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INTRODUCTION

One of the most common causes for admission in surgical ward is non

healing ulcer. In which diabetes is the most common etiology. In most of the

cases, hospital stay of many weeks is required for management of the above. In

many cases they ultimately go for amputation. Acute and chronic wounds

affect at least 1% of the population. Regardless of etiology, wounds are

difficult to treat if coexisting factors (eg. infection or diabetes mellitus) prevent

regular wound healing .

Wounds represent a significant risk factor for hospitalization,

amputation, sepsis, and even death, and from the patient’s perspective, wound

therapy is often un-comfortable and painful. In all sense patients turns to be a

burden for society and family

Vacuum assisted closure is a universally accepted method for dressing.

It has proved its efficacy for wound dressing. Faster wound healing, shorter

hospital stay.

Still in our hospital, majority of dressings are conventional. My aim is to

show the advantage of V.A.C over conventional dressing in our hospital
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AIM OF STUDY

 To study the advantage of vacuum assisted closure over conventional

dressings in the management of non-healing ulcer

 To study the difference in rate of amputation, hospital stays.

 To study whether pus c/s turns negative after V.A.C



3

REVIEW OF LITERATURE

Negative pressure wound therapy (NPWT), developed at Wake Forest

University (Winston-Salem, North Carolina) in the early 1990s, consists of an

open-cell foam dressing covered with an adhesive drape. The dressing is

connected to a vacuum pump that creates and maintains a sub atmospheric

pressure (intermittent or continuous).

Several thousand NPWT applications are performed each day

worldwide, mostly in the United States. The most commonly used NPWT

device is the vacuum-assisted closure device (Kinetic Concepts Inc [KCI], San

Antonio, Texas). From 2003 to 2004, revenue for vacuum-assisted closure

increased by 45% to $700 million. Clinical knowledge about the management

of difficult-to-treat wounds is still limited owing to the lack of high-quality

evidence.

The initial device consisted of a foam piece, embedded plastic tubing

and a suction machine. The foam was placed over the wound and the wound

was covered with an adherent, occlusive dressing; thus converting the open

wound to a controlled closed wound whereby vacuum was created through the

plastic tubing by a suction machine and the whole system was developed into

what is now established as vacuum-assisted closure (VAC).

The purpose of this type of wound management is to decrease wound

healing time and to facilitate wound care in situations that otherwise might be
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considered difficult or non-healing. It has become a favored method for wound

management because of its simple nature and ability to manage complex

wounds with high efficacy. In addition, numerous other applications have been

reported, ranging from treatment of wounds with exposed bone, tendon, or

hardware, to management of acute burns, or even as an adjunct to skin grafting

and artificial dermis grafting.

HISTORY

Thousands of years ago, the Chinese were applying cups containing

heated air to wounds so that, when the air inside them cooled, there would be a

slight reduction in pressure.

NPWT was first used successfully in the early 1950s to manage

exudates and accelerate wound healing (Raffel, 1952; Silvis et al, 1955).

Kostiuchenok et al (1986) investigated the role of negative pressure in

surgical wounds that required debridement.

Chariker et al (1989) which described a simple but unique technique in

which a drain tube wrapped in gauze was used to assist in the treatment of

wounds complicated by draining entero-cutaneous fistulae.

Historically cleanliness of the wound (Pare1545) and removal of pus

(Lister 1867)1 have represented advances in the techniques of wound

management and treatment. More recent important advances in wound care

have occurred as a result of expansion in the knowledge of the healing process

at the molecular level. This has resulted in the development of wound care



5

methods that have greatly improved the ability of wounds to heal with fewer

complications. A structured approach to wound care has developed through

research and pragmatic experience. This has resulted in the development of

wound care algorithms and the creation of a reconstructive ladder in surgical

practice.

The concept of using negative pressure to create a suction force enabling

the drainage of surgical wounds to promote wound healing is well known. If

excess fluid is not adequately removed from a wound after surgery, its

components may serve as both physical and chemical deterrents to wound

healing. In addition, the basic concept of mechanical forces influencing the

shape and growth of tissues is well reported. A buried drain can have little

mechanical effect on surrounding tissue. Thus, the development of the

application of suction topically across the surface of the wound to provide a

solution capable of removing excess fluid and exerting a mechanical effect on

the wound has been a novel concept. The technique of TNP therapy has been

shown in practice to remove excess interstitial fluid and transmit a mechanical

force to the surrounding tissues producing deformation of the extracellular

matrix and promoting a reduction in wound size.

Evangelista Torricelli is credited with introducing the first man-made

vacuum when he turned over a column of mercury in a glass tube yielding the

world’s first barometer (and ultimately lending his name to a common unit of
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air pressure). Since that time, numerous uses for this intriguing physical state

have been discovered.

The application of negative pressure to promote wound healing first

was described in the Russian medical literature for patients with infected breast

wounds. These original reports described the topical application of a suction-

cup–type apparatus to the wound surface to create negative pressures of 80 mm

Hg [1,2]. Subsequent reports have described the successful management of

enterocutaneous fistulae and open abdominal wounds using flat drains

delivering negative pressure under compliant plastic films. [3–5] In these early

reports surgical gauze was used to create an interface between the wound

surface and the vacuum source.

In western medicine, the first use of a vacuum was in suction bells

popularized in the nineteenth century by Junod [1].

The concept of applying sub atmospheric pressure to a wound bed was

proposed more recently in 1993 by Fleischmann and colleagues [2], who

described a technique of porous polyvinyl alcohol foam wrapped around

suction drains, which were introduced into a wound sealed with a polyurethane

drape and attached to a suction apparatus at 600 mm Hg. Fleischmann et al

(1993) carried out one of the first investigative studies into NPWT using foam

as a wound contact layer.  This description in German presented 15 patients

who had open fractures that were treated in this manner. No infections were
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noted in this group, and an apparent increase in granulation tissue formation

was described.

In 1997, Drs. Louis Argenta and Michael Morykwas [3] presented their

experience using the vacuum-assisted wound closure device (VAC); (KCI,San

Antonio, Texas). They presented their 9-year experience with 175 chronic

wounds, 94 sub acute wounds, and 31 acute wounds. In a simultaneous second

paper, they presented their animal laboratory experience over the same 9-year

period [4].

In these landmark studies, wounds had enhanced granulation tissue and

all were treated successfully to closure of the wound. The investigators noted

that the wound care system effectively managed difficult wounds with ease

and postulated that the technique improved local blood flow, removed chronic

edema, and reduced bacteria counts in the wound bed.

STANDARD TREATMENTS

Standard treatment for established wounds incorporates common

principles that apply to the management of all wound types. These include

removal of necrotic tissue through debridement (achieved through sharp

debridement using forceps and scissors, autolytic debridement by endogenous

enzymes present in the wound, or application of exogenous enzymes in

commercially available wound care products) and moisture balance through

the selection of the proper wound dressing.(28) For most chronic and acute
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wounds, saline-moistened cotton gauze (wet-to-moist) has been the standard

treatment

Therefore, wet-to-moist gauze dressings require close maintenance and

added nursing time. The removal of a wet-to-moist dressing that has been

allowed to dry may reinjure the wound by removing granulation tissue and

lead to delayed wound healing. The removal of dried gauze dressings also

causes considerable pain, impedes healing, and increases the risk of infection.

While gauze dressings are much less expensive per dressing than

modern synthetic dressings, the increase in labour costs and ancillary supplies

such as gloves and bio-hazardous waste disposal increase the total cost of

care.(43)

WHAT IS TOPICAL NEGATIVE PRESSURE THERAPY?

NPWT is a technique for managing an open wound by exposing the

wound to either continuous or intermittent sub-atmospheric pressure

(Morykwas and Argenta 1997).  Negative pressure is achieved by transferring

gas molecules away from the wound using a suction pump.

There are now currently two forms of NPWT systems in use in wound

management,  with the main difference between them  being in the type of

dressing used to fill the  wound. The foam-based technique, originally

developed by Argenta and Morykwas (1997), uses a sealed polyurethane foam

dressing attached by a tube to a vacuum pump, while  the more recently
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developed NPWT systems  utilize flexible drains and gauze and are based  on

the Chariker-Jeter technique.

FOAM-BASED TECHNIQUE

Foam dressing system (V.A.C).   The foam is cut to the wound

shape and the wound is gently filled with the foam.  The wound may be lined

before the foam is applied.  Granu-Foam is a black polyurethane foam which

is available on Drug Tariff (ordering details Appendix C). Vers -Foam is white

polyvinyl alcohol foam used when there is a greater risk of adhesion of the

foam to the wound.  Vers-Foam is not available on Drug Tariff.  If a patient is

discharged using Vers-Foam it is usually provided by secondary care.  The

foam is secured in the wound and sealed using an adhesive film drape and a

T.R.A.C. Pad TM is used to link the dressing to the console that applies the

suction therapy.  V.A.C systems are usually commenced in secondary care and

the patient is discharged with the suction console but the disposables (Gran-

Foam dressing and canisters) need to be prescribed.

CHARIKER-JETER TECHNIQUE

Moistened gauze is used to gently fill the wound.  The wound may be

lined before application of the gauze.  A silicone drain is inserted, secured and

sealed using an adhesive film drape. The silicone drain is attached to the

suction console.
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Vers-Foam (white foam) dressing – is dense foam with a higher tensile

strength.  It is pre-moistened with sterile water.  It possesses non-adherent

properties and generally does not require the use of a non-adherent layer for

grafts in wounds or in wounds with excessive pain or rapid growth of

granulation tissue.   It is generally recommended for where the growth of

granulation tissue into the foam needs to be more controlled or the black foam

is not tolerated due to pain. Due to the density of the foam higher levels of

negative pressure must be utilized at a minimum level of 125mmHg.

Polyurethane (PU) or poly-vinyl-alcohol (PVA) foam is cut to fit the

wound cavity exactly. PU foam is black and easily deformable whereas PVA

(white) foam is stiffer and requires higher pressures. Choice of foam is

clinician dependent, although PU (black foam) is used more commonly in the

UK. The foam is covered with an adhesive drape into which a small hole is cut

and a TRAC (therapeutic regulated accurate care) pad applied over the hole.

The adhesive dressing creates a sealed environment for moist healing and the

TRAC pad is connected to the negative pressure generator (VAC machine)—a

source for suction and drainage. Pressures achieved at the TRAC pad-foam

interface are monitored by the VAC machine.

Once in position the TNP dressing provides a stable environment over

the wound surface. This enables the wound to heal even in the mobile patient

without shear stresses affecting the wound, which could damage the fragile
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newly formed tissue. It is proposed that TNP may increase patient comfort

levels through removal of traditional bulky gauze dressings that can become

soaked through and smell offensive. As the dressings are changed at 48 hourly

intervals and the patients can be mobilized nursing input is also reduced.

Most clinicians use TNP therapy at a sub-atmospheric pressure of 125

mm Hg using PU (black) foam—that is, 125 mm Hg below atmospheric

pressure. Evidence for this being the optimum pressure is limited. Morykwas

showed using laser Doppler needle flow probes in the acute wound swine

model that local tissue perfusion increased with increasing pressures up to 125

mm Hg. Although, further increases in pressure led to a decrease in local tissue

perfusion giving a bell shaped distribution Morykwas and Argenta also showed

a drop off in tissue perfusion after a period of five to seven minutes of

continuous treatment.

Subsequent studies undertaken to compare rates of granulation tissue

formation in the healing wound under different pressure cycles of TNP therapy

showed a faster rate of granulation tissue formation after intermittent treatment

(five minutes on, two minutes off) in comparison with continuous treatment.

These results however have only been shown so far in acute animal wounds

and as yet have not been shown in human wounds. Nevertheless in practice

many patients find the intermittent regimen difficult to tolerate because of

discomfort during the changes in pressure and thus the continuous profile is

more commonly used in the UK at this time.
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TNP dressings should be changed every 48–56 hours except in

exceptional circumstances (for example, over a skin graft). The manufacturers

(KCI Limited, Ferndown, UK) recommend that dressings are also changed

more frequently in the presence of (aerobic) infection. If dressings are

routinely left for longer periods of time (56 hours) this can lead to increased

discomfort at the time of dressing changes because of in growth of granulation

tissue into the foam. Anecdotally the granulation tissue is also clinically found

to be less healthy the longer the dressing is left in situ although there is no

published literature on this.

However, a number of studies were reviewed by the Cochrane report

who felt that with the current literature it is still not possible to determine the

optimum TNP regimen.

PROTOCOLS FOR USE

Protocols for use of TNP therapy need to be tailored to the specific

objectives for treatment for an individual patient. Thus if the purpose of the

treatment is to fill a cavity wound with granulation tissue then regular dressing

changes at two day intervals are undertaken until the cavity is reduced.

However, if TNP is being used to hold a skin graft in place then the dressing is

left in situ for five days at a lower pressure (75 mm Hg sub atmospheric

pressure).

TNP therapy may be used to help move the reconstructive requirements

of the wound down the reconstructive ladder. This can result in a number of



13

potential benefits for the patient and the treatment regimen. As an example a

wound that would require a flap reconstruction may be reduced in size and a

healthy wound bed produced that would enable application of a skin graft, a

simple procedure instead of a more challenging flap reconstruction.

The manufacturers recommend that TNP dressings are routinely

changed at 48 hourly intervals. If the foam dressing is adherent to the wound

bed at dressing changes saline can be applied to the foam to moisten the points

of adhesion, or alternatively lidocaine. In between dressing changes treatment

should be active for more than 22 hours each day.

Dressings should also be removed if TNP therapy is terminated as the

foam and adhesive layer are not designed for exudate absorption. This would

result in a macerated and engorged wound. TNP therapy is thought to be most

effective at pressures of 125 mm Hg. However, this has not been confirmed in

clinical studies to date. Treatment should be terminated once the wounds

objectives have been reached or if infection or a lack of progress is noted.

TECHNICAL ASPECT

The two most commonly used  dressings are foam and moistened cotton

gauze.

Vacuum Assisted Closure  (V.A.C.®), Kinetic Concepts, Inc. (KCI)

uses open-celled reticulated foam dressing to evenly  distribute the negative

pressure across the wound bed. The foam is covered with a transparent film

that prevents bacteria from reaching the wound and also seals the wounds to
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maintain the vacuum. Foams containing silver or other antibiotics are available

from some manufacturers.

Other NPWT systems may use moistened gauze instead of foam.

Nonadherent gauze is placed next to the wound bed and then the

moistened gauze is used to fill the wound. Antimicrobial gauze may also be

used. Once applied, the gauze is also covered by a transparent adhesive film

dressing. It is recommend initially changing the dressing at 48 hours then two

to three times per week as indicated.

Once the dressing is applied, an evacuation tube runs from the wound

through the dressing, drawing excess exudates away from the wound and into a

canister attached at the other end. The canister is attached to a vacuum pump

that provides either continuous or intermittent negative pressure, adjusted for

the type of wound. Pressure is applied in the range of -5 to -125 mmHg

(adjustable to higher pressures, depending on the particular device used).(41)

PRESSURE WOUND THERAPY SYSTEMS

NPWT systems include a vacuum pump, drainage tubing, and a dressing

set. The pump may be stationary or portable, rely on AC or battery power,

allows for regulation of the suction strength, has alarms to indicate loss of

suction, and has a replaceable collection canister. The dressing sets may

contain either foam or gauze dressing to be placed in the wound and an

adhesive film drape for sealing the wound. The drainage tubes come in a
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variety of configurations depending on the dressings used or wound being

treated.

Redon bottles (high-vacuum drainage bottles) were one of the early

vacuum sources used for wound drainage and vacuum therapy.(32) Initially the

suction strength is approximately  900 mmHg but declines as the canister is

filled. The Redon set comes with a bottle and drainage tubing but no dressing

set.

MECHANISM OF ACTION

 Increased local blood flow via enhancement of capillary blood flow [56]

 Increased angiogenesis with profuse granulation formation

 Increased number of active fibroblasts and macrophages

 Enhanced epithelial cell migration

 Decreased bioburden, bacterial toxins, and subsequent cessation/delay of

healing and decreased tensile strength of the wound

 Decreased harmful, chronic wound fluid and by products and subsequent

senescent cells and tissue damage

 Decompressed excess interstitial fluid with subsequent decreased

periwound induration, inelasticity, and microvascular occlusion
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 Reduced number of dressing changes and subsequent decreased damage

to delicate new tissue, pain, desiccation and exposure to nosocomial

infection

 Provision of a moist, normothermic wound environment that allows

more efficient epithelization, growth factor synthesis and availability

and overall wound healing potential

 Provision of mechanical approximation of wound edges

 Promotion of viscoelastic flow and distraction histogenesis due to tissue

stretch and stimulation of the cytoskeleton with subsequent enhanced

mitosis

 Decreased shear forces to the graft during inosculation via uniform

wound bed immobilization

 Decreased seroma/hematoma of grafts and flaps

 Limitation of zone of injury after acute orthopedic trauma

 Splinting effect (sternal, abdominal).

Blood flow analysis was performed in the initial laboratory publication by

Morykwas and colleagues [4], who reported that using laser Doppler needle

probes, increased blood flow was noted in the subcutaneous tissue adjacent to

wounds created in pigs when the sub atmospheric pressure was applied. In this

study, blood flow increased to a peak that occurred at 125 mm Hg suction (Fig.

1). At greater than 400 mm Hg suction, flow began to decline below baseline.
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Other investigators also demonstrated improved blood flow in different

circumstances, including uninjured forearms and burn injuries, when tissue

was exposed to topical negative pressure [5–7].

The formation of granulation tissue under a negative pressure environment

also has been studied. It was noticed early on that granulation tissue formation

seemed more rapid and robust with NPWT [3]. In Morykwas and colleagues [4]

swine study, they demonstrated this—showing that in comparison with

controls—there was a statistically significant increase in granulation tissue

formation when measured by wound volume. Another study in a rabbit model

also demonstrated increased granulation tissue formation using a lens

micrometer [8].The mechanism for this improvement is undetermined, but it

may be related to changes in wound-healing pathway signals
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Another proposed mechanism of benefit is reduced bacterial bio burden

in the wound. Bacterial clearance was evaluated by punch biopsies in a swine

model that demonstrated decreased organism counts by day 5 of therapy (Fig.

2) [4]. Decreased bacterial counts also have been demonstrated in human

studies [9], although this has not been accepted universally [10].

In theory, by evacuating exudate from the wound surface and keeping

the wound sealed from outside contamination, the bacterial load should be

reduced or at least kept from accumulating into an infection.

Another interesting area of inquiry has been the effect of cell membrane

stress in a healing wound. Laboratory studies demonstrated that shear stress on

cell membranes can induce second messenger pathways that play a role in

wound healing. Chen and colleagues [11] showed that the vascular endothelial

cell growth factor (VEGF) pathway was stimulated, even though VEGF was

not present in the wound fluid. Studies of dermal fibroblasts also have shown

up-regulation of a variety of kinases involved in wound-healing pathways in

response to deformation [12]. This suggests that shear stress may have an

independent effect on wound-healing pathways. It has been postulated that the

negative pressure conveyed through the sponge dressing stimulates this shear

stress event in wounds, leading to activation of these pathways. How these

pathways relate to wound healing rates is unknown, but ultimately may be one

of the critical elements in understanding why NPWT is successful.
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In his book on vacuum therapy, published in 2006, Willy(32) lists five

mechanisms by which the  application of negative pressure to a wound may aid

in the healing process:

1. wound retraction

2. stimulation of granulation tissue formation

3. continuous wound cleansing after adequate  primary surgical

debridement

4. continuous removal of exudate, and

5. Reduction of interstitial edema.

APPLICATION

NPWT application is simple and can be broken down into three main

components.

First, a sponge must be selected or custom cut to fit the wound size. The

sponge used most commonly is a black, reticulated polyurethane ether foam
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with pore sizes from 400 to 600 mm. Polyvinyl alcohol foam (White-Foam,

KCI), which is more densely reticulated, also is available . This variant is

useful in situations in which a tougher sponge might be needed, such as

tunneling. Sponges impregnated with silver (GranuFoam Silver, KCI) are

available as well for wounds with a high bacterial load. The sponge should be

applied so that it fills the wound without overlapping onto normal skin, if

possible. Although in some situations we have overlapped the sponge onto

normal skin or ‘‘bridged’’ multiple wounds, the sponge can irritate normal

skin. An alternative is to apply a protective dressing over the normal skin

before creating a ‘‘bridge.’’

The second important aspect of application relates to creating an airtight

seal. Often, this is the most difficult element in applying the dressing. The seal

is created by applying an adhesive occlusive dressing over the sponge and onto

the surrounding skin. It is critical that the seal be able to withstand the negative

pressure without leaking. To achieve this goal, the surrounding skin must be

clean and dry. Liquid and aerosolized adhesives often are helpful

The third element to NPWT is application of the vacuum. The vacuum

tubing supplied by KCI now includes a disk at the end to facilitate attaching

the tubing to the sponge and creating a good seal. The suction tube is attached

to a collection canister that is attached to an adjustable vacuum pump. Usually,

continuous 75 to 125 mm Hg vacuum is used for all wound types. When the
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White Foam is placed, 125 to 175 mm Hg are used. Although intermittent

vacuum therapy showed higher increases in blood flow in laboratory studies, it

often is not tolerated well by the patient. It generally is recommended that the

dressing be changed every other or every third day. At the time of foam

change, other traditional wound-healing modalities may be used (eg, pulse

lavage). Although the initial application of negative pressure therapy was an

inpatient endeavor only, it is now used routinely on an outpatient basis,

allowing for greater flexibility in dealing with chronic wounds that otherwise

do not require hospitalization.

TIPS [65]

1. A single VAC dressing set can be used for multiple separate wounds. After

applying the VAC sponge and occlusive dressing to the individual wounds, the

VAC suction tubing is adhered to the main wound. The tubing is then incised

at sites corresponding to the smaller wounds and occlusive dressing used to

obtain an air-tight seal over each dressing. The VAC pump is then able to

produce negative pressure across multiple separate wounds.

2. To obtain an air-tight seal in hair-bearing or sweaty regions such as the

perineum, found it useful to lay the occlusive VAC film onto hydrocolloid

dressings, which seem to adhere more strongly to these areas.

3. Putting some lignocaine into tube before removing dressing causes less pain.
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4. Removing ‘Part 2’ of the adhesive film first allows for easier application of

the dressing, as it is able to conform to irregular shaped beds.

5. Applying Compound Benzoin Tincture to the skin surrounding the wound,

letting it dry and then applying the adhesive dressing gives it a better adhesion.

THE EVOLVING ISSUE OF DEFINING THE APPROPRIATE

NEGATIVE PRESSURE

The effect of exposing wounds to subatmospheric pressure has been

studied in a variety of settings for at least half a century. However, practice

parameters that define pressure intensity, duration of treatment, and interval

between treatments to provide the most efficient therapy are still lacking. In

1997, Morykwas et al [57] showed that microvascular blood flow increases 4

times the baseline values with negative pressures of 125 mmHg, while blood

flow was inhibited at negative pressures greater than or equal to 400 mm H g .

Applying suction at both sites



23

Based on this result, negative pressure of 125mmHg became the most

common setting when using this technique. However, previous to that

research, Russian physicians were refining NPWT. In 1987, Usupov and

Yepifanov[58] used a rabbit model and concluded that to avoid tissue damage,

pressures in active drainage systems should not exceed –80 mmHg and that

lower pressures were less likely to demonstrate postoperative hemorrhage. The

same study also demonstrated new tissue hemorrhage of previously coagulated

vessels with pressures below –120 mmHg to –125 mmHg.

Aside from inconsistencies in pressure levels, differences in pressure

intervals were also Evident between the studies of morykwas et al and the

Russian studies . Morykwas et al stated that optimal results were obtained

when  NPWT  was applied continuously for the first 48 hours and then applied

in an intermittent manner (5 minutes on and 2 minutes off) after the initial

48hour treatment.[57]

In 1986, the Russian researchers published a study that revealed that

NPWT could be success-fully applied twice daily for 2.5–3 hours.[58]The

disparity in findings underscored the need to better define pressure intensity

parameters , duration of treatment , interval between treatments , mode of

application, and timing of application to provide the most efficient and cost-

effective therapy.
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In 2004, a Swedish study by Wacken fors et al [59] was published in

which the micro vascular blood flow to inguinal wounds in pigs was observed

during negative pressures ranging from 50 mmHg to 200 mmHg. The

investigators used laser Doppler to measure blood flow in which the sum of all

erythrocytic motion was quantified in a volume of 1 mm, thereby making it

feasible to reliably  perform measurements in small , closely spaced skin areas

.[60]

The study was then properly designed to examine how NPWT affects

microvascular blood flow, with consideration of tissue type and the distance of

blood flow from the wound edge — parameters that were not factored into the

work done by Morkywas et al. The results of the later study found that NPWT

induced an increase in microvascular blood flow a few centimeters from the

wound edge, which may accelerate granulation tissue formation and the

healing process [59].

Conversely, closer to the wound edge , the negative pressure resulted in

hypoperfusion that increases along with increasing subatmospheric pressure

with the possible outcome of ischemic tissue damage . Furthermore, tissue type

was a factor: the increase in blood flow occurred closer to the wound edge in

muscular as compared to subcutaneous tissue (1.5 cm and 3 cm at negative

pressures of 75 mmHg).
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Wackenfors and her team proposed that a balance is necessary when

selecting the amount of negative pressure for NPWT treatments. The vacuum

should be adequately robust to drain the wounds and arrest superficial

bleeding. Yet, simultaneously, the vacuum should not create a significant

ischemic zone. Based on their findings, the investigators concluded that when

treating stiff tissue, such as muscle, a negative pressure of 100 mmHg may be

reasonable, thereby limiting the extent of the hypoperfused zone to 1 cm from

the wound edge. When treating softer tissue, such as fat and subcutaneous

tissue, which is more vulnerable to hypoperfusion, the application of a lower

negative pressure, such as 75 mmHg, may be more beneficial. Although such

pressure recommendations are not common NPWT practices, the Russian

literature supports the use of these pressures during treatment.

CLINICAL USES

Acute wounds

Acute wounds often are ideal candidates for NPWT. In a wound that

cannot be closed primarily because of infection or swelling, NPWT can

enhance the time to wound closure. Often, such wounds have a significant

amount of edema and fluid loss that is managed effectively with this system. In

addition, wounds that previously might have required prolonged periods of

dressing changes or skin grafts sometimes can be converted to delayed primary

closure with the use of negative pressure therapy.
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Nonviable tissue should be debrided before the initiation of therapy.

Foreign bodies should be removed and hemostasis obtained. Vital structures,

such as major vessels, viscera, and nerves, should be covered by mobilization

of local muscle or soft tissue, if possible. In the setting of significant

contamination or signs of sepsis, dressings are changed with repeat

debridement as necessary. Management of acute wounds using NPWT has

allowed successful healing and primary closure of wounds from war trauma in

Iraq with low infection rates [13].

Chronic wounds

Chronic wounds are wounds that fail to heal in the normal healing

phases of inflammation, proliferation, and maturation. They represent a

heterogeneous group of wounds of multiple cause and conditions, such as

pressure ulcers, diabetic ulcers, venous stasis ulcers, vasculitic ulcers, and

chronic non healing wounds resulting from trauma or dehisced surgical

wounds. The use of NPWT has profoundly changed the management of these

patients, who often are poor surgical candidates and have failed previous

operations. Such wounds often are a burden to caregivers, because of the

multiple frequent dressing changes, and are incapacitating to the patient.

Chronic wounds often exhibit progressive edema,

compromise of perfusion, and elevated levels of proteolytic enzymes and

cytokines that inhibit granulation tissue formation and epithelialization. The
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fluid that is drawn from the wound by the NPWT system is rich in cytokines,

acute-phase proteins, and proteolytic enzymes, suggesting that inhibiting

factors are removed from the wound. The removal of interstitial fluid and

inhibitory cytokines leads to a less favorable environment for bacteria and

wound behavior, which becomes more like an acute wound.

Thus, NPWT has proven useful in managing such wounds and allows

for easier wound care, particularly for wounds that are difficult to dress and

lose significant amounts of fluid. Wounds that have been stagnant for weeks,

months, and, in some cases, years, usually demonstrate a return to the normal

healing progression and ultimately, to a healed state [14–16]. Diabetic foot

wounds have demonstrated a particular benefit, with one recent multicenter,

randomized, controlled trial showing a statistically significant improvement in

wound healing time [17].
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Exposed bone, tendon, or hardware

Wounds in which there is exposed bone, tendon, or hardware have been

treated successfully with negative pressure therapy. For wounds with exposed

bone and intact periosteum, NPWT promotes granulation tissue—either

bridging the time for definitive wound closure or enabling a more simple

surgical option (e.g. , split-thickness skin grafting).

In orthopedic trauma, the use of NPWT has allowed for primary closure

with a high rate of success and is becoming a primary mode of treatment for

open fracture sites [18–20]. NPWT also has been useful in dealing with bone

without periosteum, such as following a scalp resection for tumor. The

exposed calvarium can be burred down until punctate bleeding is noted from

the diploic space. NPWT assists in promoting granulation tissue formation in

such wounds, ultimately leading to skin grafting. It also is possible to perform

the skin grafting immediately after burring the outer table of skull in a single-

stage approach [21].

Exposed tendon also has been treated with negative pressure therapy [22].

If the tendon is healthy with viable paratenon, the NPWT promotes early

granulation of such wounds. A non-adherent dressing beneath the foam may

minimize desiccation and trauma to the tendon. NPWT often promotes

granulation tissue completely covering the tendon, enabling simple techniques

(eg, skin graft) rather than formal flap closure.
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If there is exposed hardware in the wound, it may be possible to salvage

this with NPWT [20]. Enough healthy granulation usually can be induced from

the surrounding tissue to enable secondary wound closure or flap coverage,

without the need to remove the hardware. The amount of exposed hardware

that can be salvaged in this fashion is variable, but usually is only a few

centimeters. The quality of the surrounding tissue and overall status of the

patient must be considered. In dealing with exposed hardware, sound surgical

principles should be followed. In the setting of large areas of hardware

exposure or infection, the hardware needs to be removed and alternative

fixation established.

(A) Exposed hardware after a tibial fracture in a smoker. (B) After 12 days of

NPWT, granulation tissue had grown through and over the plate to allow for

split-thickness skin grafting.
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OPEN ABDOMEN

After a damage-control laparotomy, such as in severe trauma, ruptured

abdominal aortic aneurysm, or peritonitis, the abdomen often must be left open

because it may be too difficult or too dangerous to close. NPWT has proven to

be a useful adjunct in managing the open abdominal wound. When the wound

is to the fascial level, NPWT is applied as with any soft tissue wound. In the

setting of fascial dehiscence, care must be taken to ensure that the underlying

viscera are protected. In multiple studies, NPWT proved useful as a means of

wound management in patients who had abdominal compartment syndrome,

because of its ability to create a neoabdominal wall and handle the egress of

fluid, ultimately allowing for late fascial closure in some cases. More

importantly, early fascial closure may confer a survival benefit [23–26].

A nonstick dressing should be placed over the bowel to act as an

interface between bowel and the overlying sponge. This dressing should be

fenestrated to allow peritoneal fluid to pass into the sponge. NPWT helps to

reduce intra-abdominal fluid and bowel edema while aiding skin and fascial

approximation. As in other situations, the dressing should be changed every 2

to 3 days. This usually can be performed in the intensive care setting with

proper sedation.

If necessary, the patient can have repeat exploration of the abdomen

without difficulty. As bowel edema resolves and the defect narrows, the
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suction helps to pull the fascial edges together. In some cases, open abdominal

wounds can undergo fascial closure, even after weeks of open treatment [24]. If

the wound cannot be closed secondarily, there usually are sufficient

granulation tissues on the bowel to enable skin grafting.

(A) An open abdomen following a trauma laparotomy. (B) The sponge is

placed after a nonstick protective layer is placed over the viscera. (C) The

wound contracts when suction is applied. (D) With successive dressing

changes, the wound edges are gradually brought together. This wound was

closed 9 days after initial injury.
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Sternal wounds

Following cardiac surgery, patients can develop a median sternotomy

wound infection and dehiscence. Such wounds are difficult to manage and can

lead to increased morbidity and mortality, especially when there is exposure of

the mediastinal contents. NPWT has become a common modality as cardiac

surgeons have accepted its usefulness in managing these wounds [27,28]. The

dressing is applied in a similar fashion to other wounds, but particular attention

should be paid to protection of underlying structures. If necessary, a nonstick

barrier should be placed between the sponge and the mediastinum. Cases of

right ventricular rupture and leakage of fresh vascular grafts have been

reported [29].

The sponge collapses when suction is applied, pulling the edges of the

sternum toward the midline. The effect is stabilization of the chest wall, which,

in turn, provides better respiratory mechanics and less discomfort for the

patient [30,31]. Surgical debridement should be performed as normally indicated.

Once the wound is clean, definitive closure of the sternum or defect can be

accomplished using standard surgical techniques or allowed to close over time

with dressing changes. Using these techniques, fewer flaps were needed for

wound closure, and survival rates with mediastinitis were improved [32,33] .

Care must be taken to protect the underlying mediastinal structures by
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interposing a nonstick barrier, such as petroleum gauze, between the sponge

and the wound

FASCIOTOMY SITES/EXTRAVASATION INJURIES

Fasciotomy wounds are ideally suited for management with NPWT.

Edematous muscle and tissue can be decompressed more rapidly, thus

shortening the interval between fasciotomy and wound closure. In most

instances, the fasciotomy wound can be closed secondarily, rather than

requiring a skin graft for wound coverage [34].

Another benefit may be related to the ability of NPWT to remove

unwanted by-products of tissue injury. The fluid removed from such wounds is

believed to be rich in immunoglobin and it has been speculated that the

removal of this fluid by an NPWT system also results in faster serum

Fig. 6. (A) This patient was treated with NPWT after developing a sternal wound infection following a
coronaryartery bypass procedure. (B) Result after 5 weeks of therapy.
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clearance. Although human studies are still in progress, this effect has been

demonstrated in a rabbit model [35].

Based on the knowledge that local and systemic toxins could be

evacuated from a wound using the NPWT, laboratory tests were performed to

examine its role in extrinsic toxic substances. Early application of the NPWT

to a site of doxorubicin injection in a pig model prevented ulcer formation [36].

In humans, several case reports have examined the successful use of NPWT in

the setting of toxic bites or extravasation injury [37–39].

Skin grafts/artificial skin

NPWT has proven to be a useful tool in skin-grafting procedures. By

assisting in creating a more vascular and cleaner wound bed, it can augment

the percentage take of a subsequent skin graft. In some cases, vacuum sponge

dressings have allowed skin grafts to be performed in areas that originally had

sparse granulation tissue or exposed bone or tendon.
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The skin graft is bolstered to the wound bed by the sponge, which

conforms to the wound shape and helps to eliminate any dead space and reduce

shear forces. The skin graft is protected from adhering to the sponge by a

nonstick dressing (dashed line).

In addition, the vacuum-sealed sponge serves as an excellent fixation

device for skin grafts. The skin graft is harvested, fenestrated and placed on the

wound bed in the usual fashion. A single layer of a permeable nonadherent

dressing, such as Adaptec or Xeroform, is placed between the skin graft and

the dressing sponge. As air is evacuated from the sponge, it traps the skin graft

between the sponge and the underlying tissue. Also, it conforms to the wound

bed, thereby acting as natural splint to hold the graft against the wound. This

firm approximation of the graft, along with the edema- and bacterial-reducing

property of the negative pressure system, is believed to help reduce failure due

to shear forces, fluid collection, and infection. Several studies examined the

usefulness of this technique and found that it facilitates skin grafting and may

increase the take rate [40–42].

This same principle has been applied to artificial dermis, such as Integra

and other skin substitute products. NPWT increased take rates and decreased

the time required for vascularization. Traditionally, Integra is not ready for a

secondary skin graft for 2 to 3 weeks; however, when managed with NPWT,
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secondary skin graft often can be applied in 1 week, with a 93% skin graft take

[43].

BURNS

The application of NPWT in acute burns also has been studied, with

particular attention paid to the zones of injury. The central portion of injury, or

zone of coagulation, has undergone irreversible damage. Surrounding this is

the zone of stasis (or zone of injury). The zone of stasis is believed to be a

critical part of the burn wound, because this area may or may not progress to

coagulation and permanent tissue loss. The effect of NPWT on the zones of

injury was examined in a swine model. The vacuum dressing decreased burn

wound progression, thus preserving more of the zone of stasis tissue [44].

NPWT applied to a hand burn. The sponge can be molded as suction is

applied to act as a splint.The sponge shown is a V.A.C. GranuFoam Hand

Dressing .
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In humans, NPWT was useful in preparing for skin grafting and may

decrease the progression of injury. Burnt hands treated with NPWT had a more

rapid reduction in edema, with improved physical therapy and hand mobility.

In addition, the sponge allows for a clean method of dressing the burns while

functioning as a splint to hold the hand in the desired position [45–47].

CLOSED WOUNDS

Recently, experience was reported using the vacuum-sealed sponge as a

dressing over a fresh wound closure [48]. Because NPWT is useful in reducing

edema in open wounds, it was proposed that this same property would be

useful for closed incisions. In situations in which edema is expected to be a

significant problem, such as flaps in dependent areas or incisions in obese

patients or edematous tissues, this may provide some benefit by improving

incisional integrity and reducing wound infection. In our experience, it can be

applied over a fresh flap and does not appear to result in any compromise to

the underlying flap. In fact, it is possible that the negative pressure actually

facilitates blood flow into the distal aspects of the flap.

Pediatrics

NPWT is applicable to pediatric conditions similar to those in adults.

Some children may not tolerate the dressing changes and may require

anesthesia assistance. This can make outpatient therapy difficult. In an
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inpatient setting, NPWT can be used to limit dressing changes to every third

day, which may make complex wound care more tolerable.

Fig. 10. (A) A 2-year-old child with a giant congenital nevus. (B) After

excision, NPWT was used to bolster an artificial dermis and subsequent split-

thickness skin graft in place. (C) Final results after excellent graft take.

As in adult patients, NPWT aids in the recovery time and may reduce

the need for more extensive operations [49,50]. Because children often have

difficulty understanding and complying with wound care, NPWT can simplify

dressing and facilitate procedures, such as skin grafting, that otherwise would

be difficult because of size or location (Fig. 10).

Salvage procedures

TNP is useful in the salvage of difficult cases. This dressing technique

can be brought in as a ‘‘last measure’’ or even as a holding procedure until the

patient is well enough to cope with surgery. Among other examples, salvage

wounds would include dehisced abdomens and large areas of skin loss caused
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by necrotising fasciitis. These wounds can be large with unhealthy or infected

wound beds. The patients are also often unwell and unsuitable candidates for

immediate major reconstructive surgery that is reliant on a good cardiac output

and peripheral blood supply. Thus in these situations TNP can be useful as a

temporary wound dressing therapy that will also stimulate healing. Use of TNP

therapy in these situations may lower the reconstructive requirements of the

wound. The TNP therapy dressings also require less nursing staff input than

traditional dressings as the dressings are changed less often.

Adjunct to surgery

The ideal method to maintain skin grafts over a suitable wound bed

entails firm fixation, prevention of shearing forces, and adaptation to convex or

concave surfaces, evacuation of sub-graft haematoma and seroma, and

minimisation of infection. Splintage using TNP therapy fulfils these criteria

and various studies give take rates of over 90% even in difficult contoured

areas.

TNP can also be used to

Prepare a wound bed for surgery and has been described as appropriate

over flaps
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CONTRAINDICATIONS AND COMPLICATIONS

Avoiding complications with NPWT is straightforward. Wounds should

be cleaned and debrided adequately before sponge placement. Some fibrinous

material and thin exudates can be managed, but thick exudates, necrotic

material, and pus will clog the sponge. The sponge should not be placed over

major vascular structures, and visceral organs generally should be protected.

The sponge can adhere to these and cause tearing of the outer layers;

significant bleeding or exsanguination has been reported [51,52].

If there is exposed vasculature or major organs, a petroleum-

impregnated gauze should be interposed between the vital structure and

sponge. The suction should be regulated properly. The VAC system supplied

by KCI eliminates the possibility of inadvertently applying excessive suction

to the wound, as has been reported with the use of wall suction.

When the sponge is left in place for more than 3 days, there begins to be

some ingrowth of tissue into the sponge material. This often results in trauma

to the wound bed at the next dressing change and the possibility that fragments

of the sponge will be left behind in the wound. Toxic shock syndrome has been

reported, further emphasizing the need to change the sponge at regular

intervals and ensure proper function of the suction apparatus [53].
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TNP is not successful on sloughy or grossly infected wounds. The

wound bed needs to be debrided using either surgical or topical desloughing

agents (for example, Purilon gel). TNP therapy is also not recommended for

use in bleeding wounds,malignancy, over bare vasculature or necrotic tissue.

The presence of abnormal clotting, fistulas, open body cavities, or after

oncological resections needs to be considered and evaluated individually and

clinical judgement applied as to potential benefit applied in each case

Contraindications to NPWT for chronic wounds include, but may not be

limited to:

 Exposed vital organs (treatment may proceed after the organ has been

covered by  vicryl absorbable mesh)

 Inadequately debrided wounds; granulation tissue that will not form over

necrotic tissue

 Untreated osteomyelitis or sepsis within the vicinity of the wound

 Presence of untreated coagulopathy

 Necrotic tissue with eschar

 Malignancy in the wound (negative pressure therapy may lead to cellular

proliferation)

 Allergy to any component required for the procedure

NPWT should be used cautiously when there is active bleeding, when the

patient is on anticoagulants, when there is difficult wound hemostasis, or when

placing the dressing in  proximity to blood vessels.
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Avoiding complications with NPWT is straightforward. Wounds should be

cleaned and debrided adequately before sponge placement. Some fibrinous

material and thin exudates can be managed, but thick exudates, necrotic

material, and pus will clog the sponge. The sponge should not be placed over

major vascular structures and visceral organs generally should be protected.

The sponge can adhere to these and cause tearing of the outer layers;

significant bleeding or exsanguination has been reported [51,52]. If there is

exposed vasculature or major organs, a petroleum impregnated gauze should

be interposed between the vital structure and sponge. The suction should be

regulated properly. The VAC system supplied by KCI eliminates the

possibility of inadvertently applying excessive suction to the

wound, as has been reported with the use of wall suction.

When the sponge is left in place for more than 3 days, there begins to be

some ingrowth of tissue into the sponge material. This often results in trauma

to the wound bed at the next dressing change and the possibility that fragments

of the sponge will be left behind in the wound. Toxic shock syndrome has been

reported, further emphasizing the need to change the sponge at regular

intervals and ensure proper function of the suction apparatus [53].

COMPLEMENTARY OR COMPETING PRODUCTS

There are several requirements for proper and rapid healing of an open

wound. First, either the  edges of the wound must be allowed to seal back

together (healing by “primary intention”), or granulation tissue must form to
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fill the wound bed (healing by “secondary intention”). Second,the wound must

remain moist because new epidermal cells will only travel across moist

surfaces. Third, bacterial infection must be prevented by not allowing

contamination to reach the wound. Fourth, any fluids should be removed from

the wound site and while appropriate moisture is maintained. Finally,

contributing factors to wound occurrence should be eliminated, or minimized,

if elimination is not possible. Bedridden patients may need special support

surfaces, protein-calorie malnutrition and vitamin deficiencies should be

corrected, inadequate blood flow to the site of the wound should be corrected if

possible, and drugs know to impede wound healing should be adjusted.(28)

Wound Dressings

Dressings are selected based on the characteristics of the wound at any

given point during the healing process.(28) Wounds which produce exudate will

need an absorptive dressing  (hydrocolloid, foam, alginate, hydrofiber) and dry

wounds will need a dressing that provides  hydration (hydrogel). The type of

dressing used will change as the wound goes through the  phases of wound

healing. Synthetic wound dressings inhibit the loss of water vapor from the

wound, thereby creating a moist environment. Moist wound environments

promote epithelialization and healing. In addition to creating a moist wound

environment, ideal synthetic  dressings perform the following functions:

remove excess exudates and toxic components;

allow gaseous exchange;
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provide thermal insulation;

and protect against secondary infection.

A wide variety of synthetic wound dressings are available.(44-46) Some of the

unique features of each are described below. Often, these dressings are used in

conjunction with silver or other topical  agents intended to limit infection and

speed healing.

The following dressings may be used on chronic or acute wounds

depending on the nature of the wound.

 Hydrocolloid dressing

Are composed of adhesive, absorbent, and elastomeric components.

Carboxymethylcellulose is the most common absorptive ingredient. They are

permeable to moisture vapor, but not to water. In addition, they facilitate

autolytic debridement, are self-adhesive, mold well, provide light-to-moderate

exudate absorption, and can be left in place for several days, minimizing skin

trauma and healing disruption. They are intended for use on light-to-

moderately exuding, acute or chronic partial- or full-thickness wounds, but are

not intended for use on infected wounds. Upon sustained contact with wound

fluid, the hydrocolloid forms a gel.

 Foam dressings

vary widely in composition and construction. They consist of a polymer,

often polyurethane, with small, open cells that are able to hold fluids. Some
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varieties of  foam dressings have a waterproof film covering the top surface

and may or may not have  an adhesive coating on the wound contact side or

border. Foams are permeable to water  and gas, and are able to absorb light to

heavy exudate. This type of dressing is frequently  used under compression

stockings in patients with venous leg ulcers.

 Film dressings

Consist of a single thin transparent sheet of polyurethane coated on one

side with an adhesive. The sheet is permeable to gases and water vapor but

impermeable to wound fluids. Film dressings retaining moisture, are

impermeable to bacteria and other  contaminants, allow wound observation,

and do not require a secondary dressing. The  adhesive is inactivated by

moisture and therefore will not stick to the moist wound bed or  to moist skin.

Excessive fluid buildup may break the adhesive seal and allow leakage. Film

dressings are intended for superficial wounds with little exudate and are

commonly  used as a secondary dressing to attach a primary absorbent

dressing. The dressing may  remain in place for up to seven days if excessive

fluid does not accumulate. Film  dressings are generally hard to apply due to

self-sticking and must be placed atleast 1 to  2 cm beyond the wound edges.

Film dressings have been used extensively to treat  split-thickness graft donor

sites.
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 Alginate dressings

Alginate dressings are made from calcium or calcium-sodium salts of

natural  polysaccharides derived from brown seaweed. When the alginate

material comes into  contact with sodium-rich wound exudates, an ion

exchange takes place and produces a hydrophilic gel. This hydrophilic gel is

capable of absorbing up to 20 times its weight and does not adhere to the

wound. This dressing sometimes emits a foul odor, but can remain in place for

about seven days if enough exudate is present to prevent drying. This category

of dressing is best suited for moist, moderate to heavy exuding wounds.

Alginate dressings require a secondary dressing, such as a film dressing, to

hold them in place and to prevent the alginate from drying out.

 Hydrofiber dressing

Hydrofiber dressing is composed of sodium carboxymethylcellulose

fibers.(47) The fibers maintain a moist wound environment by absorbing large

amounts of exudate and  forming a gel. This dressing is not intended for lightly

exuding wounds. A secondary dressing is required.

 Hydrogel sheets

Hydrogel sheets are three-dimensional networks of cross-linked hydrophilic

polymers. Their high water content provides moisture to the wound, but these

dressings can absorb small to large amounts of fluid, depending on their

composition. These dressings are

 cooling and soothing,
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 reduce pain,

 rehydrate dry wound beds,

 and are easy to apply and remove.

Depending on wound exudate levels, hydrogels may require more

frequent dressing changes, every one to three days, compared to other

synthetic dressings.  Hydrogel sheets can be used on most wound types but

may not be effective on heavily exuding wounds. Amorphous hydrogels are

similar in composition to hydrogel sheets but lack the cross-linking. The gel

may also contain additional ingredients such as collagens, alginate, or complex

carbohydrates. Amorphous hydrogels can donate moisture to a dry wound with

eschar and facilitate autolytic debridement in necrotic wounds. A second

dressing may be used to retain the gel in shallow wounds.

 Collagen-based dressings

Collagen-based dressings contain purified collagen derived from bovine,

porcine, equine, or avian sources. The type and concentration of collagen

varies depending on the actual dressing. Rather than just providing structural

support within a wound, collagan is now believed to play a critical role in all

aspects of wound healing. When a wound is first formed platelets aggregate

around exposed collagen. The platelets release a variety of growth factors and

cytokines that attract inflammatory cells (macrophages, neutrophils,

eosinophils) to the wound. The inflammatory cells degrade collagen and other

protein debris in the wound and at the same time produce factors that attract
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and stimulate fibroblast activity. Fibroblasts secrete matrix metalloproteinase

(MMP) along with collagen and produce factors that attract additional

fibroblasts as well as epithelial cells and vascular endothelial cells into the

wound. These cells then produce the granulation tissue that forms the

extracellular matrix. The MMPs are responsible for degrading non- viable

collagen while the new matrix is forming. However, in chronic wounds

fibroblasts may produce too much MMPs and too little of the factors that

inhibit MMPs. When this occurs the MMPs may be destroying new viable

collagen as well and preventing proper wound healing. Collagen-based

dressings are believed to aid wound healing by stimulating fibroblast

production, have a hydrophilic property that enhances fibroblast movement,

and inhibition and deactivation of MMPs.(29) Antimicrobial Wound Dressings

Infected wounds are defined as having a bacterial population size of 105

colony forming units per gram of tissue.

Most wounds are either “contaminated” or “colonized” by bacteria which

are not necessarily associated with tissue invasion. The concept of “critical

colonization” has been introduced in recent years to convey that bacterial

growth may play a role in delayed healing of wounds in the absence of the

traditional criteria for infection. Approaches to reducing the volume or

“density” of bacteria in a noninfected wound include use of gentle wound

irrigation  with normal saline and use of occlusive dressings, or application of

topical antibiotics or antiseptics designed to remain in contact with the wound
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surface.(28,48) Chronic wound  infections generally have multiple bacterial

contaminants with Staphylococcus aureus the most common.(49) Bacteria

within an infected wound are embedded in a protective polysaccharide biofilm

produced by the bacteria. The biofilm allows for the exchange of water and

nutrients and impedes the entry of antibiotics. The biofilm may be responsible

for increased resistance to the actions of antibiotics as well as to natural host

defenses. Thus the biofilm makes wound bacteria hard to eradicate. Bacterial

colonization may obstruct wound healing by impairing white cell function,

increasing tissue hypoxia, reducing the number and proliferation of fibroblasts

through the production of endotoxins, and prolongation of the inflammatory

phase of wound healing.

SKIN GRAFTS

Skin grafts are utilized in the treatment of venous leg ulcers(56), diabetic

foot ulcers, and burn wounds.(57)

Skin grafts are believed to assist wound healing by providing dermal

collagen, growth factors, and biological occlusion and protection of the

wound.(57,58)

Skin grafts are usually taken from a portion of intact skin of the same

individual (autograft), but may be obtained by human skin donors (allograft).

Skin grafts may be used in later stages of wound healing after the wound

has established sufficient granulation tissue to support the graft.



50

A variety of skin substitutes and alternatives have been developed to

treat chronic  wounds.(59,60) Autologous tissue grafting is an invasive and

painful procedure, and often the  extent of damaged skin is too large to be

covered by autologous tissue graft alone.

Bioengineered skin substitutes are designed to replace the damaged

epithelial and dermal layers of skin with a biological replacement that

enhances wound healing. Many of the conditions and biological factors needed

in the healing process may be provided by the substitute skin products.

Skin substitutes

Skin substitutes allow re-epithelialization to occur while permitting gas

and fluid exchange, and provide mechanical coverage and protection from

bacterial influx. Most biosynthetic skin substitutes are used temporarily as a

specialized dressing to replace skin function until the skin repairs

spontaneously or until skin replacement is possible with autograft.

A small number, however, are designed to permanently incorporate into

the debrided wound (e.g., by generating neodermis). Skin substitutes may be

acellular or cellular. Acellular products only contain the matrix composed of

collagen, hyaluronic acid, and fibronectin. The construction of the matrix

allows easy access by host cells during the healing process. Cellular products

contain cells such as fibroblasts and keratinocytes within a collagen or

polyglactin matrix. The cells may be allogeneic or autologous.
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The biological materials used to form these skin substitutes vary by

product. The following is a brief description of some of the products currently

available to treat burns and other skin wounds:

• AlloDerm® (LifeCell Corporation, Branchburg, NJ, USA) – acellular, de-

epithelialized cadaver dermis

• Apligraf® (Organogenesis, Inc., Canton, MA, USA) – neonatal keratinocytes

and  collagen seeded with neonatal fibroblasts

• Biobrane® (UDL Laboratories, Inc., Rockford, IL, USA) – silicone, nylon

mesh, and collagen

• Dermagraft® (Advanced BioHealing, Inc., Westport, CT, USA) –

polyglycolic acid or polyglactin-910 seeded with neonatal fibroblasts

• Epicel® (Genzyme Biosurgery, Cambridge, MA) – autologous cultured

keratinocytes

• GraftJacket® (Wright Medical Technology, Inc., Arlington, TN, USA) –

freeze-dried acellular human dermal matrix

• Integra® Dermal Regeneration Template (Integra LifeSciences Holding

Corp., South  Plainsboro, NJ, USA) – silicone, collagen, and

glycosaminoglycan

• Oasis® (Healthpoint Ltd., Fort Worth, TX, USA) – derived from porcine

small intestinal  submucosa
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• OrCel® (Forticell Bioscience, Inc., New York, NY, USA) - normal human

allogeneic skin cells (epidermal keratinocytes and dermal fibroblasts) are

cultured in two separate layers into a Type I bovine collagen sponge

• Promogran® (Systagenix Wound Management, London, UK; formerly

marketed by the professional wound care business of Ethicon Inc, a Johnson &

Johnson company) – bovine collagen and oxidized regenerated cellulose

THE FUTURE

TNP therapy can be regarded as a method that combines the benefit of

both open and closed treatment and adheres to DeBakey’s principles of being

short, safe, and simple. It has been shown to work and be beneficial to wound

healing, but protocols for use have to date been clinician dependent and

sometimes idiosyncratic. The Cochrane report (2001)11 stated that there is a

paucity of high quality trials, and most studies currently consist of small

sample sizes or methodological limitations so that any results should be

interpreted with caution. Further random controlled trials are required to

investigate these issues although this may be a challenging problem for

researchers in wound healing because of difficulties in the assessment and

measurement of healing in wounds.

TNP therapy is not the answer for all wounds; however it can make a

significant difference in many cases. In much of the current literature on TNP

comparing it with more traditional dressings wound healing has been measured

in ‘‘time to complete healing’’ or epithelialisation. This may be an
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inappropriate measure of effectiveness as TNP is most useful in difficult cavity

or highly exudative wounds. TNP is a useful tool in moving a wound to a point

where more Traditional dressings or more simple surgical reconstructive

methods can be used. As such it is a well deserved, although at present

pragmatic addition to the wound healing armamentarium and the

reconstructive ladder.
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METHODOLOGY

STUDY SETTING

Study is conducted at Tirunelveli medical college hospital which is

tertiary care centre. Patients are selected from general surgery wards

PERIOD OF STUDY

A total of 50 cases clinically presenting as ulcer between September

2016 and September 2017 were included in the study.

INCLUSION CRITERIA

 Patient more than 12 years of age

 Patients presenting with ulcer.

EXCLUSION CRITERIA

 Patients less than 12 years of age

 Malignant ulcers.

 Patients with compromised vascular supply to the affected site.

 Patients with fistula/gangrene/anaerobic infection/active

bleeding/undebrided wound.

 Abdominal wounds/acute wounds

Clinical examination of each case was done systematically as per the

proforma drafted for the study and case selection was done.
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INTERVENTION

After debridement of wound V.A.C dressing is applied.VAC is applied

only after bleeding gets stopped. Pre V.A.C & post V.A.C C&S is taken.

Dressing is given for 5 days.

Pre-VAC doppler study and x ray of the affected limb is taken.

CONTROL  group is given conventional dressing

Status of the patient at the time of discharge is noted.

OUTCOME VARIABLES

 Result at the end of treatment

 Number of days of hospital stay

 Pus C&S before & after V.A.C

MATERIALS USED FOR STUDY

 OPSITE/Camera cover

 Transparent adhesive plaster

 Sponge(sterilized)

 Suction catheter/Ryles tube

 Suction drain/ suction apparatus available
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Sequence of Procedure:

Wound Preparation:

Any dressings from the wound was removed and discarded. A culture

swab for microbiology was taken before wound irrigation with normal saline.

Surgical debridement was done and adequate haemostasis achieved.

Placement of foam:

Sterile, open-cell foam dressing was gently placed into the wound

cavity.

Sealing with drapes:

The site was then sealed with an adhesive drape ensuring that the drapes

covered the foam and tubing and at least three to five centimeters of

surrounding healthy tissue.

Application of negative pressure:

Controlled pressure was uniformly applied to all tissues on the inner

surface of the wound using centralized vacuum pump, which could deliver

either continuous or intermittent pressures, ranging from 50 to 125 mm Hg.

The foam dressing compressed in response to the negative pressure. The

pressure was applied continuously for the first 48 hours and changed as

required thereafter.
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RESULTS

An interventional study involving 50 cases of wounds was done in the

Department of General surgery, Tirunelveli Medical college hospital between

September 2016 and September 2017.

TABLE1: AGE DISTRIBUTION OF WOUNDS

AGE GROUP Frequency Percentage

<40 4 8

41-60 38 76

>61 8 16

CHART 1:

Most of the patients presenting with wounds were in the age group of 41-60

years of age (76%)
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TABLE 2: GENDER DISTRIBUTION OF WOUNDS

GENDER Frequency Percentage

male 32 64

female 18 36

CHART 2:

Wounds were more common in males 32 cases (64%) than in females 18

cases(36%)

Male to female ratio 1.778: 1.

male
64%

female
36%
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TABLE 3: DISTRIBUTION OF LOCATION OF WOUNDS

LOCATION Frequency Percentage

foot 29 58

leg 18 36

sole 2 4

forearm 1 2

CHART 3:

Wounds were most commonly located in the foot 29(58%) followed by

the leg 18(36%),sole 2(4%) and forearm 1(2%) .
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TABLE 4 : ORGANISMS CULTURED FROM WOUND

CONTROL

ORGANISMS BEFORE:

ORGANISMS Frequency Percentage

staphyloccocus 11 44

pseudomonas 2 8

proteus 2 8

klebsiella 1 4

escherichia coli 1 4

No growth 8 32

CHART 4:

Most common organism cultured from the wounds(CONTROL) was

Staphylococcus aureus 11(44%).
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TABLE:5 CONTROL

ORGANISMS AFTER:

ORGANISMS Frequency Percentage

staphyloccocus 5 20

pseudomonas 1 4

no growth 19 76

CHART 5:
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TABLE:6 CASES

ORGANISM BEFORE

ORGANISMS Frequency Percentage

staphyloccocus 11 44

pseudomonas 5 20

proteus 2 8

klebsiella 1 4

escherichia coli 2 8

No growth 4 16

CHART 6:

Most common organism cultured from the wounds(CASES) was

Staphylococcus aureus 11(44%).
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TABLE:7 CASES

ORGANISM AFTER:

ORGANISMS Frequency Percentage

staphyloccocus 1 4

escherichia coli 1 4

No growth 23 92

CHART 7:
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TABLE: 8 PRE-VAC vs POST-VAC  C&S CROSS TABULATION

POSTVAC

Totalsterile non sterile

PREVAC sterile 4 0 4

non sterile 19 2 21

Total 23 2 25

Patients with sterile pre V.A.C C&S is not turning non sterile after

V.A.C, but 90% non sterile turns sterile after V.A.C

TABLE:9

Chi-square test shows study is significant (p value .520)

Chi-Square Tests

.414 b 1 .520

.000 1 1.000

.730 1 .393
1.000 .700

.398 1 .528

25

Pearson Chi-Square
Continuity Correction a

Likelihood Ratio
Fisher's Exact Test
Linear-by-Linear
Association
N of Valid Cases

Value df
Asymp. Sig.

(2-sided)
Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

Computed only for a 2x2 tablea.

3 cells (75.0%) have expected count less than 5. The minimum expected count is
.32.

b.
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TABLE:10 HOSPITAL STAY

GROUP N Mean Std. Deviation P value

HOS_STAY control 25 28.28 3.81

<0.0001

Independent

Sample t

testcase 25 21.52 2.24

CHART 8:

Mean hospital stay in cases is 21 compared to stay of 28 in control

group.
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TABLE:11 CASE/CONTROL - PLAN AT END OF TREATMENT

CROSS TABULATION

END OF

TREATMENT
P

value

ssg discharge amputation

GROUP control 7 12 6

0.048

Pearson

chi

square

case 14 10 1

Patients with V.A.C dressing have more split skin graft before

discharge, less number of amputations

CHART:9

SSG DISCHARGE AMPUTATION
CONTROL 7 12 6
CASES 14 10 1
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TABLE:12 CONTROL: END OF TREATMENT

END OF TREATMENT

CONTROL Frequency Percentage

SSG 7 28

discharge 12 48

amputation 6 24

CHART 10:

7

12

6

0 2 4 6 8 10 12 14

ssg

discharge

amputation

Number of Patients



68

TABLE:13 CASES: END OF TREATMENT

CHART 11:
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END OF TREATMENT

CASES Frequency Percentage

SSG 14 56

discharge 10 40

amputation 1 4
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VAC dressing: creating a closed environment for negative pressure

wound therapy

Vacuum suction apparatus used for VAC dressings
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MATERIALS USED

MATERIALS USED: STERILISED SPONGE, OPSITE, TRANSPARENT

ADHESIVE PLASTER, SUCTION CATHETER/RYLES TUBE.
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BEFORE

AFTER

SSG
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BEFORE

AFTER
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BEFORE

AFTER
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BEFORE

AFTER
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DISCUSSION

AGE DISTRIBUTION:

Most of the patients in the study population was in the age group pf 41-

60 years.

76% of the study population was within the age group of 41-60years

GENDER DISTRIBUTION

Wounds were more common in males than females

Out of the 50 patients 32 were male, i.e. 64% of the study population

were males

The male to female ratio was 1.778:1

LOCATION DISTRIBUTION

Wounds were commonly located at the foot 29(58%) followed by leg

18(36%), sole 2(4%) and forearm 1(2%)

ORGANISM CULTURED

Most common organism cultured both from case and control population

was Staphylococcus aureus 11(44%) each.
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PRE VAC &POST VAC CULTURE ANALYSIS

Patients with sterile pre-vac culture were not turning non-sterile after

VAC.

But 90% of non-sterile pre-vac culture turned sterile after VAC.

HOSPITAL STAY

The hospital stay was found to be only 21days for patients with VAC

dressing, when compared to the conventional dressings, who have an average

hospital stay of 28 days.

Independent Sample t-test shows that the study is significant (p-value

<0.0001)

PATIENT FACTOR

Patients were free of daily cleaning and dressing. Patient compliance

and satisfaction was found to be good. There was a general increase in patient

well being and confidence after putting VAC dressing.



77

END OF TREATMENT ANALYSIS

Patients with VAC dressing have more Split Skin Graft before discharge

and less rate of amputation when compared to the control group.

Pearson Chi Square test shows the study is significant (p-value= 0.048).

56% of cases were given SSG cover when compared to 28% in control group.

The amputation rates in cases were only 4% when compared to 28% in control

group.



78

CONCLUSION

VAC therapy is a recent modality of treatment of wounds. Its

introduction has changed the course of management of wounds. Based on the

data from the present study and other studies available, VAC does appear to

result in better healing, with few serious complications, and thus looks to be a

promising alternative for the management of various wounds. The application

of VAC is simple, but requires training to ensure appropriate and competent

use. The cost of VAC will vary and depend on the length of hospital stay and

cost of supplies. There is a paucity of high quality RCTs on VAC therapy for

wound management with sufficient sample size and adequate power to detect

differences, if any, between VAC and standard dressings. More rigorous

studies with larger sample sizes assessing the use and cost effectiveness of

VAC therapy on different wound types are required. Awareness about VAC

and training on application of VAC dressings will allow its utilization more

often.
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SUMMARY

Management of wounds is always a challenging issue. Delayed healing

of wounds is a major problem in the community; besides causing morbidity

and disability in the patient, is a burden on our health resources. Therefore is a

need for application of newer and advanced modalities in management of

wounds.

Vacuum-assisted closure uses negative pressure to assist wound healing and

has a positive impact on wound healing by enhancing granulation tissue

formation and wound closure, thus providing a modern wound care system for

the poor at an affordable cost.

The present interventional study involved 50 cases of wounds that fulfilled the

inclusion criteria.

 Patients affected were most commonly in the age group of 41-60years.

 There was a male preponderance with male: female ratio of 1.778:1

 VAC dressing was done in wounds occurring in a variety of locations

likefoot 29 (58%), leg 18 (36%), sole 2(4%) and forearm 1(2%).

 Most common organism cultured both from case and control population

was Staphylococcus aureus 11(44%).

 90% of non-sterile pre-vac culture turned sterile after VAC.

 The hospital stay was found to be only 21days for patients with VAC

dressing , when compared 28 days in control group.
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 Patients with VAC dressing have more Split Skin Graft before discharge

and less rate of amputation when compared to the control group.

In short…

 V.A.C dressing decreases Hospital stay

 V.A.C dressing improves pus culture sensitivity

 V.A.C dressing improves outcome , more SSG

From our study, it can be concluded that VAC is a promising new

technology in the field of wound healing with multiple applications in a variety

of wounds. Wherever feasible, VAC therapy should be the modality of choice

in management of wounds.
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MASTERCHART CASES
Sl. No Name IP No Age Sex

Locatio
n

Organism
Before

Organism After
Hospital

Stay
End of

Treatment
1 ARUMUGAVADIVU 63997 48 F foot staphylococcus - 23 SSG
2 FATHIMA 63971 47 F leg staphylococcus - 21 SSG
3 SASI 85190 48 M foot pseudomonas - 21 SSG
4 ISAKKIMUTHU 13168 56 M foot pseudomonas - 22 discharge
5 BALASUBRAMANIYAM 1421 50 M leg staphylococcus - 17 discharge
6 SAMSUDEEN 11907 57 M foot proteus staphylococcus 25 amputation
7 RAJKUMAR 26023 33 M foot escherichia coli - 19 SSG
8 BOODHATHAN 30485 42 M leg staphylococcus - 23 discharge
9 INDRA 11022 46 F foot staphylococcus - 24 SSG
10 SORNAM 77043 60 F leg staphylococcus - 19 SSG
11 ANNATHAI 76755 53 F foot staphylococcus - 20 discharge
12 SHENBAGAN 30587 70 M foot escherichia coli escherichia coli 22 discharge
13 ARULSAMY 38052 52 M foot pseudomonas - 20 SSG
14 MURUGAN 75426 62 M leg staphylococcus - 20 SSG
15 KARUPPASAMY 58865 40 M leg staphylococcus - 25 SSG
16 GANESAN 75165 56 M foot no growh - 23 discharge
17 GOMATHI 76785 55 F leg no growh - 18 discharge
18 DHARMAN 7678 50 M foot no growh - 24 SSG
19 SUBBULAKSHMI 76883 65 F foot no growh - 20 SSG
20 MAYILSAMY 75144 63 M foot staphylococcus - 24 discharge
21 MARIYAMMAL 76794 45 F forearm staphylococcus - 21 SSG
22 CHELLADURAI 71026 52 M sole pseudomonas - 20 SSG
23 MUBARAK 1114 60 M leg pseudomonas - 25 discharge
24 IYYAPPAN 58819 50 M leg klebsiella - 21 discharge
25 PECHIYAMMAL 76887 55 F foot proteus - 21 SSG



MASTER CHART CONTROL
Sl. No Name IP No Age Sex

Locatio
n

Organism Before Organism After
Hospital

Stay
End of

Treatment
1 RAMALAKSHMI 12755 60 F foot escherichia coli - 21 discharge
2 DHAIRIYALINGAM 62443 44 M leg no growth - 28 discharge
3 MYDEEN PICHAI 64041 42 M leg staphyloccocus - 25 SSG
4 MUTHAIAH 66347 58 M foot proteus - 27 discharge
5 VEERALAMARI 14172 55 F foot staphyloccocus staphylococcus 28 amputation
6 MURUGAN 58873 71 M foot pseudomonas pseudomonas 31 amputation
7 SHEELA 17404 40 F leg no growth - 30 SSG
8 MANI 78729 52 M leg staphyloccocus - 29 discharge
9 BALASUBRAMANIAM 78749 60 M foot staphyloccocus - 30 discharge
10 LATHA 48866 47 F leg staphyloccocus 26 SSG
11 RAJKUMAR 78733 65 M leg no growth staphylococcus 28 amputation
12 CHANDRABOSS 34014 50 M foot staphyloccocus - 26 discharge
13 PALANISAMY 45400 58 M foot no growth - 28 discharge
14 MAADATHI 33827 60 F foot klebsiella - 25 SSG
15 VADIVU 31939 59 F foot staphyloccocus staphylococcus 32 amputation
16 MURUGAN 38125 55 M leg staphyloccocus - 20 discharge
17 KANNAN 57163 40 M foot proteus - 27 SSG
18 LAKSHMANAN 82902 60 M foot staphyloccocus - 30 discharge
19 SATHYAVANI 47110 54 F leg no growth staphylococcus 37 amputation
20 PERUMAL 83411 78 M leg staphyloccocus staphylococcus 35 amputation
21 PAAPATHI 49130 70 F leg staphyloccocus - 31 discharge
22 SRILAKSHMI 47165 55 F foot no growth - 26 SSG
23 MAHARAJAN 84398 51 M foot no growth - 33 SSG
24 SHAHUL HAMEED 83409 46 M foot no growth - 28 discharge
25 MARIAPPAN 85126 54 M foot pseudomonas - 26 discharge



PROFORMA

Vacuum assisted closure

Name:- Age:- Sex:- M/F IP No:-

Date of admission:- Date of discharge:- Duration:-

DM:- yes/no Comorbid medical conditions:-

History of present ulcer:-

EXAMINATION OF ULCER

Site:- size:- Grade:-

Shape:- Floor:-

VASCULAR STATUS

Skin:- Pulse:-

Doppler:-

INVESTIGATIONS

Hemoglobin:- S. albumin:- Total count:-

DC:- P L      M     E                        B. group:- S. Ca

RBS at the time of admission:- FBS/PPBS

ECG

Fasting Lipid profile:-

X-ray study:-

Doppler study:- Pre V.A.C C&S:-



TREATMENT

Insulin dosage:- Any OHA:- Treatment before
V.A.C

Any blood tran:-

ABOUT V.A.C

No of application:-

Method used:-

1 2 3

DATE OF
APPLICATION

DATE OF REMOVAL

AFTER VAC

Granulation :- Y/N

Pus C&S:-

PLAN AFTER V.A.C

DIAGNOSIS



ABBREVIATIONS

NPWT – Negative Pressure Wound Therapy

KCI – Kinetic Concepts Inc

VAC – Vaccum Assisted Closure

TNP -- Topical Negative Pressure

PU –Poly Urethane

PVA -- Poly Vinyl Alcohol

TRAC – Therapeutic Regulated Accurate Care

VEGF – Vascular Endothelial Cell Growth Factor

MMP – Matrix Metallo Proteinases

RCT – Randomised Control Trials
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