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Effects of topical negative pressure therapy on tissue

oxygenation and wound healing in vascular foot wounds
Nathaniel Chiang, MBChB, FRACS,a Odette A. Rodda, MBBS,b Jamie Sleigh, MBChB, MD, FANZCA,a and

Thodur Vasudevan, MD, FRACS,a Hamilton, New Zealand; and Melbourne, Victoria, Australia
ABSTRACT
Objective: Topical negative pressure (TNP) therapy is widely used in the treatment of acute wounds in vascular patients
on the basis of proposed multifactorial benefits. However, numerous recent systematic reviews have concluded that
there is inadequate evidence to support its benefits at a scientific level. This study evaluated the changes in wound
volume, surface area, depth, collagen deposition, and tissue oxygenation when using TNP therapy compared with
traditional dressings in patients with acute high-risk foot wounds.

Methods: This study was performed with hospitalized vascular patients. Forty-eight patients were selected with an acute
lower extremity wound after surgical débridement or minor amputation that had an adequate blood supply without
requiring further surgical revascularization and were deemed suitable for TNP therapy. The 22 patients who completed
the study were randomly allocated to a treatment group receiving TNP or to a control group receiving regular topical
dressings. Wound volume and wound oxygenation were analyzed using a modern stereophotographic wound mea-
surement system and a hyperspectral transcutaneous oxygenation measurement system, respectively. Laboratory
analysis was conducted on wound biopsy samples to determine hydroxyproline levels, a surrogate marker to collagen.

Results: Differences in clinical or demographic characteristics or in the location of the foot wounds were not significant
between the two groups. All patients, with the exception of two, had diabetes. The two patients who did not have
diabetes had end-stage renal failure. There was no significance in the primary outcome of wound volume reduction
between TNP and control patients on day 14 (44.2% and 20.9%, respectively; P ¼ .15). Analyses of secondary outcomes
showed a significant result of better healing rates in the TNP group by demonstrating a reduction in maximum wound
depth at day 14 (36.0% TNP vs 17.6% control; P ¼ .03). No significant findings were found for the other outcomes of
changes in hydroxyproline levels (58.0% TNP vs 94.5% control; P ¼ .32) or tissue perfusion by tissue oxyhemoglobin
saturation (19.4% TNP vs 12.0% control; P ¼ .07) at day 14. At 1 year of follow-up, there were no significant outcomes in the
analysis of wound failure, major amputation, and overall survival rates between the two groups.

Conclusions: In this pilot study, applying TNP to acute high-risk foot wounds in patients with diabetes or end-stage renal
failure improved the wound healing rate in reference to wound depth. This suggests that TNP may play a role in
enhancing wound healing. This study sets the foundation for larger studies to evaluate the superiority of TNP over
traditional dressings in high-risk foot wounds. (J Vasc Surg 2017;66:564-71.)
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The management of foot wounds is a major concern in
vascular surgery owing to the unpredictable time
required for healing. Chronic illnesses, such as diabetes,
along with our aging population, exacerbate the effect
and incidence of lower limb ulcers.1-3

Interventions that enhance wound healing after surgical
débridement or minor amputations of a foot (eg, toe or
forefoot amputations) may salvage limbs. Providing there
is an adequate blood supply, the main objective would
be to apply appropriate dressings dictated by the condi-
tion of the wound. Commonly used dressings can be sub-
divided into two groups: traditional dressings comprising
a range of products, such as hydrogels and hydrofibers,
and topical negative pressure (TNP) or vacuum-assisted
closure (VAC; Intermed, Albany, Auckland, New Zealand).
The use of TNP has seen a paradigm shift in the manage-
ment of many wound types worldwide. However, system-
atic reviews concluded that evidence for its benefits in
wound healing is still lacking, especially at a scientific
level, for wounds in vascular patients where the healing
potential is often compromised.4-6

mailto:odette.rodda@svha.org.au
http://dx.doi.org/10.1016/j.jvs.2017.02.050
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center pilot randomized
controlled trial

d Take Home Message: In patients with acute high-
risk foot wounds, topical negative pressure improved
wound healing rate in reference to wound depth.

d Recommendation: The data of this pilot study
suggests that topical negative pressure therapy
may help wound healing.
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Most study end points have been time to heal, time to
secondary closure, wound complications, and economic
costs, which are not objective and reliable. Furthermore,
these do not provide direct evidence that TNP would
enhance wound healing to a greater extent than tradi-
tional dressings. A small number of studies focused on
change in wound surface area or depth. However, skin
wounds are three-dimensional and irregular in shape,
and the deposition of granulation tissue would start at
the wound base, resulting in changes in depth before
contraction of the edges. Volume measurement would
therefore be more reliable in the evaluation of wound
healing.
Only four randomized clinical studies have investigated

wound dimensions in TNP therapy, and the results were
mixed. Two studies, involving 41 patients, used early ste-
reophotographic systems to show a reduction in depth
and volume with TNP therapy.7-9 The others used fluid
installation for assessment of volume and did not show
a significant difference in wound volume.10,11

The aims of this study were to demonstrate the effects
of TNP on healing of acute wounds of the foot by
measuring the change in wound volume and collagen
deposition. In addition, this study sought to determine
the effects of TNP on skin perfusion around the wound.
The hypotheses were that TNP would enhance the heal-
ing rate of acute wounds as assessed by wound volume
and collagen deposition compared with traditional
dressings. Volumetric reduction was the primary
outcome. Furthermore, we hypothesized that TNP would
enhance blood flow dynamics around the wound,
thereby promoting granulation tissue formation.

METHODS
Study design. The protocol and informed consent for

this pilot study were approved by the local Northern Y
Ethics Committee (NTY/08/11/104), and all participants
gave informed consent.
Vascular patients presenting to Waikato Hospital,

Hamilton, New Zealand, from March 2010 to June 2011
with a wound on a lower extremity were assessed by a
vascular surgeon. The inclusion criterion was an acute
wound after surgical débridement or minor amputation
that had an adequate blood supply without requiring
further revascularization procedures and was deemed suit-
able for TNP therapy. This included patients who had
undergone recent revascularization to assist wound healing.
Exclusion criteria were:

d Previous treatment with corticosteroids, immuno-
suppressive drugs, chemotherapy, VAC therapy,
hyperbaric oxygen therapy, growth factors, or other
bioengineered tissue products in the previous
30 days.

d An acute wound with signs of infection or osteomy-
elitis or necrotic tissue that would not be suitable
for TNP therapy.
d Known ankle pressure <50 mm Hg or toe
pressure <30 mm Hg.

d Wounds from chronic venous insufficiency.
d Being unsuitable for the trial in the opinion of the
operating surgeon, based on clinical equipoise
which, for example, excluded patients with a wound
size too small for a TNP dressing and wounds with
inadequate perfusion or active infection.

Main outcomes. The primary end point was volumetric
assessment of the wound at 2 weeks using a modern ste-
reophotographic wound measurement system, FastScan
(Polhemus Inc, Colchester, Vt). Secondary end points
included biochemical analyses of hydroxyproline (OHP)
levels at baseline and on day 14. Tissue oxygenation
surrounding the wound measured using OxyVu, a hyper-
spectral transcutaneous (HT) oxygenation measurement
system (HyperMed Inc, Burlington, Mass) was compared
between baseline and day 14. Wound failure, limb loss,
and overall survival rates at 12 months were calculated.
OxyVu has received 510(K) clearance from the Food
and Drug Administration (FDA) for use, while FastScan
is not yet approved for medical use in the United States.

Study protocol. Consented patients were randomly
allocated to a treatment group to receive TNP according
to routine practice or to a control group to receive regu-
lar topical dressings guided by the condition of the
wound. Randomization codes were formulated by
SPSS software (IBM Corp, Armonk, NY) on a 1:1 basis.
Neither the investigators nor the patients were blinded;
however, the outcomes were objectively measured.
On day 0, relevant demographic information was

collected, including age, comorbidities, cardiovascular
risk factors, ankle-brachial pressure index (ABI), body
mass index, and drug history, in particular, use of steroids.
The wound was cleaned appropriately to prepare for

dressing application. Light débridement over the wound
surface was permitted to remove superficial debris or
slough, if necessary. Baseline dimensions of the ulcer
were measured using the innovative volumetric wound
measurement device FastScan. The FastScan laser scan-
ner was swept across the wound repeatedly until a clear
three-dimensional image of the wound was produced.
Images were opened in Delta software (JEOL USA, Inc,
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Peabody, Mass) to be fashioned appropriately for volu-
metric measurements attained using the FastScan Volu-
mator program. The imaging for each wound was
repeated three times, and the mean values were used
for analyses. Outcomes recorded were wound surface
area (area of the wound surface), wound cap surface
area (area of the wound defect at skin surface),
maximum depth, mean depth, and volume.
After wound depth was calculated, a 3-mm punch nee-

dle was used to extract three biopsy specimens from the
center of the wound under aseptic technique. Urogel
with lidocaine was applied topically if required. Tissue
samples were placed in a sterile test tube and held
at �80�C in a freezer for analysis by OHP assay based
on principles described in previous OHP studies.12,13

OHP is an amino acid confined exclusively to collagen,
connective tissue selenoproteins, and elastin. More than
60 published studies on wound healing have used
OHP for histologic assessment of granulation tissues
and study of collagen synthesis.12 OHP is considered a
reliable surrogate marker of wound healing.14,15 Spectro-
photometry was used to quantify OHP content.16

HT oxygenation values were calculated by the OxyVu
over a fixed area of 204 mm2 1 cm around a target in a
doughnut contour at two sides of the wound. OxyVu
measures the HT concentration of oxyhemoglobin
(HT-Oxy) and deoxyhemoglobin (HT-Deoxy) in arbitrary
units (AU). From this, the oxyhemoglobin saturation
(HT-Sat, %) and the total amount of hemoglobin
(HT-Sum, AU) in the skin area could be determined.
In the treatment group, TNP was applied by ward

nurses with the settings on continuous suction
at �125 mm Hg for the first 24 hours and intermittent
thereafter. In the control group, modern traditional
dressings, typically topical hydrofiber or hydrogel dress-
ings, were applied. Dressings were changed every
48 hours in each group unless advised by the surgeon
or the wound care nurse specialists.
On day 14, FastScan was used to calculate wound

dimension. Three punch needle biopsy specimens were
taken at the center of the wound bed for assessment
of biochemical properties. Tissue oxygenation around
the wound was recorded with OxyVu.
TNP was switched to traditional dressings before day 14

if the surgeon could no longer justify its use clinically,
such as when the wound improved significantly in line
with current clinical practice. Patients were allowed to
be discharged <day 14 with wound dressings changed
by district nurses or the ward nurses if an arrangement
was made. Patients were excluded if the study protocol
was violated or if the wound required significant
débridement or failed to heal during the study. Partici-
pants had to have attended the wound assessment
clinic on day 14 to complete the study.
At 12 months, patients were reviewed in the outpatient

clinic or by telephone to record the progress of the
wound. The review for six patients was by telephone
because they had relocated to a different catchment
area, and the rest were reviewed in the clinic.

Data analysis. Data were collected in Excel software
(Microsoft, Redmond, Wash). Statistical analyses were
performed using SPSS 22 software. A type I error of 5%
(P # .05, two-tailed) was considered to be statistically
significant.
Descriptive statistics are described as the mean with

the range and standard deviation (SD). When the means
of two groups of continuous variables were compared,
parametric analysis (the Student t-test) was used
assuming the data followed a normal distribution.
When means were compared for discrete variables, c2

and Fisher exact tests were applied, depending on the
size of the sample. Wound failure, major amputation,
and overall survival rates at 12 months were calculated
using Kaplan-Meier survival analysis. Wound failure was
defined as a requirement for further surgical débride-
ment. Mixed-effects regression model tested the signifi-
cance of the rate of change in wound dimension
between the groups.

RESULTS
Recruitment commenced in March 2010 and ended in

June 2011. Twenty-two patients (14 men [63.6%])
completed the study, with 12 patients in the treatment
group and 10 in the control arm (Fig 1). TNP was used
for an average of 10.6 (SD, 3.7) days in the treatment
group. Seven patients (31.8%) were Maori. Patients were
a mean age of 61.5 years (SD, 13; range, 41-83 years).
Comorbidities included diabetes in 20 patients (86.4%),
of whom 14 were on insulin, and renal impairment in 12
patients (54.5%), nine of whom were dialysis dependent.
The two patients who did not have diabetes had end-
stage renal failure. Table I details the basic demographic
and clinical characteristics of the two arms. There were
no differences between the two groups, including for
wound location, history of major andminor amputations,
and ABI. The erroneously normal values for ABI probably
reflected the stiff calcified vessels in the diabetic and
renal patients.

Changes in wound dimension. At day 0, there were no
differences in wound surface area, depth, and volume
between the TNP group and the control group. Wound
surface area was irregular, with areas of concavity and
convexity. Therefore, this was larger than the cap surface
area (surface area of the wound at the skin surface level)
that was assumed to be a flat, smooth surface by the
computer software.
Table II reports the degree of reduction of wound

dimensions as a result of the specific regimens for
wound dressing and describes absolute and relative
reductions. Although the primary outcome in wound vol-
ume reduction at day 14 was not significant to suggest



Assessed for eligibility (n= 48)

Excluded (n= 12)
♦ Met exclusion criteria (n= 4)

MRSA (n= 4)
♦ Declined to participate (n= 8)

Analyzed control group (n=10)

Lost to follow-up (n=8)
♦ Required further surgery (n=4)
♦ Unable to complete follow-up (n=4)

Allocation

Analysis

Follow-Up

Randomized (n= 36)

Enrollment

Allocated to control (n=18)
♦ Received allocated 

intervention (n=18)
♦ Did not receive allocated 

intervention (n= 0)

Allocated to TNP (n=18)
♦ Received allocated 

intervention (n=18)
♦ Did not receive allocated 

intervention (n= 0)

Lost to follow-up (n=6)
♦ Required further surgery (n=3)
♦ Unable to complete follow-up (n=3)

Analyzed TNP group (n=12)

Fig 1. Flow diagram of the recruitment process. MRSA, Methicillin-resistant Staphylococcus aureus; TNP, topical
negative pressure.
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TNP therapy expedites wound healing (44.2% TNP vs
20.9% control; P ¼ .15), there were trends indicating
TNP enhanced wound dimension reduction in wound
depth compared with traditional dressings. The relative
reduction in maximum depth in the TNP group was
faster than in the control group (39.0% and 17.4%, respec-
tively; P ¼ .03; Fig 2). A mixed-effects regression model
showed TNP therapy was 18% quicker in wound depth
reduction each day (P ¼ .003). No significant interactions
were found with wound surface areas and volume (P ¼
.10 for volume reduction). TNP did not significantly
change the surface area of the wound.
Although wound location between the groups was not

significant, there appeared to be more wounds in the
TNP group at the forefoot and the heel (n ¼ 7) than in
the control group (n ¼ 3). One might argue that the find-
ings in Table II could represent false positives because
the healing potential at the two sites might be different;
therefore, wound healing rates at the toes and above the
toes (forefoot and heel) were compared.

As expected, surface areas of the toe wounds at day
0 were smaller than at the forefoot and heel; however,
depth and volume measurements were similar between
the two groups (Table III). Wound-healing rates at the
toes were not significantly different from those at the
forefoot and heel. This would suggest that the findings
observed in Table II comparing healing potential were
not influenced by the location of the wounds.

Changes in collagen content of granulation tissue. The
OHP content in tissue samples was expressed in micro-
grams of collagen per milligram of granulation tissue.
There was no significance in OHP levels between the
groups at baseline (Table IV). Irrespective of the type of
dressing used, the mean increase in OHP over 14 days
was 0.62 (SD, 1.02) mg/mg (P ¼ .01). In contrast with the
study hypothesis, the degree of collagen deposition was
not significant between the two arms (58% TNP vs 94.5%
control; P ¼ .32).

Changes in skin perfusion. The variation of skin perfu-
sion around the wound between the two groups was
not significant (Table V). When patients in both groups
were considered together, skin perfusion decreased
at the end of the study with reductions in HT-Oxy



Table I. Patient demographics and clinical characteristics
of the 22 patients who completed the study

Variable
Control group

(n ¼ 10)
TNP group
(n ¼ 12) P value

Male, No. (%) 6 (60) 8 (66.7) .75

Maori, No. (%) 3 (30) 4 (33.3) .87

Age, mean (SD), years 62.0 (13.9) 61.0 (12.9) .86

BMI, mean (SD), kg/m2 27.1 (6.8) 27.4 (6.8) .93

Smoking history .35

Active smoker,
No. (%)

4 (40) 2 (16.7)

Former smoker,
No. (%)

3 (30) 7 (58.3)

Nonsmoker, No. (%) 3 (30) 3 (25)

Diabetes mellitus,
No. (%)

10 (100) 10 (83.3) .24

Insulin-dependent,
No. (%)

7 (70) 7 (58.3) .61

Renal impairment,
No. (%)

4 (40) 8 (66.7) .24

Dialysis-dependent,
No. (%)

3 (30) 6 (50) .41

Ischemic heart disease,
No. (%)

8 (80) 7 (58.3) .28

COPD, No. (%) 3 (30) 3 (25) .79

Hypertension, No. (%) 10 (100) 12 (100) 1.00

Dyslipidemia, No. (%) 7 (70) 10 (83.3) .46

Previous amputations,
No. (%)

6 (60) 7 (58.3) .94

Location of wound .26

Toe, No. (%) 7 (70) 5 (41.7)

Forefoot, No. (%) 3 (30) 5 (41.7)

Heel, No. (%) 0 (0) 2 (16.7)

ABI, mean (SD) 1.21 (0.70) 1.18 (0.41) .93

Current antibiotics,
No. (%)

8 (80) 6 (50) .25

ABI, Ankle-brachial index; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; SD, standard deviation; TNP, topical
negative pressure.

Table II. Summary of baseline (day 0) wound dimensions
and absolute and relative reduction in wound dimensions
after 14 days between the topical negative pressure (TNP)
and control groups

Variable
Control,

mean (SD)
TNP,

mean (SD) P value

Summary of wound dimensions at day 0

Wound surface
area, cm2

32.9 (16.2) 38.8 (16.6) .41

Cap surface area, cm2 27.0 (14.9) 29.5 (13.2) .69

Maximum depth, mm 14.0 (5.1) 13.6 (6.4) .89

Mean depth, mm 2.9 (1.6) 2.7 (2.0) .85

Volume, cm3 7.1 (4.6) 6.3 (4.3) .70

Absolute reduction from day 0 to day 14

Wound surface
area, cm2

2.7 (7.1) 7.0 (9.7) .24

Cap surface area, cm2 1.6 (5.7) 2.2 (3.9) .77

Maximum depth, mm 2.3 (2.6) 4.9 (4.0) .09

Mean depth, mm 0.5 (0.8) 1.2 (1.2) .11

Volume, cm3 1.5 (2.8) 3.2 (3.3) .21

Relative reduction from day 0 to day 14

Wound surface area, % 7.9 (17.7) 18.7 (20.8) .20

Cap surface area, % 5.7 (15.2) 10.7 (15.9) .46

Maximum depth, % 17.6 (17.7) 36.0 (18.5) .03a

Mean depth, % 17.4 (35.7) 39.0 (32.8) .16

Volume, % 20.9 (36.1) 44.2 (36.6) .15

SD, Standard deviation.
aStatistically significant (P < .05).
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(22.1 [SD 29.4] AU; P ¼ .02), HT-Sum (29.3 [SD 38.2] AU;
P ¼ .02), and HT-Sat (8.2% [SD 13.7%]; P ¼ .04). This
indicates that oxygen saturation and blood flow around
the wound decreased.

Clinical outcome. Wound failure rate, major amputa-
tion rate, and overall survival rates between the two
groups did not detect significance (Table VI).

DISCUSSION
Recruitment lasted 12 months and was slower than

anticipated. As a result of the relatively strict inclusion/
exclusion criteria, there were significant numbers of
dropouts and refusals to participate. Nevertheless, this
study is significant given the number of patients with
high-risk vascular foot wounds.
In this study cohort, there was no significant improve-
ment in wound volume reduction with TNP therapy
compared with traditional dressings. However, TNP
achieved a greater relative reduction in maximum depth
wound of 36% by day 14 compared with an 18% reduc-
tion using traditional dressings. Wound depth recovered
at a greater rate than surface area, and the volumetric
findings in our study were similar to those in other
studies published,17 suggesting that wounds heal from
the floor to the roof.
McCallon et al7 focused on reduction in surface area

and the time taken for the ulcer to heal and did not
detect significance between the treatment and control
groups. In contrast, Etöz et a118 studied 24 patients with
diabetic foot ulcers, presumably chronic wounds. The
reduction in wound surface area and time taken for
the wound bed to be covered with granulation tissue
were more rapid in the TNP group than in the group
treated with saline gauze dressings.18

Eginton et al11 compared TNP with hydrocolloid wound
gel and gauze dressings in diabetic foot wounds. Only six
of their 10 patients completed the study. Although TNP
decreased wound volume and depth to a greater degree
than moist gauze dressings, all wounds received 2 weeks
of TNP and traditional dressings.



Fig 2. Error bar graph shows the mean (circles) and 95%
confidence interval (bars) of the relative reduction of
various wound dimensions between the topical negative
pressure (TNP) therapy group (blue) and the control
(green) groups. SA, Surface area.

Table III. Wound dimensions at baseline (day 0)
comparing toe wounds and forefoot/heel wounds, along
with the absolute and relative reductions in wound
dimension between wounds at the toes and those at the
forefoot/heel

Variable
Toe,

mean (SD)
Forefoot/heel,
mean (SD) P value

Wound dimensions at day 0

Wound surface
area, cm2

26.8 (14.7) 47.3 (10.1) .001

Cap surface area, cm2 20.9 (13.5) 37.3 (7.2) .002

Maximum depth, mm 13.6 (4.6) 13.9 (7.1) .91

Mean depth, mm 3.3 (1.7) 2.2 (1.9) .18

Volume, cm3 6.1 (3.4) 7.3 (5.2) .55

Absolute reduction from day 0 to 14

Wound surface
area, cm2

5.1 (6.3) 5.0 (11.3) .98

Cap surface area, cm2 2.7 (4.6) 1.0 (4.9) .41

Maximum depth, mm 4.4 (3.9) 2.9 (3.3) .32

Mean depth, mm 1.0 (1.1) 0.7 (1.0) .58

Volume, cm3 2.4 (2.6) 2.5 (3.8) .97

Relative reduction from day 0 to 14

Wound surface area, % 17.7 (19.3) 9.0 (20.2) .32

Cap surface area, % 11.7 (15.7) 4.4 (14.8) .28

Maximum depth, % 31.4 (19.4) 23.1 (20.8) .35

Mean depth, % 31.5 (30.8) 26.5 (41.2) .76

Volume, % 37.7 (32.7) 28.7 (43.7) .60

SD, Standard deviation.
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Joseph et al9 studied 36 wounds that were not arterial
in nature, such as pressure wounds, venous ulcers, and
traumatic wounds. Eighteen wounds were treated with
saline-soaked gauze dressings three times a day, and
the rest were randomized to TNP. Wound volumes
were assessed by volume displacement of alginate
impression molds, and punch biopsies were used to
obtain tissue samples for histologic analysis. Volume
reduction was greater in the TNP group at 3 and 6 weeks.
The chief characteristic of the TNP group was formation
of granulation tissue, whereas inflammation and fibrosis
were seen in wounds treated by gauze dressings.
A randomized study conducted by Ford et al10 included

35 pressure wounds, with eight wounds located below
the ankle. Traditional dressings were Iodosorb (Smith &
Nephew Wound Management, Hull, United Kingdom),
Iodoflex (Smith & NephewWound Management), or Pan-
afil (Healthpoint, Ltd, Ft. Worth, Tex). Tissue biopsy and
wound assessments were conducted at 3 and 6 weeks.
Wound volumes measured by displacement of plaster
impressions were not significant between the groups.
Paola et al19 assessed diabetic foot wounds after

débridement and compared TNP with modern (non-
gauze) dressing in 130 patients. End points were time
needed for complete coverage of exposed bone with
granulation tissue, healing time, and number of surgical
procedures. TNP was superior, but the end points were
arguably weak and prone to bias.20

Although previous studies suggest that would healing
is better with TNP than with traditional dressings, the
studies were weak, small, and at risk of performance
bias. This study addressed the heterogeneity that was
evident in previous studies and used products that are
relevant to modern clinical practices. This study was
novel in its approach in quantifying changes in wound
volume after TNP therapy in high-risk vascular wounds
using accurate and objective wound-measurement de-
vices. FastScan has been shown to be reliable and to
correlate strongly with other methods used to measure
wound dimensions like three-dimensional computed to-
mography reconstruction.21,22

Several patients had negative values for wound dimen-
sion reduction, indicating an increase in the depth of the
wound. For example, the wound in one control patient
was in fact dying back as a result of ongoing tissue
ischemia from small-vessel disease despite adequate
proximal revascularization, and the wound was surgically
débrided on day 17. Another patient in the TNP group
had a forefoot wound that over granulated above the
level of the skin surface to a greater height than the orig-
inal depth of the wound. Thus, the device recorded a
negative volume when comparing this to the original
wound dimension.
Malmsjo et al23-27 published several reports relating to

microvascular blood flow at the wound edge during
TNP as measured with laser Doppler flowmetry. In sum-
mary, cutaneous blood flow nearly doubled at 2.5 cm
from the skin edge but halved at 0.5 cm from the skin



Table IV. Summary of hydroxyproline (OHP) levels at
baseline and percentage increase at 14 days for the topical
negative pressure (TNP) group and the control group

Variable
Control group,
mean (SD)

TNP group,
mean (SD) P value

OHP at day 0, mg/mg 1.29 (0.51) 1.97 (1.61) .21

OHP at day 14, mg/mg 2.25 (1.10) 2.32 (0.97) .89

Relative increase in
OHP, %

94.5 (86.7) 58 (68) .32

SD, Standard deviation.

Table V. OxyVua
findings of the 22 patients at baseline

and percentage decrease at 14 days

Variable
Control group,
mean (SD)

TNP group,
mean (SD) P value

At baseline: Day 0

HT-Oxy, AU 83.5 (23.0) 82.3 (22.4) .92

HT-Deoxy, AU 62.3 (15.8) 60.7 (19.1) .86

HT-Sat, % 56.1 (2.9) 56.9 (6.5) .71

HT-Sum, AU 146 (38.3) 143 (35.4) .89

Relative change (%): Day 14

HT-Oxy �28.4 (31.0) �22.4 (33.4) .79

HT-Deoxy �25.0 (20.4) �4.2 (19.4) .21

HT-Sat �19.4 (28.3) �12.0 (20.0) .70

HT-Sum �27.3 (25.0) �15.3 (24.9) .52

AU, Arbitrary units; HT, hyperspectral transcutaneous oxygenation
measurement system; HT-Deoxy, deoxyhemoglobin; HT-Oxy, concen-
tration of oxyhemoglobin; HT-Sat, oxyhemoglobin saturation; HT-Sum,
total amount of hemoglobin; SD, standard deviation.
aHyperMed Inc, Burlington, Mass.

Table VI. Survival analysis outcomes between the topical
negative pressure (TNP) and control groups

Variable

Control group TNP group

P
value

At
1 month

At
12 months

At
1 month

At
12 months

Wound
failure, %

20 60 8.3 49.1 .70

Amputation,
%

0 30 8.3 49.1 .29

Survival, % 100 70 91.7 75.0 .95
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edge as a direct result of negative pressure. The degree of
reduction was proportional to the increase in pressure. In
contrast with laser Doppler flowmetry, OxyVu quantified
oxyhemoglobin and deoxyhemoglobin for each wound
image captured. Skin perfusion surrounding the wound
decreased by the end of study, but there was no signifi-
cance between the groups. This possibly reflects a resolu-
tion of inflammation around the wound with less
vasodilation.
The clinical application of the OxyVu to wound

healing has been explored. Greenman et al28 compared
patients with diabetes and ulcers and monitored
them for 6 months. OxyVu was able to predict ulcer
healing at 6 months based on readings from the first
visit with a sensitivity of 93% and specificity of 86%.
Nouvong et al29 conducted another study that included
73 diabetic foot ulcers in 54 patients. Again, OxyVu
could predict ulcer healing with a sensitivity of 86%,
specificity of 88%, and positive predictive value of 96%.29

This was a pilot study, and the efficacy of the interven-
tion could not be formally tested; therefore, interpreta-
tion of the P values should be taken with caution. The
wound-volume reduction in the TNP group was twice
that of the control group, but yet statistically
insignificant, which presents a high likelihood of a type II
error. Future study should attest the validity of this study.
Assuming a minimum of 20% greater reduction in

wound volume at 2 weeks in the TNP group to be clini-
cally relevant, a randomized controlled study with 82 pa-
tients in each arm would be required to test at 80%
power at a 5% significance level. Post hoc analysis with
1000 simulated data sets suggested strong likelihood
in demonstrating enhanced wound-depth reduction in
the TNP group of similar effect size in a study of larger
scale (P ¼ .03). Power analyses with other wound dimen-
sion variables did not yield significant findings (P ¼ .17 for
“relative volume reduction”). Thus, this study sets the
foundation for larger studies to evaluate the superiority
of TNP over traditional dressings in high-risk foot
wounds. Further observations, such as stratifying wounds
of different healing rates, could be examined in future
studies.

CONCLUSIONS
This study was based on modern clinical practices in

the management of high-risk acute vascular foot
wounds. The changes in OHP levels or tissue oxygenation
were not significant, but there was a significant reduc-
tion in maximum wound depth in patients who received
TNP compared with those who received traditional
dressings at day 14. This suggests that TNP may play a
role in enhancing wound healing.
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