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Introduction
Negative pressure wound therapy (NPWT) involves the 
improvement of wound healing by the application of a 
homogeneous vacuum to the wound via a sponge.1 
Although the main effects by which NPWT improves 
wound healing have been elucidated, the full extent of 
NPWT is yet to be discovered.2–10 Over the past 10 years 
indications such as urine-induced necrosis, burn inju-
ries, augmentation of shear injuries, augmentation of 
local flaps and septic peritonitis have been described in 
the veterinary literature.11–22 Experimental and retro-
spective clinical trials in dogs have demonstrated the pos-
itive effect of NPWT for wound treatment in dogs; 21–24 
however, data from canine patients may not reflect the 
situation in cats, as considerable differences regarding 

wound-healing capacities exist between these spe-
cies.25–27 Cats have a poorer healing response than dogs, 
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with less effective granulation.26,27 Thus, NPWT would 
seem to be an especially promising tool in this species, 
especially for encouraging granulation. Unfortunately, 
despite the publication of several case reports and case 
studies, there is, as yet, no controlled clinical study eval-
uating the value of this technique in cats. The aim of this 
study was to evaluate the outcome of NPWT when used 
for open-wound therapy in cats, and to compare it to a 
standard treatment protocol.

Materials and methods
The medical records of two clinics in the period between 
January 2011 and October 2015 were searched for cats 
that underwent open-wound therapy. Records were 
included if dressing changes, time to closure and a mini-
mum follow-up of 14 days after closure were docu-
mented. Based on the type of treatment, cats were 
assigned to two groups: group A (NPWT) and group B 
(polyurethane foam dressing). Matched pairs were cre-
ated by assigning each cat in group A a corresponding 
partner from group B. After matching, a total of 10 cat 
pairs (20 cats) were included for further statistical evalu-
ation (see table in the supplementary material).

Treatment protocols
Group A cats were treated by application of a NPWT 
dressing after initial debridement (VAC GranuFoam, 
TracPad and VAC Freedom; all KCI) (Figure 1). Dressing 
changes were performed every 2 or 3 days with the cat 
was under general anaesthesia. A continuous vacuum of 
−125 mmHg was applied to the wound. NPWT was  
discontinued once a healthy granulation bed had formed 
and wound exudation had decreased. Thereafter, wounds 
were closed, if possible. In cases were a delayed closure 
was not possible, therapy was continued using a triple 
layered silver-coated foam dressing (Acticoat Moisture 
Control; Smith&Nephew) until the wound was healed.

In group B, wound treatment was identical to group A 
except that a perforated honeycomb film-coated highly 
absorbent foam (Alleyvin Cavity; Smith&Nephew) was 
initially applied as long as heavy wound exudation 
occurred. After exudation levels decreased, the dressing 
was changed to a silver-coated foam dressing (Acticoat 
Moisture Control; Figure 1). Foam dressings were 
directly sutured to the wounds to prevent dislodging, 
and dressing changes were performed every 2–3 days, 
while the cat was under general anaesthesia. Surgical 
advancement of the wound edges was performed dur-
ing dressing changes in all cats of both groups when pos-
sible: the wound edges were undermined by 
approximately 1–2 cm, and the skin was advanced 
toward the centre of the defect and secured there using 
walking sutures. In this way, the wound size could be 
reduced while keeping the wound open and allowing 
maximal wound drainage, as most of the cats were 
severely infected and had already failed previous 
attempts at closure.

Study design
For each cat, signalment data, including breed, age, sex 
and weight, were recorded, as well as known comorbidi-
ties. In addition, initial antibiotic treatment and the anti-
biotic drug used, as well as changes in the antibiotic 
therapy due to the results of resistance testing and anti-
septic treatment, were recorded.

Wounds were further characterised using the follow-
ing parameters: duration of previous treatment, cause of 
wound development, wound type (acute or chronic), 
location of the wound, presence of infection (swelling, 
pain, discharge, presence of necrosis) and wound class  
(1 = small defect, no wound pockets; 2 = medium-sized 
defect, no wound pockets; 3 = medium-sized defect 
with pockets or large defect without pockets; 4 = large 
defect) at the initiation of the documented treatment.

If available, the microbial status of the wound at ini-
tiation of therapy and during treatment, including the 
number of isolated bacterial species and their resistance 
profiles, was recorded and compared between groups.

Figure 1  Demonstrating the two different wound dressings in 
place: (a) foam, (b) negative pressure wound therapy
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To record outcome, we noted the following informa-
tion: closure rate, total time to closure and complications 
observed during therapy and after closure.

Statistical analysis
Statistical analysis was performed using SPSS 20.0 (IBM). 
Categorical variables were expressed as frequencies, and 
continuous data were expressed as median and range. A 
paired t-test was used to assess differences between 
groups for continuous, normally distributed data, and a 
Wilcoxon rank sum test was used for non-normally dis-
tributed parameters. A Fisher’s exact test was used to 
compare categorical variables. The effect sizes were calcu-
lated using Cohen d for continuous data and Cramér’s V 
test for categorical data. Significance was set at P <0.05.

Results
Signalment
The mean age of cats in group A was 5.8 years (range 2.0–
11.0 years), and their mean body weight was 4.7 kg (range 
3.3–5.8 kg).The corresponding partners in group B had a 
mean age of 5.3 years (range 3.0–14.0 years), and a mean 
body weight of 4.4 kg (range 3.3–7.3 kg). Further details 
are listed in the table in the supplementary material.

Previous treatment and comorbidities
Six cats in group A and seven in group B received previ-
ous wound treatment before presentation. Of these, five 
(group A) and seven (group B) cats had undergone pre-
vious surgical treatment (Table 1). The mean treatment 
duration was 7 days in group A (range 5–8 days) and 10 
days in group B (range 6–22 days). Details regarding 
comorbidities are given in the table in the supplemen-
tary material. No statistical differences between the 
groups were detectable for any of these parameters.

Antibiotic medication
The main antibiotic used for treatment was amoxicillin/
clavulanic acid. Additional antibiotics used for initial treat-
ment included marbofloxacin, metronidazole, doxycy-
cline, cefazolin, ceftiofur and gentamicin. There was no 

significant difference between treatment regimen or anti-
biotic between groups. Further details are given in Table 2.

Antiseptic treatment
Polyhexanide 0.04% was used in all cases. In three cats in 
group A, this was changed to 1% acetic acid as bacterial 
culturing had found multidrug resistant Pseudomonas 
aeruginosa to be present (Table 2).

Bacterial culture
Bacterial culture results at initial debridement were avail-
able for 10 cats in group A and eight in group B. In both 
groups, the median number of bacterial species isolated 
at initial debridement was 2 (range 0–7 group A; range 
1–5 group B). One cat in group A and none in group B 
were initially tested bacteriologically negative. Isolated 
bacteria species included Escherichia coli (n = 5, group A; 
n = 5, group B), Enterococcus species (n = 3, group A;  
n = 5, group B), Enterobacter species (n = 1, group A;  
n = 2, group B), Staphylococcus pseudintermedius (n = 2, 
group B), Staphylococcus aureus (n = 3, group A; n = 1, group B), 
Staphylococcus species (n = 2, group A; n = 1, group B),  
P aeruginosa (n = 1, group A), Bacteroides species (n = 1, 
group B),  Pasteurella multocida (n = 3, group A; n = 1, group 
B), Corynebacterium species (n = 1, group B), Prevotella spe-
cies (n = 1, group B), Pantoea species (n = 1, group A), 
Clostridium species (n = 1, group A) and Citrobacter species 
(n = 1, group A). In 4/9 cats in group A and 6/8 cats in 
group B the identified isolates were resistant to more than 
three antibiotic classes.

Repeated bacterial culture results during therapy 
were available for 10 cats in group A and four cats in 
group B. The mean number of isolated bacterial species 
during therapy was 1 in both groups (range 0–3). Isolated 
species included Enterococcus species (n = 3), E coli (n = 
4), Enterobacter species (n = 1), S aureus (n = 2),  
P aeruginosa (n = 2). No statistical differences were 
detected between groups.

Two of nine cats in group A that had positive bacterial 
culture results at the beginning became negative over 
the course of the treatment. In group B, three patients 
with follow-up cultures tested negative. In the fourth cat 
in which a follow-up culture was available, multidrug 
resistant isolates of E coli and Enterococcus species were 
identified (this cat died).

Wound characteristics
The majority of wounds were major (class 3–4), all 
wounds were considered acute and the most frequent 
underlying cause of open-wound treatment was infec-
tion (surgical site infection, fat tissue necrosis, necrotising 
fasciitis or other soft tissue infections precluding success-
ful primary closure), followed by trauma (Table 3). 
Localisation of wounds was as follows: limb (group A, 
5/10; group B, 4/10), hip (group B, 1/10), abdomen 

Table 1  Characterisation of previous treatment of patients 
before inclusion in the study

Group A 
(n = 10)

Group B 
(n = 10)

Previous treatment 6 7
Antibiotic treatment 6 7
Surgical debridement with drains 5 7
Open-wound treatment 1 0
Duration of previous treatment 
(days)

7
(range 
5–8)

10
(range 
6–22)

Data are number of cats unless otherwise indicated
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(group A, 1/10; group B, 1/10), mammary glands (group 
A, 3/10; group B, 3/10) and vast defects, including the 
lateral and ventral abdominal wall and thigh after ampu-
tation (1/10 in both group A and group B).

All wounds in group A and 9/10 wounds in group B 
appeared clinically infected at the beginning of open-
wound treatment.

Outcome
Closure was achieved in nine cats in group A and six in 
group B. None of the cats with wound closure in group A 
developed further complications after closure (follow-up at 
the time of writing between 1 and 4 years), while three of 
the wounds that had been closed in group B had to be 
revised owing to partial breakdown or recurring infection.

One cat in group A was euthanased before closure. In 
this case, the underlying reason for open treatment was 
necrotising fasciitis. Although the cat recovered well ini-
tially, it developed severe anaemia after infection and the 
owners declined treatment with fresh blood. The cat was 
therefore euthanased 14 days after initial surgery. In one 
cat from group B, treatment had to be discontinued and 
was changed to NPWT, owing to progressing infection 
and delay of granulation. Subsequent wound healing 
was uneventful. The remaining three cats in group B, 
where closure was not achieved, all displayed signs of 
ongoing local inflammation and sepsis (in one case 

Table 3  Wound characteristics for patients in the study

Group A (n = 10) Group B (n = 10) P*

Clinically infected 10 9  

Acute 10 10  
Chronic 0 0  
  Class 1 0 1  
  Class 2 2 3  
  Class 3 8 6  
Cause  

Trauma 4 5  
Infection total 6 5  
  Necrotising fasciitis 2† 0  
  Fat tissue necrosis 3† 3†  
  Surgical site infection 1† 2†  
Closure achieved 9 6  
Time to closure (days) 25.8 (range 11.0–57.0) 39.5 (range 28.0–75.0 days) 0.046
Number of bandage changes 5.4 7.8 0.041
Complications during therapy 3 5  

Ongoing sepsis 1 3  
Ongoing infection 3 5  
Ongoing fat tissue necrosis 0 3  
Death 1 3  
Complications after closure 0 3  

Revisions after closure 0 3  

Data are number of cats unless otherwise indicated
*Only given for significant differences
†Individual number of patients with different types of infection

Table 2  Antibiotic and antiseptic treatment of the patients 
expressed as number of patients treated

Group A 
(n = 10)

Group B 
(n = 10)

Bacterial culture available 10 8
Antibiotic treatment during therapy 9 9
Monotherapy 4 7
  Amoxicillin/clavulanic acid 3 3
  Cefazolin 1 0
  Ceftiofur 0 1
  Doxycycline 0 3
Multiple antibiotics 5 2
 � Amoxicillin/clavulanic acid + 
metronidazole

3 1

 � Amoxicillin/clavulanic acid + 
metronidazole + ceftiofur

0 1

 � Amoxicillin/clavulanic acid + 
metronidazole + marbofloxacin

1 0

 � Amoxicillin/clavulanic acid + 
metronidazole + gentamicin

1 0

Based on susceptibility testing 9 8
Adjusted during treatment 6 4
  Marbofloxacin 5 2
  Doxycycline 1 2
Discontinued during treatment 2 0
Antiseptic treatment during therapy 10 10
Polyhexanide 10 10
Acetic acid 3 0



628	 Journal of Feline Medicine and Surgery 19(6)

ongoing fat tissue necrosis). Two of these cats died and 
the third was euthanased.

The complication rate during therapy (5/10 in group 
B vs 2/10 in group A) and after closure (3/6 in group B 
vs 0/9 in group A) was higher in group B. However, 
although a strong effect of treatment was detectable with 
regard to wound-associated mortality, ongoing sepsis, 
ongoing wound infection, ongoing fat tissue necrosis 
and fever (Cramer-V 0.5), these differences were not sta-
tistically significant (P >0.05; Figure 2).

Total time to closure
Total time to closure was significantly shorter (P = 0.046) 
in cats from group A (25.8 days, range 11.0–57.0 days) 
when compared with corresponding cats from group B 
(39.5 days, range 28.0–75.0 days). The effect of therapy 
on time to closure was strong (Cohen d 0.8).

Discussion
Numerous publications have reported the beneficial 
effect of NPWT on the healing of complicated wounds in 
humans and animals,1–20 but information regarding cats 
was limited to a number of case reports and a case 
study.17,19,28–30 Here, we demonstrated faster wound clo-
sure in cats undergoing NPWT compared with foam-
treated animals.

Wounds can be very heterogeneous: the age of the cat, 
as well as the size, age and location of the wound, and the 
presence of infection strongly influence wound healing.31 
Comparison of the groups without regard to these 
parameters would have biased our evaluation. In order 
to compensate for this, matched pairs of cats were 
assigned for evaluation of outcome parameters (see 
supplementary material).

There are numerous wound dressings available. Wet-
to-dry and dry-to-dry bandages have been frequently 
used in open-wound treatment, but these bandages lead 
to mechanical debridement of the wound surface during 
dressing changes, even if a non-adherent gauze is inter-
posed.31 Moreover, the wound exudate is absorbed or 
evaporates through the dressing, leading to the loss of 
growth factors and cells during therapy.31 Such dressings 
are therefore no longer considered to meet the standard of 
care required in human medicine, and their use in veteri-
nary patients should be limited as more effective options 
are available.32 Moist wound healing has overcome these 
limitations, and supports the needs of the wound with 
regard to temperature, moisture, osmolarity and gas 
exchange.32,33 Unfortunately, information regarding the 
effect of such treatment in small animals is rare, and so far 
no studies exist evaluating their effect in cats. This is espe-
cially problematic, as cats show poorer wound healing 
capacities than dogs, which can lead to impaired heal-
ing.25–27 In addition, shear injuries from car accidents are 
especially frequent.34 Besides other indications, effective 
and fast establishment of granulation is critical for further 
treatment in these cases.34 Improving wound-healing pro-
tocols for cats is thus of paramount importance.

In the past, the standard dressing for moist wound 
healing in both institutions taking part in this study 
was soft perforated film-coated polyurethane foam 
dressing for highly exudative wounds, and a triple-lay-
ered silver-coated foam dressing in wounds when exu-
dation was at, or decreased to, normal levels. The use of 
silver-coated foam prevents maceration of the peri-
wound skin area, reduced clinical signs of infection and 
wound area, and promoted healing.35 Silver ions have 
been shown to have antimicrobial efficacy against bac-
teria that are resistant to various antibiotics in vitro, 
and various silver dressings have been shown to reduce 
bacterial load in infected wounds in vivo.18,36–38 
However, these findings are still under debate, and 
results from open-wound therapy in dogs do not sup-
port this.23

Wackenfors et  al stated that ‘the physiological and 
molecular biological mechanisms by which VAC ther-
apy (NPWT) accelerates wound healing are to a large 
extend unknown’.9 However, the following effects of 
NPWT have been proposed to be responsible for its effi-
cacy: a uniform reduction of interstitial oedema due to 
active fluid drainage leading to a reduction of intersti-
tial pressure and an increase of blood flow within the 
tissue under the sponge.3,8,9 This increase of up to 50% 
in perfusion levels can be achieved up to 1.5 cm under 
the sponge, and the effect of the vacuum extends as far 
as 3 cm under the sponge.8 Studies of the effect of vac-
uum on tissue perfusion found that a negative pressure 
of −125 mmHg was most effective at promoting perfu-
sion, while higher values impaired blood flow.3 A sig-
nificant increase in the amount of granulation tissue 
formation when compared with control groups using 
standard open-wound management,3,21,39,40 a fact that 
might be of particular importance in cats. This effect is 
thought to be due to the enhancement of fibroblast pro-
liferation due to mechanical cell deformation.10,40 Fast 
and smooth granulation of wounds under NPWT has 
been shown experimentally and in a retrospective clini-
cal study in dogs.21,23

Figure 2  Graph showing the differences in occurrence of 
complications per group (given in number of cats). NPWT = 
negative pressure wound therapy



Nolff et al	 629

Our results clearly demonstrate two effects of NPWT: 
significantly faster wound closure and effective infection 
control.

In the NPWT group the initial condition of the cats 
was slightly worse than in the foam group, in terms of 
the number of septic, anaemic and febrile cats at initia-
tion of therapy. Moreover, two special cases – cats with 
necrotising fasciitis – were included in this group. This 
is a condition with very high morbidity; in fact, most 
reported feline necrotising fasciitis cases were post-
mortem diagnoses, with only two reported survivors 
of this condition so far. Given this fact, the closure rate 
of the two cats with necrotising fasciitis in this study 
are particularly noteworthy. With the exception of the 
cat affected by necrotising fasciitis that has already 
been presented in septic shock but nonetheless sur-
vived for 14 days, all cats in the NPWT group survived 
and achieved closure. By contrast, in spite of less severe 
conditions than necrotising fasciitis, four cats did not 
achieve closure in the foam group. In one cat, severe 
progression of the infection led to euthanasia, and two 
others died. In the fourth cat, ongoing postoperative 
infection with multidrug resistant bacteria necessi-
tated open-wound treatment; however, 10 days of 
open management with foam failed to control the 
infection. Treatment was changed to NPWT at day 10, 
whereupon the wound began granulation and finally 
closed. This case elegantly demonstrates that infection 
and local tissue damage can be more effectively man-
aged under NPWT than under standard treatment. In 
fat tissue necrosis, exudate management often becomes 
an issue. This is easily controlled using NPWT. 
Progression of fat tissue necrosis after initiation of 
NPWT was not observed in any cat in this study. The 
difference in complication rate, survival and closure 
warrants further investigation, and strongly supports 
the use of NPWT in cats. In addition, of the six cats in 
which closure was achieved using foam treatment, 
three had to be revised after closure, owing to dehis-
cence or recurrent infection. This was not necessary in 
any of the cats receiving NPWT. The effect of NPWT on 
infection that we documented is most likely due to the 
increase in perfusion under NPWT. Increased perfu-
sion bolsters the immune response. This, combined 
with the improved removal of fluid from the wound, 
and thus improved clearance of bacterial virulence fac-
tors within these secretions, results in effective control 
of infection.3,5,6 However, we were not able to deter-
mine a significant effect of therapy on the parameters 
of wound-related death, fever and ongoing sepsis. 
Further prospective studies should be performed to 
measure objectively the effect of NPWT on exudation, 
granulation, perfusion, local immune response and 
wound size development.

Another postulated benefit of NPWT is enhanced 
bacterial clearance.3,41–43 In general, wound bioburden in 

cats becomes comparable with that of dogs under open 
treatment, and these bacteria are frequently multidrug 
resistant. The bacteria isolated in this study during ther-
apy support this observation. As in dogs, we were not 
able to detect differences regarding bacterial clearance 
under NPWT or foam treatment; however, managing the 
damage caused by bacteria may be more important than 
achieving bacterial clearance. The number of available 
follow-up cultures in the foam group was very limited, 
so this finding would benefit from future re-evaluation.

Conclusions
NPWT leads to more rapid wound healing in cats, and, in 
particular, reduces the complication rate, especially due to 
infection, when compared with foam dressings. Although 
the number of cats included in the study was small, a 
major effect was detected, indicating the value of this 
therapy in cats. Further studies are needed to verify these 
promising results.

Supplementary material  Overview of signalment (gen-
der, breed, age, body weight), wound details (classification of 
wound extent, wound age, underlying cause, infection status, 
localisation) comorbidities and time to closure in matched 
patients.
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