Original Article

Journal of Trauma & Orthopaedic Surgery 2016; July - Sep; 11(3):30-34

To Study the Effects of Negative Pressure Wound Therapy on Wound
Healing and Infection in Heterogenous Group of Wounds
Madhura S Kulkarni , Shekhar P Malve , Govind S Kulkarni , Sunil G Kulkarni ,
Ameya M Sawarkar , Ruta M Kulkarni
Abstract
Background: This research work focuses on the varied uses of negative pressure wound therapy (NPWT) and its advantages
in wound healing and control of Infection in different types of wounds.
Materials and Methods: This is an observational case series of 47 patients and 49 wounds carried out from May 2013 to May
2015 with various types of Injuries (P value = 0.05). These patients were initially treated as indoor patients and later-on on
follow-up. Out of the 47 patients 39 patients were males and 8 were females. Mean age of patients was 44.6 +/- 12.7 years
ranging from youngest 13 years to oldest patient of 70 years. Of the forty-nine cases, twenty-six cases comprised of compound
fractures and de-gloving injuries, followed by three cases of trophic ulcers and nine cases of amputation stumps of lower limb,
seven cases of post-op wounds under skin tension, one case of fasciotomy wound, one case of osteomyelitis and two cases of
cellulitis.
Results: Out of 49 cases 2 patients did not benefit from the negative pressure wound therapy (NPWT) and required
amputation of the limb due to uncontrolled diabetes and other due to infection. The rest of the patients tolerated the procedure
well with early further management and salvage of limb (P value = 0.05). The average hospital stay of these patients varied
from 7 to 65 days with a mean of 15.5+_ 11.8 days. Nearly half of the population had pre-NPWT infection which reduced to 20%
post NPWT. It was observed that the number of days in NPWT differed for the type of wound. 15 patients had 30% reduction in
wound size as compared to original wound. In case of amputation stumps more than 50% (5/9) patients had more than 75%
reduction in stump swelling.
Conclusion: NPWT can be used to treat variety of wounds with faster healing, early patient mobility, and good patient
compliance. It also results in better acceptance of plastic surgery procedures like grafting and flaps.

Introduction
Negative pressure wound therapy (NPWT) has become
popular during the last decade for the management of various
kinds of wounds from compound trauma to chronic ulcers
to incision sites (2, 3). Historically the wounds which were
life threatening have now been dealt quite easily with the use
of this technique popularized by Morykwas et all(4).
Negative pressure wound therapy (NPWT) (GSK-VAC
prasaditi), prepares the wound for soft tissue reconstructive
procedures, prevents infection of the underlying structures
and allows early fixation and mobilization of fractures.It
works by macro-strain and micro-strain (Ilizarov) effect
taking place at a cellular level. The interstitial fluid containing
inhibitory factors is actively drained, so is the debris.
Thus Orgill et all (5) have suggested that NPWT can be
primarily used for wound contraction, stabilization of
the wound, reducing edema and removing wound
exudates. In our study we have deduced that due to the
concept and working of NPWT the patient has an early
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recovery, less chances of infection, and reduced hospital
stay.
Aim
The growing number of trauma cases due to road traffic
accidents and farm injuries requires provision for a soft
tissue cover as soon as possible without giving a chance
for infection. It is however not possible to achieve this
due to several factors like severe contamination of the
wound and medical co-morbidities delaying the surgeon
from operating the patient. Delayed presentation of
wounds also results in higher risk of infection. The aim
of our study was to evaluate the use of NPWT on a
mixed group of wounds in conjunction with
debridement and asepsis for the quality of granulation
tissue, hospital stay and the wound size.

Objectives
1. To assess the wounds based on the granulation tissue.
2. To observe the role of NPWT in elimination or
prevention of infection.
3. To observe the duration of treatment requiring
hospital stay.
Materials And Methods
This observational case series study includes 47 patients
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Figure 1: NPWT machine (GSK VAC Prasaditi)
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Figure 2: open tibia fracture pre surgery and post grafting procedure following NPWT

and 49 wounds out of which 39 were males and 8
females. They were treated in our hospital from May
2013 to May 2015. 19 (38.7%) cases were of compound
tibia fractures grade 3a and 3b. 7 (14.2%) patients had
only de-gloving injuries, 3 (6.1%) patients were with
trophic ulcers on the foot. 9 (18.3%) patients were
selected whose amputation stumps were having serosanginous discharge with swelling and gape of 1 cm or
more. 7 (14.2%) patients had incisions on operated
distal femur plating, proximal tibia and operated
acetabular fractures with skin tension unable to close
primarily (6). 1 (2%) case of operated femur
osteomyelitis was selected due to constant postoperative wound discharge. 2 (4%) cases of cellulitis
which were debrided were also treated with NPWT
prior to grafting procedures. 1 (2%) case of lower limb
fasciotomy was also considered.
Inclusion Criteria (6)-Compound trauma grade 2, 3a, 3b (7)
-Diabetic ulcers (8, 9)
-Fasciotomy wounds (10, 11)
-Cellulitis
-De-gloving injuries
-Operated patients with post-op wound in skin
tension
-Patients ready for the procedure
Exclusion Criteria
-Infants
-Patients on anticoagulant therapy,
-Abscess
-Wound with directly exposed nerves or vessels
-Untreated osteomyelitis.
Patients were selected according to the inclusion
criteria.
The NPWT (GSK VAC-prasaditi) machine consists of
a suction machine with an airtight canister connected
to the dressing by connecting tubes (fig 1). The NPWT
dressings consists of placing a sterile polyurethane ether
foam of 400-600 nm pore size cut in perfect shape of
the wound, on the wound. A sterile adhesive iodine
drape (IOBAN) covers the sponge on the dressing with
at least 5-7 cm of the normal skin (12). This sterile
dressing is then stabbed in the center and a suction

nipple is applied on it. The extra pieces of drape
(IOBAN) are used to cover any gaps that may have
been left out to make the dressing airtight. The
negative pressure exerted by the machine is -125 mm
to -200 mm of Hg. This pressure can be increased or
reduced as per the state of the wound and age of the
patient. The pressure is kept in the intermittent mode
with a
timer that keeps the machine on for 5
minutes and off for 2 minutes, thus in a 7 minute
cycle (13). The dressing is changed at 48-72 hrs
depending on the type of wound and reapplied if
needed, judging the granulation status and swelling.
All patients were treated with a pressure of -125 mm
Hg (14).
All the patients having compound trauma were
debrided immediately with
temporary external
fixator application after all necessary blood and X-ray
investigations, under all aseptic conditions and NPWT
dressing was applied. NPWT can also be applied after
the bleeding from the wound reduces thus reducing
the cost of repeated NPWT dressings (15). The wound
was again
examined for granulation, skin
maceration, bleeding, infection, necrosis after 48 hours
and, if needed the dressing was reapplied.
The wound was classified as per the following criteria
(16)A- Abundant granulation tissue, adequate for closure.
B- Granulation present but inadequate for closure.
C- No granulation tissue , no gross purulence.
D- Gross purulence , infected wound, no granulation.
The granulation tissue was also judged each time after
dressing removal.
Patients with signs suggestive of
infection were debrided to remove any possible source
of infection and then this occlusive dressing was
applied.
The wound is suitable for reconstructive procedures
when in grade a or b. Skin grafting or flap was done
with fixation done as and when suitable. Thus the
patients needed 2-3 surgeries and in-patient admission
of an average of 2 weeks (16).
In cases of de-gloving injuries the same protocol of
investigations, immediate thorough debridement,
followed by NPWT application was done.
Patients with trophic ulcers were treated after ensuring
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Figure 3: post NPWT picture of diabetic wound on
foot and after well healed skin graft

Figure 4: Pre and post Op wound picture after NPWT and subsequent flap.

fitness for surgery. Color Doppler was done prior to
salvage procedure. After thorough debridement of the
wound NPWT was applied and changed strictly after
48 hours to prevent any infection. This was
accompanied with intravenous 3rd generation
cephalosporin and strict control of blood sugar level.
In the cases of amputations, the stumps were not sutured
due to tension in the skin and subcutaneous tissue
edema. One or two stay sutures were applied. NPWT
was applied if the gape was >1 cm with subcutaneous
edema and serous discharge. After 2-4 days the machine
was removed and secondary suturing was done with no
tension and no need for revision amputation (16).
The patients treated with NPWT for post surgical incisions
under tension for e.g. Proximal tibia, distal femur, operated
fracture of the acetabulum responded well when secondary
suturing was done after 3 days of NPWT. NPWT was
applied to patients if they had Intra-operative gape of >1.5
cm and post op soakage in dressing with expulsion of
blood clots with pain on post op day 2 or 3 (17). All the
wounds were assessed for their wound size post
debridement and after removal of NPWT. Patients were
discharged once the wound had accepted the graft or
flap and sutures or staples were removed. In case of
incision and amputations patients were discharged after
skin was closed by suturing.
All patients were followed up after every 3 weeks for 2
months after discharge then monthly for 6 months.
Case Studies
Case 1:A 55 year old female was brought to the
emergency room with compound grade 3 b fracture
tibia. She was taken for immediate debridement and
NPWT was applied with a temporary external fixate.
Her wound size reduced by 30% .She was later on
treated by a split thickness skin graft and fracture
fixation was done which recovered fully. (Fig2.)
Case 2: A 45 year old female came to us with a non
healing ulcer on the heel. After investigating this
trophic ulcer Doppler study was carried out and limb
salvage decided. After debridement NPWT was applied.
3rd generation cephalosporin and repeated
debridements with NPWT and grafting resulted in a
32
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successful salvage . Her wound size reduced by 30%
and type D wound was converted to type B and then
skin graft done. (Fig 3)
Case 3:A 65 year old male was brought to the
emergency department with crush injury to the right
foot. His wound reduced 45% with wound type C
converted to A. He was successfully treated with
NPWT and flap. (Fig4)
Case 4: A 58 year old man was in septicemia post a
below knee amputation. After
surgical fitness and
revision amputation NPWT was kept for 3 days then
removed to find that the wound size had decreased to
50% with minimal
sero-sanguinous discharge. Thus
the wound was closed by suturing with no tension in
the skin. ( Fig 5)
Results
The study consisted of 49 cases which ranged between
the age group 13 years - 70 years. The average age of
the study population was 44.6 ± 12.7 years.
Total hospital stay for these patients varied between 7
days - 65 days with average 15.5 ± 11.8 days. The
hospital stay was more in case of post traumatic
wound as compared to amputation stumps and non
healing ulcers. Nearly half of the population (25/49 )
had pre-NPWT infection, which reduced to 20% post
NPWT. (P value = 0.05)
It was noted that while only one patient had 0%
reduction in the wound size, two of them on the otherhand had 100% reduction of the wound . It was observed
that average hospital stay increased with number of
days in NPWT dressing. Percent reduction in size of
wound was maximum when number of days in NPWT
was 2 days. It decreased gradually thereafter. Fig 6
There were nine cases of amputation stumps.
Reduction in swelling in these patients ranged from 50100% with more than 50% (5/9) patients having 75%
reduction in swelling and two of them having 100%
reduction in swelling and gape.
It was also noted that the treatment of type C wounds
(no granulation but no gross purulence) had better
outcome than that of type D (gross purulence) in
respect to swelling, granulation tissue formation and
hospital stay.
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Finally it is observed that different types of wounds
require NPWT application for different time periods
and wound assessment too differs .(fig 7)
Complications: Twelve patients (24.4%) experienced pain
while removing the dressing. Six patients (12.2%) had
maceration of the surrounding skin . It was dealt with by
doing a dry dressing for next 2-3 days before
reapplying NPWT. Four (8.16%) patients experienced
bleeding after removal of dressing attributed to the
granulation tissue. It did not need any special
consideration as it stopped after dry dressing. Six patients
(12.2%) had persistence of infection after NPWT dressing.
These patients were debrided before re-applying NPWT.
DiscussionSince the concepts of NPWT was popularized by
Morykwas et all. many research articles were published
throwing light on its uses , advantages, disadvantages
and mode of action (4).
The basic principle of NPWT is based on the macrostrain theory and micro-strain theory. The macrostrain states that the visible stretch that occurs on
the sponge after application of negative pressure
causes the edges to contract and the subatmospheric pressure is equally distributed over the
entire area. This suction force removes all the
exudates and interstitial fluid responsible for
inflammation. This reduces the pressure on the
micro-vessels , improving the microcirculation. The
wound size too gradually reduces .(18)
The Ilizarov or micro-strain theory focuses on the
stimulatory effect of negative pressure on cellular
mitogenesis, angiogenesis etc. Hence slow distraction
at cellular level causes tissue regeneration (19).
In our practice, the use of vacuum assisted closure
has proven to have greater benefit in terms of
compliance of patients with better wound healing (20).
Moues et all published a study proving wound surface
area reduction but not bacterial load reduction. We
have been able to prove the reduction of wound
surface area reduction of >70% in 30% population
and control of infection of 20% . Many documents have
been able to prove that NPWT can be used for
infected wounds . (21)
Various pressures can be applied to the wound from 50 to -200 mm Hg. We have applied a pressure of -125
mm Hg to all wounds intermittently. Intermittent
pressure has a better result and effect than continuous
use of sub-atmospheric pressure as stated by Morkywas
et all (13). The granulation increases by 103% when
treated with intermittent suction. Thus the need o f
tissue perfusion and oxygenation which are crucial for
wound healing is satisfied by NPWT.
These dressings being done once in 3-4 days decrease
the load on the nursing staff as also reduces the cost
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required for wet to dry dressing done postoperatively
as well as preoperatively. NPWT provides a cleaner
and closed environment for the wound hence
decreasing the chance of postoperative infection (16).
A recent study has reported deep tissue infection rate
after open reduction and fixation o f tibial, pilon,
calcaneal fractures (22, 23). Timmers et all have
published data that suggesting that NPWT increases
perfusion to the skin when applied to an intact soft
tissue envelope (24-26). Many high risk post operative
wound and incisions have benefited from the use of
this dressing, one theory suggests that the semi rigid
sponge dressing gives an added mechanical stability to
the incision (27-30). According to one study by
University of MMissouri, Columbia incisional NPWT
should not be used in all incision but should be
selected carefully for good results as wounds at
different sites have different healing potential (31).
There are certain disadvantages NPWT such as
maceration of the skin surrounding the dressing which
can be prevented by cutting a slimmer piece of the sponge.

Figure 5: post NPWT amputation stump with 100% reduction in wound
gape and discharge. follow up after 1 month

Many patients also experienced pain while removing
the dressing as it is adhesive in nature. This can be
reduced by applying local anesthetic jelly on the
sponge covering the tissue (32). As a rule NPWT
should not be a substitute for debridement, on the
other hand it compliments debridement by making it
better for the patient in terms of wound healing.
Certain studies have failed to demonstrate that NPWT
may decrease the time necessary for achieving the
wound ready for closure but according to our study
the time required for the wound to become healthy
depends on the type of the wound and the associated
infection.
The study had a few limitations with respect to
patient follow up and not being a comparative study.
Thus we could suggest that a prospective randomized
study can be undertaken to see the difference in the
granulation tissue in wounds treated with vacuum
assisted closure as compared to those treated with wet
to dry dressing in the hospital. Also various new types
of NPWT should be researched on.
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Conclusion
We have thus treated 47 patients successfully with
NPWT delivered by the VAC machine with some
manageable side-effects. This method of adhesive
suction dressing can be used for multiple purposes

ranging from compound trauma to chronic ulcers to
incision sites with a few complications. It has also
helped in reducing infection, swelling of wounds and
in-turn resulting in shorter hospital stay.
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