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Abstract

Despite the advancement in burn therapy in the last decades the treatment of burn wounds still
remains a challenging task. Infection is still a common complication; while sepsis remains the
leading cause of death in severe burns. The research guided integration of new and effective tech-
niques in burn wound management is mandatory. Negative pressure wound therapy (NPWT) is an
effective and widely used technique in the management of problematic wounds. Previously exist-
ing indications include soft tissue traumas and chronic wounds such as diabetic, arterial, venous
and pressure ulcers. The characteristics and challenges of these wounds have a lot in common
with burns. Since the early 2000’s there are experiences with the use of NPWT for the healing of
second degree burn wounds. Our clinical experience shows that it is a minimally invasive and ef-
fective way of improving burn wound management. In this article we give a review of the litera-
ture showing the mechanisms, unmapped future opportunities, financial issues, and possible ad-
verse effects of NPWT in burn therapy.
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1. Introduction
Negative pressure wound therapy (NPWT) is a revolutionary technique of wound management which is often
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used in cases where problematic wound healing is an issue. This system uses the power of a controlled vacuum
equally distributed on the wound surface. Burn injury is not only a severe and common form of trauma world-
wide, but the treatment of the burn wound is often a rather challenging task. In the USA alone approximately
two million people are burned and 80,000 people are hospitalized while 6500 people die each year because of
burns [1]. The research guided integration of new and effective techniques in burn wound management is man-
datory.

2. Evolution of NPWT

The use of subatmospheric pressure for wound healing originates in the 1940’s in the form of subatmospheric
drainage of the subcutaneous tissue [2] [3]. The first report of the use of negative pressure for the closure of
open wounds was released in 1987 using —80 mmHg negative pressure [4]. In 1989, 11 patients with post opera-
tional mediastinitis were treated with negative pressure for 24 days (=700 mmHg) resulting in successful wound
closure [5]. The expression: vacuum sealing was first mentioned in 1993 when 15 traumatic patients with open
fractures and soft tissue injury were treated using polyurethane based dressings and negative pressure [6]. In
1996 further experience was published with traumatic patients [7]. In 1997 Morykwas and Argenta suggested
the use of a foam dressing and negative pressure therapy for the treatment of chronic wounds, especially in el-
derly patients with weak potential for wound healing [8] [9]. They developed a porcine model and optimized the
negative pressure level at =125 mmHg which soon became the most common setting. They also gave the name
Vacuum-Assisted Closure (V.A.C.®, a registered trademark of KCI). Today numerous companies and different
NPWT solutions are available, including small single use mobile devices. All systems consist of a separate
wound dressing (polyurethane foam, or moist gauze) which is laid on the open wound, an air-tight plastic film,
suction tubes and a device that provides negative pressure. Suction fluid is collected in a plastic container
(Figure 1). Some authors suggest that the use of intermittent therapy and lower negative pressure settings (=75
or —100 mmHg) would be beneficial instead of the routinely recommended continuous high pressure settings
(=125 mmHg) [10].

3. Mechanism of NPWT

The primary effect of NPWT in wound healing is complex (Table 1) [11]. Due to vacuum there is a macroscop-
ic shrinkage of the wound (macrodeformation) [12]. The wound surface also undergoes microdeformation at the
interface with the foam dressing. This is a type of micro mechanical effect that changes the cell function.
Chronic wounds with excess fluid buildup, decreased circulation and tissue hypoxia are often accompanied with
bacterial colonization which prohibits wound healing. These problems also occur in partial thickness (or second
degree) burn wounds. NPWT removes fluid, toxins, bacteria, tissue-degrading enzymes and stimulates micro-
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Figure 1. Schematic illustration of the components of a

NPWT system.



E. Nagy, L. Juhasz

Table 1. Effect of NPWT on wound healing.

Primary mechanism Secondary mechanism
Macrodeformation Cellular response
Microdeformation Inflammation

Fluid removal Granulation tissue formation
Wound environment alteration Peripheral nerve response

Enhanced microcirculation

Reduction of stasis zone

circulation, while altering the wound environment creating a moist and warm environment optimal for wound
healing [13] [14]. Gene expression profiling of samples taken from a wound treated with negative pressure shows
that there is a significant change in the regulation of gene expression. Genes promoting proliferation and in-
flammation were found over expressed, while genes that take part in cell differentiation were under expressed [15].

4. Indication, Contraindication and Possible Adverse Effects

NPWT is commonly used in numerous indications such as traumatic wounds, chronic ulcers (arterial, venous,
diabetic, pressure), burns and partial thickness skin grafting. In some cases there are RCT-s that prove NPWT to
be more effective than conventional therapy [16]-[18]. NPWT can be used to help the total closure of the wound,
or to prepare the wound before skin grafting, or using a scaffold or flap [19]. The use of NPWT is contraindi-
cated if there is remaining necrosis, malignant tissue, osteomyelitis, or untreated fistula in the wound area. Cau-
tion should be taken when using close to blood vessels because it can cause bleeding, and also in close proximi-
ty to visceral organs because of the risk of fistula formation [20]. Using NPWT is not contraindicated with pa-
tients who suffer from coagulophathy, but strict monitoring is recommended. The use of uncontrolled central
vacuum systems harbors the most serious risk of adverse reactions [21].

5. NPWT in Burn Therapy

Despite the advancement in burn therapy in the last decades the treatment of burn wounds still remains a chal-
lenging task, no wonder the use of NPWT became popular in burn units [22]. Infection is still a common com-
plication; while sepsis remains the leading cause of death in severe burns [23]. The acute burn wound is a dy-
namic state that consists of three tissue zones: the zone of necrosis, the zone of stasis and the zone of hyperemia
[24] (Figure 2). The key of this dynamic state is that in the early phase the zone of stasis can be transformed in-
to viable tissue with adequate treatment (by restoring the circulation), or can easily become necrotic if the condi-
tions are not optimal (burn wound conversion). Partial thickness burns are always accompanied by excess fluid
buildup, and microcirculation disorder, which offers ideal conditions for microbial colonization. The use of
NPWT in burn wounds is believed to be beneficial especially because the removing of excess fluid containing
toxic mediators and bacteria, reduction of oedema and increasing tissue perfusion which helps the wound heal-
ing and stops the extension of necrosis. In 2003 the US Food and Drug Administration have approved the use of
NPWT systems in the therapy of partial thickness burns. In 2004 a retrospective analysis was made including 60
burned children treated with NPWT for autologous partial thickness skin grafting resulting in increased mobility
and compliance compared to conventional therapy [25]. In the same year a study was released examining pa-
tients with both sided hand burns. In case of each patient one hand was treated with conventional silver-sulfa-
diazine while the other was treated with NPWT. The study proved that when using NPWT the progression of
burns was significantly less compared to conventional therapy [26]. Because dressing changes can be rather
painful an application of a non-adherent wound dressing on the burn wound surface combined with NPWT can
be useful [27]. In 2009 a pediatric burn case was reported with close proximity to the anus which was treated
with NPWT allowing 100% graft adhesion and no bacterial contamination [28]. The enhanced total body wrap is
a novel technique which was introduced in 2013. By using 3 - 4 NPWT devices, long thin foam dressing stripes
and covering the whole body in air-tight plastic film this technique was proven to be effective in partial thick-
ness burns with a high percentage of total body surface area (TBSA) [29]. Topical antiseptics such as silver
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based dressings are ubiquitously used in burn treatment. One novel approach to NPWT in burns is to modify the
foam dressing with silver taking advantage of its antimicrobial effect [30]. Another idea to augment NPWT is to
instill normal saline or even antimicrobial solutions through one of the NPWT system’s tubes to support wound
healing [31]. In a 2014 study NPWT decreased mortality in a murine model of burn wound sepsis involving
Pseudomonas aeruginosa infection [32]. Unfortunately, recent studies show, that there is a lack of evidence
proving the statistically significant benefits of NPWT in burn therapy compared to conventional therapy [33]
[34]. The difficulty of correct data analysis might reside in low case numbers and that the field is so special that
it makes it hard to compare cases. Our clinical experience shows that NPWT is an effective, minimal invasive
therapeutic modality in burn wound healing, especially in severe cases where otherwise our chance of success
would be minimal (Figure 3).

6. Financial Issues

Although the instrumentation of NPWT is expensive compared to conventional wound treatment, it is widely
used in developed countries. The explanation is that the main indication field of NPWT is wounds with proble-
matic healing such as chronic wounds or burns. It is believed that the overall cost of conventional therapy of
these wounds would be higher or the same due to the use of different kinds and high quantities of expensive
wound dressings and increased hospitalization time [35] [36]. Unfortunately no random controlled clinical trial
is available that compares the costs in case of burn wounds.

Hyperaemia Stasis Necrosis

Figure 2. The zones of an acute burn wound. (Based on Ref.

[24])

g

Figure 3. Case study: A 60 years old patient was injured in a high-voltage accident and suffered electrical shock with se-
vere deep burns (Third degree, 35% TBSA). A: Primary state: deep necrosis on the skin of the back. B: The wound after the
surgical necrectomy. C: Patient during NPWT therapy. D: The cleared wound site due to NPWT therapy. E: We performed
autologous partial thickness skin grafting followed by additional NPWT therapy resulting in graft adhesion. F: The acquired
total wound closure three months after the accident. (With permission of Promenade Medical Publishing Co, Budapest,

Hungary)
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7. Conclusion

NPWT is an effective and widely used technique in the management of problematic wounds. Since the early
2000’s there are experiences with the use of NPWT for the healing of second degree burn wounds. Our clinical
experience shows that it is a minimally invasive and effective way of improving burn wound management. Pre-
viously existing indications include soft tissue traumas and chronic wounds such as diabetic, arterial, venous and
pressure ulcers. The characteristics and challenges of these wounds have a lot in common with burns. Studies
have been done proving the effectiveness of NPWT in second degree burn wounds, but more RCT-s with higher
patient numbers are needed for further knowledge in the topic. Exciting and untapped opportunities still remain
in this technique e.g. the use of antimicrobial silver, or instillation combined with NPWT. The risk of adverse
effects using NPWT can be minimized when using correct systems in correct indications. Cost may be an im-
portant issue but taken the unique gap stopping qualities of the technique into consideration, it may not be as
crucial as believed.
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