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Abstract
Vacuum-assisted closure, sometimes referred to as 
microdeformational wound therapy or most commonly 
negative pressure wound therapy (NPWT), has sig
nificantly improved wound care over the past two 
decades. NPWT is known to affect wound healing 
through four primary mechanisms (macrodeformation, 
microdeformation, fluid removal, and alteration of the 
wound environment) and various secondary mechanisms 
(including neurogenesis, angiogenesis, modulation of 
inflammation, and alterations in bioburden) which are 
described in this review. In addition, the technique has 
many established uses, for example in wound healing of 
diabetic and pressure ulcers, as well as burn and blast 
wounds. This therapy also has many uses whose efficacy 
has yet to be confirmed, for example the use in digestive 
surgery. Modifications of the traditional NPWT have also 
been established and are described in detail. This therapy 
has various considerations and contraindications which 
are summarized in this review. Finally, future perspectives, 
such as the optimal cycling of the treatment and the most 
appropriate interface material, are touched upon in the 
final segment. Overall, despite the fact that questions 
remain to be answered about NPWT, this technology is 
a major breakthrough in wound healing with significant 
potential use both in the hospital but also in the com
munity.
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Core tip: Negative pressure wound therapy has been very 
beneficial in the wound care of many different kinds of 
wounds, from pressure ulcers to open fractures mostly 
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due to its mechanism of action which we explain in 
detail. We explain the original purpose of this technology 
and going into detail about the many different ways it is 
currently being used in a clinical setting. Our review also 
explains its advantages and disadvantages and how they 
could be overcome. The last part of this review discusses 
the future of this technology and how it will keep im
pacting the field of wound care.

Panayi AC, Leavitt T, Orgill DP. Evidence based review of 
negative pressure wound therapy. World J Dermatol 2017; 6(1): 
1-16  Available from: URL: http://www.wjgnet.com/2218-6190/
full/v6/i1/1.htm  DOI: http://dx.doi.org/10.5314/wjd.v6.i1.1

INTRODUCTION
Since its introduction 19 years ago by Argenta and 
Morykwas, negative pressure wound therapy (NPWT) 
has emerged as a common treatment for acute and 
chronic wounds, including diabetic wounds, pressure 
ulcers, and burns[1]. In simple terms, NPWT refers to 
any device that tightly seals the wound creating a near 
airtight environment to which a vacuum can be applied 
resulting in a series of biological reactions that enhance 
wound healing.

The terms Vacuum Assisted Closure (VAC, KCI, San 
Antonio, TX) and microdeformational wound therapy 
(MDWT) are sometimes used interchangeably with 
NPWT. MDWT refers to devices (generally foam) that 
substantially deform the wound surface[2]. VAC now 
commonly refers to a family of devices using a highly 
porous foam based on the first commercially available 
NPWT device. Much of the clinical and basic science 
literature is based on these early devices (Figure 1). 
“Negative pressure” is somewhat of a misnomer as 
technically all pressure values should be positive.

Research on the application of NPWT in treating 
chronic non-healing wounds has largely taken the form 
of case studies, single-center studies, non-randomized 
controlled trials, with few randomized controlled trials 
(RCTs). This paper will analyze the available literature in 
order to summarize the current understanding of NPWT 
in terms of its mechanism of action, its applications, 
complications, contraindications and its future.

NPWT
In NPWT the wound is first filled with a porous material 
such as foam or gauze, that facilitates pressure trans
mission within the wound. A drainage port is then attached 
above the porous material and the wound is sealed 
with an adhesive film dressing. The drainage port is 
connected to a controlled vacuum pump which maintains 
negative pressure, usually ranging from -50 to -150 
mmHg[2,3]. The pressure can be applied in a continuous, 
intermittent, or variable mode, with the continuous type 
being the most frequently used. In the variable mode, 
the suction level changes but is never turned off, whereas 

in the intermittent mode the pressure is switched on and 
off throughout the course of treatment.

The specific interface material that contacts the wound 
surface affects the biological response of the system. The 
most commonly used material is a reticulated open-pore 
polyurethane (PU) foam that forms a structure resembling 
a three-dimensional net. This lattice formation allows the 
vacuum to be evenly distributed throughout the foam and 
improves fluid drainage.

VAC
Three foam types are used in the VAC systems. Black 
polyurethane ether (VAC GranuFoam, KCI) is the most 
commonly used foam, and black polyurethane ester (VAC 
VeraFlow, KCI) is used in instillation systems. The white 
polyvinyl alcohol (VAC WhiteFoam, KCI) foam has very 
small pore sizes and is used to protect critical structures 
without inducing microdeformations, which will be disc
ussed in the following section.

Gauze-based system
Usage of gauze in NPWT is based on the Chariker-
Jeter method of application, which uses a moistened 
antimicrobial gauze (AMD; Covidien, Hampshire, United 
Kingdom) as a wound interface, along with 80 mmHg 
of negative pressure and a silicone drain[4]. In one retro
spective study with a mixed group of patients with 
challenging wounds, gauze used as a wound filler material 
was found to achieve reductions in wound size and volume 
comparable with published data from polyurethane foam-
based systems[5]. 

Mechanisms of action 
Primary mechanisms 
NPWT is thought to promote wound healing via four 
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Figure 1  Visual representation of the definitions used in this article[2]. 
Negative pressure wound therapy (NPWT) defines the entire field of wound 
therapy that applies differential suction to the wound. Microdeformational wound 
therapy (MDWT) refers specifically to the field as applied to the science of the 
foam wound interface that causes deformation. The Vacuum-assisted closure 
(VAC) therapy system is the most commonly used commercially available device. 
Reproduced from, Huang C, Leavitt T, Bayer LR, Orgill DP. Effect of negative 
pressure wound therapy on wound healing. Curr Probl Surg 2014; 51: 301-331. 
Copyright 2016 by Elsevier. 



Thermoregulation and moisture retention

Macrodeformation
To vacuum

Drainage of wound exudate including:
  Excess fluid
  Inflammatory mediators

Microdeformation

Optimization of wound bed

primary mechanisms: (1) macrodeformation; (2) micro
deformation; (3) fluid removal; and (4) alteration of the 
wound environment (Figure 2). 

Macrodeformation: Macrodeformation, or simply 
induced wound shrinkage, occurs when suction is ap
plied to the foam causing pore collapse. This results in 
deformational forces being exerted on the wound edges, 
which draws them together. Macrodeformation can also 
induce compressive forces such as when these devices 
are used circumferentially on extremities[6,7]. 

Studies in a porcine model showed that suction of 
125 mmHg can decrease the volume of a PU foam by 
approximately 80% resulting in a substantial shrinkage 
of the wound[8,9]. The extent of contraction is largely 
dependent on the deformability of the wound[2].

The inherent tension in the dermis, which can cause 
wound margins to pull apart, and the attachment of the 
dermis to underlying structures vary in different parts 
of the body. Consequently different wounds contract to 
different degrees. For example, scalp skin is constrained 
by attachments to the underlying skull resulting in 
minimal deformation of the surrounding tissue when a 
foam based NPWT device is applied. In contrast, when 
a large open abdominal wound in an obese patient is 
treated with a similar device, the wound edges can be 
brought together in close approximation. 

Microdeformation: Microdeformation describes the 
mechanical changes that occur on the microscopic scale 
when suction is applied to the porous material resulting 
in an undulated wound surface. For PU foam interfaces, 
treating wounds for several days results in a cobble-
stone appearance of the wound surface. Models that 
mimic the strain applied to a wound by the opposing 
forces of the suction and the sponge have been designed 

to investigate these mechanical changes. Using finite 
element analysis (FEA), these models have shown that 
at 110 mmHg, MDWT results in a 5%-20% strain across 
the wound surface. This strain directly corresponds to the 
percentage change in length of the material exposed to 
the external forces[10].

Mechanical forces, which include compression and 
tension from the foam, shear and hydrostatic forces 
from the extracellular fluid, and the effect of gravity, are 
transmitted throughout the tissue via the extracellular 
cell matrix (ECM). These forces vary greatly across the 
wound surface. For example, the tissue just underneath 
the foam struts is exposed to focal high compression, 
whereas the wound surface centrally in the pore is focally 
exposed to high tension[10]. Microdeformation is the 
morphology that occurs due to the interplay between 
these forces.

Shear forces affect the cytoskeleton and activate a 
signaling cascade that upregulates granulation tissue 
formation and, hence, enhances wound healing[11-13]. 
Furthermore, microdeformation is believed to stimulate 
vessel sprouting towards the wound[2]. This is described 
in further detail in the secondary effects of NPWT. Micro
deformation causes localized hypoxia that causes an 
increase in local vascularity. Factors known to affect the 
efficiency of microdeformation include the level of suction, 
the pore size and the consistency of the foam, the tissue 
being treated and the deformability of the surrounding 
tissues.

Fluid removal: Fluid accumulation in the extracellular 
space or edema, which often occurs in chronic wounds, 
inhibits healing by compressing local cells and tissues. 
For example, during wound healing in peripheral diabetic 
ulcers, cell proliferation occurs due to the intrinsic 
tension generated in the cells by the interaction of their 
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Figure 2  The 4 primary mechanisms of mi­
crodeformational wound therapy: (1) macro­
deformation; (2) microdeformation (3) fluid removal; 
and (4) alteration of the wound environment[2]. 
Reproduced from, Huang C, Leavitt T, Bayer 
LR, Orgill DP. Effect of negative pressure wound 
therapy on wound healing. Curr Probl Surg 2014; 
51: 301-331. Copyright 2016 by Elsevier. 
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cytoskeleton and the ECM[14]. Fluid accumulation in the 
extracellular space elevates pressure in the interstitium 
and inhibits proliferation by decreasing the buildup of 
intrinsic tension. Since the fluids in the extracellular space 
communicate with the surface of the wound, vacuum 
application can remove fluid from the wound. Depending 
on the type of wound, significant amounts of fluid can 
be removed, as is the case with open abdominal and 
fasciotomy wounds. By removing fluid, the compression 
forces acting on the microvasculature allow increased 
blood flow and perfusion of the tissue (Figure 3)[1]. 
The adhesive film dressing covering the wound is 
semipermeable and hence allows some air to enter the 
system preventing a fluid lock and enabling continuous 
fluid removal. Other devices have been designed to let 
a small amount of air into the system through a remote 
port.

NPWT is believed to affect the lymphatic system via 
two mechanisms. First, since edema is cleared via the 
lymphatic system, by removing fluid, NPWT concurrently 
reduces the burden on the lymphatic system. Second, 
NPWT promotes lymphatic drainage by inducing a 
gradual increase in the density of the lymphatics at the 
wound edges (Figure 4)[15].

Alteration of the wound environment: When fluid 
is evacuated, electrolytes and proteins are removed 
that may stabilize osmotic and oncotic gradients at the 
wound surface[14]. The foam and drape act as insulators 
maintaining a warm wound environment[2]. The drape 
is semipermeable and helps maintain a sterile, moist 
environment by reducing wound contamination with 
microorganisms and minimizes water evaporation from 
the wound. In addition, NPWT can be more comfortable 
to patients by reducing the number of dressing changes. 
Special types of NPWT have been designed that serve to 
address specific issues in healing. For example, foam can 
be bound with antimicrobial silver or bioactive factors. 

Secondary effects
The four primary mechanisms of NPWT affect various 
wound healing processes including neurogenesis, hemo
stasis, angiogenesis, modulation of inflammation, cellular 
proliferation, differentiation, and migration, granulation 
formation, and alterations in bioburden.

Neurogenesis: MDWT has been linked to enhanced 
neural growth and neuropeptide expression through 
upregulation of neurotrophin nerve growth factor, substance 
P, and calcitonin gene-related peptide[16]. Epinephrine 
and nonepinephrine show a transient elevation, which is 
followed by a slower but more long-lasting elevation of 
substance P and neuropeptide Y (Figure 5). Neuropeptides 
are believed to be key homeostatic factors in the skin 
which play a role in the secondary effects of NPWT. The 
extent of neurogenesis has been directly linked to the 
level of microdeformation. In addition, intermittent suction 
results in greater neurogenesis than continuous MDWT[16].

Hemostasis: NPWT is postulated to promote haemostasis 
via two mechanisms. First, the negative pressure is 
believed to constrict and occlude small blood vessels 
mechanically reducing hemorrhage. It should be noted 
that this constrictive effect persists even after negative 
pressure is discontinued. Second, compression due to 
negative pressure strongly apposes the dressings to the 
wound surface favoring clot formation by the gauze[17]. In 
terms of the appropriate usage of the device, suction is 
applied when hemostasis is nearly complete, taking special 
care in patients with coagulopathies. In addition to the 
filler material, dressing, connecting tube and the vacuum 
pump, most systems also have a fluid collection canister 
which sounds an alarm when full, alerting clinicians of 
excessive blood loss[18].

Angiogenesis and blood flow: MDWT treatment of 
chronic wounds results in increased microvessel density[19]. 
Microdeformation causes temporary hypoperfusion to the 
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Figure 4  Lymphatic drainage is promoted though gradual increase in the 
density of the lymphatics at the wound edges[2]. MDWT: Microdeformational 
wound therapy. Reproduced from, Huang C, Leavitt T, Bayer LR, Orgill DP. Effect 
of negative pressure wound therapy on wound healing. Curr Probl Surg 2014; 51: 
301-331. Copyright 2016 by Elsevier. 

Figure 3  Removal of edema results in decreased hydrostatic compression 
of the capillaries and, hence, reduction of the required diffusion 
distance[2]. The overall increase in tissue perfusion optimises wound healing. 
MDWT: Microdeformational wound therapy. Reproduced from, Huang C, Leavitt T, 
Bayer LR, Orgill DP. Effect of negative pressure wound therapy on wound healing. 
Curr Probl Surg 2014; 51: 301-331. Copyright 2016 by Elsevier. 
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wound edge resulting in localized hypoxia of the tissues, 
subsequent upregulation of hypoxia-inducible factor-1α 
and in turn increased VEGF expression[20]. Ultimately this 
leads to increased angiogenesis (Figure 6). Similar results 
to angiogenic response stimulation have been replicated in 
in vitro studies using intermittent MDWT[21]. Furthermore, 
in vivo studies in patients have shown a difference between 
the initial and final stages of wound healing. Initially MDWT 
results in upregulation of angiogenin-2 (Ang-2) expression 
and downregulation of angiogenin-1 (Ang-1) expression, 
hence leading to decreased ratios of Ang-1/Ang-2. This 
favors destabilization and regression of microvessels leading 
to increased angiogenesis. In contrast, in the latter stages, 
Ang-1 is increased and the ratio of Ang-1/Ang-2 also 
increases. Phosphorylation of tyrosine kinase receptor-2 
is activated, enhancing microvessel stabilization and 
promoting microvessel maturation[22].

Using a deep tissue wound in a porcine model it 
was shown that a maximum fourfold increase in blood 
perfusion occurs when suction of 125 mmHg is applied 
to a PU foam. It was also shown that higher suction 
levels of 400 mmHg and above inhibit blood flow as the 
capillaries distort. In healthy human skin suction levels of 
up to 300 mmHg applied to a PU foam cause a fivefold 
increase of blood flow while suction on a Polyvinyl Alcohol 
(PVA) foam results in a threefold increase[23]. 

Topical negative pressure has been shown to stimulate 
vessel proliferation and neo-angiogenesis. Topical negative 
pressure applied to chronic wounds of 16 patients (-125 
mmHg) in preparation for reconstruction with free or 
pedicled flaps has been shown to considerably increase 
blood vessel density, reaching a maximum of approximately 
200% in contrast to the vessel density prior to treatment[24]. 

Modulation of inflammation: MDWT promotes active 
wound healing by simultaneously inducing inflammation 
while removing harmful components of inflammation 
such as infiltrating leucocytes, cytokines, and matrix 
metalloproteinases. Wounds treated with MDWT display 

increased cellularity of wound exudate with elevated 
erythrocytes and leukocytes, along with increased gene 
expression of leukocyte chemoattractants, such as 
CXCL5 and IL-8[25]. 

Topical negative pressure with reticulated open cell 
foam (ROCF) has been shown to increase expression 
of various pro-healing anabolism-related genes. This 
includes increased expression of extracellular matrix genes 
resulting in increased production of the proteoglycans 
epiphycan and fibronectin. Other genes found to be 
upregulated include CD163 and macrophage scavenger 
receptor 1 which are involved in macrophage signalling[26].

Cellular responses-proliferation, differentiation, 
and migration: Cells have long been known to undergo 
proliferation and division when exposed to mechanical 
stresses[27]. Consequently, cells can be induced to undergo 
these cellular functions by exposure to dynamic physical 
inputs. MDWT is largely based on this principle; the 
tissue microdeformation stimulates cellular proliferation 
enhancing wound healing. This effect has been shown to 
upregulate angiogenesis and epithelialization in chronic 
wounds in a rabbit model[28]. 

Studies using a diabetic mouse model found that 
application of short (6 h) intermittent MDWT results in 
increased expression of Ki-67, a marker for proliferation. 
The level of strain induced in the tissue by MDWT is the 
same level of strain required to induce cell proliferation 
in vitro[13]. 

It is believed that isometric tension is heavily involved 
in promoting cellular proliferation[29]. In the absence of 
isometric tension, growth factors and cell attachment 
to ECM proteins are essential but insufficient for cellular 
proliferation. Chronic wounds tend to lack the structural 
scaffolding needed for cell adherence and hence the 
development of isometric tension. Consequently cells 
undergo spherization and apoptosis. Suction applied 
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Figure 5  Microdeformational wound therapy promotes neurogenesis 
via upregulation of substance P, neurotrophin nerve growth factor, and 
calcitonin gene-related peptide[2]. Plasma epinephrine and norepinephrine 
are also transiently elevated. Reproduced from, Huang C, Leavitt T, Bayer LR, 
Orgill DP. Effect of negative pressure wound therapy on wound healing. Curr 
Probl Surg 2014; 51: 301-331. Copyright 2016 by Elsevier. 
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Figure 6  Angiogenesis is stimulated via several mechanisms, including 
microdeformation, upregulation of proangiogenic factors and removal of 
inhibitory factors[2]. MDWT: Microdeformational wound therapy. Reproduced 
from, Huang C, Leavitt T, Bayer LR, Orgill DP. Effect of negative pressure wound 
therapy on wound healing. Curr Probl Surg 2014; 51: 301-331. Copyright 2016 by 
Elsevier. 
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during MDWT is believed to generate the necessary 
forces within the tissues that enable isometric tension 
and hence cellular proliferation[13].

In addition, gene ontology enrichment analysis of 
tissue treated with MDWT has shown increased epithelial 
cell migration in the tissue[25]. Analysis of histologic pe
netration depth showed increased endothelial migration 
in tissues, whereas migration assays indicated enhanced 
dermal fibroblast migration[30,31]. MDWT also enhances 
migration of resident skin mesenchymal cells and cir
culating progenitor cells into granulation tissue[32].

Interestingly, although migration and proliferation 
of epithelial cells is increased by MDWT, differentiation 
is decreased. By downregulating keratin genes, such as 
KRT1 and KRT2, and major cornified envelope genes, 
such as annexin A9 and loricrin, MDWT inhibits kera
tinocyte differentiation[25]. This decrease is believed to be 
due to the changes induced in the wound tissue matrix 
as mesenchymal stem cell lineages are highly specific to 
the mechanical characteristics of the ECM. For example, 
mesenchymal stem cell neurogenesis, myogenesis, and 
osteogenesis are guided along soft, stiffer and rigid 
matrices, respectively[33]. Overall, MDWT is believed to 
promote wound healing by modulating cellular proliferation 
and migration, whilst inhibiting epidermal development 
and maturation[25].

Granulation tissue formation: MDWT affects the 
proliferation stage of repair by inducing robust tissue 
granulation, cell proliferation, and blood vessel sprouting. 
Research on mast cell-deficient mice has shown that all 
three processes require early and continuous activation 
by mast cells[34]. Collagen maturation is strictly dependent 
on mast cells in order to proliferate and remodel. 
Interestingly, MDWT application in mast cell-deficient 
mice, has no effect on collagen maturation, as expected, 
but does induce an increase in collagen production. In 
the control mice, both production and maturation were 
increased. Consequently, collagen production is not 
believed to be dependent on mast cells[34].

MDWT relies heavily on mechanotransduction, where
by mechanical forces are transduced by cells into biolo
gical triggers for various processes, including gene 
expression[35,36]. Mechanotransduction signalling in MDWT 
is a relatively new area of study. The current theory 
supports that molecules in the hypoxia pathway, such as 
nitric oxide, are involved[18].

In vitro studies using tissue engineering bioreactors 
have held a dominant role in simulating the in vivo 
micromechanical environment and the foam-wound 
interface. For example, tissue analogues subjected to 
topical MDWT for 48 h in a 3-dimensional bioreactor 
model of the wound bed environment displayed that 
fibroblast cell bodies undergo morphological change, 
from elongated bipolar to thickened morphology. Another 
observation following this treatment was the presence of 
dense actin cortical structures[37]. 

Research on a 3-dimensional fibrin matrix model 
found that MDWT increases cytochrome c oxidase levels, 

energy charge, and the adenosine triphosphate (ATP)-
adenosine diphosphate (ADP) ratio in fibroblasts. The 
increased energy was found to be utilized by healing 
biomechanisms. Two important factors required for 
collagen production during granulation formation, growth 
factor TGF-β and platelet-derived growth factors (PDGF) 
a and β, were also shown to increase with simultaneous 
application of subatmospheric pressure and a reticulated 
open-cell foam. In addition to upregulating collagen 
formation, PDGF α and b upregulate glycosaminoglycans 
and fibronectin synthesis in fibroblasts[31]. Upregulation of 
fibroblast growth factor, TGF-b1, Type I collagen α1, and 
smooth muscle actin α2 messenger RNA expression has 
also been observed in cells 48 h after been exposed to a 
suction, foam or perfusion bioreactor[32].

The rate of granulation formation with NPWT therapy 
with a PU foam was measured in a porcine model by 
determining the decrease in wound volume over time. 
Increased rates of granulation formation were seen with 
continuous (63%) and intermittent (103%) application 
of suction. Continuous treatment is believed to be less 
effective than intermittent treatment because the cells 
in the wound become accommodated, and hence less 
responsive, to continuous physical forces[38].

Intermittent suction application inactivates capillary 
autoregulation, hence increasing tissue perfusion, and 
enables the production of new cellular components 
by allowing time between cycles of cell division for the 
proliferating cells to rest. Continuous stimulation on the 
other hand is believed to switch off mitosis. Despite this, 
many clinicians prefer to use continuous treatment for 
the first 48 h, before switching to the intermittent mode, 
because it is better tolerated by patients[39]. 

Alterations in bioburden: Changes in bioburden occur 
as a result of NPWT. However, studies related to this have 
produced mixed results. One study showed that NPWT 
results in decreased presence of non-fermentative gram-
negative bacilli, but increased load of Staphylococcus 
aureus[40]. Other studies found no significant difference 
in bacterial levels when foam dressings were used with 
and without suction. These experiments, however, used 
nonviable tissue and focused primarily on the effect 
of suction on bacterial load[41]. It is believed that the 
decreased bacterial load occurs due to an interplay of 
multiple factors, not just due to the effect of suction[42,43]. 
Experiments on foam material found high bacterial loads 
in sonicated foams, and very high polymicrobial bacterial 
loads in all foams studied[44]. Porous PU foams on high 
suction (125 mmHg) were found to have a lower level of 
bacteria than PVA foams on lower suction. In addition, 
increased angiogenesis and blood perfusion may increase 
infection resistance by increasing inflow of oxygen in the 
wound tissue. 

Clinical applications of NPWT
NPWT has been used to treat wounds in numerous 
different anatomical locations, with different levels of 
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complexity and varying pathologies. The following section 
will review the evidence available on the application of 
NPWT in different wounds.

Open wounds
Basic applications of NPWT: At its most basic 
application, NPWT has been used in the management of 
open wounds, where the foam is directly applied to the 
wound bed. Common targets are poorly healing ulcers 
such as those caused by diabetes, venous or arterial 
pathologies and pressure necrosis.

More specifically, NPWT has been found to promote 
wound area reduction, wound bed granulation and clear
ance of microbial infection in diabetic foot ulcers[45]. NPWT 
has been associated with a higher rate of limb salvage[46]. 
Furthermore, treatment of diabetic, arterial and venous 
ulcers in high-risk patients using NPWT results in a higher 
rate of successful closure, with the greatest difference 
seen in venous ulcers[47]. When NPWT is applied earlier 
on in the treatment these wounds display faster healing 
times[47]. In nonoperative treatment of scleroderma ulcers, 
NPWT has been found to prevent digit amputation[48]. 
In the treatment of pressure ulcers, NPWT has been 
shown to reduce the surface area, volume and depth 
of wounds, to enhance granulation and to decrease the 
likelihood of hospitalisation[39,49,50]. Vowden K NPWT may 
also be effective in treating nonhealing deep-pressure 
ulcers covered by soft-necrotic tissue which require rapid 
formation of granulation tissue[51]. It is important to be 
noted that NPWT needs to be used concurrently with 
disease specific treatment, for example medical treatment 
for vasculitis and pyoderma gangrenosum[52].

In the treatment of surgical wounds, NPWT often acts 
as the pre-treatment before a skin flap or graft, or before 
secondary closure with NPWT. More specifically, in the 
excision of melanoma, NPWT enhances both functional 
(improves vascularity) and cosmetic (scar reduction) 
outcomes[53], whereas in the postoperative treatment of 
lymphangioma in children it is believed to decrease the 
risk of recurrence and infection[54].

Skin graft and dermal scaffold recipient site 
preparation: NPWT is often used to prepare a recipient 
site for skin grafts and dermal scaffolds. Large wounds, 
where granulation tissue spans the entire wound, can 
be rapidly closed with autologous skin grafting. One 
prospective RCT investigated the efficacy of NPWT prior 
to skin grafting in patients with acute traumatic wounds. 
NPWT improved total successful graft uptake, decreased 
regrafting, and required shorter lengths of hospital 
stay[55].

Dermal scaffolds are often used in wounds where 
tendon or bone is exposed to induce vascularization of the 
wound bed in preparation for skin grafting[56,57]. Concurrent 
treatment with NPWT and dermal scaffolds (Matriderm, 
Dr Suwelack Skin and Health Care AG, Billerbeck, Ger
many) enhances the contact between the wound surface 
and the scaffold and is believed to result in scars with 
higher elasticity and more natural skin pigmentation, 

and a decreased occurrence of postoperative wound 
contamination one year post-operatively[58]. 

Combination therapy: Various bioactive factors have 
been incorporated in NPWT to enhance efficacy. 

Silver has been used in various wound dressings 
and has proven useful in burn care[59]. In NPWT therapy, 
silver was added to the coating of the PU foam in 
order to decrease the bacterial load in the wound. In 
a goat model of complex infected orthopedic wounds, 
silver dressings placed beneath the negative pressure 
dressings resulted in a decrease in the bacterial load, 
most notably in the numbers of S. aureus[60]. The 
MDWT foam can be modified to contain silver in order 
to act as an antimicrobial agent, as has been used in 
wound bed preparation for substantial split-thickness 
skin grafts (STSGs) to treat recalcitrant venous stasis 
ulcers[61]. However, silver-infused dressings are not always 
indicated[62].

A combined treatment of NPWT, platelet-rich plasma 
(PRP), STSGs and bilayered acellular matrix grafting was 
found to completely heal a large necrotizing fasciitis wound 
in a patient with diabetes[63]. Furthermore, one study used 
a combination therapy of PRP and NPWT on patients with 
sternal osteomyelitis and sinus tract after thoracotomy. 
The treatment regimen was PRP gel on the day of surgery 
followed by continuous NPWT for 20 d. This combination 
therapy was found to shorten the sinus tract sealing time, 
wound healing time, and length of hospital stay. Secondary 
repair surgery was also avoided[64].

Instillation therapy is the injection of fluid, such as 
normal saline, into the wound through a port on the NPWT 
connecting tube to enhance wound healing (Figure 7). 
This technique has been successfully applied in massive 
venous stasis wounds to reduce bacterial concentrations 
in the wound prior to STSG. A single-delivery-instillation 
system, whereby a series of intermittent cycles of MDWT 
was followed by a single injection of dilute sodium 
hypochlorate solution, appeared to create good wound 
bed preparation[65].

In continuous-instillation MDWT a second port is 
connected to the continuous-drip system, which can allow 
continuous instillation of a fluid, for example insulin, to 
decrease the time required for wound healing[66]. In full-
thickness excisional wounds in a porcine model, NPWT 
with simultaneous irrigation with polyhexanide biguanide 
(PHMB) or saline showed improved wound healing with 
either irrigation solution when compared with NPWT 
alone[67]. Other factors which can be instilled are dilute 
Betadine, doxycycline, phenytoin and lactoferrin. Further 
research is needed to investigate the efficacy of this 
concept[68]. Instillation MDWT has been recommended in 
patients with multiple comorbidities with difficult wounds, 
although without high level of evidence to support these 
recommendations[69]. 

Further examples of adjuvants include platelet gel, 
activated protein C, arginine-rich dietary supplements, and 
Manuka and Leptospermum honeys. Platelet gel, added 
to the wound bed following initial NPWT, has been used in 
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the treatment of a nonhealing ileocutaneous fistula leading 
to complete wound healing[70]. In orthopedic wounds, 
activated protein C, an anticoagulant, was injected 
into the wound bed resulting in a decrease in the area 
and depth of the wound and an increase in granulation 
tissue formation[71]. Studies on the use of arginine-rich 
dietary supplements, which are believed to enhance local 
circulation at the wound bed, have shown that treatment 
with the supplements results in complete healing of 
infection-induced wound dehiscence with only one month 
of treatment and no recurrence at the 6-mo follow-up[72]. 
Leptospermum and Manuka honeys have been used in 
the treatment of a nonhealing postsurgical wound and an 
abdominal phlegmonous lesion, respectively[73,74]. 

NPWT in burns: NPWT has been found to preserve 
perfusion in acute partial-thickness hand burns[75]. It has 
also been used as a dressing over a dermal substitute 
in burn wounds, where it was believed to have no 
effect on graft adherence, but did improve long-term 
scar elasticity[76]. When NPWT was used with porcine 
acellular dermal matrix (ADM) dressing as combination 
therapy in deep burn wounds it was found to decrease 
wound exudate and bacterial load and promote wound 
healing[77]. NPWT has also been used in a patient with 
major third and fourth-degree high voltage electrical burns 
to enhance granulation tissue formation in preparation 
for skin grafting. Through the use of NPWT, major chronic 
soft tissue defects in the right leg were covered and 
amputation was avoided[78].

Treatment of deep infected wounds: The efficacy of 
NPWT in deep wounds has been studied using soft tissue 
blast injuries in porcine models. In these models, NPWT 

was found to decrease bacterial load, inhibit infection-
induced tissue necrosis, and induce early initiation of 
granulation tissue formation[79]. Research on humans 
has shown that NPWT is effective in controlling infection, 
specifically in thoracic and abdominal wounds.

NPWT in open fractures: NPWT has also been used 
in the treatment of open wounds with exposed bone 
or joints, where it is believed to keep the wound moist, 
warm and sterile by preventing external contamination. 
The rate of wound healing in open fractures has also been 
shown to be expedited with NPWT[80]. Furthermore, the 
rate of deep infection in open tibial fractures is believed to 
be lower in NPWT treated wounds than in conventional 
treatment[81]. Treatment with NPWT in an open left knee-
joint wound, induced formation of granulated wound bed 
which fully covered the exposed bones and joint[82]. NPWT 
is especially important in cases where free-flap transfer 
is contraindicated[82,83]. NPWT in Gustilo grade ⅢB open 
tibial fracture treatment helps reduce the size of the flap 
required but can also eliminate the need for a flap transfer 
all together. However, it should be noted that treatment 
with duration longer than 7 d was associated with higher 
likelihood of infection and amputation[84]. NPWT in patients 
with grade Ⅲ open fractures significantly reduced bacterial 
load at the wound site, as well as decreasing the risk of 
recurrent infection[85]. 

Deep sternal wound infection: Use of NPWT as the 
first line of therapy in deep sternal wound infections (DSWI) 
has been shown to decrease rates of early reinfections, 
as well as reducing numbers of late chronic sternal 
infections and mortality[86]. The length of hospital stay is 
also shortened by 1 wk[87]. In methicillin-resistant DSWIs 
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Figure 7  Instillation vacuum-assisted closure[2]. Fluid, such as normal saline, is instilled into the wound through a port on the connecting tube to enhance wound 
healing. Reproduced from, Huang C, Leavitt T, Bayer LR, Orgill DP. Effect of negative pressure wound therapy on wound healing. Curr Probl Surg 2014; 51: 301-331. 
Copyright 2016 by Elsevier. 
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following cardiovascular surgery, MDWT has been shown 
to decrease length of hospital stay, healing time, and 
infection recurrence[88]. 

NPWT is believed to have the ability to stabilize the 
thoracic cage, improving hemodynamics and pulmonary 
status. NPWT in conjunction with a tissue flap can 
provide adequate control of infection preventing sepsis 
and hemodynamic instability[89]. In the presence of 
poststernotomy osteomyelitis, adequate debridement 
and antibiotic therapy is still necessary with the use of 
NPWT[90,91].

NPWT as an augmented surgical drain: NPWT 
enables improved drainage of the fluid which builds 
up in anatomical cavities or abscesses in deep wound 
infections. For example, application of NPWT in the 
treatment of a deep neck abscess reduced the need for 
open thoracotomy by preventing accumulation of purulent 
material[92]. Concurrent open window thoracotomy and 
NPWT was found to eradicate local infection and hence 
control sepsis in postoperative or recurrent pleural 
empyema. In complex chest wall wounds NPWT inhibited 
empyema recurrence and enhanced lung expansion[93]. 
A modified NPWT therapy has been used to treat deep 
cavitary defects, such as those caused by blast injuries 
or high-velocity projectiles. By connecting a superficial 
foam dressing to the surgical drain, deep cavitary defects 
can be converted into superficial ones. This modified 
therapy can apply suction deep in the wound cavity and 
result in a decrease in the dead space, reduced edema 
and lower risk of infection. In comparison to traditional 
VAC therapy, draining is enhanced, and the risk of deeper 
cavities closing off is minimized[94]. VAC therapy has been 
successfully used in cases of Hidradenitis suppurativa 
where immediate primary closure was not possible 
secondary to the large size of the defect. An internal VAC 
was found to accelerate delayed closure and reduce the 
rate of recurrence in hidradenitis excisions[95]. 

NPWT as biologic sampling device: NPWT is 
increasingly being used as a biologic sampling device, 
where mediastinal fluid is collected from the wound and 
cultured for microorganisms. In one study, NPWT was 
found to increase the rate of detection of microorganisms 
and was recommended as a replacement to traditional 
biologic sampling devices[96]. On the other hand, micro
biology of NPWT specimens in patients with prosthetic 
vascular graft infections was found to have limited 
diagnostic value, with anaerobe species being the most 
poorly identified in NPWT foam samples[97]. Additional 
studies are, however, required before general conclusions 
on the efficacy of NPWT as a sampling device can be 
drawn.

Intra-abdominal NPWT: A further potential target for 
NPWT are deep intra-abdominal wound infections. 

Specifically, in a case of acute necrotizing pancreatitis, 
placement of NPWT foam dressing in the opening created 
during lesser sac marsupialization in classical laparotomy 

was found to accelerate wound closure, hence improving 
patient outcome[98]. In addition, examination of wound 
secretions improved, abdominal compartment syndrome 
was prevented and care was overall simplified. NPWT 
has also been successfully used endoscopically in the 
treatment of rectal wall anastomotic disruptions[99].

NPWT and gynecological laparotomy: NPWT has 
also been used as a prophylactic measure in laparotomy 
wounds in patients with gynecologic malignancies. The 
rate of wound complications was similar in patients 
who received traditional treatment and those receiving 
prophylactic NPWT dressing, despite those receiving 
NPWT having significantly higher BMIs[100].

NPWT and soft-tissue sarcomas: NPWT has been 
shown to be safe and effective as an adjunct to wound 
closure in cases of wide tumor resection for soft-tissue 
sarcomas. Continuous suction, with pressures from -200 
to -300 mmHg, was applied on the soft-tissue defects as 
preparation for wound closure. This treatment was found 
to decrease wound complications, such as post-operative 
infection and recurrence, while also reducing edema, 
draining exudate, and promoting granulation tissue for
mation[101].

NPWT and congenital deformities: NPWT holds 
potential for the treatment of congenital deformities such 
as giant omphalocele[102] or complex gastroschisis[103]. 
However the efficacy for this has yet to be established 
and the treatment is not approved by the Food and 
Drug Administration (FDA). In pediatric patients, the 
granulation tissue response is often much more robust 
than in adults, often leading to more frequent dressing 
changes to avoid ingrowth into the interface material.

NPWT and digestive surgery: Most recently, there 
have been suggestions of using NPWT in digestive 
surgery, however this use is yet to be established. One 
previous pilot study investigated NPWT use following 
ileocecal resection in Crohn’s disease and found that NPWT 
shortened length of hospital stay by 70%-80%[104]. It is 
important to note that one major concern of NPWT use in 
digestive surgery is the development of enteric fistulas due 
to negative pressure[105]. Prophylactic NPWT at the ostomy 
closure wound in patients with ulcerative colitis was found 
to be safe with no enterocutaneous fistula formation 
or postoperative bleeding. However, in this particular 
study, no effect on the duration of wound healing was 
observed and the prophylactic efficacy of NPWT could not 
be proven[106]. Further studies are needed to prove the 
efficacy of NPWT in digestive surgery.

Variations of the traditional 
NPWT systems
Incisional NPWT
The literature supporting the use of NPWT over clean 
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incisions has mixed results. Clean, closed surgical incisions 
displayed decreased rates of seroma and hematoma 
formation in porcine models[107]. Decreased rates of 
seroma, as well as haematoma formation have also been 
reported in post-bariatric patients receiving incisional 
NPWT[108]. Topical NPWT applied to closed incisions also 
decreases the risk of infection[109-112]. In total hip and knee 
arthroplasty, NPWT has been shown to be beneficial by 
decreasing excessive hospital stay and achieving a more 
predictable length of hospital stay. Wound complications, 
such as superficial wound infections and prolonged wound 
exudate, were also reduced[113]. Furthermore, in total hip 
arthroplasty incisional NPWT was found to decrease the 
rate of postoperative seromas[114], whereas in abdominal 
wall reconstruction it was found to reduce the incidence 
of incisional wound dehiscence[114,115]. Incisional NPWT in 
the reconstructive surgery of poststernotomy mediastinitis 
was found to decrease the duration of required therapy, 
length of hospital stay, and failure of treatment[116]. Peri-
incisional lateral stress is reduced by approximately 50% 
following NPWT application and the directions of these 
stress vectors mimicked the distribution found in intact 
tissue[117]. Evidence from this research has supported 
the development of systems such as Prevena™ Incision 
Management System (KCI, an Acelity company, San 
Antonio, TX) which is specifically designed to be used 
in incisional wounds. Prevena™ has successfully been 
used in closed sternal incisions in cardiac patients where 
it has been shown to result in favorable outcomes within 
30 d post-surgery[118]. A recent literature review has 
recommended the use of incisional NPWT in all patients 
with high risk of developing surgical site occurrences and 
those undergoing a high-risk procedure or a procedure 
that would have morbid consequences if complications 
occurred[119]. 

In contrast, VAC therapy in high risk patients with 
lower extremity and abdominal wound incisions had no 
significant effect on infection and dehiscence rates[120]. 
It should be noted that one prospective analysis of 
21 patients who received NPWT post primary knee 
arthroplasty found no benefit in wound healing with 
NPWT, with the only notable benefit being less wound 
leakage and better protection of the incisional site. This 
study was, however, limited by the small sample size and 
the results need to be validated by a larger prospective 
RCT[121].

Skin graft immobilization
NPWT is used in STSGs in the place of a bolster, which 
is traditionally used to immobilize the graft by applying 
gentle pressure[122,123]. NPWT stabilizes the graft, drains 
excess fluids, and promotes better contact for graft 
integration enhancing vascularisation[122-125]. NPWT has 
been shown to decrease the risk of reoperation in cases 
of congested lower extremity pedicle and free flaps 
by decreasing venous insufficiency and tissue edema, 
promoting granulation and, hence, preventing further 
flap necrosis[126]. Furthermore, NPWT decreases venous 

congestion in random local flaps used in complex ankle 
wounds, hence decreasing the likelihood for ischemia 
and distal necrosis and enhancing their viability[127]. 
NPWT is also used in the treatment of large back donor 
sites for head and neck free flaps where it is believed 
to decrease complications. NPWT has successfully been 
used in degloving injuries to immobilize skin grafts[128,129], 
or as adjuvant treatment with a dermal regeneration 
template[130].

clinical considerations
NPWT has been used in various wound types and its 
use in poorly healing wounds is FDA approved. The KCI 
VAC therapy system, which is widely used, lists acute, 
subacute, chronic, traumatic, dehisced wounds, ulcers, 
partial-thickness burns, grafts and flaps as indications 
for use in its manufacturer guidelines[131].

Contraindications
Use of NPWT is contraindicated in untreated osteomyelitis, 
when necrotic tissue or malignancy is present in the 
wound, in nonenteric and unexplored fistulas, and when 
there is exposed vasculature, nerves, anastomotic sites, 
or organs[107]. It should be noted that NPWT has been 
used successfully in contraindicated cases such as in 
cases of osteomyelitis[91], exposed organs[98], and exposed 
anastomotic sites[132].

Numerous potential patient risk factors that require 
consideration have also been identified. NPWT is contra
indicated in patients with high risk of bleeding or hemo
rrhage or those who are on chronic anticoagulation or 
antiplatelet treatment[133]. In addition, the patient’s body 
habitus needs to be considered.

Direct contact of exposed tendons, nerves, vasculature 
and organs with PU foam under vacuum forces can also 
result in complications. Hence, in cases where NPWT needs 
to be applied in close proximity to exposed structures, 
these structures can be covered with a nonadherent 
barrier layer such as petroleum gauze and nonadherent 
dressings[134]. In addition, an isolation sterile bag has been 
described for intra-abdominal dressings in which the VAC 
foam is placed inside a sterile bag (3M SteriDrape Isolation 
Bag) whose surface has been perforated, allowing fluid 
drainage whilst simultaneously protecting the surrounding 
tissue[97].

Possible complications
Complications that have been mentioned in the literature 
include infection and sepsis, foam retention in the wound, 
tissue adherence, bleeding, and pain (Figure 8). Although 
in the most serious cases bleeding and infection have led 
to death, these complications occur very rarely[107]. Death 
associated with NPWT application at home or in long-
term care facilities, is most commonly due to massive 
bleeding. Consequently, care needs to be exercised when 
selecting patients to apply NPWT at home, particularly 
in wounds of high risk for bleeding. In open abdominal 
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wounds the tension generated on the proximal bowel of 
the stoma during NPWT has been seen to cause stomal 
mucocutaneous dehiscence[135].

The frequency of dressing changes can also affect 
treatment outcome. For example, in a case of NPWT 
treatment of a stage IV ischial pressure ulcer, spreading 
infections were masked, resulting in necrotizing fasciitis, 
as the dressing was changed at 5 d intervals[136].

Special consideration should be taken when treating 
blast wounds with NPWT, as application has been linked 
to increased rates of sepsis[137]. If applied before complete 
debridement is performed, it should be changed more 
frequently until the debridement is complete. Blast 
wounds have deep cavitary defects and the tail of the 
foam placed within the cavity has a higher chance of 
retention[94]. Currently, most interface materials do 
not have any indicator that can be visualized on X-ray. 
Great care must therefore be taken when changing the 
interface material to ensure complete removal.

Future perspectives 
Interface material 
Various interfaces have been developed through the 
years. At the moment, reticulated open-pore foams have 
been the most carefully studied and are considered to 
be able to transmit suction over long distances and to 
induce tissue microdeformation. Furthermore, the pore 
size in the foam material is believed to be directly related 
to the level of granulation tissue formation, where larger 

pores induce higher production of granulation tissue[138]. 
Further research related to optimal interface materials for 
different clinical situations is necessary. 

Optimal cycling 
To date, research supports that short, intermittent NPWT 
induces a more robust tissue response in biological 
systems than continuous mechanical forces[16]. However, 
in one study, continuous NPWT application and variable 
application (every 2 d for 4 h) were found to induce a 
similar granulation tissue response. Furthermore, very fast 
cycle times seem to decrease granulation tissue formation 
by causing damage to nascent granulation tissue[8,139,140]. 
Intermittent therapy is also often not adhered to by pa
tients because of patient discomfort. Additionally, optimal 
cycling varies with the type of wound. A chronic ulcer, for 
example, may be best treated with continuous suction 
throughout treatment, whereas an acute wound, may 
respond better to continuous suction for 48 h, followed by 
cycles of intermittent therapy[135].

Optimal suction level
There has yet to be a definitive study that states the 
optimal NPWT suction level. A lower pressure is believed 
to be best for circumferential wounds and in cases where 
NPWT is used in conjunction with a free flap.

Adhesives 
A limitation of the currently available NPWT devices is the 
inability to obtain a good seal at the edges of the device 
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Figure 8  Infection and sepsis, foam retention in the wound, tissue adherence, bleeding, and pain[2]. A: Treatment of L-1 partial paralysis and left ischial 
pressure ulcer with microdeformational wound therapy for 2 m; B: Discovery of retained foam; C: Wound healing following removal of foreign material and flap surgery. 
Courtesy of Brigham and Women's Hospital.
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which compromises the maintenance of suction. Further 
development of materials that enable better adhesion on 
curved and moist surfaces is necessary to allow use of 
the devices in difficult wounds.

CONCLUSION
NPWT may have proven successful as an adjunctive 
therapy in a wide variety of wounds. However, the 
currently available systems are still novel, and the number 
of high-level clinical studies investigating NPWT is lacking. 
More RCTs are needed to elucidate the details of NPWT 
efficacy, particularly in terms of its different indications and 
modalities. Overall, NPWT continues to hold great promise 
and with further research on the optimal parameters of its 
application this management option stands to continue to 
improve wound healing and patient care.
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