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�� Infection

Negative pressure wound therapy does 
not diminish efficacy of topical antibiotic 
powder in a preclinical contaminated 
wound model

an animal study

Aims
High-energy injuries can result in multiple complications, the most prevalent being infec-
tion. Vancomycin powder has been used with increasing frequency in orthopaedic trauma 
given its success in reducing infection following spine surgery. Additionally, large, trau-
matic injuries require wound coverage and management by dressings such as negative 
pressure wound therapy (NPWT). NPWT has been shown to decrease the ability of anti-
biotic cement beads to reduce infection, but its effect on antibiotic powder is not known. 
The goal of this study was to determine if NPWT reduces the efficacy of topically applied 
antibiotic powder.

Methods
Complex musculoskeletal wounds were created in goats and inoculated with a strain of 
Staphylococcus aureus modified to emit light. Six hours after contaminating the wounds, 
imaging, irrigation, and debridement and treatment application were performed. Ani-
mals received either vancomycin powder with a wound pouch dressing or vancomycin 
powder with NPWT.

Results
There were no differences in eradication of bacteria when vancomycin powder was used 
in combination with NPWT (4.5% of baseline) compared to vancomycin powder with a 
wound pouch dressing (1.7% of baseline) (p = 0.986), even though approximately 50% of 
the vancomycin was recovered in the NPWT exudate canister.

Conclusion
The antimicrobial efficacy of the vancomycin powder was not diminished by the applica-
tion of NPWT. These topical and locally applied therapies are potentially effective tools 
that can provide quick, simple treatments to prevent infection while providing coverage. 
By reducing the occurrence of infection, the recovery is shortened, leading to an overall 
improvement in quality of life.
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Article focus
�� This study aimed to determine whether the 

effectiveness of topical vancomycin powder 
would be diminished by the application of 
a negative pressure wound dressing.

Key messages
�� Negative pressure wound therapy 

(NPWT) did not decrease the antimi-
crobial efficacy of topical vancomycin 
powder.
�� Approximately 50% of the vancomycin 

powder was collected in the exudate 
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canister, emphasizing the need for sufficient antibiotic 
powder when using NPWT.

Strength and limitations
�� By using a large animal model, the antimicrobial 

effectiveness of vancomycin powder was evaluated in 
a wound of similar clinical size.
�� Although this study demonstrated limited influence 

of NPWT on the effectivity of vancomycin powder, the 
sample size was small.

Introduction
High-energy open fractures, such as those from road 
traffic crashes, pose a treatment challenge to emergency 
medicine providers and orthopaedic surgeons. Tibia 
fractures are the most common, accounting for approx-
imately 11% of all open fractures.1 Due to minimal soft 
tissue coverage, limited blood supply, and the severity of 
concomitant injury typically incurred to the surrounding 
soft tissue envelope, these fractures are plagued with 
complications including nonunion, compartment 
syndrome, and infection.2 Despite a standard of care 
regimen which includes antibiotics, irrigation, serial 
debridement, and delayed wound closure, infection 
rates remain high (between 11% and 28%).3,4 Providers 
continue to explore new advances in surgery and medi-
cine to decrease infection in these complex injuries.

Local antibiotics provide higher concentrations of 
drug at the wound site with less potential for toxicity 
from prolonged systemic use.5-7 Antibiotic-loaded poly-
methylmethacrylate (PMMA) is a fundamental depot-
style device for local delivery of antibiotics.8-10 PMMA, 
however, involves back-table preparation and cure-time, 
has low elution rates, and requires subsequent removal 
procedures.11-13 Alternatively, topically applied vanco-
mycin powder is gaining popularity as it has demon-
strated efficacy in reducing surgical site infections when 
used prophylactically in spinal surgery, decreasing 
infection rates from 2.6% to 0.2% while dramatically 
reducing surgical costs by approximately $3,000.14,15 
Despite this, there is little to no evidence for its use in a 
trauma scenario. In a preclinical model of musculoskel-
etal infection, Tennent et al16 demonstrated the efficacy 
of vancomycin powder when applied early after injury. 
Vancomycin powder does not require antibiotic elution 
as with antibiotic-loaded PMMA beads and can be easily 
spread throughout the entire wound aiding in antibi-
otic diffusion into the surrounding soft tissues.17-19 While 
local antibiotics could reduce wound infection, wound 
coverage is still a necessity in many traumatic wounds.

Initially developed to improve closure of chronic, 
non-healing wounds, negative pressure wound therapy 
(NPWT) is regularly used by the trauma and ortho-
paedic community in management of acute, open, 
contaminated wounds.20-22 NPWT is commonly used 
after initial debridement to effectively manage open 

wounds by providing coverage and promoting healthy 
wound beds.23,24 Despite widespread usage, its efficacy 
in reducing wound infection rates remains under debate. 
There is some empirical evidence for its potential to 
reduce infection following open fractures, decreasing 
infection rates to 6% to 8% versus 20% to 28% when stan-
dard dressing is applied.3,4,25 Other analyses indicate that 
NPWT either has no anti-infective benefit compared to 
standard dressings or even causes worse outcomes.23,26 In 
general, current data indicate that patients who received 
NPWT were less likely to develop a clinical infection, less 
likely to have culture-positive wounds, and less likely to 
develop osteomyelitis.

Considering the positive effects of both local antibiotics 
and NPWT as independent therapies, the coapplication 
of NPWT with local antibiotics has had mixed outcomes. 
The use of NPWT decreases the antimicrobial efficacy of 
vancomycin-loaded PMMA beads.27,28 As a depot for antibi-
otics, the drug must slowly elute out of the bead and diffuse 
throughout the wound to be effective. The NPWT removes 
the antibiotic-laden exudate from the wound before the 
drug levels can accumulate to a concentration sufficient to 
exert an antimicrobial effect. However, NPWT does not alter 
the antimicrobial effect when combined with an antibiotic-
loaded chitosan sponge.28 The sponge covers the entire 
wound bed, contacting all the tissues and providing a 
steady delivery of drug to the injury site. Since it is a delivery 
device instead of a depot, it is effective even with NPWT 
applied. The effect NPWT has on the antimicrobial efficacy 
of vancomycin powder is not known. Conceptually, the 
topical powder may be effective even with NPWT because 
it is placed throughout the entire wound, but the possibility 
exists that solubilized antibiotic may be removed from the 
wound bed by NPWT before a therapeutic concentration 
or contact duration is achieved. The goal of this study is 
to determine whether NPWT reduces the effectiveness of 
topical vancomycin powder in a contaminated musculo-
skeletal wound.

Methods
This research was conducted in compliance with the 
Animal Welfare Act, the implementing Animal Welfare 
Regulations,29 and the principles of the Guide for the 
Care and Use of Laboratory Animals, National Research 
Council.30 The Institutional Animal Care and Use 
Committee approved all research conducted in this 
study. The facility where this research was conducted is 
fully accredited by AAALAC. This study is reported under 
the guidance of the ARRIVE guidelines.

Under general anaesthesia, eight castrated male, 
Spanish Boer goats (mean 38.1 kg (SD 1.6); K Bar Live-
stock LLC, Sabinal, Texas, USA) received a complex poly-
traumatic musculoskeletal wound on their left hind limb 
as previously described.31 Briefly, under general anaes-
thesia, a wound was created by excising a full thickness 
skin flap, removing a portion of the tibialis anterior, and 
creating a 12 mm unicortical defect within the anterior 
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Fig. 1

Bacterial luminescent data represented as percentage of six-hour baseline (before irrigation and debridement (I&D)). There was no difference detected 
between groups at the 48-hour study endpoint (p = 0.986, generalized linear model adjusting for post I&D). NPWT, negative pressure wound therapy; VANC, 
vancomycin powder placed directly on wound; VANC+NPWT, vancomycin powder placed directly on wound with NPWT application.

aspect of the tibia. It was completed with a freeze injury 
and thermal burn to the bone and soft tissues. Following 
wound creation, each wound was inoculated with 4.4 × 
108 (± 1.1 × 107) colony-forming units (CFUs) of Xen36 
(Perkin Elmer, Akron, Ohio, USA), a Staphylococcus aureus 
isolate modified to emit light when metabolically active. 
This strain has a high luminescent output and allows for 
noninvasive, in vivo imaging.32 The wounds were dressed 
in standard fashion with wrap dressing and the animals 
allowed to move freely for a period of six hours.

Six hours following injury and inoculation, each 
animal was again anaesthetized and the wounds were 
imaged via a charge-coupled device (CCD) photon-
counting camera (C9100-24B; Hamamatsu, Hamamatsu, 
Japan) (Supplementary Figure a). An initial black and 
white image was acquired to delineate wound borders 
and individual features. A second image was acquired to 
identify and count the light-emitting bacteria within the 
wound (six hours from the baseline image). Following 
initial imaging, the wound was debrided, irrigated with 

9 l normal saline, and imaged again (six hours post irriga-
tion and debridement (I&D)). Each animal was randomly 
placed into one of two treatment groups: vancomycin 
powder alone with a wound pouch dressing (VANC; n = 
4) or vancomycin powder combined with NPWT (VANC + 
NPWT; n = 4). The VANC animals received 1 g vancomycin 
powder (Alvogen, Pine Brook, New Jersey, USA) spread 
uniformly over the wound and covered by a wound 
pouch composed of saline-soaked gauze with a semi-
permeable wrap dressing. The VANC + NPWT animals 
received 1 g vancomycin powder spread uniformly over 
the wound and covered by gauze followed by a negative 
pressure dressing. NPWT was run (EZCare system, Smith 
and Nephew, Memphis, Tennessee, USA) at a continuous 
suction of -80 mmHg. At the time of vancomycin place-
ment, the wound size was 34.2 cm2 (SD 2.7). Then, 48 
hours after initial inoculation, luminescent imaging was 
again performed immediately following animal euthani-
zation (48 hours).
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Fig. 2

Representative images acquired with charge-coupled device camera 
showing bacterial colonization six hours after initial inoculation, before (six-
hour baseline) and after irrigation and debridement (six hours post I&D), 
and the 48-hour endpoint. NPWT, negative pressure wound therapy; VANC, 
vancomycin powder placed directly on wound; VANC+NPWT, vancomycin 
powder placed directly on wound with NPWT application.

Statistical analysis.  Data represented are normalized to 
six-hour baseline levels (six hours after inoculation, im-
mediately prior to I&D) or mean and standard error of 
the mean (SEM). Six-hour post I&D and 48-hour lumi-
nescent counts were normalized to the six-hour baseline 
luminescent counts. A generalized linear model (GLM) 
was applied to the 48-hour ratios adjusting for six-hour 
post I&D to determine differences in photon reduction. A 
p-value of ≤ 0.05 was considered statistically significant. 
Statistical analysis was conducted using SAS 9.4 (SAS 
Institute, Cary, North Carolina, USA).

Results
There were no statistical differences detected in the 
reduction of bacterial burden when vancomycin powder 
was used in combination with NPWT (4.5% ± 1.5% 
of baseline) when compared to vancomycin powder 
within a wound pouch alone (1.7% ± 0.3% of baseline) 
(Figure 1, p = 0.986, GLM). For reference, a wound in 
a similar model, treated with I&D, and covered with a 
standard wet-to-dry dressing, had a bacterial rebound 
of over 500% from baseline.31 Images of the wounds 
corroborate the photon count results where debride-
ment removed the majority of the bacteria present and 
vancomycin powder, both with and without NPWT, 
further reduced the amount of bacterial contamina-
tion (Figure 2). A mean total of 507.8 mg (SEM 88.7) 
vancomycin at 2.9 mg/ml (SEM 0.4) in exudate was 
recovered in the NPWT wound canister, representing 
approximately 50% of the total vancomycin placed into 
the wound. No gross differences were observed in the 
wound at euthanasia.

One animal from each group expired prior to study 
completion. One was from aspiration pneumonia and 

the other from an unknown reason; their data were 
excluded from the data analysis.

Discussion
Open fractures remain fraught with complication, 
and multiple combined therapy methods are often 
employed to decrease the risk of infection and improve 
outcomes. Thorough surgical debridement and irriga-
tion continue to be the primary course of treatment. 
Following surgical care, treatment methods such as 
topical antibiotic delivery and NPWT can be applied 
to improve outcomes. Our study indicates that the 
coapplication of both NPWT and topical vancomycin 
powder did not diminish the efficacy of the antibiotic. 
This may help manage severe, highly contaminated soft 
tissue injuries in the future.

Local antibiotics, particularly antibiotic-loaded 
PMMA beads, are commonly used to provide high 
concentrations of antibiotic to the wound with little risk 
of systemic toxicity.5,7,8,33,34 However, the use of antibiotic 
beads accrue additional cost of the PMMA and require 
time to prepare. Premade antibiotic beads are not 
approved by the USA Food and Drug Administration and 
are only available in Europe at a substantial cost and in 
limited supply.35,36 In addition, PMMA beads have poor 
elution characteristics, require a subsequent surgery for 
removal, and if left in place for too long can become 
a nidus for bacterial biofilm formation.27,28 A variety of 
other local antibiotic approaches have been examined 
by varied potential and success. These include vanco-
mycin- and tobramycin-loaded gels, silver dressings, 
antibiotic-loaded calcium-based bone substitutes, and 
antibiotic-loaded chitosan sponges.37–42 Over the past 
decade, the prophylactic use of vancomycin powder 
has become an effective tool in reducing surgical site 
infection, particularly in spinal surgery. When vanco-
mycin powder is placed in the surgical site of a spine 
fusion, there is a four-fold decrease in infection.15 Since 
its use in spinal surgery, the interest in vancomycin 
powder has expanded to other fields including trauma 
surgery and the management of open musculoskeletal 
injuries. The trauma community has become interested 
in topical vancomycin powder for its ease of applica-
tion, efficacy, and low cost. In a preclinical model of 
musculoskeletal trauma, we demonstrated that when 
vancomycin powder was used within six hours, it was 
more effective in reducing bacterial bioburden than 
when treatment was delayed beyond 24 hours.16 Clin-
ically, the use of vancomycin powder in the residual 
limb of combat amputees resulted in a 13% decrease in 
infection risk.43 There are ongoing clinical trials which 
will strengthen the level of evidence for the effective-
ness of vancomycin powder in reducing infection asso-
ciated with orthopaedic trauma (VANCO NCT02227446 
and POWDER NCT03765567). The information gained 
from these studies could lead to changes and updates 
to best practices. The ease of application along with 
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Fig. 3

Representative effectiveness of local wound therapies. The same large animal model was used to identify the effectivity of each of these therapies after two 
days of use. The dark grey colour represents previously published results.27,28,31,53,54 The black bars are from the current study. Wet to Dry, a standard dressing 
changed twice daily; NPWT, continuous negative pressure application; Silver + NPWT, a silver dressing placed directly on wound with NPWT application; 
polymethylmethacrylate (PMMA) Beads + NPWT, vancomycin-loaded PMMA beads placed directly on wound with NPWT application; PMMA beads, 
vancomycin-loaded PMMA beads placed directly on wound with semipermeable membrane application; Chitosan Sponge, vancomycin-loaded chitosan 
sponge placed directly on wound with a semipermeable membrane application; Chitosan Sponge + NPWT, vancomycin-loaded chitosan sponge placed 
directly on wound with NPWT application. Vanc + NPWT, vancomycin powder placed directly on wound with NPWT application; Vanc, vancomycin powder 
placed directly on wound.

the therapeutic benefit makes vancomycin powder an 
attractive topical therapy.

Since its commercialization, NPWT has been used 
for a variety of injury applications including wound 
coverage, healing aide, graft bolster, and infection 
control.44–46 Early NPWT application facilitates earlier 
primary closure by preparing a healthier wound bed.44 
Additionally, NPWT is attributed with enhancing 
neovascularization of skin grafts.45 NPWT has reportedly 
reduced infection rates compared to standard dress-
ings.4 Stannard et al4 identified an infection rate reduc-
tion from 28% to 5% when NPWT was used in open 
fractures, in conjunction with serial surgical debride-
ment and irrigation. As with any treatment, proper use 
and operation dictates the successful outcomes. For 
example, although common NPWT uses -125 mmHg, 
which is within the recommended -50 mmHg to -150 
mmHg range, we chose to use -80 mmHg subatmo-
spheric pressure because previous use (unpublished) 
shows loss of continual suction and filter/tube clogging 
in this model, which has the unit placed more than 
5 ft above a mobile animal.47 Additionally, there are 
concerns that increased suction could lead to ischaemia 
of vascular flaps.48,49 Finally, there are also concerns 
that loss of NPWT suction could result in increased 
infection.50 The incorporation of an antibiotic with the 

NPWT dressing could not only treat the wound in its 
current form but also protect the wound from infection 
in the rare case of NPWT failure.51,52

To further improve outcomes, it has been suggested 
that NPWT can be combined with local antibiotics. 
Our group has demonstrated that antibiotic vehicle 
choice is a defining factor of successful combina-
tion of local antibiotics with NPWT. With the use of 
a large animal model, our group has previously eval-
uated different local antibiotic delivery systems with 
and without the combined use of NPWT with varied 
success (Figure 3). Unfortunately, NPWT decreased the 
antimicrobial efficacy of antibiotic beads, which is an 
antibiotic depot.27 It is believed that antibiotic eluted 
from the bead was removed by the NPWT before it 
could diffuse throughout the wound and accumulate 
at therapeutic concentrations. Alternatively, the effec-
tiveness of an antibiotic-loaded chitosan sponge was 
not diminished by use of the NPWT.28 The continuous 
and direct contact of the chitosan sponge with the 
wound bed is thought to allow this antibiotic delivery 
device to be effective even when used with NPWT. 
As demonstrated in the current study, vancomycin 
powder substantially reduced the amount of bacterial 
bioburden within the wound both with and without 
NPWT.
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Our study, like all other preclinical translational 
studies, had several limitations. First, our number of 
study subjects was small and we only compared the 
vancomycin powder pouch to vancomycin powder in 
conjunction with NPWT. That being said, the effective-
ness of local antibiotics is robust compared to histor-
ical control and treatment data and highly reproducible 
with both therapies.27,28,31,53,54 Additionally, only one 
dose of antibiotic was investigated. Most therapies have 
a dose-response curve, and if we used lower amounts 
of antibiotic, it is plausible that we may have detected a 
difference between groups. It is worth noting, however, 
that we demonstrated that 1 g of vancomycin powder 
was effective for wounds that are approximately 35 cm2 
(for reference, a playing card is 57 cm2) regardless of 
losing about half of the antibiotic to the negative pres-
sure. This may inform dosing of complex wounds. Next, 
we investigated only a single infecting pathogen, which 
may limit this study’s clinical applicability. However, 
this animal model was chosen to most closely resemble 
human anatomy and represent the primary infecting 
pathogen, S. aureus. It is worth noting that we have 
previously demonstrated that treating polymicrobial 
(S. aureus and Pseudomonas aeruginosa) infection with 
both vancomycin and tobramycin is extremely effective 
in the same preclinical model.55

In summary, despite previous evidence demon-
strating the reduced efficacy of local antibiotic delivery 
in the case of antibiotic beads combined with NPWT, 
our study demonstrates that vancomycin powder has 
similar efficacy with or without the use of NPWT. This 
was despite losing nearly 50% of the antibiotic placed 
within the wound to the wound exudate canister. 
Vancomycin and other antibiotic powders continue to 
represent a valuable addition in treating high-energy 
fractures, and may represent the optimal method of 
local antibiotic delivery for immediate tissue contact 
and infection treatment. Future efforts need to focus 
on broad-spectrum antimicrobial therapies that work 
against both Gram-positive and Gram-negative organ-
isms and do not promote antibiotic resistance.

Supplementary material
‍ ‍A diagram of the study timeline, and the relevant 

ARRIVE guidelines.
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