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I. INTRODUCTION 
Wound closure is one of the most important end points in surgical practice. Surgically created wounds 

are mostly planned in such a way so that wound closure does not involve much effort. Even in cases of surgical 

site infections, the skin cover can be achieved in most of the cases. In cases of extensive tissue loss, exposed 

bone and tendon surfaces, deep deformed wounds like necrotizing soft tissue infection or post traumatic 

wounds, special efforts or additional surgical procedures may be required to achieve viable skin cover. A 

successful wound closure should essentially cover all the bony and muscular surfaces with a stable skin cover 

without affecting the primary function of that particular part of body.  

The history of Negative Pressure Wound Therapy (NPWT) [1] dates back to 18th century when lip 

suction was one of the modalities of wound management. It involved the basics of modern NPWT-suction of 

exudates and harmful matter (debris) thus providing a conducive environment for wound healing. Subsequently 

glass leech model and cupping was used predominantly in 19th century as a modification of the therapy. 

However significant progress was made towards the end of 20th century after the advent of foam dressings. In 

1990s Dr Louis Argenta and Michael Morykwis [2] first time, demonstrated the use of modern NPWT in the 

form of Polyurethane Foam with mechanical vacuum. Since then, it has been extensively used as an effective 

method for managing complex wounds mainly due to its different mechanisms of action in different clinical 

situations that include perfusion changes, micro-deformation, macro-deformation, exudates control, decrease in 

bacterial load, etc to name a few. [3]  

 

II. AIM AND OBJECTIVE 
The purpose of this study is to analyze the effect of Negative Pressure Wound therapy (NPWT) on healing of 

wounds over a period of 02 years.  

In addition, the versatility of NPWT and its successful application on few rare cases of non-healing ulcers as 

well as its relevant literature are reviewed.  

 

III. MATERIALS AND METHODS 
This is an observational, retrospective study, designed to analyze the effect of NPWT in various types of 

wounds in the General Surgery department of a secondary level care hospital in India over a period of 02 years 

from Jan 2020 to Dec 2021.  

 

Inclusion criteria 

(a) Patients more than 18 years of age 

(b) Wounds greater than 16cm2 surface area 

(c) Depth of the wound included full thickness skin loss with or without damage to subcutaneous tissue, 

muscle, tendon or bone underneath 

(d) All such wounds that could not be closed primarily or secondarily irrespective of size. 

(e) Confirmed adequate blood supply to the wound and the surrounding area (clinically or by duplex 

imaging) 
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Exclusion criteria 

(a) Wounds with active infection, slough, necrosis and / or purulent discharge 

(b) Wounds with active / ongoing bleed  

(c) Ulcers / gangrene due to vascular aetiology like PAOD (excluded after arterial Doppler study).  

(d) Patients with known allergies to foam / components of NPWT systems 

(e) Unwilling patients 

(f) Patients who developed permanent leak in NPWT seal during the treatment process 

 

NPWT Equipment 
Standard equipment of Acti V.A.C. ® NPWT System, Kinetic Concepts Inc. (KCI) [4] which is able to 

produce negative pressure ranging from −25 to −200 mm Hg and achieve vacuum seal using polyurethane foam 

along with plastic, adherent, skin friendly tapes were used in all the patients. It consists of a replaceable canister 

for collection of debris and standard connective tubing. In our study, all the wounds were treated with negative 

pressure between -75 and -125 mm Hg as recommended by various studies using this equipment. NPWT was 

given for a period of 03-05 days in one sitting.  Several patients required two or more sittings of NPWT before 

being taken up for definitive wound closure. All patients were advised regarding restriction of movement and 

maintenance of seal to avoid inadvertent leakage. Ward staff were instructed to monitor the maintenance of 

negative pressure at set level (between -75 and -125 mm Hg) and report in case of leak / obstruction alarm. [5] 

  

The wounds were assessed prior to application of the NPWT in terms of depth, size, and absence of 

necrotic material, exposed bone or tendon. Wounds were reassessed after removal of NPWT as per the same 

parameters. Difference in size and wound bed cover using standard measurement tools (Derma Map Overlay- 

Grid based measurement of wound outline and Scaled swab stick for wound depth, length and breadth) was 

noted after each removal of NPWT. Bates Jensen Wound Assessment tool was used as a guiding factor for 

assessment of wounds. [6] Appearance of healthy pink granulation tissue all over the wound surface was 

considered as success of NPWT and it was used as deciding factor for consideration of other forms of wound 

closure like secondary suturing of split skin grafting and so on. The wound closure was defined as complete 

cover of the wound by healthy and viable skin (which could be by secondary closure by approximating the 

edges, split skin graft or flap cover as per the clinical condition). Complicated wounds that required specialized 

grafts or flap cover for wound closure were referred to tertiary level care hospital for further management by 

reconstructive surgeons.  

 

IV. RESULTS 
 

Table 1- Demographic characteristics 

Characteristics  Parameter Total 

Gender 
Male 29 

Female 19 

Age (years) 
Mean 57.97 

SD 15.3 

BMI 
Mean 28.89 

SD 7.5 

 

A total of 48 patients were registered for the study. 60% were males and 40 % females. Most of them belonged 

to rural area with middle and lower middle class background, moderately working and consuming mixed diet. 

Age of patients ranged from 40 to 80 years with a mean of 57.97. 

Co-morbidities 

 

Table 2- Distribution of Co-morbidities 

Serial No Co-morbidity Number  Percentage 

1 Hypertension 20 41.66 

2 Diabetes  20 41.66 

3 CAD 5 10.41 

4 Cerebro-vascular disease 3 6.25 
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5 Chronic Venous Insufficiency/DVT 2 4.16 

6 Chronic Kidney Disease 4 8.33 

7 Immune-compromised state 2 4.16 

8 Anemia 13 27.08 

9 Misc ( Rheumatoid      arthritis/Osteoarthrosis) 6 12.5 

10 Nil 4 8.33 

 

 
 

91.6 % (44 out of 48) had one or more co morbidities as listed in Table 2. They were on irregular 

treatment for the same. Drug compliance was very poor among the study group in view of ignorance, busy 

working schedule (daily wage labourers), distantly situated medical facility and lack of awareness. Hypertension 

and Type II Diabetes mellitus were among the most common associated co-morbidities. Diabetes mellitus, 

Cardiac disease and CVA were found to be associated with the NSTI cases in addition to the diabetic foot/ulcer 

patients. Anaemia was noted in 27.08 % cases. However, it is felt that it was more likely due to the disease 

process (sepsis) rather than cause of it (based upon the inputs received while taking history). Chronic Kidney 

disease, chronic venous insufficiency and Immune-compromised states (HIV +ve) constituted 2-3 cases each. It 

was found that trivial trauma, scratching, furunculosis and infection in previously healed ulcer were triggering 

factors for infection and creation of large soft tissue loss. Out of the 4 patients without any co-morbidity, three 

were NSTI cases and one post-traumatic wound. 

 

Wound Type and Their Distribution 

Table 3 - Types of Wound 

Etiology Number Percentage 

Infective(NSTI) 22   45.83 

Diabetic Foot Ulcer 12 
25.0 

Post traumatic 4 8.33 

Post operative 5 10.41 

Pressure sore 3 6.25 

Miscellaneous 
2 

4.25 
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As seen from the table No 3, necrotizing soft tissue infection (NSTI) was the most common cause of 

extensive skin and soft tissue loss and creation of large wounds followed by diabetic ulcers. However in cases of 

diabetic ulcers, post operative wounds too, a component of infection was witnessed. NSTI as a primary 

presentation or developing secondarily in a diabetic ulcer resulted in large areas of skin and soft tissue loss 

which required debridement for removing dead and deadly tissue. These wounds required initial 2-3 

debridement under anaesthesia to get a healthy tissue bed, control of infection and removal of infected tissue. 

Once a healthy bed has been achieved, NPWT was deployed to get complete granulation tissue. Diabetic ulcers 

had associated skin loss including deep seated abscess tracts along the tendon sheaths of foot and ankle thereby 

affecting underlying muscles and bones with or without osteomylitis. Such wounds needed thorough 

debridement, at times required amputation of the extremity to remove osteomylitic bone. Over a period, once the 

healthy tissue appeared with no signs of active infection, these wounds were selected for NPWT.  

Road traffic accidents with high impact trauma resulted in large exposed areas of tissue loss in post-

traumatic cases. Though, these wounds were not primarily infected but had great potential to develop the same. 

Aggressive debridement, removal of dirt, debris and de-vascularised tissue and early NPWT showed good 

response. Pressure sores were seen in patients who were bed-ridden with multiple medical co-morbidities. In 

view of multiple associated co morbidities, large area at gravity dependent areas, management was indeed 

challenging. Half of such cases required management at specialised plastic surgery centres and were referred 

accordingly. 

Post-operative wounds were due to surgical site infection which in turn could be attributed to patient-

related risk factors and procedure-related risk factors. [7] Old age, pre-existing hypovolemia due to sepsis, 

malnutrition, obesity, patients on long-standing steroids, overt / uncontrolled diabetes, patients on 

immunosuppressive drugs, smoking and presence of coexistent infection at a remote site are some of the risk 

factors of the former.  Procedure-related risk factors include formation of a hematoma at the operation site, use 

of a foreign material like drain, leaving dead space during wound closure, previous infection at the site of 

incision, duration of surgical scrub, preoperative shaving, poor skin preparation, long surgery, poor surgical 

technique, hypothermia, contamination from the operating room, and prolonged peri-operative stay in hospital.  

Miscellaneous cases included one deep tubercular abscess in perineum and one tubercular abscess of 

breast with large surface area of skin and breast tissue loss. Both the cases are confirmed tuberculosis by 

histopathology and hence kept as a separate entity. 

 

Effect of NPWT on size of wound 

Table 4- Wound size after first NPWT session 
 

Type of Wound 
Initial size of wound 

(cm2) 
Post therapy size of 

wound(cm2) 
% diff 

Infective(NSTI) 106.65 86.95 18.47 

Diabetic Foot Ulcer 88.15 76.58 13.12 

Post traumatic 104.5 83.25 17.52 

Post operative 93.0 73.4 21.07 
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Pressure sore 67.0 59.0 11.94 

Miscellaneous 99.5 78.5 21.1 

 

 

Table 5- Wound size after second NPWT session 

    
Type of Wound 

Initial size of wound  

(cm2) 
Post therapy size of wound(cm2) % diff 

Infective(NSTI) 86.95 64.5 25.81 

Diabetic Foot Ulcer 76.58 57.16 25.35 

Post traumatic 83.25 68.0 18.31 

Post operative 73.4 52.8 28.06 

Pressure sore 59.0 43.33 26.55 

Miscellenous 78.5 62.5 20.38 
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In our study, there was significant reduction in the size of wound after application of NPWT in NSTI 

wounds, diabetic and post-traumatic ulcers. Post-operative wounds showed reduction in wound size by more 

than 50%. The neuropathic and trophic ulcers like pressure sores showed less than 20% reduction in wound size. 

Second sitting of NPWT showed better results in terms of reduction in size of the wounds as compared with the 

first sitting. On an average 30 % reduction in size of the wound was found in almost all wounds. It was also 

observed that prolonging the duration of NPWT in one session did not show much advantage and five days 

session was quite adequate for the study. 

Large wounds due to pressure sores (Grade IV) over ischial and gluteal regions were treated with two 

sessions of NPWT. However, in view of their large size, uneven surface in difficult areas and associated medical 

co-morbidities, these patients were referred to tertiary care centres for further management by Plastic / 

Reconstructive Surgeon. 

 

Effect of NPWT on depth of wound  

Table 5 - Wound depth after 1st session of NPWT 

Type of wound 

After 1St session of NPWT- Depth  

Initial depth of wound (mm) 
Post therapy depth of wound 

(mm) 
% Diff 

Infective(NSTI) 29.18 23.4 19.8 

Diabetic Foot Ulcer 22.25 18.58 16.49 

Post traumatic 25.75 20.25 21.35 

Post operative 24.2 18.2 24.7 

Pressure sore 10.33 8.66 16.16 

Miscellaneous 29.0 24.5 15.51 
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Table 6- Wound depth after second session of NPWT 

Wound depth after 2nd session of NPWT- Depth 

 Type of Wound Initial depth of wound (mm) 
Post therapy depth of wound 

(mm)  
% Diff 

Infective(NSTI) 23.4 19.22 17.86 

Diabetic Foot Ulcer 18.58 14.5 21.95 

Post traumatic 20.25 17.5 13.58 

Post operative 18.2 13.6 25.27 

Pressure sore 8.66 7.33 15.35 

miscellaneous 24.5 19.5 20.4 
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The depth of wounds in our study was ranging from 9 to 43 mm. Pressure sores were the deepest amongst all. 

Reduction in depth of wound was significant ranging from 20 - 40 % in both sessions. Second session of NPWT 

proved to be more effective in reducing size of wound rather than depth of wound which could be because of 

presence of foam material. Post-operative wounds showed relatively better results from NPWT. 

 

Figure no 1 
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Figure No 2 

 
 

Figure no 3 
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Figure No 4 

 
 

Figure No 5 
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Definitive closure of all the wounds 

Table 6: Definitive closure modality 

Type of wound  
Healing by secondary intention 

(NPWT only) 

Secondary 

suturing 
SSG 

Refer to Tertiary care 

centre(RSC) 

Infective(NSTI) 6 7 7 2 

Diabetic Foot Ulcer 5 2 4 1 

Post traumatic 1 2 1 0 

Post operative 0 5 0 0 

Pressure sore 1 0 0 2 

Miscellaneous 0 0 2 0 

Total 13 16 14 5 

 

 
 

In this study, it was observed that with the use of primary NPWT and other wound closure strategies as 

a supplementary procedure, definitive skin cover was successfully achieved in almost all the wounds. We were 

able to close all the post-operative wounds by secondary suturing after one or two sessions of NPWT. Infected 

wounds mostly secondary to the necrotising soft tissue infection (NSTI) and loss of subcutaneous and skin cover 

required extensive debridement to start with and two sessions of NPWT and were later managed with split skin 

grafting. Almost 25 % of the wounds were successfully treated by using NPWT only and did not require any 

other surgical intervention for achieving skin cover. Two cases of NSTI and one each of a large pressure sore 

and diabetic ulcer had to be referred to higher centre for management by reconstructive surgeon for flap cover. 

 

V. DISCUSSION 
Surgical wound management is the most important aspect of surgical procedure as it is related with the 

sense of complete recovery for the patient. An open wound is considered to have high probability to get infected 

again. NPWT is one of the most studied subjects with respect to wound healing worldwide. Our study is an 

observational study in a secondary care zonal hospital providing speciality health care services to mostly semi 

urban and rural population. The study is focused on analysis of demographic parameters, types of wounds 

encountered in the dependent clientele population, prevalence of the co morbidities and their effect on recovery 

of the wound while using the NPWT and requirement of other surgical procedures to achieve complete viable 

skin cover over the wound. [8] [9]    

The positive effect of NPWT in achieving faster rate of healing has been dwelled upon since last two 

decades and has been validated by numerous studies. [10] [11] [12] [13] [14]. Vuerstaek et all [15] demonstrated 

its efficacy in wound bed preparation. In our study also we could achieve significant decrease in depth of the 
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wound. However, in our study average size as well as depth of wounds was much higher and hence the results 

need to be analysed accordingly. 

Chronic wounds with large area of skin and subcutaneous tissue loss is mostly seen in 4th decade 

onwards due to addition of multiple co morbidities at that particular age. Instead, young population is more 

likely to present with post operative or post traumatic skin and soft tissue loss forming large wound surface 

requiring NPWT. Diabetes Mellitus and hypertension cause microangiopathy and arteriosclerosis, which slows 

down the wound healing process. Skin and soft tissue infections are common in diabetics. Moreover these 

conditions also cause flaring up of small wounds resulting from disruption of the skin barrier, trauma, pressure, 

or local ischemia to extensive necrotising soft tissue infection creating a larger wound surface with deeper tissue 

involvement along the fascial and tendino-muscular planes. This is due to secondary infection or development 

of adjacent soft tissue or deeper bone infection. [16]  

In our study similar statistics are seen as mean age of our study population is 57.4 with diabetes 

mellitus and hypertension as more commonly associated co morbidities in almost 85 % of cases. Gender does 

not seem to play a major role as distribution is almost equal. Though males seem to be more commonly 

presenting with larger wound surface as compared to females, it is most likely due to their outdoor working in 

farms / fields as compared to females. Younger patients presented with large wound surface are mostly post-

traumatic in nature due to road traffic accidents. As far as the result of NPWT in younger patients in our study, it 

did not show any significant difference in speed of wound healing as compared with the older population with 

wounds from other aetiologies.  

Complicated diabetic foot which includes variety of soft tissue loss from skin to affection of muscles 

and bone necrosis were encountered and formed a large group in the study which required NPWT. All such 

cases were subjected to thorough surgical wound debridement to remove dead, necrotic and infected material. In 

addition to altering the environment of the chronic wound, surgical debridement is aimed at removing nonviable 

and necrotic tissue which is detrimental to healing. Hyper-keratotic epidermis (callus) and necrotic dermal 

tissue, foreign debris, and bacterial elements are known to form abnormal wound bed and wound edge tissue 

which has an inhibitory effect on wound healing. [17] Theoretically, hypertension can increase the thrombosis 

and arteriosclerosis of arteries supplying the skin, predisposing the area to a necrotising infection. Diabetes 

mellitus is associated with immune deficiencies and arteriosclerosis, both increasing the risk of developing 

infection. [18]  

Blume et all [19] found additional advantage of NPWT over Advance Moist Wound Therapy (AMWT) 

alone (predominantly alginates, hydrogels) and found 43.2% of complete wound healing with use of only 

NPWT as compared to 28.9% in the AMWT group. The healing rate was significantly faster in NPWT group. In 

a randomised controlled study by David G Armstrong et al [20] on role of NPWT post partial amputation, found 

average wound size of 20.7cm2 and 56% of patients having complete healing of wound with NPWT alone. 

Similar results with regard to faster healing, reduction in wound size and overall improvement of wound 

condition aiding in complete healing have been validated by evidence based review studies. [21] [22] In our 

study the average size of the wound is almost 4 times bigger and not all of them were post amputee wounds, still 

the results are quite comparable showing reduction in size and depth by 25-28 %. 

AyhanKilic et al [23] studied effect of NPWT in surgical site infections and found that NPWT resulted 

in clinical and bacteriologic eradication of infections in 64.7% of cases and significant reduction in wound size. 

Our study also achieved nearly 55% of reduction in wound size post 02 sessions of NPWT. Management of 

large wounds in anatomically difficult areas always poses a challenge. Even application of NPWT in such 

region is technically challenging with high chances of leakage in seal, frequent soiling of the dressing. In certain 

cases it requires even addition of the stool diversion procedures prior to application of NPWT.  Silberstein et all 

[24] found NPWT to be useful in large wound management in difficult anatomical location in case of Fournier’s 

gangrene. 

Misiakos et al [25] incorporated use of NPWT as one of the best modalities in management of 

Necrotising soft tissue infections in their review article. While most of these studies involved wound sizes of 40 

to 50 cm2, the results in our study with fairly larger size of wounds (Average size 100cm2 and avg depth 25mm) 

have been found comparable and better in a few, in terms of number of sessions of NPWT required prior to 

definitive closure. Early debridement of wound for removal of infected tissues and opening up the inter-tissue 

planes for achieving relatively better surface proved to be beneficial. NPWT was applied after 24-48 hrs once 

adequate haemostasis was achieved. Adequate seal, moderate suction and un-interrupted negative pressure by 

using NPWT were proved to be beneficial for definitive wound closure in our study. Whilst the patients in our 

study were from rural background, adequate counselling and patient cooperation for maintaining uninterrupted 

seal was of paramount importance.  

In addition to this , we also found NPWT has an added advantage of providing a longer temporary 

wound cover to the wound after initial debridement, reduced the pain due to daily dressing and chemical / 

mechanical wound debridement. As seen from the demographic distribution, and associated co morbidities, 
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repeated surgical debridement, trauma of dressing and release of cytokines causing difficulty in recovery from 

sepsis were avoided by providing a prolonged but effective wound cover. NPWT gives an added advantage of 

faster healing too.  

Chun-yu-Chen et al [26] used NPWT extensively post debridement in sacral pressure ulcers with large 

initial defect and subsequently used V–Y advancement flaps for closure. In our case the results of pressure sore 

in sacral area were not as encouraging. Though we could achieve healthy granulation tissue cover in two cases 

still definitive closure required reconstructive surgery management. Cushing et al [27] in their extensive 

evidence based publication on management of pressure sores mentioned management of eight cases of pressure 

sores mostly of sacral region were managed with NPWT.   

Negative pressure wound therapy compared with standard dressing in the post-operative wounds may 

reduce the chances of SSI however it may be applicable in small sized wounds. Larger sized wounds as in our 

study had higher chances of secondary infection. Use of NPWT in primary closure of surgical wounds was 

studied in the Cochrane review by Webster et. al. [28]   However in our study NPWT had shown very good 

results in closure of post-operative wounds with SSI. All the wounds could be closed with secondary suturing 

and did not require other special techniques like STSG or flap cover. The results in cases of post-operative 

wounds with SSI, when managed with NPWT and secondary suturing were akin to the primary closure.   

In our study the depth of wound has shown significant reduction after the first session as compared to 

the second session which is opposite to the results as observed in terms of reduction in size of the wound. In one 

of the experimental study involving animal model and live animal muscles, it was observed that effect of 

negative pressure was transferred to interstitial fluid for not more than 2 mm from the foam surface. The study 

used the pressure mode of -50.-75 and -125 mm HG settings to demonstrate the same. [29] Hence it is likely to 

be related more to the depth of pressure rather than the presence of foam material. Hence it can be concluded 

that NPWT provides environment to drain the interstitial fluid, promotes formation of granulation tissue which 

works more in contracting the size of the wound more than reducing depth of wound. 

 

VI. CONCLUSION 
At present, NPWT has been accepted worldwide as standard of care in management of complex 

wounds. In this study we have observed the known effects of NPWT at our secondary care hospital and shared 

our experience. This study concludes that the effect of NPWT is gender neutral. Presence of co morbidities may 

have an adverse effect over results of the therapy however the same is not covered in the scope of this study. 

NPWT has surely been beneficial in reduction in the size and depth of wound however reduction in size is more 

significant than that of reduction in depth of wound. Especially wounds arising from infection like NSTI and 

complicated diabetic foot have shown better results as compared with the pressure sores. Despite the application 

of NPWT, larger wounds require assistance of other surgical procedures to achieve adequate and viable skin 

cover. Results in this study are comparable with existing data and shows important role of NPWT in cases of 

large wounds arising from various causes in reducing morbidity in patients. 
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