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Simplified Negative Pressure Wound Therapy: A Cost-Effective Solution
for Wound Management

Sajal Maingil, Rajendra Kumar Meena’, Sahil Maingis, Shikhar Bindal', Sharad Chaudhri’,
Pallavi Paruthi’

Learning Point of the Article:
Indigenously developed negative pressure wound dressing (SNPWD) provides a safe, effective, and low-cost alternative to commercial
NPWT systems, achieving comparable wound healing and infection control in resource-limited settings.

Introduction: Negative pressure wound therapy (NPWT) has emerged as a highly effective technique for managing chronic non-healing
wounds. However, the high cost and limited accessibility of commercial NPWT systems restrict their routine use in resource-constrained
settings. This study aims to evaluate the efficacy of an indigenously developed simplified negative pressure wound dressing (SNPWD) for
wound managementin alow-resource environment.

Materials and Methods: This prospective cohort study was conducted on 24 patients with a mean wound size pre-SNPWD being 73.5cm2 in
the Department of Orthopaedics ata tertiary care hospital. Final wound area, total duration of SNPWD application, number of dressing changes,
and the exudate collection, along with culture report, were documented for outcome comparison with data from existing NPWT literature.
Results: The decrease in mean wound surface area after SNPWD application in our study was 27.2%. The mean duration of SNPWD
application, that is, the time taken for development of healthy granulation tissue, ranged from 8 to 27 days, the mean duration being 16.5 days.
The mean number of dressings applied per patient was 5.3. The mean amount of exudates collected in the canister decreased by 58% as compared
to pre-SNPWD. The post-SNWPD culture report of wounds was sterile in 96% of cases, as compared to only 37.5% sterile culture reports before
applying SNPWD.

Conclusion: The SNPWD is a safe, effective, and cost-efficient alternative to commercial NPWT systems. With comparable clinical outcomes
and significantly lower cost, SNPWD holds strong potential for widespread use in managing complex wounds, especially in resource-limited
settings.

Keywords: Wound healing, negative pressure wound dressing, vacuum-assisted closure, infection.

Introduction efficacy over traditional wet gauze dressings. One such modality

Wound healing is a complex phenomenon and requires a
multidisciplinary approach for optimum results. Modern wound
healing concepts [1,2,3] include different types of moist
dressings and topical agents, but only a few of them have a proven

is negative pressure wound therapy (NPWT), which uses a
controlled negative pressure of a suction machine to promote
wound healing. It’s easy to use nature and high efficacy makesita
suitable method for wound management.
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Case 1: Illustration (1a) and (1b) showing the pre- and post-SNPWD
condition of Wound. Illustration (1c) shows application of SNPWD over
wound surface and (1d) showing wound after split skin graft. Case of crush
injuryrightfoot with exposed tendons on foot dorsum.

The conventional method for management of wounds involves
frequent change of dressing and debridement until the wound
becomes healthy. However, it has been reported in studies by
Caudle and Stern [4] that these dressings have a slower rate of
skin coverage and take a longer duration for wound healing,
which prolongs the hospital stay of patients.

NPWT or vacuum-assisted closure (VAC) is a method of
wound management for exudative, chronic non-healing, or
infected wounds. These wounds lead to hazardous outcomes,
such as prolonged hospitalization, amputation, and sepsis,
depending on various host and environment factors. Such
wounds are usually associated with extensive soft tissue loss and
require a reconstructive surgery, which cannot be immediately
done due to the presence of infection, necrotic material, and the
large size of these wounds, thus they require topical dressings
until surgical closureis possible [ 5].

NPWT is a relatively newer, adjunctive, and non-invasive
method to dress those wounds that are not amenable to primary
surgical closure. The NPWT involves the use of a controlled
intermittent sub-atmospheric pressure sealed dressing
connected to a suction machine to drain the exudates and
remove infection load. The beneficial mechanism of these
dressings, as described by Argenta et al., [6] include reduction
in the amount of exudates, interstitial pressure, and infection
load over the wound surface. It also causes a reduction in

cytokines, collagenases, and elastase over the wound surface
and increases fibroblast and endothelial cell proliferation,
causing wound contracture and angiogenesis, which leads to
earlywound healing.

There are alot of commercially available NPWT options in the
market. All these have a common mechanism to provide
intermittent suction to drain exudates and decrease infection
load. The intermittent suction is preferred over continuous
suction because there is more contraction of wound edges and
more rapid formation of the granulation tissue when
intermittent suction is used as compared to continuous suction.
Leukocyte infiltration and tissue disorganization are also
prominent with intermittent suction as described in studies by
Malmsjoetal., [7]

These dressings use a complex technology to provide
intermittent suction, which involves using a real-time pressure
feedback system that adjusts the pump output, compensating
for wound distance, wound position, exudate characteristics,
and patient movement. The advanced technology to provide
intermittent suction results in a very high cost of equipment of
these VAC dressings, thus limiting its routine use in low-
resource settings.

In our study, a timer switch is used to convert a simple portable

suction machine to a negative pressure wound dressing. Such a
simplified method creates an intermittent vacuum at a set

Case 2: Illustration (a) shows pre SNPWD wound condition Illustration (b)
shows SNPWD application over wound. Ilustration (c) shows post-SNPWD

wound condition (considerable decrease in wound surface area). Illustration

(d) showswound condition after 3 months.
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Figure 1: Pre- and post-simplified negative pressure wound dressing wound surface area (in literature on NPWT. Case 1 &2)

cm?) of study subjects.

negative pressure. This study is proposed to assess the
effectiveness of such a low-cost, indigenously developed and
simplified negative pressure wound dressing (SNPWD) in the
management of wounds.

The negative pressure source was a portable suction machine in
which the pressure gauge was adjusted to provide appropriate
suction of 100-120 mm hg. The machine did not break down or
overheat throughout the dressing period.

The second component was the electric timers switch with
adjustable on and off timings. It was completely safe and did not
pose any electric hazard to the patient. The working voltage of
the switch was around 12V. The timer switch was set manually
to provide the supply to the suction machine for S min (on
cycle) and then cut it for 3 min (off cycle). The timer switch and
suction machine functioned as independent entities. This had
the advantage that when a breakdown of the

Materials and Methods

The authors conducted a prospective cohort study over a
duration of2 years.

Samplesize

Based on the study by Cilindro De Souza et al. [8], which
reported satisfactory NPWT outcomes in 87.2% of cases, the
sample size was calculated using 10 % margin of error and 5 %
level of significance.

24 patients were included in the final analysis.

nclusion criteria

Patients of all age groups with highly exudative wounds not
amenable to primary surgical closure were included. These

system occurred due to a technical fault in
either of the two, one component could be
repaired without affecting the other.

The dressing material used was procured in 10
the hospital from areadily available source. It 140
consists of pre-sterilized foam with a pore | 120
size between 400 and 600 microns, an | 100 -

adhesive drape to cover the foam, and a | ¢
connecting tube attached to the adhesive
drape.

A major challenge while applying the 40 1
dressing was to prevent air leaks. Most of the | 20 -

Descriptive statistics of pre- and post-SNPWD wound area of

study subjects

small air leaks developed at anatomically 0

challenging sites, such as areas where tubing

Pre-vac Post-vac

exits the adhesive drape, areas having

irregular contours, such as the anus and Figure 2: Distribution of culture report of cases (pre- and post-simplified negative pressure wound

. . . dressing).
perineum, and near external fixator pins. g)
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Table 1: Statistics showing wound surface area pre- and post-SNPWD (in cm?)

Median (25 h 75t

Wound area(cm?) Mean+SD

Range

Foam dressing: Pre-sterilized, biocompatible,
hydrophobic polyurethane foam with pore sizes

of 400-600 microns, ensuring uniform suction
P-value

percentile) and optimal tissue granulation.
Pre VAC 73.54431.5 71 (53.5-95) 16-138 Adhesive dressing material: Transparent
Post-VAC 53.4625.17 | 47.5(33.5-70.5) | 13-110 <0.0001 | Jusive films are used to create an airtight seal
: over the foam.
Decrease inwound | ) e 949 | 22 (14-25.25) 0-36 - , . _
area (cm?) Connecting tubes: Sterile tubing used to
Percentage decrease in| o0 051 |5 s (20676-35.221)| 0-42.86 - connect the dressing to the suction unit.
wound area (cm?)
VAC:. Vacuum assisted closure, SNPWD: Simplified negative pressure wound Methodology
dressing
Eligible patients were enrolled after obtaining
included: informed consent. Each wound was thoroughly

o Traumaticwounds

« Openfractures

« Fasciotomywounds

« Chronicnon-healingand infected wounds
« Diabetic footamputations

« Pressure ulcers.

Exclusion criteria

Patients were excluded if they had any of the following:

« Malignant wounds

« Known allergy to adhesive materials

« Exposed vital structures (blood vessels, nerves, or organs)

« Bleeding disorders.

Ethical clearance

Ethical clearance from the institutional ethical committee was
taken IEC number-19/14/17/IEC/2012 (Dated-September
14,2019) Informed consent from all patients was taken.

Materials used

Negative pressure source: A portable suction machine

evaluated and documented regarding:
« Wound dimensions

« Amount of granulation tissue

« Presence of necrosis or exudates

« Signs ofinfection orinflammation.

‘Wound area measurement

The longest dimension of the wound was measured using a
measuring tape. A calibrated photograph was taken and
uploaded into a mobile wound measurement application. It was
used to delineate wound boundaries and automatically
calculate the wound areabased on areference scale.

Dressingapplication procedure
The wound was debrided to remove necrotic tissue.

The polyurethane foam was cut to size and placed on the wound

bed.

A sterile connector was inserted and connected to the drainage
tubing.

The entire dressing was sealed with an adhesive occlusive film.

A 2 cm opening was made in the film to accommodate the

equipped with a pressure control
valve, calibrated to deliver

100-120 mmHg of negative AT s e

Table 2: Descriptive statistics of the amount of exudates (mL) of study subjects

Median (25"-75"

Mean+SD Range P-value
pressure. (mL) percentile) :
Canister: I“tfegrateld with thcel After 1" dressing (mL) | 25.42£9.08 | 25(20-3125) | 1045 | .

ti it llecti .
suction tumit for corection ane | A fier last dressing (mL)| 10.54+5.91 | 10 (8.75-15) 0-20
quantification of wound exudates. :
El o ch: M I Decrease in the amount
ectric timer switch: Manually | ¢ o dates after the last] 14.88+10.08 | 15 (5-20) 0-35 -

programmable to deliver dressing (mL)

intermittent suction cycles — S min .
Y SD: Standard deviation

“on” and 3 min “off”.
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Table 3: Distribution of culture report of cases (pre -
and post-SNPWD)

Pre-SNPWD culture report of the case

No growth 9 37.5
E coli 1 4.17
Klebsiella 1 4.17
MRSA 1 4.17
Pseudomonas 4 16.67

Staph aureus 6 25
Streptococcus 2 8.33
Post-SNPWD culture report of the case

No growth 23 96

Staph aureus 1 4

SNPWD: Simplified negative pressure wound dressing,
MRSA: Methicillin -resistant Staphylococcus aureus

suction tube.

The tube was connected to the suction machine, which was in
turnattached toa programmable timer.

The suction pressure was set between 100 and 120 mmHg, and
the timer configured for intermittent cycles.

Dressings were changed every 3rd day or earlier based on clinical
assessment. Exudate volume and quality of granulation tissue
were recorded during each dressing change. The wound was re-
evaluated at each follow-up for progression toward healing.

Termination of SNPWD
SNPWD was discontinued once the wound exhibited:

Bright red granulation tissue covering >85% of the wound
surface

Absence ofinfection or necrosis

Readiness for secondary closure, split-thickness skin grafting, or
flap coverage

Final wound area, total duration of SNPWD application, and
number of dressing changes were documented for outcome
comparison with data from existing NPWT literature.

Results
A total of 24 patients were treated by SNPWD between October

2019 and August 2021. All the patients were hospitalized, as this
was essentially an in-patient study. No patient was lost to follow-
up orwithdrew from the study.

There were 20 males (83.3%) and only 4 females (16.7%) in the
study group. The age of study subjects ranged from 17 to 80
years, with the mean age being 41.58 years.

Out of the 24 patients, 11 cases (46%) had acute traumatic
wounds that occurred immediately after trauma and were usually
associated with underlying fractures. Six cases (25%) had
chronic wounds, which were formed either due to prolonged
hospital stay (e.g., Bed sores) or due to failure of previous
wounds to heal. Seven cases (29%) had post-operative wounds.

The amount of healthy granulation tissue after every dressing
was assessed by a single observer in terms of gross appearance of
the ulcer till it covered more than 85% of the wound surface area.
All the wounds were covered by healthy granulation tissue post-
SNPWD. The size of the wound pre-SNPWD ranged from 16
cm”to 138 cm?, the mean size being 73.5 cm®. Post-SNPWD size
of wound ranged from 13 cm? to 110 cm?, the mean reduction
being 20 cm® (27.2 % decrease in wound surface area), as shown
in Table 1 and Fig. 1.

In our study, the mean duration of SNPWD application was 16.5
days, i.e., the time taken for the wound to be ready for surgical
closure.

The total number of SNPWD dressings applied per subject
ranged between 3 and 9, depending on the size of the wound.
The mean number of dressings applied per-subject was 5.3.

Asshownin Table 2, the amount of exudates collected after every
dressing was measured in the canister of the suction machine.
After the first dressing, the amount of exudates ranged between
10 and 4S5 mL, the mean amount being 25.4 mL. After the last
dressing, the mean amount of exudates collected was 10.5 mL,
whichis 58% decrease in the amount of exudates post-SNPWD.

The swab for bacterial culture taken before applying the first
SNPWD was positive for Staphylococcus aureus in 6 cases

Table 4: Distribution of the final procedure of
study subjects.

None 3 12.5
Flap coverage 2 8.33
SSG 19 79.17
Total 24 100
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(25%), which was found to be the commonest pathogen,
followed by Pseudomonas in 4 cases (17%). Nine cases
(37.5%) had a sterile report before the first dressing itself. Post-
SNPWD, almost all the patients had a sterile culture sensitivity
report (Table 3and Fig.2).

After the final dressing, 3 patients (12.5%) recovered
completely and did not require any surgical procedure. In the
rest 21 patients, healing by tertiary intention was carried out.
Nineteen patients (79.2%) were subjected to SSG (split skin
grafting), while 2 patients (8.3%) received flap coverage (Table
4).

Discussion

NPWT was first described by Chariker et al. [9], in 1989 as an
experimental technique for treating incisional and
subcutaneous fistulas. Fleischmann etal. [ 10],in 1993, initiated
the use of polyurethane sponge for NPWT. Till date, most of the
commercial NPWT options continue to deploy this open-pore
polyurethane foam over the wound surface. Argenta et al. [6],
used NPWT in his basic animal studies to increase the rate of
wound healing. He concluded that blood flow over the wound
surface became 4 times when 125 mm Hg sub-atmospheric
pressure was applied and tissue bacterial counts also
significantly decreased after 4 days of NPWT application.

The negative pressure over the wound surface in early studies
was achieved by a wall suction or surgical vacuum bottles.
However, both these techniques were primitive and had alot of
problems in terms of delivery, control, and maintenance of the
required negative pressure over the wound surface, as described
byBanwelletal [11].

A study was conducted by Moues et al.,[ 12] in 2005 on the use
of NPWT in the management of acute, traumatic, infected, and
chronic full-thickness wounds. They concluded that although
NPWT had a significantly high material cost but it was
compensated by the fact that it required lesser number of
dressings as well as time for the wounds to be ready for surgical
closure.

NPWT is thought to promote wound healing by four primary
mechanisms [13,14,15,16]:

« Macro-deformation: It is simply induced wound shrinkage
when suctionis applied to the foam, causingit to shrinkin size.

« Micro-deformation: The wound surface deformation at a
microscopic level also stretches the cells, enhancing cell
division and proliferation.

o Fluid removal: By removing extracellular fluid, the
compression forces acting on the microvasculature allow
increased blood flow and perfusion of the tissue.

« Alteration of wound environment: It helps in maintaining a
warm, sterile, and moist environment over the wound surface
by minimizing water evaporation from the wound surface.

All these primary mechanisms lead to the following secondary
effects[17,18,19,20,21].

« Angiogenesis and granulation tissue formation

« Upregulation of neurotransmitters

« Cellularinfiltration

« Modulation of inflammation

« Decreased bacterial bio-burden over the wound surface

Clinical experience usingNPWT VAC

Many studies have established NPWT as a highly efficacious
modality in the management of Gustilo Anderson grade 3B
injuries [22], extensive degloving injuries [23], grafting or
reconstructive surgeries [ 24], and infected sternotomy wounds
[25].

Smith etal, [26] in 1997 suggested to use NPWT as a treatment
of choice to do temporary abdominal closure for open abdomen
management.

The use of NPWT has also been described in the management
of the graft donorsites, such as the radial forearm [27].

NPWT has also been used in conjunction with split-thickness
skin graftsin the management of burns [28].

Numerous studies have described the successful use of NPWT
in the management of chronic and non-healing wounds, such as
below-knee amputation sores, bed sores [29], diabetic foot
[30],andlegulcers.

The use of NPWT in developing countries [31] like India is
limited due to difficulties of terrain, equipment availability, and
the high cost of material. In this study, different components of
NPWT were assembled and integrated to be used asa SNPWD.
The components of SNPWD include a negative pressure
source, an electric timer switch, and dressing materials.

The study is a prospective observational study in which 24
patients of age between 17 years and 80 years were included in
the study, with a mean age being 41.58 + 14.7 years. This was in
accordance with other studies in the literature having younger
affected population conducted by Stannard et al. [33] in 44
patients with a mean age of 41 years and Llanos et al, [34] in 60
patients with a mean age of 34 years.

The study subjects constituted 20 males (83.3%) and 4 females
(16.7%). This male predominance was also seen in studies of
Amarnath et al, [7] and Stannard et al [33] which had 82% and
73% male population, respectively.

The significantly higher male predominance can be attributed
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to the fact that most of the wounds managed by SNPWD were
caused primarily by road traffic accidents, which occurred when
the patients were driving two-wheelers or three-wheelers and in
the Indian population, most of the two-wheeler and three-
wheeler drivers are males.

The most common sites of wounds was right and left knee,
followed by the ankle and lower back. Etiologically, the most
common type of wounds were acute traumatic wounds (46%),
followed by post-operative (29%) and chronic non-healing
wounds (25%). The study of Atay et al. [35] also had acute
traumatic wounds as the most common type (66%).

The decrease in mean wound surface area after SNPWD
application in our study was 27.2% (the mean pre-SNPWD
wound surface area being 73.5 cm?), which was statistically
significant (P < 0.001). This reduction in wound surface area
was comparable to studies done by Atay et al. [35] and Jones et
al. [36] who achieved amean reduction in wound surface area of
28.8% and 29% for pre-VAC wound size of 94.7 cm* and 95.65
cm’respectively, using commercially available NPWT options.

SNPWD was applied till the time the wound was ready for
definitive closure, that is, bright red granulation tissue covered
more than 85% of the wound surface area. All the cases
developed healthy granulation tissue in some time. The mean
duration of SNPWD application, that is, the time taken for
development of healthy granulation tissue, ranged from 8 to 27
days, the mean duration being 16.5 days. The mean number of
dressings applied per patient was 5.3.

Similar results were obtained in a study of Kilic et al., [37] who
achieved 30% reduction in mean wound size after applying VAC
to 17 patients for average 16 days. Demir et al, [38] also
demonstrated that mean duration of wound healing was 12.4
days and mean reduction in wound surface area after applying
VAC to 50 caseswas 23%.

The mean amount of exudates collected in the canister
decreased by 58% (from 25.4 mL pre-SNPWD to 10.5 ml post-
SNPWD). The decrease in the amount of discharge was also
reported inastudy of Alietal. [39],in which there was complete
cessation of amount of discharge in 60% patients after week 2
andreached to 96% till week 7.

The post-SNWPD culture report of wounds was sterile in 96%
of cases, as compared to only 37.5% sterile culture reports
before applying SNPWD. The most common organism
cultured from wounds before SNPWD application was
Staphylococcus aureus (25%), followed by Pseudomonas
(16.67%). However, the increase in the number of sterile
culture reports may also be due to the fact that wound
debridement was being done after every dressing change and
most of the patients were being given intravenous antibiotics

during the course of SNPWD.

In our study, 12.5% of the wounds closed by secondary healing
itself and did not require any other surgery for healing, while
87.5% of wounds healed by tertiary healing and required either
SSG or flap surgery for closure. This is comparable to the study
of Atay et al. [35], in which 18.75% of wounds closed by
secondary healing.

The cost of the suction machine and timer switch used to
provide intermittent suction was X4,000 and 1,400,
respectively. The per dressing cost of SNPWD was 600. In
comparison, the cost per dressing of VAC is 7,000 while the
machine costs approximately 2.5 lakh. Thus, not only
SNPWD per dressing cost is 10 times lesser as compared to
VAC dressing, but the markedlylower cost of equipment makes
it a potential alternative to VAC dressing in low-resource
settings.

The adverse effects of SNPWD were minor and rare. These
included:

Pain at the dressing site, especially while removing the dressing
was observed in some patients.

Skin maceration was seen in 2 patients, who were subjected to a
prolonged duration of SNPWDs.

Fever, documented at 101°F, occurred in 1 patient after the
application of SNPWD. However, there were only 2 episodes
that gotrelieved after giving a suitable dose of antipyretic.

Furthermore, a potential disadvantage of using SNPWD over
VAC was that the lack of an automated pressure-sensing system
made it difficult to address the minor air leaks. This resulted in
more frequent dressing changes in some patients.

The limitations of our study were:
Small sample size

Itwasnota comparative study

Conclusion

The findings of our study demonstrate that the indigenously
developed SNPWD is a clinically effective and economically
viable alternative to commercially available NPWT systems.
SNPWD showed comparable outcomes in terms of granulation
tissue formation, wound surface area reduction, duration of
healing, and exudate management — key parameters in
evaluating wound healing efficacy.

In addition to its therapeutic effectiveness, SNPWD offers
significant advantages in terms of affordability, ease of use, and
patient compliance. It’s low cost — approximately 10 times less
than that of standard VAC systems — makes it especially suitable
for use in resource-limited settings. Moreover, its portability
and simple mechanism allow for potential outpatient or even
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home-based care, thereby reducing hospital admissions and
easing the burden on already strained healthcare facilities.

Given these benefits, SNPWD presents a safe, cost-effective,
and non-inferior alternative for managing complex wounds,
particularly in low- and middle-income countries. Its use
allows the decision to initiate NPWT to be guided primarily by
clinical need rather than cost constraints.

Clinical Message

An indigenous;y developed simplified negative pressure wound
dressing (SNPWD) provides a practical, safe and cost effective
alternative to commercial NPWT systems. It promotes rapid
granulation tissue formation, reduces wound size, decreases exudate
burden and improves wound sterility with fewer dressing changes.
SNPWD can be easily adopted in routine clinical practice,
particularly in resource constrained settings, to achieve outcomes
comparable to standard NPWT while significantly reducing
treatment costs.
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