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Correspondence to: Since its introduction 20 years ago for the treatment of chronic wounds, negative
AD Widgerow, MBBCh, MMed, FCS, FACS, pressure wound therapy use has expanded to a variety of other wound types. Various
Professor mechanisms of action for its efficacy in wound healing have been postulated, but no
Director — Center for Tissue Engineering unifying theory exists. Proposed mechanisms include induction of perfusion changes,
Plastic Surgery microdeformation, macrodeformation, exudate control and decreasing the bacterial
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of dominance in each wound type. Specifically, negative pressure wound therapy is

2:2332868 beneficial to acute open wounds because it induces perfusion changes and formation of

USA granulation tissue. Post-surgical incisional wounds are positively affected by perfusion

E-mail: awidgero@uci.edu changes and exudate control. In the context of chronic wounds, negative pressure wound
therapy removes harmful and corrosive substances within the wounds to affect healing.

doi: 10.1111/iwj.12658 When skin grafts and dermal substitutes are used to close a wound, negative pressure
wound therapy is effective in promoting granulation tissue formation, controlling
exudate and decreasing the bacterial load in the wound. In this review, we elucidate
some of the mechanisms behind the positive wound healing effects of negative pressure
wound therapy, providing possible explanations for these effects in different wound
types.

Introduction include changes in perfusion, stimulation of granulation tissue

through mechanical deformation and exudate management,
with a lesser emphasis on wound approximation and bacte-
rial control. It is likely that all these factors play roles in the
pathophysiology of wound healing to varying degrees, be they
open or closed, acute or chronic. For example, acute open
wounds greatly benefit from increased perfusion and granu-
lation stimulation, while surgical wounds benefit from exu-
date management; chronic wounds benefit from the control of

Modern negative pressure wound therapy (NPWT) was
introduced in the 1990s for treatment of non-healing
‘difficult-to-manage’ wounds (1). The term negative pres-
sure, although commonly used by most authors, is misleading
in that physical pressure is always a positive value (2,3).
Pressure applied to the wound in this type of treatment is
measured relative to atmospheric pressure; hence, another term
frequently used is sub-atmospheric pressure wound therapy
(4,5). Some authors also utilise the terms vacuum-assisted
closure (VAC) (1) or microdeformational wound therapy (6);
however, Huang et al. state that these terms are narrow and
can be attributed to only specific devices (3). Despite the fact
that NPWT is a misnomer, we will use it in this article as a
more widely accepted term in the literature and in clinical
practice.

NPWT has proven to be the most significant disruptive tech-
nology in wound care in recent times. Authors have specu-
lated various mechanisms of action since its introduction in an
effort to identify a unifying theory explaining its efficacy across
a spectrum of wound injuries. Primarily, these mechanisms

Key Messages

e Negative pressure wound therapy achieves its positive
wound healing effects through multiple mechanisms,
including changes of wound perfusion, microdeforma-
tion, macrodeformation and exudate control.

e These mechanisms play a role with varying dominance in
different types of wounds, with the primary mechanism
of wound healing promotion depending on the type of
wound being treated.
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Figure 1 Mechanisms of action involved in negative pressure wound therapy.

corrosive exudate and anti-inflammatory actions, while meshed
skin grafts or biological skin substitutes in acute wounds bene-
fit from the formation of granulation tissue, acting as a bolster
dressing and managing exudate accumulation. The main mech-
anisms of action in NPWT are inextricably linked, and their
interplay promotes healing in a multitude of wound types.

General mechanisms of action

Changes in perfusion

Adequate blood flow is essential to wound healing because
it delivers oxygen and vital nutrients to the tissue in addition
to removing waste products. There is evidence supporting the
stimulation of angiogenesis surrounding the wound bed as one
of the beneficial effects of NPWT. Xia et al. demonstrated
a local increase in a number of angiogenesis-related growth
factors upon the application of NPWT (7). This appears to
be through the stimulation of the hypoxia-inducible factor la
(HIF-1a)/vascular endothelial growth factor (VEGF) pathway
induced by a lack of oxygen at the wound bed, where VEGF
levels were shown to be higher (6). A study by Seo efal.
actually found that NPWT promotes a systemic decrease in
VEGF but increased the number of circulating endothelial
progenitor cells (EPCs), suggesting EPC mobilisation as being
the bridging mechanism between the HIF-1o/VEGF pathway
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and angiogenesis (8). However, these microscopic changes do
not equate to a uniform increase in blood flow surrounding
the wound. Various studies using laser Doppler examination
showed that NPWT caused a decrease in blood flow close to
the wound but increased it distally (9—11). Furthermore, the
amount of blood flow has been shown to be dependent on
the amount of pressure applied (10) as well as the manner in
which this pressure is applied. Morykwas et al. were the first to
suggest that the beneficial effects of NPWT are increased with
intermittent application (cycling between 0 and —125 mmHg)
of negative pressure compared to continuous application (12).
Borgquist et al. later demonstrated that both intermittent and
variable application (cycling between —10 and —125 mm Hg)
of negative pressure resulted in a beneficial combination of
increased and decreased blood flow (13). This cycling of hypo-
and hyperperfusion of the wound stimulates angiogenesis and
delivers nutrients, respectively, ultimately enhancing wound
healing (Figure 1).

These perfusion changes, as measured by laser Doppler, have
been disputed by Kairinos et al., who hypothesized that the
changes in perfusion demonstrated by laser Doppler actually
represent varying degrees of occlusion and compression of the
capillaries induced by local pressure of the dressing and suction.
Thus, according to the authors, capillaries in close proximity
to the NPWT are likely to be totally occluded, resulting in
the laser Doppler correctly interpreting this as a reduction in

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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perfusion, while those some centimetres away are partially
occluded, resulting in the laser Doppler incorrectly recording
an increased perfusion in this area as compared to the area of
total occlusion (14).

This argument is particularly relevant to areas of hypoperfu-
sion, such as a critical limb ischaemia, where any further loss
of blood supply could herald irreversible functional changes in
the tissues (15). However, for the traditional wound treated by
NPWT, it is evident that hypo- and hyperperfusion tend to be
cyclical events within the wound bed and surrounding tissue,
resulting in physiological changes that occur as an acute vascu-
lar response and as a subacute response at a microscopic level.
Ischaemia is well recognised as a powerful stimulus for angio-
genesis, initiated through HIF-1a, stromal cell-derived factor
la (SDF-1a), VEGF and EPC stimulatory cycle (16). These
factors induce the formation of granulation tissue, a neces-
sary prerequisite for wound healing. The increased local cel-
lular perfusion associated with granulation tissue formation is
not in dispute and is compounded by other effects of NPWT,
namely microdeformation, mechanotransduction and impor-
tantly, a reduction in oedema. As discussed later in this paper,
exudate management and oedema control also affect positive
perfusion changes. All these effects contribute to NPWT in dif-
fering dominance depending on the nature of the wound being
treated.

Microdeformation

Currently, most devices for NPWT apply an interface mate-
rial (foam or gauze) to the wound surface in order to evenly
distribute pressure. Microdeformation describes the process of
imprinting the surface of the wound bed with the topography
of the wound filler. At a microscopic level, the application of
suction results in wound bed tissue being drawn up into the
pores of the filler, causing mechanical force/strain that mod-
ulates cellular behaviour, such as proliferation, through a pro-
cess referred to as mechanotransduction (17—-19). Studies show
that both foam and gauze are able to transmit negative pressure
to the wound bed, resulting in perfusion changes and over-
all wound contraction through cellular proliferation (20,21).
It has been demonstrated that angiogenesis is initiated when
foam or gauze are supplemented with negative pressure (22).
Malmjo et al. showed that compared to foam, gauze causes
less-pronounced hypoperfusion and therefore may be a suitable
wound filler choice when there is risk of ischaemia because
of questionable vascularisation (20). The exact cell-signalling
mechanism behind mechanotrasduction in the setting of NPWT
is not yet elucidated, although multiple studies have shown
increased expression of basic fibroblast growth factor (bFGF),
VEGF and increased production of extracellular matrix compo-
nents (22,23).

As noted above, one of the most impressive features of
NPWT is its ability to stimulate the generation of granulation
tissue. In their original report, Morykwas et al. demonstrated
significantly increased rates of granulation tissue formation
with NPWT (12). In 2004, Saxena et al. showed a 22% increase
in the surface length of a histological cross-section of a wound
after four days of VAC treatment with a sponge when compared
to wounds with no VAC-sponge contact (24). In another study in
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2008, Scherer et al. found a 61% elongation of the wound sur-
face after foam-based NPWT as compared to 16% elongation
with foam compression alone (25). These findings demonstrate
that contact with the wound filler is essential to this process of
cell proliferation. It has long been known that cell proliferation
is related to cell shape and structure, and this has been demon-
strated in multiple in vitro and in vivo studies (2,26—29).

Macrodeformation

Negative pressure therapy induces another type of tissue
deformation occurring at the wound edge during wound con-
traction — macrodeformation. Kairinos et al. demonstrated
that wound tissue pressure increases proportionately with the
amount of suction applied, causing a compressive force on
the tissue (15). The authors proposed that this compressive
force was a key contributor to oedema reduction as the com-
pression would physically push oedema fluid away from the
wound, in a fashion similar to an anti-oedema or compression
garment. In addition to compressive forces, the application of
suction also exerts a contractile force, responsible for wound
approximation. In a study by Bourgquist ez al., 72 hours of
NPWT resulted in an approximately 5% decrease in wound
surface area, which was mostly maintained upon the release of
suction (30). Some debate still remains regarding the setting in
which optimal contraction force occurs. Multiple studies have
examined wound contraction using gauze and foam as wound
filler material (20,21,30—-32), as well as varying sizes of wound
filler used (33,34) with differing results. One study found that
maximum wound contraction was observed at —75 mm Hg
(35), suggesting that this may be a suitable pressure for most
wounds as higher pressures have been shown to subject tissues
to decreased perfusion (36). Although this may be true, the
actual amount of absolute wound contraction is not one of the
major beneficial effects derived from NPWT as it is primarily
dependent on the anatomical site and nature (distensibility) of
the surrounding tissue.

Thus, it has been demonstrated that the effects of macrode-
formation, microdeformation and perfusion vary according to
the depth of the tissue being treated, and the cumulative effects
result in a positive wound-healing trajectory. Traction on deeper
tissue vessels results in hyperperfusion with increased oxygena-
tion, whereas superficial vessel compression results in hypop-
erfusion, hypoxia, growth factor and endothelial cell changes
and sprouting angiogenesis (19). Microdeformation induces
mechanical stress on the cells, increases activation of trans-
forming growth factor beta 1 (TGF-f1) and increases cellular
proliferation and granulation tissue, while macrodeformation
appears to stimulate myofibroblast differentiation and wound
contraction (19).

Exudate control

In addition to exerting mechanical forces, NPWT also facili-
tates the removal of excess interstitial fluid, especially when
utilised in patients with lymphoedema, open abdomen or com-
partment syndrome (2,3,37). The exact mechanism behind
improved wound healing after fluid removal is unclear, but
proposed theories include local alterations in blood flow and
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removal of harmful substances, among others (1,3,18). Moryk-
was et al. proposed that the removal of excess fluid would
decrease tissue pressure, opening up capillaries and restoring
flow to the wound (38). However, this is contrasted by Kairinos
et al. who found that NPWT actually increased tissue pressure
and suggested that oedema reduction increases the fluid veloc-
ity, thereby decreasing plasma effusion and drawing extracel-
lular fluid into the vessel (15). Fluid analysis studies examin-
ing naturally occurring soluble factors have largely provided
conflicting results (18). However, studies examining removal
of pathological substances have shown significant improve-
ment in wounds treated with NPWT when compared to controls
(12,38).

Improved wound healing seen on the basis of NPWT exudate
removal is likely because of a combination of factors: pressure
and perfusion changes facilitating healing in the acute and
closed wound and removal of potentially toxic components of
the egress of the chronic wound. The exudate in a chronic
wound may impair wound healing as the fluid contains elevated
levels of corrosive proteases, cytokines and neutrophils (39).
Thus, removal of these potentially noxious stimuli by NPWT
would be beneficial in chronic wounds.

In addition, exudate removal results in a reduction of inter-
stitial oedema. Together with the widening of local blood ves-
sels caused by the centripetal pulling of the wound margins,
this likely creates a haemodynamic change that contributes to
increased surrounding tissue perfusion (19).

Decrease in bacterial load

A high bacterial load can interfere with the process of wound
healing. There is conflicting evidence regarding the role of
NPWT in decreasing the amount of bacteria. A study by Ste-
ingrimsson et al. reported favourable outcomes with NPWT
usage, noting lower rates of late chronic sternal infections and
mortality compared to the conventional therapy group (40). In a
study by Saadi et al., which also examined thoracic infections,
application of NPWT helped control infection prior to defini-
tive closure. However, complete clearance was not achieved in
amajority of patients (41). Furthermore, there are multiple stud-
ies that report either an increase or no change in bacterial load
with usage of NPWT (42—-44). Although the effect of NPWT
on wound healing is clearly positive, whether this outcome is
because of a decrease in bacterial load is still inconclusive.

Clinical context for these mechanisms of action

Acute open wounds

NPWT has grown increasingly popular for use in the setting
of acute wounds. While traditionally used in chronic wounds,
such as pressure ulcers and diabetic foot ulcers, a growing body
of literature has emerged surrounding the treatment of acute
wounds using NPWT (5,43). Acute open wounds are often
caused by trauma, with known mechanisms of injury includ-
ing motor vehicle accidents, gunshot wounds and battlefield
injuries sustained in war, among others. In addition, surgical
donor sites from complex flap procedures are often well served
with NPWT as preparation for definitive closure (Figure 2).
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Figure 2 (A) Acute wound of the lower leg with fractures of the tibial
and fibular bones and compartment syndrome (patient after motor vehi-
cle accident). (B) After osteosynthesis and fasciotomy was performed,
negative pressure was applied, and the wound was subsequently closed
by a skin graft. (C) At 3 months, complete wound healing was observed.

Acute wounds progress through the following phases of heal-
ing: haemostasis, inflammation, proliferation and remodelling
(17). Normal wound healing involves numerous pathways and
requires components from the immune system and coagula-
tion cascade (45). Upon injury, platelet aggregation and activa-
tion is triggered. Platelets release clotting factors, which initiate
haemostasis, as well as essential growth factors and cytokines,
such as platelet-derived growth factor (PDGF) and TGF-f, that
assist in healing (46). Following the formation of a platelet plug
and fibrin matrix, neutrophils and, later, monocytes, which dif-
ferentiate into macrophages, enter the wound. Neutrophils and
macrophages are phagocytic and are responsible for removing
bacteria at the wound site. Degranulation of mast cells during
this stage of wound healing causes the release of histamine
and other chemicals responsible for the classic signs of the
inflammatory response: rubor (redness), calor (heat), tumour
(swelling) and dolor (pain). The TGF-f released by platelets is
particularly crucial to the proliferation phase of wound healing.
It exerts its effects on fibroblasts, which are the cells responsible
for the collagen deposition that will form the new extracellular
matrix. The proliferation phase of acute wound healing is a
period of high metabolic activity that creates increased demand

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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for oxygen and nutrients (46). Growth factors such as VEGF
and bFGF positively stimulate the formation of new blood
vessels, known as angiogenesis, in order to meet this increased
demand.

The highly metabolic state of the proliferation phase of heal-
ing in an acute open wound creates a demand for a robust blood
supply at the site of the wound. We postulate that NPWT is ben-
eficial to healing in the setting of acute open wounds because it
increases blood flow around the wound and stimulates the gran-
ulation tissue formation essential to appropriate wound heal-
ing. While other effects of NPWT, such as exudate control and
macrodeformation, may also be involved in helping an acute
open wound heal, the perfusion changes and stimulated granu-
lation tissue induced by NPWT appear to be the most important
effects in this setting.

Closed surgical incisions

Surgical site events (SSE), including surgical site infections,
wound dehiscence, haematoma and seroma formation, are
important causes of morbidity for post-surgical patients. These
events require costly treatments, prolong hospital stays and can
negatively impact patients’ quality of life. Moreover, they can
lead to re-operation, which further alters a patient’s postopera-
tive course (47,48). As aresult of the negative impact of SSE on
postoperative patients, various strategies have been proposed in
order to decrease the rate of these occurrences. The prophylac-
tic use of NPWT is one solution that has been used in a variety
of post-surgical settings, including reconstructive surgery.

In a retrospective study, Condé-Green et al. found that
patients who had undergone abdominal wall reconstruction
and were treated postoperatively with incisional NPWT had sig-
nificantly lower rates of overall wound complications and skin
dehiscence compared to patients who were treated with conven-
tional dry gauze dressings (49). Similarly, patients who received
NPWT following breast or colorectal surgery have been shown
to have significantly lower SSE compared to patients who
received conventional treatment postoperatively (47). While
these studies provide evidence that supports the use of NPWT
in order to improve postoperative outcomes, they do not
identify an underlying mechanism for the benefits of NPWT.

An animal study using a swine model conducted by Suh e al.
provides valuable findings regarding the benefits of NPWT
on a closed surgical wound. They compared closed incisions
treated with NPWT or gauze dressings. Their results demon-
strated that the wounds treated with NPWT had significantly
lower suction drainage compared to those treated with gauze
dressings, and resulted in no haematoma or seroma forma-
tion. Based on these results, they proposed that the applica-
tion of the NPWT device was effective in compressing the
wound to eliminate dead space, as well as acting as a splint-
ing device to decrease sheering above the wound, resulting
in overall decreased drainage (50). Kilpadi ef al. proposed
another mechanism for decreasing haematoma and seroma for-
mation despite having less drainage outside the wound, primar-
ily through the stimulation of increased lymph clearance. Their
study found that haematoma/seroma formation was decreased
by about 60% in closed incision NPWT-treated wounds com-
pared to control, which was associated with a 50% increase in

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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lymph clearance (51). Based on these findings, we attribute the
benefit of NPWT in the setting of a closed wound primarily
to effectively controlling exudate, stabilising/splinting of the
wound and increasing either functionality of damaged lymph
structures or efficiency of functional ones.

Chronic wounds

Following its development, NPWT was initially directed
towards the treatment of chronic wounds and was later applied
to other types of difficult-to-treat wounds. Chronic non-healing
wounds continue to pose a significant and costly challenge to
physicians and hospitals. Causes of chronic wounds include
diabetic foot ulcers, pressure ulcers, radiation-induced wounds,
venous stasis ulcers, wound dehiscence and others (Figure 3).
Many patients with these types of wounds are deemed
non-surgical candidates because of multiple comorbidities.
In this report, we discuss the mechanisms that make NPWT a
viable treatment option in the setting of chronic wounds.

In an early clinical application of NPWT, Argenta and
Morykwas found that the volume of exudate removed from
chronic wounds ‘varied directly with the size and chronicity of
the wound’ (1). The removal of oedematous fluid was followed
by the formation of granulation tissue and a significant decrease
in the firmness of surrounding tissues. Studies analysing the
fluid from healing wounds and chronic wounds have shown dif-
ferences in their molecular makeup. Specifically, non-healing
ulcers demonstrate high concentrations of the cytokines tumour
necrosis factor alpha (TNF-a) and interleukin-1 (IL-1); high
levels of the proteases matrix metalloproteinase-2 (MMP-2),
MMP-3 and MMP-9; and low levels of tissue inhibitor of
metalloproteinases-1 (TIMP-1), a protease inhibitor (52,53).
Additionally, low ratios of total MMP-9/TIMP-1 have been
shown to be strongly correlated with good healing (54).

More recent analyses of the molecular makeup of wound
fluid have shown that NPWT alters the levels of some of
these pro-inflammatory cytokines and proteases. A study of
changes in wound fluid contents throughout a 7-day course
of NPWT demonstrated that compared to baseline levels (day
0), there was a significant decrease in the level of TNF-a at
days 1, 3 and 7 of treatment with NPWT (52). While TNF-«
levels sustained their decreased levels throughout the 7-day
treatment period, there was no significant difference between
days 1, 3 and 7 when compared to each other. Moués et al.
have demonstrated that NPWT-treated wounds have a signif-
icantly lower MMP-9/TIMP-1 ratio than wounds treated with
conventional gauze therapy (53). Moués et al. also noted that
chronic wound fluid treated with NPWT had higher amounts
of albumin, similar to the albumin levels of an acute wound.
James et al. suggested that the capillary collapse found in
non-healing chronic wounds explains the reduced delivery of
protein to the wound site (55). By increasing the delivery of
albumin, it appears that NPWT changes the environment of a
chronic wound into that of an acute wound, making it more
advantageous for wound healing. Based on these findings, it
is evident that NPWT alters the environment of the wound,
particularly in its molecular makeup to resemble that of an
acute wound. As such, the removal of harmful substances and
the increased delivery of beneficial elements within the chronic
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Figure 3 (A) Paraplegic patient with sacrococcygeal pressure ulcer,
underwent excision and gluteus maximus myocutaneous flap closure.
Healing was complicated by dehiscence of wound because of malnutri-
tion. The wound was characterised by extensive undermining (B). NPWT
was applied for 4 months, allowing for complete obliteration of under
mined area. (C) After 4 months, a small persistent wound still remains,
but no further undermining was present, and local wound care was con-
tinued to full healing.
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wound environment could be the critical mechanism through
which NPWT is able to assist in the healing of chronic wounds.

Acute and chronic wounds closed by skin grafts
and skin substitutes

Negative pressure treatment has been introduced as a com-
ponent of therapy for patients with challenging wounds that
are covered by split-thickness skin grafts (STSG) and skin
substitutes. This has been an active area of research since
Nakayama et al. first introduced the use of negative pressure
as a new method for the dressing of free skin grafts (56). Since
then, numerous studies have shown that NPWT can provide an
effective method to improve STSG survival and appearance, as
well as reduce the number of repeated grafts (57,58). Evidence
that NPWT accelerates incorporation of synthetic dermal
substitutes demonstrates the value of sub-atmospheric pressure
used in conjunction with these substitutes as well (59).

NPWT is advantageous when used for wound prepara-
tion both before application of a skin graft (‘pre-graft’) and
after (‘post-graft’) (Figure 2). Used in this setting, specifi-
cally pre-graft, NPWT prepares a granulating wound bed before
grafting in order to maximise graft take (60). In a prospective
assessment of NPWT use with STSG, Dunn et al. found that
a median of 20% of the wound bed was composed of granu-
lation tissue prior to therapy. Following NPWT, a median of
90% of the wound bed was granulation tissue — creating a much
improved surface for graft survival (60).

Used post-graft, NPWT’s effective exudate removal can pre-
vent graft complications associated with fluid and serum accu-
mulation. A major cause of graft loss is the formation of blisters,
haematoma and/or seroma under the skin graft, which impede
proper imbibition and revascularisation (57,61). The removal
of fluid by NPWT improves the skin graft environment, splints
the graft in place and provides a better surface for proper graft
take. Another important factor in graft loss is infection. As such,
bacterial control may also play a role in the ability of NPWT
to improve skin graft survival. These mechanisms contribute to
improved outcomes for patients who receive NPWT in addi-
tion to a graft. The various studies that have analysed the use of
NPWT on top of skin grafts have shown that NPWT is associ-
ated with decreased loss of STSG area, improved qualitative
appearance, a reduction in the need for repeated STSG and
shortened hospitalisation (57,58,61).

Lastly, the addition of NPWT to a biological skin substitute,
particularly in difficult areas of slow granulation (exposed
bone, scalp injuries etc), appears to speed up the process of
granulation tissue formation in these ‘hard-to-heal’ areas. In
fact, the combined use of dermal substitute with NPWT has
recently been shown as an effective technique for the manage-
ment of complex wounds and may prove to be an alternative
to free microvascular tissue transfer coverage (62,63). Again,
an induction of granulation, stabilisation of the substitute and
control of exudate are likely reasons for this success.

NPWT with instillation

An area of increasing interest and research within the field of
wound therapy is NPWT with instillation (NPWTi). This mode
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Table 1 Mechanisms of NPWT depending on the type of wound it is
utilised for

Wound type Proposed mechanism

Acute open wounds Increased perfusion; granulation
stimulation

Exudate management

Removal of corrosive substances

Exudate management; granulation
stimulation; stabilisation of

graft/substitute

Closed surgical incisions

Chronic wounds

Wounds closed by skin grafts
and skin substitutes

of therapy involves instilling fluid into a wound and allowing
it to remain in the wound bed for a predetermined period of
time (dwell time) before it is removed by negative pressure (64).
A panel of experts delivered a consensus statement in 2013
indicating that NPWTi can be used as adjunct therapy in the
following clinical settings: ‘(i) acutely and chronically infected
wounds, (ii) contaminated wounds, (iii) diabetic wounds, (iv)
traumatic wounds, (v) decubitus wounds, (vi) wounds with
exposed bone, (vii) wounds with underlying osteomyelitis,
(viii) infected wounds in the presence of orthopaedic hardware
or joint implants, (ix) painful wounds and (x) wounds that are
a bridge between staged/delayed amputation’ (65). This broad
scope of acceptable applications has made NPWTi an important
therapeutic option in the setting of difficult-to-treat wounds.
However, further investigation is necessary to determine the
clinical setting in which NPWTi is most beneficial.

There is much variation between different reported protocols.
Variations exist with respect to the type of fluid instilled dur-
ing therapy, the amount of time the solution is held within the
wound and the amount of time negative pressure is applied. The
different types of instillation fluids that have been described for
use in NPWTi include normal saline, antibiotic solutions, anti-
septics, polyhexanide, Dakin’s solution and others (66). Despite
an increasing body of literature pertaining to the use of NPWTi,
there is a lack of uniformity in its clinical application. Further-
more, much of the evidence regarding NPWTi is in the form
of case series (level of evidence IV) (66). Therefore, NPWTi
represents an opportunity for further investigation of the opti-
mal clinical application of NPWT and further improvement in
patient outcomes when it is used.

Conclusion

NPWT is an important component of therapy in the man-
agement of different types of wounds — open, closed, acute,
post-surgical, chronic and those requiring skin grafts and/or
skin substitutes. Researchers have provided numerous hypothe-
ses regarding the mechanism of action in order to better under-
stand the effectiveness of this treatment modality and to find
a unifying theory for its benefit in these varied wound envi-
ronments. Suggested mechanisms include changes in perfusion,
stimulation of granulation tissue through mechanical deforma-
tion, exudate management, wound approximation and bacterial
control. We propose that there is no unifying theory but that,
in fact, there is a differing beneficial impact of these mecha-
nisms depending on the type of wound (Table 1). Specifically,
acute open wounds benefit from the perfusion changes and tis-
sue granulation induced by NPWT, while post-surgical closed

© 2016 Medicalhelplines.com Inc and John Wiley & Sons Ltd

Deconstructing NPWT

wounds are affected by perfusion changes and effective exudate
control. The removal of harmful substances within chronic
wounds and their exudates is essential to healing in this wound
type. Finally, granulation tissue formation, exudate control and,
to a lesser extent, decreased bacterial load improve wound heal-
ing when skin grafts and dermal substitutes are used.
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