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a limb is lost somewhere in the world as a consequence 
of  diabetes.1

In 1993, Fleischmann et al.2 described a new technique 
called negative pressure wound therapy (NPWT) where 
sub-atmospheric pressure was applied over the surface of  
the wound to promote wound healing.

The exact mechanism of  action of  NPWT is still 
debated. Negative pressure applies mechanical forces to 
the wound to promote wound healing; these are known 
as micro- and macro-strain.3-5 The visible changes that 
occur after the application of  negative pressure is called 
as macro-strain, and the changes at the cellular level are 
called as micro-strain. Macro-strain includes drawing the 
wound edges together, removal of  exudates, and even 
distribution of  negative pressure. Micro-strain includes 
microdeformational changes occurring at the cellular 
level due to cell stretch resulting in a reduction of  edema, 
enhancement of  perfusion, and promotion of  granulation 
tissue formation by facilitating cell migration.

INTRODUCTION

Many techniques have been tried over the centuries 
to heal chronic foot ulcers. Although there exists no 
ideal wound dressing, the management of  chronic 
wounds especially diabetic wounds has seen many new 
developments.

Diabetic ulcers are the most common cause of  chronic 
wounds.

The lifetime risk of  a person with diabetes developing a 
foot ulcer is as high as 25% and it is said that every 30 s 
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Abstract
Background: Many techniques have been tried in the treatment of chronic diabetic ulcers. Recent studies have shown that 
application of negative pressure wound therapy (NPWT) has got an important role in healing of such wounds. However, this 
technology is commercially available and is expensive. Cost-effective alternatives can, therefore, be of great value to patients. 
Hence, we conducted a study to evaluate the effects of NPWT on wound healing in diabetic ulcers using hospital based devices.

Objective: To determine the effectiveness of “low cost” NPWT in the treatment of diabetic foot ulcers.

Materials and Methods: A prospective observational study was conducted on 35 patients with diabetic foot ulcers. After an initial 
debridement, NPWT was applied using the standard wall suction apparatus and gauze - freely available in all hospital set-ups.

Results: Mean ulcer size was 49.4 cm2 at the start of therapy. The mean ulcer size at the end of 1, 2, and 3 weeks was 
41.5 cm2, 30.2 cm2 and 24 cm2, respectively (P value is significant <0.05). The mean duration of healing was 22.4 days. Out 
of 35 wounds, 26 underwent split skin grafting, 6 wounds healed by secondary intention, and 3 wounds required local flaps for 
coverage. None of them needed amputation.

Conclusion: “Low cost” negative pressure therapy using wall suction is an effective treatment for faster healing of diabetic 
wounds.
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Based on this concept, commercial form of  NPWT system 
also known as vacuum-assisted closure (VAC)6 (KCI, San 
Antonio) has become available since many years. After 
its introduction, it has evolved into a widely accepted 
treatment modality of  chronic wounds.

However due to its high cost, the commercially available 
forms of  NPWT cannot be used for unaffordable patients 
and hospitals with limited facilities, especially in rural places. 
Shalom et al.7 devised a “homemade” and cost-effective 
NPWT and the results were comparable to commercial 
NPWT.

Based on the same principles, we have applied NPWT 
to the wound surface using simple and easily available 
equipment available in any hospital settings.

MATERIALS AND METHODS

This study was a prospective observational study carried 
out to evaluate the effects of  NPWT on diabetic foot ulcers 
and conducted in the Department of  General Surgery 
from November 2013 to November 2015 at St. Martha’s 
Hospital, Bengaluru. 35 patients presenting with diabetic 
foot ulcers and consenting for the procedure were studied 
after Ethical and Scientific Committee approval. All the 
wounds underwent prior debridement and wound swab 
was sent for culture and sensitivity testing. The patients 
were treated with broad spectrum antibiotics initially, later 
according to the sensitivity pattern.

NPWT was applied using sterile gauzes as wound bed cover 
over which a Ryle’s tube was placed for the suction purpose. 
This dressing was secured with the help of  sterile Ioban 
(iodinated drape). The Ryle’s tube was connected to sterile 
tubing which in turn was attached to wall suction with a 
continuous pressure of  −125 mmHg. The presence of  
negative pressure was confirmed by frequently checking the 
readings of  suction apparatus and also by the collapse of  
dressing material after application of  suction (Figure 1a-c).

The dressing was changed twice every week. At every 
dressing change, the wound was washed with saline and 
assessed for relevant parameters. The results were analyzed 
weekly till the wound was satisfactorily covered with healthy 
granulation tissue. In our study, we used paired t-test to 
check the level of  statistical significance. A P < 0.05 was 
considered significant. Physician consultation was taken 
regularly for the management of  diabetes and other 
comorbidities.

Inclusion Criteria
• Foot ulcers in diabetic patients aged more than 

16 years.

Exclusion Criteria
• Malignant ulcers, ulcers with exposed bone or blood 

vessels, underlying osteomyelitis
• Critical limb ischemia (ankle-brachial index <0.4).

RESULTS AND OBSERVATIONS

A total of  35 patients were studied of  which 22 were 
males (63%). Most of  the patients belonged to age group 
45-54 years (46%). 21 patients (60%) had a duration of  
diabetes mellitus (DM) <10 years. Most patients (82%) had 
glycosylated hemoglobin levels >7.5%. Hypertension was 
the most commonly associated comorbidity (31%). Chronic 
kidney disease was seen in 4 cases and peripheral vascular 
disease was seen in 4 cases (ankle-brachial index of  <0.8).

The majority of  the ulcers presented were spontaneous in 
onset (63%). Left foot was the most commonly involved 
(42%). The mean duration of  ulcer was 7.02 weeks.

About 32 cases had purulent discharge at the time of  
presentation (91%). Pus culture and sensitivity was done in 
all the patients on admission (Graph 1). Escherichia coli was 
the most common isolate 12 cases followed by Staphylococcus 
aureus 6 cases and Pseudomonas 4 cases. 7 cases showed 
mixed growth (both Gram-positive and negative). Out of  
the 6 cases of  S. aureus, 4 cases were methicillin-resistant 
S. aureus (MRSA).

Most patients had ulcer size in the range of  31-50 cm2 
(57%). The mean ulcer size at admission was 49.4 cm2. The 
mean ulcer size at the end of  1, 2, and 3 weeks was 41.5 cm2, 
30.2 cm2, and 24 cm2, respectively. P value, calculated using 
paired t-test is significant (P < 0.01).

Evaluation of  the granulation tissue at the time of  
application of  NPWT showed that only unhealthy 
granulation tissue was seen in all wounds. At the end of  
4 weeks, 28 wounds had attained 100% granulation and 
were taken up for skin grafting (Figure 2a-c). Rest 7 wounds 
had attained granulation >75% of  wound area.

Figure 1: (a-c) Method of application of negative pressure 
wound therapy with wall suction, (b and c) The Ryle’s tube 

being connected to the wall suction apparatus

a b c
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In our study time taken from the start of  therapy to the 
time, they were ready for coverage ranged from 11 to 
46 days. The mean duration of  healing was 22.4 days.

About 26 wounds underwent split skin grafting, 3 wounds 
developed only partial granulation cover and these 
required local flap cover for wound closure and healing. In 
6 patients not willing for surgery, the wounds had healed by 
complete epithelialization. No patient required any form 
of  amputation.

DISCUSSION

Most of  our patients are males in working age group, 
engaged in occupations like farming where they are always 
prone to trivial trauma. In our study, 21 of  the 35 patients 
had duration of  diabetes <10 years (60%). 29 patients 
(82%) had a poor glycemic control with the HbA1c levels 
more than 7.5%. Our results are comparable to Bansal et al.8 
where 51.46% had DM for <10 years and another study by 
Alva et al.9 where glycosylated hemoglobin levels are more 
than 7% in 74% of  patients. The above facts substantiate 
that majority of  the patients were ignorant regarding foot 
care during the early years of  DM treatment.

The mean duration of  ulcer was 7.02 weeks, with most 
of  the patients having ulcer for the duration of  <6 weeks 

(51%). In a study by Jeffcoate et al.,10 the mean ulcer 
duration was 15 days. In another study by Margolis,11 the 
mean duration of  diabetic foot ulcers was 5.39 months.

Pus culture and sensitivity was done for all the patients 
on admission (Graph 1). In our study, the most common 
isolates were Gram-negative organisms (18 cases). E. coli 
was the most common isolate (12 patients, 34%) followed 
by S. aureus (6 patients, 17%). Of  the 6 cases of  S. aureus, 
4 cases were MRSA. Our results are comparable to a study 
by Alva et al.9 in which Gram-negative organisms (55.8%) 
were the major isolates. After the completion of  therapy, 
once the wound culture was negative the wounds were 
subsequently taken up for grafting or for flap cover.

All the patients showed a significant decrease of  wound 
discharge including the MRSA wounds. Of  the 4 MRSA, 
3 patients were taken up for Split-thickness skin grafts and 
one patient healed by complete epithelization (Figure 3a-f). 
The role of  NPWT in reducing the bacterial load has 
been proven in a study by Nain et al.12 where they found 
that 40% of  wounds were sterile after 3 weeks of  VAC 
therapy as compared to only 20% of  the wounds treated 
by conventional dressing turning sterile after 3 weeks of  
treatment.

The mean ulcer size at admission was 49.4 cm2. In our 
study, measurements of  the wound were taken at the end 
of  1st, 2nd, and 3rd week. These findings are comparable to 
the mean ulcer size observed in the patients undergoing 
NPWT in a study conducted by Nather13 which ranged 
from 6.9 cm2 to 124 cm2 with a mean size of  54.6 cm2. 
As the duration of  treatment with NPWT increases, 
larger wounds showed satisfactory decrease in size and 

Graph 1: Culture-organism isolated

Figure 2: (a-c) Status of wound on admission, 2 weeks 
after negative pressure wound therapy and before grafting, 

respectively

a b c
Figure 3: (a-f) Wound culture showed methicillin-resistant 

Staphylococcus aureus. Patient was started on appropriate 
antibiotics and negative pressure wound therapy. Patient 

was not willing for surgery. Wound had healed by complete 
epithelialization

a

d e f

b c
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better granulation tissue. The mean ulcer size at the end 
of  1, 2, and 3 weeks was 41.5 cm2, 30.2 cm2, and 24 cm2, 
respectively. P < 0.001 was calculated using paired t-test 
and is statistically significant.

After the commencement of  NPWT, the percentage of  
granulation at the end of  every week was analyzed. At the 
end of  the 3rd week, most of  the wounds - 19 wounds 
(54%) had attained granulation of  100% and were taken 
up for grafting. Rest 16 patients had >75% granulation 
tissue over the wound. Lone et al.14 observed granulation 
tissue deposition in 92.85% of  wounds by 2nd week and 
100% granulation by the 5th week of  treatment in patients 
treated with NPWT.

32 wounds, 91% of  cases developed healthy granulation 
after being treated by NPWT before closure of  the wound. 
3 wounds that did not attain satisfactory granulation were 
taken up for local flap cover. Nather,13 Armstrong et al.,15 
also observed early deposition of  granulation tissue in 
patients treated with NPWT.

The end point or the time taken for wound closure was 
taken as the day the wounds were treated by graft, flap 
or by complete epithelialization. In our study, at the end 
of  2 weeks, 6 patients attained complete closure and 
19 patients attained complete wound closure at the end 
of  3rd week. Split skin grafting was the most common 
treatment modality used for wound closure following 
NPWT. Of  the 35 patients, 26 (74%) underwent skin 
grafting. 6 patients not willing for grafting had healed 
by complete epithelialization of  the wounding regular 
dressing. 3 patients were closed with a flap. Nain et al.12 
had similar findings where split skin grafting was the most 
common mode of  closure employed (65% of  patients). 
Lone et al.14 also had similar results where grafting was used 
in 86.4% of  patients treated with NPWT.

In our study, the mean duration of  healing is 22.4 days. 
A study by McCallon et al.16 observed the mean time for 
complete healing was 22.8 days. Vuerstaek et al.17 had similar 
results where the average time to heal in the study group 
was 29 days. Nather13 observed that the mean time to heal 
was 23.3 days. In our study out of  the 35 ulcers, 30 healed 
within a month of  initiation of  the therapy.

Based on the principles of  negative pressure therapy by 
Morykwas et al.6 we have used easily available materials 
like wall suction and gauze to perform NPWT. The 
usage of  foam mandates gas sterilization of  foam – not 
readily available in all hospitals. Shalom et al.7 had treated 
15 patients successfully using wall suction and gelatin 
sponge. Gill et al.18 performed similar studies using wall 
suction and foam to treat complex traumatic wounds. 

After foam contamination was noted with the usage of  
VAC system, Kiyokawa et al.19 used saline irrigation with 
continuous aspiration and negative pressure for treatment 
of  intractable ulcers. We have not noted any instance of  
wound infection or gauze contamination after the initiation 
of  therapy.

Commercial NPWT machines are marketed by various 
companies. The cost of  each unit ranges from 2 to 7 lakh 
rupees. The cost of  each dressing ranges from 8000 rupees 
to 12,000 rupees. Expenses per dressing for our “low 
cost” NPWT ranges from Rs. 250 to 350 (depending on 
the wound size) along with nominal general ward charges, 
which is affordable by most of  the patients.

The present medical practice is not only advancing 
technologically but also rapidly inching toward the 
evolution of  cost-effective solutions. Although the 
outcomes are promising, expensive equipment cannot be 
afforded by everyone.

CONCLUSION

NPWT therapy is a reliable modality of  treatment for 
chronic wounds. NPWT requires training to ensure 
appropriate and competent use.

Our study shows that patients who cannot afford or utilize 
commercially available products for any reason can also 
benefit from NPWT using standard wall suction apparatus 
and dressing materials - freely available in all hospitals and at 
affordable costs. Hospitals in rural set up where commercial 
equipment are not available or cannot be affordable might 
benefit from “low cost” alternatives.

We recommend the present method of  treatment as the 
first line management in resource challenged conditions 
especially when the options for reconstruction are also 
limited.
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