surgical site closure in
the subgaleal space in 439 patients (39.6%); the remaining 669
patients (60.4%) had conventional closure. The entire study
population was followed for a period of 90 days to identify SSI,
which occurred in 32 patients (2.9%). SSI rates were 2.3% in the
vancomycin group and 3.3% in the control group. There was no
significant difference in outcomes observed between patients who
received topical vancomycin during skull closure for the pre-
vention of SSI and those who did not (Table 2).

Microbiological analysis of the 32 SSI obtained a total of 10
microorganisms (Table 3). The most frequent causative agents
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TABLE 1. Demographic and Clinical Data

Variable Intervention® Control Total P value
N 439 (39.6%) 669 (60.4%) 1108
Age (median)® 60 60 60 263
Sex
Male 215 (48.9%) 332 (49.6%) 547 (49.4%) .010
Female 224 (51.1%) 337 (50.4%) 561 (50.6%)
Comorbidities
Hypertension 159 (36.2%) 221 (33%) 380 (34.3%) 829
Diabetes 80 (18.2%) 79 (11.8%) 159 (14.4%) .003
Smoker 100 (22.7%) 111 (16.5%) 211 (19.0%) 010
Cancer 53 (12%) 78 (11.6%) 131 (11.8%) .004
Chronic use of corticosteroids 45 (10.2%) 34 (5%) 79 (7.1%) .001
Type of surgery
Oncological 270 (61.5%) 242 (36.1%) 512 (46.2%) 795
Functional 8 (1.8%) 26 (3.8%) 34 (3.1%) .000
Trauma 34 (7.7%) 117 (17.4%) 151 (13.6%) .000
Vascular 69 (15.7%) 125 (18.6%) 194 (17.5%) .000
Others 58 (13.2%) 159 (23.7%) 217 (19.6%) .000
Placement of surgical material
No 335 (76.3%) 529 (79%) 864 (78%) 284
Yes 104 (23.6%) 140 (21%) 244 (22%)
Surgical site infection 32 (2.9%)
Superficial 1 (0.2%) 5 (0.74%) 6 (0.5%)
Deep 0 (0%) 3 (0.44%) 3 (0.3%) 346
Organ-specific 9 (2.05%) 14 (2.09%) 23 (2.1%)

#Vancomycin.
bYears.

were S. aureus (26.2%), S. epidermidis (21.4%), and Pseudomonas
aeruginosa (11.9%).

Finally, we performed a multinominal regression (Table 4) that
showed that diabetes mellitus (relative risk [RR] 3.494 CI 95% 1.494-
8.175 P:0.004), smoking (RR 3.430 CI 95% 1.5020-7.740 P:0.003),
cancer (RR 4.986 CI 95% 1.959-12.689 P:0.001), chronic cortico-
steroid use (RR 7.393 CI 95% 2. 737-19.971 P:0.000), and placement
of surgical material (RR 5.491 CI 95% 2.420-12.467 P:0.000) (such as
catheters, reservoirs, titanium plaques) had a statistically significant
association with an increased risk of developing SSI after cranial surgery.

NEUROSURGERY PRACTICE

TABLE 2. Association Between the Use of Vancomycin Powder and
Surgical Site Infection

Use of Vancomycin SSI No SSI Total RR P value
Vancomycin (+) 10 429 439 0.69 2137
Vancomycin (—) 22 647 669

Total 32 1076 1108

SSI, surgical site infections.
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TABLE 3. Causative Agents of SSI in Cranial Surgery

Causal agent Frequency
Staphylococcus aureus 26.2%
Staphylococcus epidermidis 21.4%
Pseudomonas aeruginosa 11.9%
klebsiella pneumoniae 7.1%
Citrobacter freundii 7.1%
Stenotrophomonas maltophilia 2.4%
Candida albicans 2.4%
klebsiella oxytoca 2.4%
Enterobacter cloacae 2.4%
Candida parapsilosis 2.4%
klebsiella aerogenes 2.4%
Cutibacterium acnes 2.4%
Serratia marcescens 2.4%
Staphylococcus capitis 2.4%

SS|, surgical site infections.

The regression also showed that when adjusting for these risk
factors, the use of vancomycin powder has a statistically significant

(P = .034) association with a lower risk of SSI (Table 4).

DISCUSSION

The local use of topical vancomycin in cranial surgery remains
controversial because while many studies show an association with
a decrease in SSI, other studies report no significant benefit.'*!!

Many researchers have expressed the need for studies with larger
sample size and a higher level of evidence to establish whether
there is indeed a relationship between the 2 variables.>'®

For instance, a systematic review and meta-analysis found an
overall favorable effect of topical vancomycin on SSI, but the
authors pointed out that the strength of the conclusions that can
be drawn on the topic is limited by the lack of high-quality
evidence to support its use because there are very few prospective
randomized studies.’

Mallela et al'* evaluated the application of vancomycin to the
subgaleal space in 150 consecutive cases and found a 5% re-
duction in the incidence of SSI compared with 75 controls.* A
prospective cohort of 355 patients demonstrated up to a 12-fold
reduction in SSI in the vancomycin group compared with those
receiving standard of care.'*

Our study found an SSI rate that was lower for the control
group than that observed in previous studies (3.4% vs approxi-
mately 6%) and higher for the vancomycin group (2.3% vs
approximately 0.5%-1%).'* We found a reduction of 60% in SSI
in the vancomycin group compared with the control group
(P =.034).

Patel et al” describe that cerebrospinal fluid fistula (OR: 27.41),
dexamethasone use (OR: 3.55), and instrumentation (OR: 2.74)
are documented risk factors in the literature for presenting with
operative site infection.”'” Similarly, we found that chronic
corticosteroid use and placement of surgical material were risk
factors for SSI after cranial surgery, as well as diabetes mellitus,
smoking, and cancer.

The most common germs reported in the literature as found in
SSI are S. aureus and S. epidermidis, which are part of the skin
microbiota and are believed to be inoculated directly into the
surgical wound during surgery.” This is directly related to what we
found in our study.

To the best of our knowledge, this is the largest patient cohort
published in Latin America examining the effectiveness of topical

TABLE 4. Multivariate Analysis by Potential Risk Factors
SSI Non-SSI

Variable (n =32) (n = 1076) RR 95% CI P value
Sex (male) 17 530 0.740 (0.338-1.617) 450
Hypertension 22 358 2402 (1.030-5.602) 043
Diabetes 15 144 3.494 (1.494-8.175) .004
Smoker 18 193 3.430 (1.520-7.740) .003
Cancer 1 120 4.986 (1.959-12.689) .001
Chronic use of corticosteroids 9 70 7.393 (2.737-19.971) .000
Placement of surgical material 15 229 5.491 (2.420-12.461) .000
Use of vancomycin powder 10 429 0.397 (0.169-0.933) .034

SSI, surgical site infections.
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vancomycin application in skull surgery. For this reason, we
suggest expanding the investigation of the use of topical vanco-
mycin in cranial surgery in the region and, in case our results can
be replicated in different institutions, to promote the routine use
of vancomycin in cranial surgery.

Limitations

This retrospective study was conducted at a single hospital
center, presenting challenges in control of bias related to pre-
operative, intraoperative, and postoperative conditions. The
unknown frequency of vancomycin usage among neurosurgeons
in this study introduces a potential limitation of classification bias.
However, we consider this limitation to be minimal due to the
adherence of all neurosurgeons to a standardized protocol starting
from a specific date. Furthermore, the evaluation of other topical
antibiotics was not conducted, and patients who underwent ce-
rebrospinal fluid diversion surgery or transsphenoidal pituitary
surgeries were excluded. In addition, the exclusion of patients who
did not complete the 90-day follow-up might introduce selection
bias. Despite its retrospective nature, our study benefits from a
robust and comprehensive data collection process. To expand on
these findings, we recommend the involvement of multiple
centers and the implementation of prospective studies to produce
higher levels of evidence.

Future research should focus on conducting prospective ran-
domized studies that control for bias factors, such as blood glucose
levels and intraoperative temperature, which are known to in-
crease the risk of SSI. In addition, studies should consider the
specific surgical procedures in which topical vancomycin is ap-
plied during surgical closure, using a standardized protocol im-
plemented by all neurosurgeons. Furthermore, a follow-up period
exceeding 90 days is recommended to assess the long-term
outcomes of patients with SSI.

CONCLUSION

The application of topical vancomycin during surgical inter-
ventions has shown a modest decrease in the occurrence of SSI,
although statistical significance was observed only through
multivariate analysis. To address the limitations mentioned above
and achieve more robust findings, it is imperative to conduct
prospective randomized studies involving larger cohorts of pa-
tients. These studies would provide reliable results and facilitate
the formulation of evidence-based recommendations regarding
the use of vancomycin for SSI prevention.
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