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Key Points: 
 Negative pressure wound therapy can be beneficial for acute, chronic, and/or infected 

wounds. 
 Negative pressure wound therapy appears to promote healing by macrodeformation (drawing 

wound edges together), microdeformation (which stimulates cell proliferation).altering blood 
flow, reducing edema and bacterial load, and removing inhibitory mediators.  
 

Negative pressure wound therapy (NPWT) involves creating an air-tight seal around a 
wound and applying a continuous or intermittent vacuum to the underlying tissues. In people, 
NPWT is regularly used for acute and chronic wounds, skin grafts and flaps, septic peritonitis, 
and closed incisions at risk of dehiscence; use in the veterinary profession is steadily increasing.  

The foundational studies on NPWT were performed by Morykwas et al in 1997 using a 
pig model. Wounds (made down to the level of the muscle fascia) were treated with NPWT at 0 
to -400 mm Hg or a control dressing of saline-moistened gauze. Significant findings with NPWT 
included (1) increased peri-wound blood flow (measured with laser Doppler probe), with a peak 
at -125 mm Hg, (2) increased blood was best sustained using an intermittent suction pattern of 5 
minutes on and 2 minutes off, (3) accelerated granulation tissue formation, (4) decreased 
numbers of inoculated bacteria, and (5) greater percent of skin flap survival when NPWT was 
applied 4 days pre-operatively, 4 days post-operatively, or 4 days pre- and post-operatively. 
These studies established -125 mm Hg as the most common default setting for NPWT and led to 
many more investigations into the effects of NPWT on healing. 

A number of meta-analyses now conclude that NPWT is beneficial for acute, chronic, 
and/or infected wounds, while others state additional studies are still needed. NPWT is reported 
to promote healing by a variety of mechanisms, which are discussed below.  

 
Macrodeformation 

 Because of its viscoelastic properties, skin deforms over time in response to mechanical 
forces. The application of a vacuum to a wound generates strain that is greatest at the 
wound/dressing interface and extends out through the peri-wound skin.  In a process called 
macrostrain or macrodeformation, suction forces pull the wound edges closer together as the 
intervening foam decreases in size. Macrodeformation on and below the surface of wounds has 
been demonstrated via physical measurements and high resolution ultrasound.  NPWT appears to 
serve as a splint that protects the wound from shearing forces that might otherwise be generated 
by movement of the patient. The pull on the skin may stimulate stress relaxation and mechanical 
creep (similar to skin stretchers), recruiting peri-wound skin to cover the wound. 
 
Microdeformation 

NPWT also causes mechanical changes at the microscopic level, a process known as 
microstrain or microdeformation. Computer modeling and microcomputed tomography of 
simulated tissue agree that NPWT generates a strain of 5 to 20% on tissue, which is in the range 
that optimally stimulates cells to proliferate. Microdeformation of a fibrin matrix populated with 
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fibroblasts occurred at -125 mm Hg and was associated with significant increases in fibroblast 
proliferation and type I collagen, FGF2, TGF-1, and smooth muscle actin -2; all of these 
changes are components of normal wound healing. It is hypothesized that NPWT stretches cells 
and the extracellular matrix, altering the configuration of the cytoskeleton and transmembrane 
molecules that anchor the cells to the matrix. These conformational changes cause the release of 
intracellular messengers that upregulate certain genes and ultimately result in the expression of 
growth factors, synthesis of matrix molecules, and cellular proliferation, all essential elements 
for granulation tissue formation.   Alterations in cell and matrix conformation occur each time the 
suction is turned on or off, which may explain why granulation appears to form faster under 
intermittent rather than continuous suction. 

 
Perfusion 

The literature contains contradictory reports as to the effect of NPWT on perfusion. 
Variables include measuring perfusion in intact skin vs. a wound or in the wound bed vs. peri-
wound tissue, the type of device used to measure perfusion and whether or not that device needs 
to be in contact with tissues and/or under the foam (and thus perhaps affecting tissue pressure), 
amount of negative pressure, time of assessment, site on the body, and species assessed.  
Multiple studies using laser Doppler probes (which measure blood cell velocity) report a region 
of increased perfusion extending several centimeters peripheral to porcine wounds or intact 
human skin treated with NPWT.  However, another interpretation is that instead of improved 
perfusion, the changes measured by laser Doppler are just due to an increase in blood cell 
velocity in response to vascular compression by NPWT (as per Bernoulli’s principle and the 
equation of continuity). In two studies in intact human skin treated with NPWT, no change or a 
decrease in perfusion was measured with thermographic or radioisotope imaging, respectively. 
Wounds heal with NPWT, so even if hypoperfusion does occur, it appears that potential negative 
effects are counterbalanced, perhaps because lowered perfusion stimulates angiogenesis and cell 
proliferation and/or because of other beneficial effects of NPWT. Studies that follow wounds 
over multiple days of NPWT (e.g. with microcirculation microscopy or measuring angiogenic 
cytokines and markers of neovascularization) do document significant increases in vascularity 
and blood flow over time compared to controls. Increased vascularity is consistently 
accompanied by increased granulation tissue in these investigations, and the required cell 
proliferation appears to be stimulated at least in part by microdeformation. 

 
 Edema 

Edema is a common consequence of wounding. It is difficult to quantify changes in 
interstitial wound fluid, but decreases have been documented via observation, histology, and high 
resolution ultrasound in a variety of human wounds treated with NPWT. There are several 
potential mechanisms for edema reduction. NPWT may increase blood flow velocity (as 
discussed above), thus decreasing intravascular hydrostatic pressure (Venturi effect) and 
consequently drawing more extracellular fluid into the vessels. The combination of decreased 
hydrostatic pressure and increased tissue pressure caused by NPWT may also decrease the 
amount of fluid that exits the vessel to cause edema. In addition, the force of NPWT may 
physically compress extravascular fluid out of edematous tissues, similar to an antiedema 
garment.  Edema reduction increases microvascular blood flow and improves nutrient diffusion 
in the interstitial space, both of which augment healing.   
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Bacteria 
Reports in the literature vary as to the impact of NPWT on bacterial load, some indicating 

reduced colonization by bacteria, some increased colonization, and others a shift in bacterial 
species in the wound. Regardless, when combined with debridement and antibiotics, NPWT can 
be used successfully in severely infected wounds. Explanations for control of bacteria with 
NPWT include removal of excess fluid that harbors bacteria, increased local vascularity which 
augments the availability of oxygen for bacterial killing and penetration of systemic antibiotics 
into the wound, prevention of infection-induced tissue necrosis, provision of a moist 
environment that supports autolytic debridement by white blood cells, earlier initiation of 
granulation, no need to change the bandage for multiple days thus maintaining more 
physiological temperatures and decreasing opportunity for exogenous bacteria to enter the 
wound, and the overall closed nature of the system. Results of bacterial cultures from the NPWT 
foam and the wound bed do not always match, so it is important to evaluate the whole patient to 
assess the significance of bacteria cultured from either site.  
 
Inhibitory mediators 

In people, chronic wounds that have not responded to other treatments may finally heal 
when treated with NPWT.  Exudate from chronic wounds contains an imbalance of pro-
inflammatory cytokines, matrix metalloproteinases (MMPs), and MMP inhibitors (TIMPs).  A 
shift to MMP and TIMP levels more favorable to healing have been found in human chronic 
wounds treated with NPWT. Removal of inhibitory mediators may be a means by which NPWT 
helps chronic wounds finally move from the inflammatory phase into the repair phase of healing.  
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