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INTRODUCTION

Negative-pressure wound therapy (NPWT) is a mode of thera-
py used to encourage wound healing. It is used both as primary 
treatment of chronic and complex wounds and as an adjunct 
treatment for temporary closure and wound preparation pre-
ceding surgical procedures such as skin grafts and flap surgery 
[1,2]. This therapy has been widely and successfully used, al-

though the physiologic basis of its effects is not yet fully under-
stood. Numerous controversies exist regarding the mechanism 
of action, especially with regards to tissue perfusion. It is gener-
ally believed that increased blood flow induced by negative pres-
sure plays a beneficial role and several studies have measured in-
creased regional blood flow under negative pressure [2-5].

However, these studies had several limitations. First, almost all 
studies evaluating perfusion changes due to NPWT have used 
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laser Doppler and the use of laser Doppler may be inappropriate 
in this setting. Laser Doppler measures perfusion by multiplying 
the velocity and concentration of red blood cells [5-8]. During 
NPWT, the velocity of blood flow beneath the dressing increas-
es in as the vessels become compressed and narrow. Conse-
quently, laser Doppler can incorrectly record increased perfu-
sion due to tissue compression [9]. Recently, some studies have 
measured tissue perfusion using other modalities, and have re-
ported decreased perfusion during NPWT. Another potential 
problem is the site at which perfusion is measured. Previous 
studies have measured perfusion near the NPWT dressing, on 
normal skin adjacent to the wound edge, not beneath the dress-
ing. Although increased perfusion was measured at the wound 
edge, this does not guarantee that there is increased blood flow 
in the wound bed. Indeed, recent studies that have measured 
perfusion beneath the NPWT dressing, have obtained contrast-
ing results [10,11].

The need to assess perfusion using an alternative modality at 
the right location is apparent. In this study, we evaluated perfu-
sion beneath NPWT dressings by using transcutaneous partial 
pressure of oxygen (TcpO2). TcpO2 has been recommended as 
a sensitive method for assessing dermal oxygen supply in a de-
fined cutaneous area [12]. It has been used over the past decade 
to accurately assess the potential of wound healing [12]. 

METHODS

The study was conducted in a room with a set temperature of 
22°C to 24°C. Ten vacuum assisted closure (VAC) dressings (Ki-

netic Concepts, Inc. [KCI], San antonio, TX, USA) and polyure-
thane foam dressings (GranuFoam Small Dressing, 10 × 7.5 × 3.2 
cm; KCI) were placed on the foot of 10 healthy volunteers. The 
mean age of the volunteers was 29 years (range, 24–32 years). 
There were 6 men and 4 women. None of the volunteers had a 
history of diabetes mellitus or vasculopathy. A TcpO2 (PeriFlux 
System 5000, Perimed, Stockholm, Sweden) that measures the 
tissue oxygen tension was used to assess perfusion. The sensor of 
TcpO2 was fixed onto the tarso-metatarsal area of the foot in the 
first intermetatarsal space with double-sided adhesive rings and 
contact liquid with the transducer heated to 44°C.

On one area of the foam dressing, a portion was cut out to fit 
the shape and size of the TcpO2 sensor. The prepared foam 
dressing was then applied above the sensor so that the cut-out 
portion fit over the sensor. The overlying foam dressing was 
carefully sealed with an adhesive transparent film so as not to af-
fect the baseline TcpO2 value by compressing the foam dressing. 
After confirming that the foam dressing did not change the 
TcpO2, a drainage tube was connected to the foam dressing on 
the opposite side of the TcpO2 sensor location to avoid direct 
compression of the sensor. This can minimize additional pres-
sure at the sensor site while a vacuum pump delivers pressure. 
Suction pressure of 125 mm Hg was then applied until TcpO2 
reached a steady plateau state. The patients were lying comfort-
ably on their backs throughout the measurement (Fig. 1).

The TcpO2 levels during NPWT were compared with those at 
baseline (before NPWT). This study was approved by the Insti-
tutional Review Board of the authors’ institution. All partici-
pants gave informed consent.

Fig. 1. NPWT dressing above the TcpO2 sensor

NPWT with the TcpO2 sensor beneath the foam dressing. (A) TcpO2 sensor placed on the tarso-metatarsal area. (B) On one area of the foam dress-
ing, a portion was cut out to fit the shape and size of the TcpO2 sensor. (C) The foam dressing was applied above the sensor. A drainage tube was 
connected to the foam dressing on the opposite side of the TcpO2 sensor location. Negative pressure was applied. NPWT, negative-pressure 
wound therapy; TcpO2, transcutaneous partial pressure of oxygen.
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Statistical analysis
The measurements from each volunteer that underwent NPWT 
were treated as an independent set of data. Perfusion changes for 
each individual were analyzed with the Wilcoxon signed rank 
test. P-values < 0.01 were considered statistically significant.

RESULTS

The TcpO2 at baseline was 56.4 to 78.3 mm Hg (mean, 69.3 ±  
8.1 mm Hg). During the period when suction was applied, 
TcpO2 decreased in all 10 feet (44.6 to 77.1 mm Hg). The de-
crease in the TcpO2 between baseline and the steady plateau 
state was 2.9 to 13.9 mm Hg (mean, 9.3 ± 3.6 mm Hg; 13.5 ±  
5.8%; P < 0.01) (Table 1).

Fig. 2 illustrates a typical example of one of the tests, demon-
strating the various time periods. TcpO2 decreased significantly 
immediately after applying NPWT, but gradually increased over 

time until reaching a steady plateau state. All feet reached a pla-
teau within 20 to 65 minutes after suction was applied. During 
the study, there were no significant complications including 
pain, erythema, or other skin problems. All volunteers were tol-
erable throughout the whole study period.

DISCUSSION

This study demonstrates that tissue perfusion is substantially 
decreased beneath NPWT dressings. These results are in con-
trast to previous studies that have used laser Doppler [3-6]. In-
deed, the laser Doppler itself may be the confounding factor re-
sponsible for the conflicting reports.

Although laser Doppler results are clinically correlated with 
perfusion, these results are derived by multiplying blood veloci-
ty by the concentration of red blood cells [5-8]. The accuracy of 
this calculation is questionable, however, since NPWT is associ-
ated with external compression force [9]. The continuity equa-
tion states that a reduction in the diameter of a tube leads to an 
increase in the velocity of the flow of fluid in the tube. Since the 
tissues are compressed in NPWT, the diameters of the vessels 
are reduced. This may increase the velocity of blood flowing 
through the narrower vessels, thereby resulting in the laser Dop-
pler incorrectly interpreting this as an increase in perfusion.

Furthermore, laser Doppler is very sensitive to movement. 
When laser Doppler probes are placed beneath the foam of the 
vacuum dressing, the probe is pushed against the tissues as the 
foam collapses. This force applied to the tissues not only affects 
perfusion, but may interfere with laser Doppler readings. Thus, 
laser Doppler is not an appropriate method for measuring per-
fusion beneath NPWT dressings.

Instead of using laser Doppler, we evaluated perfusion with the 
TcpO2. Since the first clinical evaluation of transcutaneous oxy-
gen tension measurement [12], this technique has been recom-

Volunteer Sex/Age (yr) Initial baseline (mm Hg) Final plateau (mm Hg) Difference (%) Time to reach a plateau (min)

1 Male/30 70.2 62.4 7.8 (11.1) 65
2 Male/28 76.7 66.2 10.5 (13.6) 55
3 Female/30 56.4 44.6 11.8 (17.8) 50
4 Male/27 80.0 77.1 2.9 (3.6) 30
5 Male/30 64.9 56.4 8.5 (13.1) 45
6 Female/32 78.3 66.3 12.0 (15.3) 20
7 Female/29 57.8 43.9 13.9 (24.0) 35
8 Male/29 66.5 60.8 5.7 (8.6) 25
9 Male/31 70.3 63.7 6.6 (9.3) 25
10 Female/24 72.6 59.1 13.5 (18.6) 50
Mean±SD - 69.3±8.1 60.0±10.0 9.3±3.6 (13.5±5.8) 40±15.1

NPWT, negative-pressure wound therapy; SD, standard deviation.

Table 1. Reduction in transcutaneous partial pressure of oxygen for each foot undergoing NPWT (n=10)

Typical example of TcpO2 change illustrating the testing time peri-
od. TcpO2 decreased significantly immediately after applying NPWT, 
but gradually increased over time until reaching a steady plateau 
state. TcpO2, transcutaneous partial pressure of oxygen; NPWT, neg-
ative-pressure wound therapy.

Fig. 2. TcpO2 change after applying NPWT
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mended as a reproducible, sensitive, and quantitative method 
for assessing dermal oxygen supply in a defined cutaneous area 
[13]. TcpO2 measured on the lower extremity of patients with 
or without diabetes mellitus has been shown to provide diag-
nostic and prognostic information for wound healing potential 
in several clinically important areas.

Similar to our study, Kairinos et al. [11] used TcpO2 to measure 
the perfusion beneath NPWT dressings. A doughnut-shaped 
foam dressing was designed to prevent the application of pres-
sure to the TcpO2 sensor. However, to evaluate the influence of 
negative pressure, every area under the foam dressing, including 
the sensor, should be compressed by negative pressure. The as-
sessment of TcpO2 represents the extent of oxygen diffusion 
through the skin, and it should not be affected by external com-
pression. Instead of a doughnut-shaped foam dressing, we made 
a small hole in the center of the foam to minimize the additional 
pressure at the location of the sensor.

There are other studies in which modalities other than laser 
Doppler were used to measure perfusion changes due to 
NPWT. In the study of Lindstedt et al. [14], coronary artery 
blood flow was measured with electromagnetic flow meter 
probes. Chen et al. [15] used a microcirculation microscope to 
demonstrate perfusion adjacent to wounds created on rabbit 
ears. Both studies were able to avoid the drawbacks of laser 
Doppler, but they were unable to measure perfusion directly be-
neath the NPWT dressing. 

Previous investigators have measured blood flow at the normal 
skin adjacent to the wound edge, not in the wound bed. Howev-
er, increased perfusion adjacent to the wound edge does not nec-
essarily reflect increased blood flow in the wound bed. Further-
more, the wound bed is the main origin of the vascularity that 
provides nutrients and oxygen to sustain newly formed granula-
tion tissue [16]. The wound bed offers a site where fibroblasts 
migrate and proliferate and where active synthesis of the extra-
cellular matrix occurs [17]. Although this study used healthy 
volunteers, we sought to measure perfusion beneath the dressing 
where a wound would typically exist.

An animal study has measured perfusion beneath NPWT 
dressings. Ichioka et al. [10] developed an experimental model 
capable of visualizing the wound bed microcirculation. In that 
study, a superficial wound was made on the gluteal region of a 
mouse, allowing the intact subdermal plexus to be directly visu-
alized with an intravital microscope. Enhanced blood flow in the 
wound bed was seen at a pressure of 125 mm Hg. However, the 
wound was not fully covered by the foam dressing. Instead, a 
transparent adhesive drape was used to cover the wound. This is 
not a typical NPWT dressing on a wound, and the compressive 
force of the dressing would be much less than that of a typical 

dressing. This may explain the observed increased perfusion in 
these vessels.

Although NPWT can decrease tissue oxygenation of the foot, 
this does not imply that NPWT is a harmful treatment. On the 
contrary, reduced perfusion may possibly be beneficial for a 
wound. In most wounds, the application of NPWT at a reason-
able suction pressure will result in relative ischemia rather than 
total anoxia. Ischemia is one of the most powerful stimuli for 
neovascularization. Neovascularization, which is defined as the 
growth of new blood vessels in response to tissue ischemia, is 
critical for wound healing, survival of transplanted tissue, and re-
covery from tissue ischemia [18]. In addition, the increased tis-
sue pressure causing reduced perfusion is also beneficial, because 
it reduces edema and prevents further formation [19]. Thus, in-
creased tissue pressure and the associated reduction in perfusion 
are likely to be beneficial to wound healing in many cases.

A limitation of this study is that each experiment was carried 
out over a period of a few hours. Although the time period over 
which perfusion was observed is longer than in previous studies, 
it still may not reflect perfusion changes over a longer period. 
Another limitation of this study is that it was performed on in-
tact skin rather than open wounds. As a pilot study, the volun-
teers were all healthy without a history of peripheral vasculopa-
thy. The minimal TcpO2 value thought to be required for ade-
quate wound healing in diabetic wounds is 20 to 40 mm Hg 
[20]. In this study, every TcpO2 of the foot was higher than 56 
mm Hg, and these values did not decrease below 40 mm Hg af-
ter negative pressure was applied. Perfusion may decrease more 
on poorly perfused tissues like diabetic feet with vasculopathy, 
although this has not been studied. Nonetheless, we suggest that 
NPWT be applied with caution in these patients.

As a conclusion, NPWT can significantly decrease the tissue 
oxygenation of the foot. This study raises concerns regarding the 
role of NPWT in tissues with compromised perfusion. Since 
perfusion was reduced with NPWT in this study, these dressings 
should be applied with caution on poorly perfused tissues.
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