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ABSTRACT

No earlier study has investigated the microbiology of negative pressure wound
therapy (NPWT) foam using a standardized manner. The purpose of this study is to
investigate the bacterial load and microbiological dynamics in NPWT foam removed
from chronic wounds (>3 months). To determine the bacterial load, a standardized
size of the removed NPWT foam was sonicated. The resulting sonication fluid was
cultured, and the colony-forming units (CFU) of each species were enumerated.
Sixty-eight foams from 17 patients (mean age 63 years, 71% males) were investi-
gated. In 65 (97%) foams, ≥ 1 and in 37 (54%) ≥2 bacterial types were found. The
bacterial load remained high during NPWT treatment, ranging from 104 to 106

CFU/ml. In three patients (27%), additional type of bacteria was found in subsequent
foam cultures. The mean bacterial count ± standard deviation was higher in polyvinyl
alcohol foam (6.1 ± 0.5 CFU/ml) than in polyurethane (5.5 ± 0.8 CFU/ml) (p = 0.02).
The mean of log of sum of CFU/ml in foam from 125 mmHg (5.5 ± 0.8) was lower
than in foam from 100 mmHg pressure (5.9 ± 0.5) (p = 0.01). Concluding, bacterial
load remains high in NPWT foam, and routine changing does not reduce the load.

Negative pressure wound treatment (NPWT), frequently cited
under its brand name VAC (vacuum-assisted closure), is a
treatment modality used to promote wound healing.1 NPWT
system consists of an electronically controlled pump and a
foam dressing that drains the wound.2 This system applies
negative pressure through an airtight film that covers the
wound. By applying negative pressure to the wound, several
biological effects are activated, leading to stimulation of
granulation tissue formation, and subsequently improved
wound healing.3 One of the suggested biological effects is the
increased bacterial clearance.3 Removing bacteria from the
wound is important because bacterial colonization was shown
to delay or prevent wound healing.4,5

The observation that NPWT treatment reduces bacterial
load in the wound was mainly shown in animal studies,3,6 but
clinical data are limited. In two clinical studies, the bacterial
load was determined in tissue specimens from the vicinity of
the foam.7,8 To our knowledge, only one study has investigated
the bacterial load in the NPWT foam itself.9 In that study,
which cultured the foam on blood agar plate and tryptic soy
broth, about half of the foams were colonized with bacteria.
As microorganisms are attached to the large surface of the
foam as biofilm, special methods are needed to dislodge and
quantify them. In the field of implants, sonication of the
removed foreign body has been established in the recent years
as a standard method to detect and quantify microorganisms
from the biofilm.10–16 Sonication can also be applied to dis-
lodge bacteria from the NPWT foams.

NPWT can be applied using various negative pressures and
various foams. It is rational to assume that these factors might
also play a role in the removal of microorganisms from the
wound. Applying higher negative pressure might remove
larger amount of bacteria than lower negative pressure
because of the higher blood flow created.17 There are two
different foams: polyurethane (PU) and polyvinyl alcohol
(PVA). The black PU foam has large pore and is hydrophobic,
while the white PVA foam has smaller pore and is hydro-
philic.17 Cutaneous blood flow in NPWT with PU foam has
been shown to be higher than in NPWT with PVA foam, and
this might also facilitate better removal of bacteria.17

We sought to investigate bacterial load of NPWT foams
using sonication and the dynamics of the microbiology over
time. Furthermore, we investigated the association between
the characteristics of NPWT treatment and the bacterial load.

PATIENTS AND METHODS

Study design and patient population

This study was a prospective cohort study performed in a
specialized center for paraplegia and craniocerebral injury.
We included consecutive hospitalized and ambulatory
patients older than 18 years with chronic wound receiving
NPWT (VAC) treatment between January 2010 and Decem-
ber 2011. A chronic wound was defined as compromised skin

Wound Rep Reg (2013) 21 677–681 © 2013 by the Wound Healing Society 677

 1524475x, 2013, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/w

rr.12088 by E
rasm

us U
niversity R

otterdam
 U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [11/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



coverage that failed to produce anatomic and functional integ-
rity within 3 months.18 The indication of NPWT and the
frequency of change of NPWT foam were determined by a
medical team using indication list and according to clinical
practice. Excluded were patients with acute wounds (surgical
incision and traumatic injuries), necrotizing fasciitis, under-
lying osteomyelitis, and visible implants. The study was
approved by the institutional review board Ethikkommission
beider Basel. All patients or legally acceptable representative
gave written informed consent to participate in this study.

Clinical assessment and NPWT treatment

The following demographic and clinical data were obtained
using standardized questionnaires: age, sex, and antibiotic
treatment in the last 3 months. We recorded the following data
related with the wound and use of the NPWT system (KCI
Medical, Rümlang, Switzerland): wound location, wound eti-
ology, length of treatment, type of foam (PU or PVA), nega-
tive pressure applied in mmHg, and mode of application
(intermittent or continuous).

Sonication of the foam and microbiological methods

The removed foam was cut to the size of 4 cm2 as indicated by
a sterile template. In order to minimize contamination in the
skin, we standardized the sampling method by cutting the part
of the foam that had contact with the most central part of the
wound. Subsequently, the foam was placed into a sterile air-
tight container (Lock&Lock, Vetrag AG, Stäfa, Switzerland)
containing 100 ml sterile Ringer’s solution and was processed
within 4 hours in the microbiology laboratory. The container
with the foam was vortexed for 30 seconds and then subjected
to sonication (BactoSonic, Bandelin GmbH, Berlin,
Germany) for 1 minute at 40 kHz, and vortexed again for 30
seconds. The resulting sonication fluid was plated in aliquots
of 0.1 ml onto blood agar plates and 1 ml was inoculated in
thioglycollate broth, and incubated at 37 °C for 2 and 6 days,
respectively. The plates were inspected daily for bacterial
growth. Microorganisms on plates were enumerated (i.e.,
number of colony-forming unit [CFU]/ml sonication fluid)
and identified using routine microbiological techniques.

Statistical analysis

Data were analyzed using SPSS Statistics version 20.0 (IBM
Corp, Armonk, NY). Means (range) were used to describe the
characteristics of the study population. Numbers and percent-
ages were calculated. The mean bacterial load from consecu-
tive foams with standard deviation (SD) was plotted in time
(days) in order to visualize the evolution of bacterial load of
the foams. The association between the anatomical location of
the foam (central locations [sacrum, ischium, and abdomen]
vs. lower extremities (lower leg, heel, and ankle) and bacterial
load (monomicrobial vs. polymicrobial) was examined using
chi-square test. Chi-square test was also used to analyze the
association between categorical NPWT characteristics (type
of foam and type of applied pressure) and bacterial load
(monomicrobial vs. polymicrobial). The association between
anatomical location of the foam and NPWT characteristics
with bacterial load was also examined using independent t

test. In the latter, the log of highest concentration of bacterial
load and log of the sum of CFU/ml in PU was compared with
PVA foam. The same was performed for the comparison of
various types of applied pressures. In all analysis, p < 0.05
was considered statistically significant.

RESULTS

Demographics and characteristics

of NPWT treatment

During the study period, 68 foams from 17 consecutive
patients were investigated (Table 1). The mean patient age
was 63 years (range, 24–83 years); 12 (71%) were males.
Only two patients received antibiotics in the 3 months prior to
the NPWT therapy. Most foams originated from the wound of
the sacrum (41%), followed by lower leg (12%), heel (12%),
ischium (12%), and other anatomical sites. The majority of
wounds were pressure sores (decubitus) (79%), followed by
wound breakdown (15%), or delayed wound healing (6%).
The mean duration of foams in the wound was 3 days (range,
1–6 days). Data on the type of foam were available from 57
foams, 49 (86%) of them were made from PU and 8 (14%)
from PVA. The most common type of applied negative pres-
sure was 125 mmHg continuously in 42 (62%) foams, fol-
lowed by 100 mmHg continuously in 22 (32%), and
100 mmHg intermittently in 4 (6%) foams. In 11 of 17
patients (65%), two or more foams used consecutively from
the same site were available for analysis.

Table 1. Characteristics of 68 foams from 17 patients

Characteristics n = 68

Anatomical wound site, no. (%)
Sacrum 28 (41)
Lower leg 16 (24)
Heel 8 (12)
Ischium 8 (12)
Ankle 5 (7)
Abdomen 3 (4)

Types of wound, no. (%)
Pressure sore 44 (79)
Wound breakdown 10 (15)
Delayed wound healing (>3 months) after

surgical incision
4 (6)

Residence time of the foam in the wound,
days, mean (range)

3 (1–6)

Type of foam, no. (%)*
Polyurethane 49 (86)
Polyvinyl alcohol 8 (14)

Applied negative pressure (%)
125 mmHg, continuous 42 (62)
100 mmHg, continuous 22 (32)
100 mmHg, intermittent 4 (6)

*Data available for 57 foams.

Bacterial load in vacuum-assisted closure Yusuf et al.

Wound Rep Reg (2013) 21 677–681 © 2013 by the Wound Healing Society678

 1524475x, 2013, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/w

rr.12088 by E
rasm

us U
niversity R

otterdam
 U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [11/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Bacterial load of NPWT foams

Multiple types of bacteria colonized 37 (54%) foams: in 15
(22%) foams, more than three types of bacteria were cultured,
and in 22 (32%) foams two types of bacteria were cultured.
Single type of bacteria was found in 29 (43%) of the foams.
No bacteria were found in only two (3%) foams. The most
common load of bacteria was 106 CFU/ml (in 47 foams),
followed by 105 CFU/ml (in 41 foams). The range of bacterial
load was 102–107 CFU/ml. In polymicrobial NPWT foams,
the most common bacteria were from the family of Entero-
bacteriaceae (Escherichia coli, Enterobacter spp., Klebsiella
spp., and Proteus spp.) in 41 foams, followed by Staphylo-
coccus aureus in 22 foams (Table 2). In NPWT foams that
grew single bacteria, the most common bacteria were
Escherichia coli cultured in 12 foams (18%).

Foams originated from central locations had higher bacte-
rial load than foams from lower extremities. The mean ± SD
of log of highest concentration of bacterial load in central
locations was 5.8 ± 0.5 vs. 5.3 ± 0.8 in lower extremities,
p = 0.03. The mean of log of sum of CFU/ml in foams from
central locations (5.9 ± 0.6) was also higher than foams from
lower extremities (5.3 ± 0.7), p = 0.001. Foams from central
locations were also associated with having more polymicro-
bial colonization (χ2 = 4.5, df = 1, p = 0.03).

Evolution of bacterial load

Consecutive foams from 11 patients showed that the presence
of bacteria was persistent (Figure 1). In these patients, the
mean duration of multiple NPWT foams that reside in the

wound was 7 days (range, 5–11 days). In seven patients, the
bacterial type remained the same, and in three patients (27%)
a new species of bacteria was introduced in the foam. In the
first patient, E. coli was cultured in the first foam, and
Acinetobacter baumannii was additionally cultured in the
subsequent foam. In the second patient, Enterobacter spp.
was found in the first foam, and E. coli, Klebsiella spp., and
Proteus spp. were additionally cultured from subsequent two
foams. In the third patient with S. aureus in the first foam,
Achromobacter xylosoxidans was cultured in addition to the
subsequent foam. In only one patient, one type of bacteria
(Pseudomonas aeruginosa) that grew in the first foam
together with Proteus spp. and Staphylococcus aureus was
reduced to zero in the subsequent foam.

Association between NPWT characteristics

and bacterial load

There was no significant association between the type of foam
and having mono- or polymicrobial colonization (χ2 = 4.3,
df = 1, p = 0.5) Also, no significant association was observed
between the type of applied pressure with having mono- or
polymicrobial colonization (χ2 = 2.1, df = 2, p = 0.4). The PU
foam had statistically significant lower bacterial burden than
PVA foam. The mean ± SD of log of highest concentration of
bacterial load in PU (5.4 ± 0.7) was lower than in PVA foam
(5.9 ± 0.7), p = 0.01. The mean of log of sum of CFU/ml in
PU foam (5.5 ± 0.8) was lower than in PVA foam (6.1 ± 0.5),
p = 0.02. Due to a small number, we lumped four foams
originated from NPWT system with intermittent 100 mmHg
pressure with 22 other foams with NPWT using 100 mmHg in
these following analyses. Foam originated from NPWT
system using 125 mmHg pressure had significantly lower log
of highest concentration of bacterial load (mean ± SD:
5.4 ± 0.8) compared with foam originated from 100 mmHg
pressure (5.8 ± 0.4), p = 0.01. The mean of log of sum of
CFU/ml ± SD in foam with 125 mmHg of pressure (5.5 ± 0.8)
was lower than in foam with 100 mmHg of pressure
(5.9 ± 0.5), p = 0.02.

Table 2. Microbiological findings of the negative pressure
wound therapy foam after sonication

Type of microorganisms
Monomicrobial
(no. of foam)

Polymicrobial
(no. of foam)

Gram-positive cocci
Coagulase-negative

staphylococci
3 3

Corynebacterium spp. 0 4
Enterococcus spp. 1 6
Staphylococcus aureus 0 22
Streptococci 0 6
Gemella spp. 0 1

Gram-negative bacilli
Enterobacteriaceae

Escherichia coli 12 16
Enterobacter spp. 0 4
Klebsiella spp. 0 3
Proteus spp. 8 18

Nonfermentative bacilli
Achromobacter

xylosoxidans
0 1

Acinetobacter baumannii 4 0
Pseudomonas aeruginosa 1 7

Figure 1. Bacterial load dynamic cultured from the sonication
fluid of negative pressure wound therapy foams. The points
represent mean value, and error bars represent standard
deviation. n represents the number of foams analyzed.
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DISCUSSION

The most important finding of the present study is that almost
all NPWT foams are colonized by high numbers of bacteria,
and the bacterial load remains persistently high despite rou-
tinely changing the foam, on average, every 3 days. In several
patients, changing the foams even introduced new microor-
ganisms. Furthermore, bacterial load is shown to be lower in
NPWT using PU foam and higher negative applied pressure
(125 mmHg) than NPWT using PVA foam and lower pressure
(100 mmHg), respectively.

NPWT is increasingly used in the treatment of chronic
wound. Some studies showed its promising effect in wound
healing.19,20 However, when the trial data were pooled,2,21 the
effect seems questionable. To explain why many trials fail to
show positive effect of NPWT on wound healing, the mecha-
nisms of action of NPWT needs to be understood. One of the
proposed biological effects is clearance of bacteria from the
wound by aspiration of wound secretion fluid by negative
pressure.3,6 The presence of bacteria in the tissue stimulates
production of pro-inflammatory cytokines, such as
interleukin-1 and tumor necrosis factor-α, which cause an
increased production of matrix metalloproteinases and a
decreased production of growth factor.4 Ultimately, these cas-
cades inhibit granulation tissue formation that is needed for
wound healing.

Therefore, the information on bacterial load in the wound
(as approximated by the bacterial load in NPWT foams) is
crucial. To our knowledge, our study is the first that used
sonication of NPWT foams to quantify the bacterial load and
specify the type of organisms. This method has several advan-
tages. First, it is performed in standardized manner, unlike
tissue biopsy of surrounding wound. Tissue biopsy is difficult
to be standardized, for example in determining the location
from where the biopsy should be taken. Second, sonication
can dislodge bacteria that might form biofilm in the foam.
Earlier, sonication has been shown to remove bacteria from
biofilm in prosthetic joint.10

Our results support the only other study on microbial
burden on NPWT foam.9 Anagnostakos and Mosser found at
least one type of microorganism in 39 out of 101 foams
(39%). In 8 of these 31 (26%) foams, more than one type of
microorganism (polymicrobial) was found. These numbers
are much lower than ours, where we found that 97% of foams
are colonized, of which 54% polymicrobial. The discrepancy
between our study and the study of Anagnostakos and Mosser
has two possible explanations. First, sonication dislodges bac-
teria that otherwise will remain undetected because they are
attached to the foam; this also explains why more types of
bacteria are detected by sonication in our study than in their
study. This phenomenon had been observed before in the use
of sonication to detect bacteria in prosthetic joint infection;
sonication detects approximately 30% more microorganism
that are undetected by conventional microbiology methods
and detect 20% more polymicrobial.10,22 Second, it is possible
that our study population differs from the population in the
study of Anagnostakos and Mosser,9 which includes various
type of wound that might receive systemic antibiotic treat-
ment that subsequently lower bacterial burden.

Two other studies that investigate bacterial load in NPWT
system using culture of wound tissue also refute the notion
that bacterial load is lessened during NPWT therapy.7,8 Moues
et al. showed that at the end of NPWT therapy, 11 of 26

wounds (42%) still host more than 105 CFU/gram of tissue.
Another study by Weed and coworkers in 26 NPWT-treated
wounds showed that there was no statistically significant dif-
ference in the culture of tissue swab of the wound before,
during, and after NPWT therapy.8

We also showed that 125 mmHg of pressure and the use of
PU foam are associated with lower bacterial load than PVA
foam and 100 mmHg of pressure.20 The observation that
higher pressure increases the blood flow, and subsequently
remove the bacteria, might explain our observation why
NPWT system with 125 mmHg of pressure has less bacterial
load than system with 100 mmHg. When the same pressure
was applied, cutaneous blood flow was shown to be higher in
PU than in PVC foam.23 This difference in blood flow and
consequently difference in bacterial removal, might explain
why PU foam was associated with lower bacterial load than
PVA foam. Moreover, we can also speculate that PVA foam
that is hydrophilic and has smaller pore provides larger
surface and an ideal environment where bacteria can live.

There are several limitations to this study. First, we did not
perform quantitative tissue cultures in the surrounding of the
NPWT in parallel. Therefore, we cannot draw the conclusion
that the bacterial load of NPWT is reflecting the bacterial load
of the wound tissue itself. However, as NPWT foams are in
close contact with the wound, we can imply that the coloni-
zation of NPWT is a good approximation of the colonization
of the wound. In addition, we observed that bacterial species
remained the same despite changing the foam. It could even
be argued that investigating the bacterial load in NPWT may
be superior to tissue samples as it represents foreign body as
the source of bacterial persistence in the wound treatment.
Second, we do not have complete data on possible confound-
ing variables, such as wound size, number of prior surgery,
and insertion depth of the foams. These factors might influ-
ence the association between NPWT characteristics and bac-
terial load. Third, the observation that PU foam led to lower
bacterial load than PVA should be interpreted cautiously as
the numbers for PVA are low compared with the numbers of
PU foam (i.e., 8 vs. 49).

The observation that almost all NPWT foams were colo-
nized by a high number of bacteria has several clinical impli-
cations. First, interventions are needed to reduce this bacterial
load in order to promote wound healing when NPWT is used.
Arguably, this can be achieved by changing foams more fre-
quently than usual practice (on average 3 days in this study).
Another possible method to achieve this is using antiseptic or
antimicrobial in the foam. Second, as the bacteria in the foam
can be transmitted to the underlying wound and material,
NPWT foam might not be advised to be used where small
amount of bacteria can lead to infection or make the infection
worse. One of such situations is when prosthetic joint is
exposed. In this situation, NPWT foam should not be used
because a small amount of bacteria can lead to infection when
foreign material is present.24

Remarks should be made on the findings that foams origi-
nated from central locations (sacrum, ischium, and
abdomen) had higher bacterial load and more often polymi-
crobial than foams from lower extremities (lower leg, heel,
and ankle). This could mean that central locations are prone
to colonization, and consequently this might have practical
implications. For example, the foam from central locations
should be changed more frequently than foam from lower
extremities.
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In conclusion, NPWT foams in chronic wound have high
bacterial load, and this load remains high despite routine
changing of the foam. Moreover, the same bacterial type
persists over time, and in NPWT foams from some patients,
new bacterial types were cultured. This observation might
explain why several trials fail to show that NPWT system
promotes wound healing. Additionally, we showed that PU
and higher pressure was associated with lower load compared
with PVA foam and lower pressure.

ACKNOWLEDGMENTS
Source of Funding: None, except salaries from the healthcare
institutions that employed the authors.

Conflicts of Interest: None.

REFERENCES
1. Schintler MV. Negative pressure therapy: theory and practice.

Diabetes Metab Res Rev 2012; 28 (Suppl. 1): 72–7.
2. Peinemann F, Sauerland S. Negative-pressure wound therapy:

systematic review of randomized controlled trials. Dtsch Arztebl
Int 2011; 108: 381–9.

3. Morykwas MJ, Argenta LC, Shelton-Brown EI, McGuirt W.
Vacuum-assisted closure: a new method for wound control and
treatment: animal studies and basic foundation. Ann Plast Surg
1997; 38: 553–62.

4. Edwards R, Harding KG. Bacteria and wound healing. Curr
Opin Infect Dis 2004; 17: 91–6.

5. Penhallow K. A review of studies that examine the impact of
infection on the normal wound-healing process. J Wound Care
2005; 14: 123–6.

6. Lalliss SJ, Stinner DJ, Waterman SM, Branstetter JG, Masini
BD, Wenke JC. Negative pressure wound therapy reduces pseu-
domonas wound contamination more than Staphylococcus
aureus. J Orthop Trauma 2010; 24: 598–602.

7. Moues CM, Vos MC, van den Bemd GJ, Stijnen T, Hovius SE.
Bacterial load in relation to vacuum-assisted closure wound
therapy: a prospective randomized trial. Wound Repair Regen
2004; 12: 11–7.

8. Weed T, Ratliff C, Drake DB. Quantifying bacterial bioburden
during negative pressure wound therapy: does the wound VAC
enhance bacterial clearance? Ann Plast Surg 2004; 52: 276–9;
discussion 279–80.

9. Anagnostakos K, Mosser P. Bacteria identification on NPWT
foams: clinical relevance or contamination? J Wound Care 2012;
21: 333–4, 336–9.

10. Trampuz A, Piper KE, Jacobson MJ, Hanssen AD, Unni KK,
Osmon DR, et al. Sonication of removed hip and knee prostheses
for diagnosis of infection. N Engl J Med 2007; 357: 654–63.

11. Sampedro MF, Huddleston PM, Piper KE, Karau MJ, Dekutoski

MB, Yaszemski MJ, et al. A biofilm approach to detect bacteria
on removed spinal implants. Spine (Phila Pa 1976) 2010; 35:
1218–24.

12. Rieger UM, Pierer G, Luescher NJ, Trampuz A. Sonication of
removed breast implants for improved detection of subclinical
infection. Aesthetic Plast Surg 2009; 33: 404–8.

13. Rieger UM, Mesina J, Kalbermatten D, Haug M, Frey HP,
Pico R, et al. Capsular contracture is associated with bacterial
biofilms on breast implants. Brit J Surg 2013; 100: 768–74.

14. Portillo ME, Salvado M, Trampuz A, Plasencia V,
Rodriguez-Villasante M, Sorli L, et al. Sonication versus
vortexing of implants for diagnosis of prosthetic joint infection.
J Clin Microbiol 2013; 5: 591–4.

15. Mason PK, Dimarco JP, Ferguson JD, Mahapatra S, Mangrum
JM, Bilchick KC, et al. Sonication of explanted cardiac rhythm
management devices for the diagnosis of pocket infections and
asymptomatic bacterial colonization. Pacing Clin Electrophysiol
2011; 34: 143–9.

16. Bonkat G, Rieken M, Rentsch CA, Wyler S, Feike A, Schäfer J,
et al. Improved detection of microbial ureteral stent colonisation
by sonication. World J Urol 2011; 29: 133–8.

17. Timmers MS, Graafland N, Bernards AT, Nelissen RG, van
Dissel JT, Jukema GN. Negative pressure wound treatment with
polyvinyl alcohol foam and polyhexanide antiseptic solution
instillation in posttraumatic osteomyelitis. Wound Repair Regen
2009; 17: 278–86.

18. Mustoe TA, O’Shaughnessy K, Kloeters O. Chronic wound
pathogenesis and current treatment strategies: a unifying hypoth-
esis. Plast Reconstr Surg 2006; 117 (Suppl. 7): 35S–41S.

19. Armstrong DG, Lavery LA. Diabetic Foot Study C. Negative
pressure wound therapy after partial diabetic foot amputation: a
multicentre, randomised controlled trial. Lancet 2005; 366:
1704–10.

20. Eginton MT, Brown KR, Seabrook GR, Towne JB, Cambria RA.
A prospective randomized evaluation of negative-pressure
wound dressings for diabetic foot wounds. Ann Vasc Surg 2003;
17: 645–49.

21. Ubbink DT, Westerbos SJ, Nelson EA, Vermeulen H. A system-
atic review of topical negative pressure therapy for acute and
chronic wounds. Br J Surg 2008; 95: 685–92.

22. Achermann Y, Vogt M, Leunig M, Wust J, Trampuz A.
Improved diagnosis of periprosthetic joint infection by multiplex
PCR of sonication fluid from removed implants. J Clin
Microbiol 2010; 48: 1208–14.

23. Timmers MS, Le Cessie S, Banwell P, Jukema GN. The effects
of varying degrees of pressure delivered by negative-pressure
wound therapy on skin perfusion. Ann Plast Surg 2005; 55:
665–71.

24. Elek SD, Conen PE. The virulence of Staphylococcus pyogenes
for man; a study of the problems of wound infection. Br J Exp
Pathol 1957; 38: 573–86.

Yusuf et al. Bacterial load in vacuum-assisted closure

Wound Rep Reg (2013) 21 677–681 © 2013 by the Wound Healing Society 681

 1524475x, 2013, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/w

rr.12088 by E
rasm

us U
niversity R

otterdam
 U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [11/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


