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Single-use negative pressure 
wound therapy for the treatment 
of chronic lower leg wounds

negative pressure wound therapy; chronic wounds; single-use negative pressure wound therapy; 
pressure ulcers; diabetic foot ulcers; venous leg ulcers

L
ower extremity ulcers (LEUs) represent a 
real burden for society, causing an esti-
mated loss of 200,000 days of work per 
year.1 Moreover, treatment costs in the 
US are estimated to be $775 million to $1 

billion per year in the US.2 Stockl et al. (2004) iden-
tified specific cost information for diabetic foot 
ulcers (DFU), demonstrating that total ulcer-related 
costs averaged $13,179 per episode, with this cost 
increasing with severity level of the wound.3

The recent literature highlights the importance of 
a tailored treatment for patients’ wounds, from the 
first evaluation to complete epithelialisation.4 Dress-
ings can be a major variable in chronic wound man-
agement. Negative pressure wound therapy (NPWT) 
has been largely recognised as an effective modality 
to heal acute, chronic, complex and infected 
wounds.5 Beneficial wound healing effects include 
optimisation of blood flow, reduction of local tissue 
oedema, and removal of excessive fluid and bacteria 
from the wound bed.5 These actions increase granu-
lation tissue formation and promote wound healing.

NPWT has two main clinical applications: it can 
be used for wound bed preparation as a bridge to 
surgical closure; or for wound progression to clo-
sure by secondary intention.4 Vig et al. (2011) 
identified that a patient’s quality of life may be 
negatively affected by prolonged NPWT. Despite 
the NPWT unit being theoretically portable and 
suitable for home care, it may be noisy, interrupt 
sleep, be heavy and cumbersome to transport, and 
add to self-consciousness.4 

Single-use NPWT was recently designed to allow 
the benefits of NPWT to be brought to less severe 
wounds that could be treated on an outpatient basis 
with a more portable device.

The PICO dressing (Smith & Nephew, UK) is a 
single-use NPWT system. It is indicated for use in a 
variety of acute and chronic wounds, as well as 
closed surgical incisions, flaps and grafts, and par-
tial-thickness burns. The system contains a single, 
small, portable pump that maintains a nominal 
pressure of negative 80mmHg, and 2 sterile dress-
ings. Each single-use pump has a lifespan of 7 days, 
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l Objective: Lower extremity ulcers are caused by multiple disease processes and contribute to a high 
level of patient morbidity and health-care spending in the US. Negative pressure wound therapy 
(NPWT) has been used extensively for wound bed preparation. Our aim is to assess the efficacy of an 
affordable, low-profile single-use NPWT (single-use NPWT) on chronic lower extremity wounds that 
would usually be deemed too small or superficial for traditional NPWT. 
l Method: A prospective pilot study was undertaken in which chronic lower extremity wounds were 
treated with single-use NPWT. Study visits were biweekly for primary contact dressing change, with the 
negative pressure unit being changed weekly. Biweekly assessments were made of wound appearance, 
surface area, depth, exudate amount, peri-wound skin integrity, and signs of clinical infection. Digital 
photography was performed at each visit. Patients with venous leg ulcers (VLUs) were treated with a 
3-layer wrap. Diabetic foot ulcers (DFUs) were treated with off-loading shoes. 
l Results: The study recruited 12 patients. There were 13 wounds in total; two DFUs, two traumatic/
postoperative/pressure ulcers, and nine VLUs. DFUs decreased in size on average 62%, VLUs by 32%, and 
traumatic/postoperative/pressure wounds by 74%. The wound appearance became more favourable and 
the wound depth decreased with the use of single-use NPWT. 
l Conclusion: Single-use NPWT is a suitable therapy for chronic lower extremity wounds. Single-use 
NPWT led to a decrease in wound size and depth, an increased amount of granulation tissue, and a high 
level of patient satisfaction, with a low complication rate.
l Declaration of interest: This study was funded by Smith & Nephew, Hull, UK. JC Lantis is a paid 
consultant for KCI, Smith & Nephew, Healthpoint and Macrocure. C Gendics is a paid consultant for 
Macrocure and ManukaMed. 
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and the dressing can be worn for up to 7 days on 
low exuding wounds, and can be changed earlier 
for optimal exudate management.6 In an unpub-
lished 10-patient study, we found use of the single-
use NPWT device on skin graft donor sites was not 
effective. We wanted to assess the practical applica-
tion on chronic wounds in a small pilot study. 

This study set out to assess the performance of an 
affordable, single-use NPWT on chronic lower 
extremity wounds that might be considered too 
small for traditional NPWT, but would benefit from 
application of this therapy. The primary objectives 
were to assess the efficacy of the single-use NPWT in 
decreasing wound surface area and depth, and the 
change of wound appearance. The secondary objec-
tives included: ability to manage exudate, integrity 
of peri-wound skin, and pain at dressing application 
and removal.

Patients and methods
Patients were recruited between November 2012 
and April 2013. The sample size was based on the 
ability to recruit patients during that period. 
Informed consent was obtained from all partici-
pants in accordance with the Declaration of Hel-
sinki. The study design was reviewed and accepted 
by the Institutional Review Board. 

Inclusion and exclusion criteria
Patients with chronic LEUs were recruited to 
become participants in this study. Inclusion crite-
ria were: at least 18 years of age, a chronic or open 
wound (diabetic foot ulcer, pressure ulcer, venous 
leg ulcer, other chronic, skin graft or dehisced sur-
gical wound), and ability to provide informed con-
sent. A key inclusion criterion was complete failure 
to progress over the previous four weeks. This four-

week failure allowed us to better assess the treat-
ment effect. Exclusion criterion included: pregnan-
cy; wound size in excess of the dressing size 
provided (15x15cm or 15x20cm); known allergies 
to product components (silicone adhesives and 
polyurethane films), acrylic adhesives, polyethyl-
ene fabrics and superabsorbent powders (polyacr-
ylates within the dressing); wounds requiring daily 
inspection; clinically infected wounds; wounds 
being treated with antibiotics (regardless of route 
of administration); actively bleeding wounds; 
exposed blood vessels; organs, bone or tendon at 
the base of the reference wound; and those indi-
viduals with a known history of poor adherence 
with medical treatment.

Device application
PICO (Smith & Nephew, UK) was affixed in accord-
ance to the package insert instructions, including 
use of adhesive strips to ensure an adequate seal of 
the silicone interface.6 A ‘Charing Cross’-style mul-
tilayer wrap was applied overlying PICO, to mini-
mise lower extremity oedema; this dressing consist-
ed of a felt contact layer, a secondary absorbent 
layer, a long-stretch and a short-stretch layer. 

Study design
The four-week study protocol involved twice-week-
ly clinic visits. Each visit consisted of dressing 
removal, wound debridement when necessary and 
wound assessment. Data were collected on wound 
appearance, surface area, depth, exudate level, exu-
date control, signs of clinical infection, condition of 
surrounding skin, pain at dressing removal, pain at 
dressing application and ease of dressing applica-
tion; photographs were taken. A ruler was used to 
measure the length and width of the wounds at the 

Table 1. Baseline wound characteristics

Wound Aetiology Site

Initial wound  
surface area 
(cm2)

Depth
(cm)

1 Venous leg ulcer Right lower extremity 19.2 0.2

2 Venous leg ulcer Right lower extremity 27.5 0.3

3 Venous leg ulcer Right ankle 16 <0.1

4 Venous leg ulcer Right lower extremity 10 0.3

5 Venous leg ulcer Right ankle 6.6 0.2

6 Venous leg ulcer Left leg 22 0.1

7 Venous leg ulcer Right leg 57 0.2

8 Venous leg ulcer Left leg 4.9 0.3

9 Venous leg ulcer Right leg 102 0.3

10 Diabetic foot ulcer Right leg 21 0.3

11 Diabetic foot ulcer Right foot 10.4 0.1

12 Pressure ulcer/trauma Left ankle 54 0.4

13 Postoperative orthopaedic/trauma Right ankle 4 0.2
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longest and widest points. The total surface area was 
calculated using the Visitrak system (Visitrak, Smith 
& Nephew, UK) and depth of the wound was meas-
ured using the Visitrak depth stick.

Signs of clinical infection noted at study visits 
prompted initiation of oral antibiotics and continued 
use of single-use NPWT.7 Adverse events or device 
failure problems were recorded as they occurred. 

At each visit, the patient was asked if they found 
the PICO dressing comfortable during wear since 
the last dressing change (‘very comfortable’, ‘com-
fortable’, ‘acceptable’, ‘uncomfortable/, ‘very un-
comfortable’). Patients were also asked about pain 
on removal of the single-use NPWT dressing at each 
assessment (none, mild, moderate, severe). 

Statistics 
The Medcalc Package 11.5.0.0 (Mariakerke, Bel-
gium) was used to perform statistical analysis. 
Non-parametric tests were used to analyse the 
reduction in volume and area over time. The sur-
face area of the ulcer, the depth of the ulcer, and 
the healing time were analysed using a Wilcoxon 
signed-rank test. The wound aetiology as a predic-
tor of response to therapy was analysed using the 
Kruskal-Wallis test. The response between wound 
type was analysed by ANOVA. 

Results 
Patient characteristics
There were 12 participants, one female and 11 
males, with a mean age of 63 years (range 52–82 
years). As one participant had two distinct ulcers,  
treated simultaneously with one dressing, 13 
wounds were assessed. All of the participants’ 
LEUs had a wound duration greater than 4 weeks 
(mean: 33 months; range 7 weeks to 10 years), in 
line with the definition of a chronic wound.8 
Wounds represented included: 9 VLUs, 2 DFUs, 
and 2 postoperative/traumatic/pressure wounds. 
The baseline mean surface area was 27.3cm2 
(range: 4–102cm2; Table 1).

Changes in wound size
Decreased wound depth was seen over 4 weeks, the 
most drastic change in the first 4 assessments (2 
weeks). At the end of single-use NPWT treatment, 
mean wound surface area reduced by 6.5cm2 from 
baseline (p<0.05; Wilcoxon signed-rank test). There 
was a mean surface area reduction in VLU (32%), 
DFU (62%), and postoperative/traumatic/pressure 
wounds (74%). No statistical difference was seen 
between wound types and response to therapy (Fig 1).

Wound depth decreased throughout the 4-week 
study period. The mean wound depth at baseline 
was 2.3mm. After 4 weeks of single-use NPWT, the 
mean depth decreased by over 2mm, resulting in 
superficial wounds (mean depth <1mm). The over-
all percentage reduction in wound depth was 59.8% 
(p<0.05; Wilcoxon signed-rank test) over the treat-
ment period, with a marked reduction noted in the 
first two weeks of therapy (Fig 2).

Changes in wound appearance 
Wound appearance changed with use of the single-
use NPWT. Fig 3 shows the progression of a typical 
venous leg ulcer over 4 weeks’ treatment. Fig 3a is 
the baseline wound before induction of single-use 
NPWT; as the wound heals, there is an increase in 
the amount of fibrinous exudate and decreased 
beefy red tissue, with the edges beginning to have 
epithelial re-growth (Fig 3b). By the first visit on 
week 2 (Fig 3c), the beefy red tissue returns with a 
decrease in the amount of fibrinous exudate and 
continuing increasing epithelialisation with 
decreasing wound surface area. In Fig 3d, a stable 
amount of beefy red tissue can be seen, with decreas-
ing fibrinous exudate, and stable epithelialisation. 

The percentage of wounds showing healthy granu-
lation and epithelial tissue increased throughout the 
study. The amount of tissue represented by fibrinous, 
yellow slough, friable, and dull tissue decreased, or 
remained relatively stable during treatment (Fig 4). In 
most cases, single-use NPWT managed wound exu-
date well,6 adequately protected peri-wound skin, and 

Fig 1. Average wound surface area under treatment with 
single-use negative pressure wound therapy
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Fig 2. Average wound depth under treatment with 
single-use negative pressure wound therapy
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had a high level of participant satisfaction. There 
were 2 instances of wound infection managed with 
oral antibiotics and single-use NPWT. An inflamma-
tory response to adhesive strips occurred in one 
patient, managed with topical corticosteroid cream.

Patient satisfaction 
Overall patient satisfaction was very high. When 
asked about comfort, ease of use, and pain associat-
ed with the dressing, two of the 12 participants gave 
a score of ‘dissatisfied’. In one case, this was refer-
ring specifically to comfort and convenience of the 
dressing at one single visit, the other was dissatisfied 
with condition of their skin surrounding their 
wound at one visit; at all the other visits both 
patients responded as ‘satisfied’ or ‘exceeds expecta-
tions’. On all other subjective measures, the remain-
ing nine participants gave scores of ‘satisfied’ or 
‘exceeds expectations’ with regards to the dressing.

In one patient, the strips used to secure the band-
age caused local irritation, while two others report-
ed pain when the strips were removed.

Discussion
Our study supports the use of single-use NPWT sys-
tem for treatment of chronic lower extremity 
wounds. The most dramatic results were noted in 
DFUs (mean 62% surface area reduction) and trau-
matic/postoperative wounds (mean 74% surface 
area reduction). However, VLUs had acceptable 
results (mean 32% surface area reduction). 
Although there were more participants with VLUs 
undergoing treatment, compared to those with 

DFUs, traumatic, postoperative, or pressure 
wounds, the baseline wound characteristics 
between the different wound aetiologies were simi-
lar (Table 1). In fact, DFUs and traumatic/postop-
erative wounds had a greater mean baseline depth 
(0.25cm) compared to VLUs (0.21cm). We found 
that the single-use NPWT was successful at decreas-
ing wound depth, especially in the first week of 
treatment. This is similar to previous findings 
when larger wounds have undergone treatment 
with (traditional) NPWT devices.9 

The data were analysed by repeated measures 
ANOVA for a difference in the effect of therapy as 
determined by aetiology of the wound (DFUs versus 
VLUs versus traumatic) and the result was non-sig-
nificant. However, the sample size between each 
group was too variable to considered the result val-
id. A study with greater numbers is required to 
determine whether one type of wound is more 
effectively treated by single-use NPWT.

Based on the tissue interface of this dressing, we 
postulate that it is the macrodeformation characteris-
tic of NPWT, rather than the microdeformation char-
acteristic, that achieves the significant decrease in 
depth noted with use of the single-use NPWT.10 The 
percentage of granulation tissue increased through-
out the four-week study period, which represents 
wound healing progression. The less desirable wound 
appearances associated with non-healing (yellow 
slough, friable, fibrinous, slough) tended to remain 
fairly stable or decrease throughout the trial. It is pos-
sible that single-use NPWT may have affected wound 
healing by altering the character of the chronic 
wound bed by promoting neovascularisation, and 
improving lymphatic drainage as shown by Greene11 
and Kilpadi.12

Fig 3. Progression of a venous leg ulcer with single-use negative pressure wound 
therapy. Visit 1 week 1 (a); visit 1 week 2 (b); visit 1 week 3 (c); visit 1 week 4 (d)
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Fig 4. Wound appearance with single-use negative pressure 
wound therapy
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Borgquist et al. (2010) found similar effects on the 
peri-wound soft tissue with a NPWT application of 
-80mmHg and -125mmHg.13 Therefore, the benefi-
cial properties evident with traditional NPWT set at 
-125mmHg may not be lost with application of a 
lower pressure. In fact, the lower pressure may be 
indicated for those with chronic limb ischaemia 
that are unable to tolerate the -125mmHg pressure, 
due to capillary occlusion.14 

Limitations and future work
This pilot study is limited by the small sample size 
and wounds of varying aetiologies. Furthermore, 
there was no control group and thus no direct com-
parison to a standard wound therapy, although a 
control group in such a small study would have been 
of limited significance. The fact that the patients 
had not improved at all during previous 4 weeks 
allowed them to act as their own controls to some 
degree. In addition, this was a clinical pilot study in 
which no histologic wound analysis was performed.

The protocol required participants to see a physi-
cian biweekly for dressing changes in the clinician’s 
office. The dressing has a silicone adhesive wound-
contact layer, which is gentle on the skin but neces-
sitates application of adhesive strips around the 
edges to help keep it in place. It should be noted the 

strips produced irritation and pain at removal in a 
small number  patients. Although the dressings can-
not be modified to fit individual wound sizes, this 
was not a problem for our study population.

Future work would be to test the single-use NWPT 
in a larger patient cohort, ideally with 20 patients in 
each of three groups. A four-week protcol with a run-
in phase where treatment was with standard of care, 
2 weeks of single-use NPWT and 4 week follow-up; 
the primary endpoint would be percentage change 
in wound volume, with a secondary endpoint of per-
centage change in wound volume. The choice for 
the treatment time is 1–2 weeks, as this demonstrat-
ed encouraging results; this shorter duration may be 
a better tolerated algorithm.

Conclusion
PICO single-use NPWT is a suitable therapy for 
chronic LEUs. The most dramatic results were seen 
in DFUs and traumatic/postoperative/pressure 
wounds. Treatment led to a decrease in wound size 
and depth, increased granulation tissue, and a high 
level of participant satisfaction, with a low compli-
cation rate. Based on these observations, we believe 
that single-use NPWT may provide improved initial 
wound healing for chronic wounds with a poor 
wound-healing history. n
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