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India with 42 million diabetics. Foot ulceration is the most common complication affecting approximately 15% of diabetic 
patients during their lifetime. The objective of the study was to compare the effectiveness of vacuum-assisted closure (VAC) versus 
Surgical debridement in diabetic foot ulcerations (DFUs) in terms of healing rate (time to prepare the wound for closure either 
spontaneously or by surgery), safety, and patient satisfaction.
METHODS: The study enrolled  40 patients, divided into two groups. Group A (patients treated with VAC) and Group B (patients 
treated with conventional dressings), with an equal number of patients in each group. DFUs were treated until wound closure, 
spontaneously, surgically, or completion of the 8-weeks.
RESULTS: Granulation tissue appeared in 14 (70%) patients by the end of Week 2 in Group A, while it appeared in 6 (30%) 
patients by that time in Group B. 100% granulation was achieved in all the patients by the end of Week 5 in Group A as compared 
to only 10 (5%) patients by that time in Group B. Patients in Group A had fewer number of positive wound cultures, secondary 
amputations and had better treatment compliance as compared to Group B.
CONCLUSION: VAC therapy is useful in the treatment of diabetic foot infection s, which after debridement, may present with 
exposed tendon, fascia or bone. These included ray amputation wounds, wounds post-debridement for necrotising fasciitis, 
wounds post-drainage for abscess, a heel ulcer and a sole ulcer. VAC  prepared  ulcers well for closure in good time. It reduced 
cost of therapy by hastening the reduction of wound area. VAC therapy provided a sterile, controlled resting environment to 
large, exudating wounds. Large diabetic foot ulcers were thus made more manageable.
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BACKGROUND:
Foot ulcerations are considered to be the most common 
complication of diabetes mellitus in India, affecting approximately 
15% of diabetics, with a 25% lifetime risk of  developing foot 
ulceration[1]. Worldwide, chronic wounds account for about $20 
billion in healthcare costs per year[2]. Foot ulceration is the 
precursor to approximately 85% of all diabetic amputations, with 
an estimated 14% to 20% of patients with foot ulcers undergoing 
an amputation.[3]

Various DFU treatments have been reported in the literature, 
including advanced moist wound therapy (AMWT) [4,5], 
bioengineered tissue or skin substitutes [6,7], growth factors[8,9], 
electric stimulation[10], and negative pressure wound therapy 
(NPWT) [11]. Treatment success depends on ulcer chronicity, 
patient compliance, appropriate off-loading of the appendage, 
and the mechanisms of action of the therapy.

All of these therapies are associated with significant expense and 
are being utilized in some situations without sufficient scientific 
evidence in favor of their efficacy [12].

NPWT is a noninvasive system that creates a localized controlled 
subatmospheric (negative) pressure environment. It promotes 
wound healing by delayed primary or secondary intention through 
creating a moist wound environment, preparing the wound bed 
for closure, reducing edema, and promoting formation and 
perfusion of granulation tissue[13]. Vacuum-assisted closure 
therapy is indicated for use in all care settings and for a variety of 
wound types including diabetic foot ulcers[14].

The objective of the study was to compare the effectiveness of 
vacuum-assisted closure (VAC) versus Surgical debridement in 
diabetic foot ulcerations (DFUs) in terms of healing rate (time to 
prepare the wound for closure either spontaneously or by surgery), 
safety, and patient satisfaction.

MATERIALS AND METHODS:
This study was conducted in the department of General surgery at 

a tertiary care hospital in India. It was a prospective randomised  
case-control study to compare the effectiveness of VAC with 
conventional dressings in the healing of diabetic foot ulcers. The 
study population included patients with DM aged 18-70 years, 
with stage 2 or 3 DFU (as defined by Wagner's classification[15]) , 
divided  into Group A (patients treated with VAC) or Group B 
(patients treated with conventional dressings), with an equal 
number of patients in each group (n=20). Patients aged less than 
18 years, pregnant or nursing mothers, patients with foot ulcers 
other than diabetes, osteomyelitis of the underlying bone, 
peripheral vascular disease, comorbidities involving respiratory, 
cardiovascular or other systems of  the body, were not included. 
Similarly, people on medications, such as immunosuppressive 
agents or chemotherapy, were also not included. 

A detailed history, clinical examination and relevant investigations 
were performed in all patients. An institutional ethical committee 
approved the study.

Before starting the treatment, informed consent was obtained 
from all patients, and then they were randomised into group A or 
group B.

Wounds of all the patients included in the study underwent sharp 
surgical debridement in the minor operation theatre, initially and 
during subsequent dressing change to remove necrotic tissue and 
slough. Debridement entailed the excision of all necrotic and 
infected tissue until healthy, bleeding tissue was reached[16].

After debridement in group A, a sterile, polyurethane foam 
dressing was placed into the wound defect after it had been 
trimmed to shape. Adhesive drape was used to cover the foam and 
an additional 3 to 5 cm of surrounding intact skin. A slit measuring 
1 to 2 cm long was created in the drape acting as the diameter of 
the circular hole which was cut in the drape. The non-collapsible 
tube was placed directly over the hole in the drape and connected 
to the electronic vacuum pump. Finally, negative pressure was 
applied to the wound via the therapy unit, causing the dressing to 
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collapse into the wound. Sub-atmospheric (negative) pressure was 
applied within a range of 80-125 mmHg on a continuous basis for 
72 hours. Group B received once daily saline soaked gauze 
dressing.

At each dressing change, the wound was carefully assessed to 
determine if the wound was healthy, clean and granulating. If 
infection or slough had surfaced in the wound, additional surgical 
debridement had to be performed in the operating theatre, before 
a new VAC dressing or saline soaked gauze dressing could be 
applied.

After every 3 days, cultures were taken from the base of the ulcer 
to assess for the bacterial flora. Broad-spectrum antibiotics were 
initially administered to all patients, and later changed to 
antibiotics guided by the culture sensitivity reports.

Ulcers were treated until the wound was closed spontaneously, 
surgically or until completion of the 8-week period, whichever was 
earlier. Once it was decided that VAC therapy or saline soaked 
dressing could be stopped, the patient was subjected to secondary 
closure or surgical intervention by split-skin grafting. A final 
debridement and cleansing of the wound was performed in the 
operating theatre before the surgical procedure.

Treatment outcome was assessed in terms of time taken for 
appearance of granulation tissue and the need for amputation. 
Treatment success was defined as appearance of granulation 
tissue within a period of 8 weeks and failure, as non appearance of 
granulation tissue within 8 weeks or the need for amputation. 

Data were entered in SPSS 16 and analyzed. Categorical variables 
were analyzed by using the Pearson's Chi-square/Fishers exact 
test. Two groups were compared using Student's t-test. Results 
were expressed as n (%). p-Values of <0.05 were considered to be 
statistically significant.

RESULTS:
A total of 40 patients with DM and grade 2-3 DFU were randomly 
assigned to either VAC or conventional dressing as per the pre-
defined protocol with the end points of appearance of granulation 
tissue. Patients, either in VAC or conventional group, were 
matched for age, gender and duration of DM. The age of patients 
was between 39 and 69 years in Group A with a mean age of 
57.56 years and between 40 and 61 years in Group B with a mean 
age of 53.37 years. Men constituted 85% and women around 
15% in each group. 

TABLE 1: Age and sex distribution

By Week 2, wound discharge disappeared in six cases of Group A 
(30%) versus none in the control group. Wound discharge 
disappeared in three patients in Group A (15%) and seven (35%) 
in Group B in Week 8.

TABLE 2: Disappearance of wound discharge

Granulation tissue appeared in 14 (70%) patients by the end of 
Week 2 while it appeared in six patients (30%) in Group B. 100% 
granulation was achieved in all patients by the end of Week 5 in 
Group A as compared to only 10(50%) patients by that time in 
Group B, which was found to be statistically significant (p <0.05).

TABLE 3: Appearance of granulation tissue

Granulation tissue was defined in terms of gross appearance of 
ulcer (based on time to 70-100% formation in wound bed .

Wound size decreased in 18 (90%) patients in Group A as 
compared to 11 (55%) patients in Group B. 

Four patients (20%) in group A had positive wound cultures at the 
end of two weeks, while nine patients (45%) in group B had 
positive wound cultures.

One patient required amputation in Group A as compared to three 
in Group B. The majority of wounds were closed by a split-
thickness skin graft in both groups.

Treatment was successful in 100% of patients in Group A and 
60% of patients in Group B, which was found to be statistically 
significant (p <0.05).

DISCUSSION:
VAC therapy has been shown by several workers to facilitate the 
healing of chronic DFU[17], and has been advocated as a novel 
method in the healing of DFU by stimulating the chronic wound 
environment in such a way that it reduces bacterial burden and 
chronic interstitial wound fluid, increases vascularity and cytokine 
expression and to an extent mechanically exploiting the 
viscoelasticity of periwound tissues[18], besides reducing pain 
caused by the wound[19]. Such a sterile, occlusive environment is 
not given by conventional dressings.

VAC therapy has been shown to produce a greater reduction in 
wound dimension than conventional dressings. Eginton et al 
reported a 49% and 59% reduction in the wound depth and 
volume, respectively, of 6 VAC-treated diabetic foot ulcers. This 
was significantly greater than the 7.7% reduction in wound depth 
and 0.1% reduction in wound volume achieved when the same 
wounds were treated with moist gauze dressings[20]. 

A freshly granulating wound surface indicates good wound 
healing, as the formation of granulation tissue is part of the 
proliferative stage of wound healing. The time from VAC therapy 
initiation to the achievement of a continuous and fresh bed of 
granulation in the wound was taken as the time needed for wound 
bed preparation for surgical intervention. In our study, this was 
achieved in all 20 cases, prior to closure via split-skin grafting or 
secondary closure.

We observed that the patients on VAC therapy had the early 
appearance of granulation tissue as compared to the patients 
treated by moist saline gauze dressings. Complete (100%) 
granulation was achieved earlier and in a higher proportion of 
patients in Group A as compared to Group B. Similar observations 
were made in a series of animal studies using a sub-atmospheric 
pressure technique for wound healing[21].

Also, it was observed that the rate of disappearance of wound 
discharge was faster in group A as compared to group B, similar to 
observations made by Prabhdeep SN et al[22].

5 Colonization of a wound, corresponding to a level of 10 colonies 
of bacteria per gram of tissue, has been recognized as a 
detrimental factor in the process of wound healing. VAC therapy 
enhances bacterial clearance, which may account for the wound 
healing effects. Blood culture positivity was less with patients in 
Group A compared to Group B. However, blood culture negativity 
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AGE GROUPS GROUP A GROUP B

30-40 2 1

40-50 9 10
50-60 7 8

60-70 2 1

TOTAL 20 20

GROUP A GROUP B

Week 2 6 (30%) 0
Week 4 9 (45%) 3 (15%)
Week 6 2 (10%) 5 (25%)
Week 8 3 (15%) 7 (35%)
TOTAL 20 (100%) 15 (75%)

GROUP A GROUP B

Week 2 14 (70%) 6 (30%)
Week 3 2 (10%) 1 (5%)
Week 4 3 (15%) 2 (10%)
Week 5 1 (5%) 1 (5%)
Week 6 0 3 (15%)
Week 7 0 2 (10%)
Week 8 0 1(5%)

Never during treatment 0 4 (20%)
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was documented earlier in Group A patients as compared to 
Group B patients.

We observed the safety of VAC over saline-moistened gauze 
dressings, in terms of fewer numbers of secondary amputations in 
Group A as compared to Group B.While assessing the safety of 
VAC, Blume et al. also reported fewer number of secondary 
amputations in VAC treated patients as compared to those treated 
by gauze dressings[23]. In our study, the endpoint taken was a 
completely granulated wound or a wound ready for skin grafting 
or spontaneous healing by secondary intention.

Skin grafting was considered in the study as one of the techniques 
for the management of DFU after VAC therapy or saline soaked 
dressings. Before making the choice to use this surgical technique, 
it is important to evaluate the chance of success. A sufficiently 
vascularized and non infected wound bed is an essential factor to 
obtain a good outcome.

Several studies have demonstrated the effectiveness of V.A.C. in 
promoting the graft take rate. Improvement of the surgical 
outcomes might be explained by the reduction of hematomas or 
exudations below the mesh graft, by the reduction of dead space, 
by fixation of the graft to the wound surface, and by the increased 
perfusion induced by V.A.C. therapy. Studies also provide 
evidence of a reduction in repeat skin grafting in patients treated 
with V.A.C. compared to those treated with conventional 
therapy[24].

On contemplating open surgical wounds with exposure of bone 
structures and tendons, we must keep in mind the need for 
frequent repeated surgical procedures and revisions before 
obtaining the final result. Obviously, this determines an extension 
in healing time but we firmly believe that it is an acceptable 
condition if the final result is salvage of the limb.

In the recent past amputation was performed at a more proximal 
level in order to achieve closure by primary intention, thereby not 
salvaging limbs which otherwise might have been saved. The use 
of V.A.C. in this field is of fundamental importance. Before the 
availability of this therapy, keeping a surgical wound open and 
trying to close it by second intention involved a very high risk of 
infection.

This type of complication is now significantly reduced, as our study 
has demonstrated. Therefore this has allowed us to work in a way 
that is more conservative compared to the past.

Nonetheless, we have shown that after only several days of 
treatment with V.A.C., the presence of a well cleansed and 
granulated tissue were achieved, even in those patients that at 
enrollment had little to absent granulation tissue. It is the presence 
of granulation tissue that is critical to determining further changes 
in the therapeutic approach and the clinical decision to promote 
closure of the wound by first or second intention, skin graft etc.

CONCLUSION:
VAC therapy is useful in the treatment of diabetic foot infections, 
which after debridement, may present with exposed tendon, 
fascia or bone. These included ray amputation wounds, wounds 
post-debridement for necrotising fasciitis, wounds post-drainage 
for abscess, a heel ulcer and a sole ulcer. 

VAC therapy prepares ulcers well for closure in good time, thus 
reducing the cost of therapy by hastening the reduction of wound 
area. It also provided a sterile, controlled resting environment to 
large, exudating wounds. Large diabetic foot ulcers were thus 
made more manageable.

Debridement is critically important to the initiation of healing. 
NPWT and other wound healing technologies work in conjunction 
with debridement as the foundation upon which the wound 
healing process can begin.

Thus, VAC appears to be more effective, safe, and patient 

satisfactory compared to conventional dressings for the treatment 
of DFUs.
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