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INTRODUCTION
Negative pressure wound therapy is one of wonderful discoveries in 
recent years for dealing various kinds of wound and is very effective 
(1) (2). Agenta et at and associates originally described the use of 
negative pressure to assist in wound closure in 1997 (1) (3) (4) (5). 
Other than immediate wound closure, Surgeons used this methods as 
adjunctive therapy before or after surgery or alternative to Surgery in 
extremely ill patients (1). However, in peripheral as well as zonal 
hospital, such facility is hardly available and if available, it is very 
costly (6). The aim of this study was to report a modied form of 
NPWT and share its experiences gained in managing various wound at 
this centre. 

METHODS
This modied negative pressure Wound Therapy System used 4 
components: (i) Car seat sponge or mattress foam made up of 
Polyurethane, which was placed directly over the wound forming a 
foam–wound interface; (ii) Opsite for airtight dressing; (iii) A Suction 
machine as negative pressure-generating device, which can generate a 
variable sub-atmospheric pressure and (iv) Tube (Romo VAC set) to 
connect Suction machine with PU foam. 

Technique of Application: Steps:
A) Wound was thoroughly debrided. All necrotic and brotic tissues 

were removed.
B) Properly sterilized Polyurethane (mattress/car seat) foam was cut 

as per wound size and placed it over the wound. Overlling is 
avoided.

C) Opsite dressing were applied in airtight manner over the wound 
and Foam.  Opsite was then cut 1 cm inner to wound margin.

D) Another similar size foam was taken and then, two 16F Romo 
VAC suction tubes were inserted inside it. This complete set was 
placed over previously cut opsite area. Another sheet of opsite was 
taken and covered both systems in airtight fashion.

E) These suction tubes were then connected to a suction machine.
F) Wound was kept under negative pressure (125 mmHg) for 

continuous 2 hours and restarted after the break of half an hour. 
This cycle was repeated for 72h and then wound was reassessed. If 
there were healthy granulation tissue (velvety appearance) and 
Negative wound culture and sensitivity, SSG was performed to 

provide denitive wound cover.
G) Systemic features of infection like Fever, local features of 

infections like local raise of temperature, Erythema, Laboratory 
markers of infections like Serial TLC and Character of the drain 
output were monitored while its application.

Study design
We conducted a prospective longitudinal based observational study to 
assess this novel technique and analyze advantages and disadvantages 
in respect of cost and results following application. Duration of the 
study was 14 months between 01 Jun 2019 and 31 Jul 2020.  
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Table.1
Inclusion Criteria: Exclusion criteria:
A) All age groups. A) Malignant wound or wound which 

appears malignant.

B) Both genders. B) Wound with untreated 
Osteomyelytis.

C) Patients who are willing 
to Modied NPWT.

C) Non-enteric or Unexplored 
Fistulas.

D) Wound after thorough 
debridement and after 
ensuring absence of 
necrotic and brotic 
tissue.

D) Known Allergies to Polyurethane 
foam  or acrylic adhesives.

E) Wound with localized Ischemia.

F) Wound with exposed blood 
vessels, anastomotic sites, organs 
or nerves.
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RESULTS
Summary of all 41 patients with their respective average debridement 
and NPWT sessions were given in Table.2. Necrotizing Soft Tissue 
Infection was the major etiology and frequently caused huge tissue loss 
inviting reconstruction. Mean requirement of debridement and 

modied NPWT sessions per patient was 1.88 and 1.97 respectively. 
For establishing Modied NPWT, only requirement was PU foam 
(Table 2) and it was very cheap (Table 3) (6). This PU Foam started 
sticking to the wound if it was kept more than 
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Table.2 Summary

Diagnosis Number Average 
Debridement 

Average 
sessions of 
NPWT 

1. Diabetic Foot 06 1.67 (10/6) 2 (12/6) 

2. NSTI 20 2.2 (44/20) 2.15(43/20) 

3. Fournier's Gangrene with 
Abdomino-perineal NSTI

01 4 (4/1) 3 (3/1) 

4. SSI over Surgical wound 03 1.33 (4/3) 1.67 (5/3) 

5. Compartment Syndrome 03 1 (3/3) 1.33 (4/3) 

6. Cellulitis 05 1.6 (8/5) 1.4 (7/5) 

7. Crush injury/ Traumatic  
wound 

01 1 (1/1) 2 (2/1) 

8. Venous Ulcer 02 1.5 (3/2) 2.5 (5/2) 

Total 41 1.88 (77/41) 1.97 (81/41) 

F i g u r e 2 .  S o m e  r e p r e s e n t a t i v e 
photographs of wound with various 
etiologies on initial presentation at this 
centre. 41 out of 300 patients consented for 
modied NPWT and satised all inclusion 
and exclusion criteria. All patients 
underwent serial aggressive debridement, 
modied NPWT and then SSG.

Table 3 : Components of NPWT vs Modified NPWT:

NPWT (Components) Availability Cost and Remarks Modied NPWT 
(Components)

Availability Cost and Remarks

1.NPWT machine Not available Rs 90,000/piece (KCI VAC therapy 
machine) at m.indiamart.com dated 
01 Sep 2020.

1.Suction machine with 
Pressure indicator

Available Not require to buy

2.NPWT canister Not available Rs 1,200/piece (LS NPWT/VAC 
Canister) at m.indiamart.com dated 
01 Sep 2020.

2.Tubings of Romo Vac Available Not require to buy

3.NPWT Foam Not available Rs 9100/piece (Extricare NPWT 
foam Dressing, 30X60 cm) at 
m.indiamart.com dated 01 Sep 
2020.

3.Car foam (Polyurethane ) Not 
Available

Rs 250/Sheet  (1 Sheet = 
3X6 Inch, thickness = 
250 mm) at 
m.indiamart.com

4.Opsite dressing Available Not require to buy 4.Opsite dressing Available Not require to buy

5.Autoclave machine Available Not require to buy

Minimum cost of per session of well established and commercial 
NPWT is Rs10300/- even after company's provision of free NPWT 
machine and Opsites (Table 3). On the other hand, maximum cost of 
Modied NPWT per session is Rs 250 (Table 3) Or cheaper (6). 
Repeated good results had been produced by this centre using these 
simple modications (Figure 3, 4 and 5). By using this technique, total 

number of dressings and durations of hospital stay were tremendously 
reduced with profound result. An velvety appearance of wound with 
healthy granulation tissue and epithelial growth at wound margin after 
modied NPWT was taken as positive result otherwise taken as failure 
(7). Not a single wound complication and failure was observed during 
the study.

Figure3. 37 yrs old serving soldier with no known co-morbidities 
presented as Fournier's Gangrene with abdomino-perineal NSTI, 
underwent multiple sessions of debridement, loop-ileostomy, NPWT 
and SSG.

Figure5. 54 yrs old, female with unknown bite (Optd) presented as 
Necrotizing soft tissue infection Left hand (optd) at our centre.
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Figure 4. 60 yrs old, female with NSTI Left foot



DISCUSSION
Management of various kinds of wound always throw many 
challenges to Surgeons both in Civil and Military set up (7). Early 
removal of non-viable tissues, foreign body, soil and focal or locus of 
infection by thorough wound debridement and good irrigation was the 
only key for successful outcomes in many wounds (7) (8) (9). 
Traditionally, post-wound debridement, the wound was managed with 
daily wound dressing followed by denitive wound closure (10). The 
TIME acronym, developed in June 2002 by a group of wound care 
experts, was rst published in 2003 (11). Thus, look for new approach 
to wound is on. Agenta and Associates originally described the use of 
Negative pressure to assist in wound closure (1). The usefulness of 
NPWT was clearly seen in civilian traumatic and non-traumatic 
wounds (5) (12). The use of NPWT was widely reported during 
Operation Iraqi Freedom and OEF (7) (13) (14). There are several 
advantages of NPWT, which include reduced frequency of wound 
dressings as compared to conventional dressings (15), faster wound 
closure rates, and reduced local and systemic infection rates (16) (17) 
(18). Mechanisms of NPWT are multi-factorial (3) (5) and are (A) 
Macro-deformation, (B) Bioburden reduction, (C) Micro-
deformation, (D) Reduction in tissue edema and (E) Enhanced cellular 
proliferation (1) (3) (9) . NPWT reduces 78% in hospital stay and 76% 
decrease in cost (1). Armstrong and Lavery et al reported faster wound 
healing rate and faster granulation tissue formation  rate (1) (19). 
Because of some drawbacks like high price (6) and non-availability at 
peripheral hospital set up, its extensive use is restricted in places where 
many of such wound are encountered. Most common complications in 
NPWT applications are bleeding and wound infection (20). Each 
patient in our study underwent mean debridement 1.88 and mean 
modied NPWT change 1.97 before their denitive reconstruction. No 
single wound complication (0%) (both infection anf bleeding) was 
observed and such result is comparable to many of studies (6) (21)). 
Leininger et al. in their study reported 80% and 0% infection rate 
before and after introduction of NPWT (21). Peck et al. reported 4% 
infection rate in extremity war wounds treated by NPWT (22). All 
patients in our study underwent SSG after seeing a velvety appearance 
of wound after modied NPWT. Graft take in our study was 90% to 
100% without any wound or graft failure. NPWT enhances graft take 
(23), reduces seroma formation, and allows an early mobilization (6) 
(24) (25).
 
CONCLUSION
Timely and aggressive debrident followed by NPWT and prevention 
of infection play a key role in treatment of large wound requiring 
reconstruction. High cost of various components of NPWT and their 
availability restrict its extensive use in peripheral hospital set up. 
However, with introduction of above new modication of NPWT, it 
will cut down the cost of treatment per wound. It will help to provide 
benet of NPWT to peripheral surgical set up as it is very easy to 
establish. It will broaden its use from rich patient to poor patient. It will 
cut heavily down hospital expenses and treatment budget of each 
patient. For better understanding and widespread application, further 
study comparing this new modied system to other commercially 
available systems may be required.

Financial support and sponsorship
Nil

Conflicts of interest
The authors have none to declare

REFERENCES
1.  Courtney M. Townsend, JR.,R. Daniel Beauchamp, B. Mark Evers KLM. Sabiston taxt 

book of surgery, rst south asia edition. 20th editi. Julie A. Freischlag JAH, editor. 2016. 
152 p. 

2.  Hampton J. Providing cost-effective treatment of hard-to-heal wounds in the 
community through  use of NPWT. Br J Community Nurs. 2015 Jun;Suppl Community 
Wound Care:S14, S16-20. 

3.  Morykwas MJ, Argenta LC. Nonsurgical modalities to enhance healing and care of soft 
tissue wounds. J South Orthop Assoc. 1997; 6:279-88. 

4.  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. 

5.  Argenta LC, Morykwas MJ. Vacuum-assisted closure: a new method for wound control 
and treatment: clinical  experience. Ann Plast Surg. 1997 Jun;38(6):563–76; discussion 
577. 

6.  Petkar KS, Dhanraj P, Kingsly PM, Sreekar H, Lakshmanarao A, Lamba S, et al. A 
prospective randomized controlled trial comparing negative pressure dressing and 
conventional dressing methods on split-thickness skin grafts in burned patients. 
2011;37:925–9. 

7.  Sanjay C, Gen M, Srinath N, Bhandari BPS, Retd VSM. ScienceDirect Negative 
pressure wound therapy in the management of mine blast injuries of lower limbs� : 
Lessons learnt at a tertiary care center. Med J Armed Forces India [Internet]. 
2016;73(4):321–7. Available from: http://dx.doi.org/10.1016/j.mja.2016.06.002

8.  Taylor C, Jeffery S. Management of military wounds in the modern era. 2009;5(4). 
9.  Maurya S, Bhandari PS. Negative Pressure Wound Therapy in the Management of 

Combat Wounds�: A Critical Review. 2016;5(9):379–89. 
10.  Bellamy R, Zajtchuk R, The management of ballistic wounds of soft tissue.Bellamy RG, 

Zajtchuk R, eds. Textbook of Military Medicine: Conventional Warfare – Ballastic Blast 
and Burn Injuries Part I. vol. 3. Washington, DC: U.S. Government Printing Ofce; . 

11.  Schultz GS, Sibbald RG, Falanga V, Ayello EA, Dowsett C, Harding K, Romanelli M, 
Stacey MC, Teot L, Vanscheidt W. Wound bed preparation: a systematic approach to 
wound management. Wound Rep Reg 2003;11:1–28. 

12.  Comparison of Negative Pressure Wound Therapy Using Vacuum-Assisted Closure 
With Advanced Moist Wound Therapy in the Treatment of Diabetic Foot Ulcers A 
multicenter randomized controlled trial. 2008;31(4). 

13.  Article O. Negative Pressure wound therapy in wartime wounds – Case series and 
review of literature. 4(2018):138–48. 

14.  Geiger S, McCormick F, Chou R, Wangel AG. War wounds: lessons learned from 
Operation Iraqi Freedom. Plast Reconstr Surg 2008;122:146–153. 

15.  Apelqvist J, Willy C, Fagerdahl A-M, Fraccalvieri M, Malmsjö M, Piaggesi A, et al. 
EWMA Document: Negative Pressure Wound Therapy. J Wound Care. 2017 
Mar;26(Sup3):S1–154. 

16.  Peck M, Clouse W, Cox M, Bowser A, Eliason J, Jenkins D, et al. The complete 
management of extremity vascular injury in a local population: A wartime report from 
the 332nd Expeditionary Medical Group/Air Force Theater Hospital, Balad Air Base, 
Iraq. J Vasc Surg. 2007;45:1197–204; discussion 1204. 

17.  Powell ET. The role of negative pressure wound therapy with reticulated open cell foam 
in the treatment of war wounds. J Orthop Trauma [Internet]. 2008;22(10 
Suppl):S138—41. Available from: https://doi.org/10.1097/BOT.0b013e318188e27d

18.  DeFranzo AJ, Marks MW, Argenta LC, Genecov DG. Vacuum-assisted closure for the 
treatment of degloving injuries. Plast Reconstr Surg [Internet].  1999 
Dec;104(7):2145—2148. Available from: https://doi.org/10.1097/00006534-
199912000-00031

19.  Armstrong DG, Lavery LA, Foot D, Consortium S. Negative pressure wound therapy 
after partial diabetic foot amputation� : a multicentre , randomised controlled trial. 
2005;366. 

20.  White RA, Miki RA, Kazmier P, Anglen JO. Vacuum-assisted closure complicated by 
erosion and hemorrhage of the anterior tibial  artery. J Orthop Trauma. 2005 
Jan;19(1):56–9. 

21.  Leininger BE, Rasmussen TE, Smith DL, Jenkins DH, Coppola C. Experience with 
wound VAC and delayed primary closure of contaminated soft tissue  injuries in Iraq. J 
Trauma. 2006 Nov;61(5):1207–11. 

22.  Peck MA, Clouse WD, Cox MW, et al. The complete management of vascular injury in a 
local population: a war time report from 332nd Expeditionary Medical Group/Air Force 
Theatre Hospital, Balad Air Base, Iraq. J Vasc Surg 2007; 45:1197–1204. 

23.  Sposato G, Molea G, Di Caprio G, Scioli M, La Rusca I, Ziccardi P. Ambulant vacuum-
assisted closure of skin-graft dressing in the lower limbs using a  portable mini-VAC 
device. Br J Plast Surg. 2001 Apr;54(3):235–7. 

24.  Ho K, Deva AK. A Prospective , Blinded , Randomized , Controlled Clinical Trial of 
Topical Negative Pressure Use in Skin Grafting. 2003;917–22. 

25.  Graft S, Kim EK, Hong JP. Efcacy of Negative Pressure Therapy to Enhance Take of. 
2007;58(5):536–40. 

Volume - 10 | Issue - 9 | September - 2020 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

66  INDIAN JOURNAL OF APPLIED RESEARCH


