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Wound care is a significant source of cost to 
community health-care providers as most patients 
with wounds are treated in the community 

(Posnett et al, 2009). A high proportion are chronic wounds 
that can be slow to heal and at risk of infections that can 
further delay healing (Vowden, 2011). A prevalence study in a 
Danish community setting found that 24 % of wounds were 
pressure ulcers and 19% were leg ulcers (Gotttrup et al, 2013). 
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Providing cost-effective treatment 
of hard-to-heal wounds in the  

community through use of NPWT

A similar audit in the UK identified 57 % of wounds as either a 
pressure ulcer or a leg/foot ulcer, of which 25% had remained 
unhealed for more than 6 months (Drew et al, 2007). It is often 
a relatively small group of patients with non-healing wounds 
who account for a high proportion of the costs of wound care 
(Posnett and Franks, 2007). Non-healing wounds require more 
products and more nursing time over a longer time period and 
wound dressings are often changed more frequently. A study 
by Drew et al (2007) found daily dressing changes for 17% 
of pressure ulcers, while Tennvall et al (2006) reported that, 
irrespective of wound size, the weekly costs associated with 
treating wounds of long duration were more than twice those 
associated with wounds of short duration.

It is predicted that the number of patients with wounds 
will continue to rise because of an ageing population and the 
prevalence of conditions associated with higher age that can 
influence the development of wounds, for example, diabetes 
and obesity (Posnett and Franks, 2007; Hjort and Gottrup et al, 
2010; Gotttrup et al, 2013). This will place increasing pressure 

Objective The treatment of non-healing wounds 
accounts for a high proportion of wound care 
costs. Advanced technology treatments, such as 
negative pressure wound therapy (NPWT), could 
be cost-effective if they result in faster healing. 
The objective of this study is to assess the effect 
on healing and the cost-effectiveness of a single-
use NPWT (i.e PICO by Smith & Nephew) when 
used on hard-to-heal wounds in a community 
setting. Method This was a cohort case study 
in which wounds were treated with NWPT for 
2 weeks. Wounds were assessed every 2–4 weeks 
to a healed state. The weekly cost of treatment 
prior to intervention, that is, the products used 
and nurse time, were compared with treatment 
costs associated with NWPT and after a return 
to standard treatment. Results The study in-
cluded 9 patients with leg ulcers or pressure 
ulcers that had been slow healing or non-healing 
for at least 6 weeks. While treated with NPWT, 

the average weekly reduction in wound size was 
21%. The wound size achieved with NPWT was 
reached on average 10 weeks earlier than pre-
dicted. The increased healing rate continued after 
PICO stopped and 5 wounds healed on average 
8 weeks later. Frequency of dressing changes 
fell from 4 times weekly at baseline to 2 times a 
week with NPWT and to 1.8 after NPWT stopped. 
Weekly cost of treatment with NPWT was, on 
average, 1.6 times higher than the baseline, but 
fell to 3 times less when NPWT stopped owing to 
the reduction in dressing changes. The amount 
of change in healing rate was considerably higher 
than the increase in costs associated with NPWT.  
Conclusion NWPT is a cost-effective treatment 
for hard-to-heal wounds. Wounds decreased in 
size and healed more quickly under NWPT treat-
ment than under standard treatment. Additional 
NPWT costs can be quickly offset by faster heal-
ing and a shortened treatment period.
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on health budgets and will require changes in practice, such 
as the use of advanced technologies that could ensure quicker 
healing at less expense. The ongoing expenditures associated 
with hard-to-heal wounds could be significantly reduced if 
time to healing could be shortened.

The use of advanced technologies is frequently thought to 
be more expensive than standard wound care because it is often 
only the unit price that is considered (Trueman, 2007). When 
evaluating the cost-effectiveness of a treatment, the additional 
resource expenditures, such as nurse time associated with dressing 
changes and the length of treatment need to be taken into 
consideration (Wound International, 2013). It is suggested that 
advanced wound care technologies may be more cost-effective if 
they result in faster healing and therefore give a reduction in total 
treatment costs (Tennvall et al, 2006; Romanelli et al, 2008).

Following a review of current evidence, an international 
consensus panel has recommended that NPWT should 
be used to reduce wound dimensions in category 3 and 
4 pressure ulcers, and that NPWT can be used as an adjunct to 
compression in venous leg ulcers (Vig et al, 2011). In Vuerstaek 
et al’s study (2006), time to complete healing was reduced 
by 35% for patients with a chronic leg ulcer when they were 
treated with NPWT while admitted to hospital. Although 
patients are discharged home with NPWT, the size and weight 
of the NPWT equipment can restrict patient’s daily activities 
(Andrews and Upton, 2013). A smaller portable single-use 
NPWT system (i.e. PICO by Smith & Nephew), which is 
more suitable to patients receiving treatment at home or in 
community clinics, has also demonstrated enhanced healing and 
shorter treatment (Dowsett et al, 2013; Hurd, 2013; Schmidt, 
2013).

The purpose of this study was to examine the effect of using 
PICO on the healing and weekly cost of treatment to treat 
hard-to-heal wounds in a community setting in comparison 
with standard wound care. There were two research questions:

 Can the use of single-use NPWT for 14 days reduce the 
surface area of hard-to-heal wounds more quickly than 
standard treatment?

  Can the use of single-use NPWT provide economic savings 
when compared with standard treatment? 

Method

This was a cohort case study that included patients with 
hard-to-heal leg ulcers and pressure ulcers that had been cared 
for by community nurses for longer than 6 weeks. Patients 
were recruited to the study from within one locality in 
Aarhus Municipality, Denmark. Participants received oral and 
written information on the study and gave written informed 
consent prior to their inclusion. Data were collected between 
October 2013 and October 2014. The study was funded by a 
grant from Aarhus Municipality’s Innovations Fund. 

Each wound was treated with single-use NPWT for 2 weeks. 
All the NPWT dressings were applied by the same wound care 
nurse. NPWT stopped on day 14, and the patient returned 
to standard treatment appropriate to his/her wound’s current 

condition. Under standard treatment, both before and after 
intervention, the patients were treated by both the community 
nurses and the wound care nurse. Rate of healing was 
monitored every 2–4 weeks by the wound care nurse up to a 
healed state or up to the end of the study one year later.

Rate of healing

The average weekly healing rate prior to inclusion in the study, 
as the baseline, was compared with the healing rate achieved 
after 14 days of using NPWT, and with the average healing 
rate during the first 4 weeks after NPWT stopped. Digital 
photographs of the wounds, with a centimetre ruler, were 
uploaded to a web-based patient journal specifically designed for 
documenting wound care (www.pleje.net). Wound surface areas 
were measured with computerised planimetry. The software can 
calculate weekly healing rates that can be depicted graphically. 
This enabled a comparison of rates of change in wound size and 
an estimation of when the wound might be expected to heal.

For the purposes of the study, the expected time to healing 
was calculated on the assumption, that with a continuation of 
standard treatment alone, the wound would have continued to 
heal at the same rate through to a healed state.

All the patients had had at least one digital photograph 
taken of their wound prior to inclusion in the study, which 
allowed comparison with current wound size. The wounds 
were photographed and measured when NWPT started, and 
on days 7 and 14. After a return to standard treatment, wounds 
were photographed and measured every 14 days to 4 weeks 
postintervention, and every 2–4 weeks hereafter to a healed 
state or end of study period. A healed wound was one that 
had epithelialised, had no secretions, and therefore required no 
dressing (Gottrup et al, 2010).

Cost of treatment 
The cost of treatment was calculated by combining the expenses 
associated with wound care products and the resource of nurse 
time used in direct wound care. Travel time to and from patients’ 
homes and time used for documentation was not included as this 
is not routinely recorded by the community nurses. The cost of 
standard treatment in the week prior to the patient’s inclusion in 
the study, as a baseline, was compared with the average weekly 
cost of treatment during the two weeks of NWPT treatment, 
and again with the cost of treatment in the first week after 
standard treatment re-started. The amount of nurse time was 
calculated by multiplying the number of contacts in a week, that 
is, frequency of dressing change, with the number of minutes 
used to change the dressing. The hourly cost of nurse time was 
based on the rate in Aarhus Municipality. 

Standard treatment refers to the use of semi-occlusive products 
relevant to the amount of wound exudate present, compression 
bandaging of venous leg ulcers, and pressure relieving surfaces 
for pressure ulcers. All leg ulcers continued to be treated with 
compression while PICO was used and on return to standard 
treatment. The weekly cost associated with products was 
calculated by first recording the type and quantity of product 
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stopped and in relation to when the wound healed. The same 
baseline rates were used as the comparator. It was necessary to 
assume the wound would have continued to heal at the same 
baseline rate to a healed state in order to define an estimated 
time to complete healing, which could be compared with 
actual healing time.

Results

Nine patients were recruited to the study. Participants were 
aged between 46–94 years (mean: 72). From among the 
participants, 4 patients had a leg ulcer between 9 and 342 weeks 
(mean: 34 weeks), with an average wound surface area of 
23.7 cm2 (3.4–65.6 cm2). In addition, 5 patients had a pressure 
ulcer. These had been present for between 8 and 96 weeks 
(mean: 52 weeks) and had an average surface area of 12 cm2 
(1.1 cm2 and 37.5 cm2) (Table 1).

Reduction in wound surface area
Prior to treatment with single-use NPWT, the wounds were 
reducing in size by an average of 3.5% each week, although 
4 wounds had not significantly altered in size in the previous 
16 weeks. The reduction in wound surface area for the remaining 
5 wounds had been between 0.2% and 7% each week.

used for a single dressing change. The combined price of the 
products was multiplied by the number of dressing changes 
undertaken in the week. Product price was based on the price 
paid by Aarhus Municipality under the local purchase agreement.

Cost-effectiveness
The cost-effectiveness of using a single-use NPWT, in the short 
term and the long term, was assessed by comparing the baseline 
cost of treatment and baseline healing rate with the amount 
of change in cost of treatment and the resulting amount of 
change in wound size. It was assumed that without the NWPT 
intervention, each wound would have continued to reduce in 
size at the same average weekly rate as prior to the patient’s 
participation in the study. It was then possible to estimate how 
many weeks of standard treatment would have been required 
to reach the wound size achieved after 2 weeks of NWPT. This 
was used to assess short-term cost-effectiveness.

The long-term effect was assessed at 4 weeks after NPWT 

Table 1. Wound characteristics and rate of healing
Case Wound Wound size at start 

(cm2)
Wound size (cm2) 
after 14 days  
of NPWT

Wound size 4 weeks 
after NPWT stopped

Number of weeks to 
healed state after 
NPWT stopped 

1 Venous leg ulcer 11.6 4.4 1.7 12

2 Venous leg ulcer 14.5 11.9 11.3 unhealed

3 Pressure ulcer 3.4 2.3 1.3 23

4 Pressure ulcer 1.1 1.1 1.1 unhealed

5 Pressure ulcer 3 1.3 Healed 2

6 Pressure ulcer 15.5 9.7 0.5 7

7 Venous leg ulcer 37.5 20.5 4 7

8 Venous leg ulcer 65.6 56.7 47 Unhealed

9 Venous leg ulcer 3.4 2.5 0.1 13

Figure 1. Amount of weekly reduction (%) in 
wound size: standard treatment vs NPWT
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Figure 2. Healing of a leg ulcer while NPWT 
was in use and at the 4-week follow up.  
a. NPWT start day, b. After 14 days of NPWT,  
c. 4 weeks after NPWT stopped 

a. b. c.
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The use of NPWT resulted in a marked decrease in wound 
surface area, with an average weekly reduction of 21%  
(7%–31%) (Figure 1). This represents a six-fold increase on the 
baseline healing rate. There was no change in the size of one 
pressure ulcer owing to the wound position and difficulties in 
adequately sealing the dressing. There was no apparent correlation 
between baseline wound size and amount of reduction.

The wound size achieved with NPWT was reached, on 
average, 10 weeks (1–16 weeks) earlier than predicted. For 
example, the pressure ulcer in case 7 had been reducing in 
size at a weekly rate of 7% over the previous 8 weeks. At this 
constant healing rate, it would have taken a further 8 weeks 
for the wound to reach the size achieved while using NWPT. 
After subtracting the 2 weeks of NWPT, the achieved size was 
reached 6 weeks earlier than expected.

At the 4-week follow-up, there was a further mean reduction 
in wound size of 48% (range 5%–100%). One pressure ulcer 
had healed and one remained unchanged. The average weekly 
size reduction, for the 8 healing wounds, was 23% —6.5 times 
quicker than that experienced prior to the use of NPWT. 
Figure 2 shows the progression of healing for a leg ulcer from 
the start date (Figure 2a) to 14 days (Figure 2b) after NPWT, and 
4 weeks after NPWT stopped (Figure 2c).

Time to healing

During the 12-month study period, 6 wounds healed (Table 1). 
Five of these wounds healed, on average, 8 weeks after NPWT 
stopped (2–13 weeks). The sixth wound healed 6 months later 
and therefore probably not because of the influence of NPWT. 
The 5 wounds had a greater reduction in surface area (45%; 
26%–62%) while NPWT was in use, compared with the 3 
wounds that did not heal (16%; 0–18%). Wounds reduced in 
size by at least 26% and on average by 45% after 14 days of 
treatment with NPWT. The wounds that remained unhealed 
reduced in size by less than 6% in the first week of intervention 
and achieved a total reduction of less than 20% after 2 weeks. 

Furthermore, 4 weeks after NPWT stopped, the wounds that 
healed showed a further average size reduction of 72% (43%–
100%) compared with 11% (0–17%) for the wounds that did 
not heal. On average, 3 wounds healed 13 weeks (8–20 weeks) 
earlier than predicted. Moreover, 2 wounds, which healed 7 and 
12 weeks after NPWT stopped, had not had a predicted healing 
time as there had been no signs of healing prior to intervention. 

Nurse time
Wound dressings were changed four times a week, on average, 
prior to inclusion in the study. The frequency of dressing change 
was determined by the amount of exudate the wound produced. 
All the wounds required fewer dressing changes while NPWT 
was in use. NPWT was applied between three times and once a 
week, with an average of two dressing changes a week (Figure 3).

During the 4-week follow-up period, wound dressings were 
changed at a markedly lower frequency than the baseline. From 
among the participants, three had their dressings renewed just 
once a week; five, twice a week; and one, three times a week. This 

represents an average dressing frequency of 1.8 times a week. 
At the baseline, each dressing change took an average of 

28 minutes (15–45 minutes). This fell to 22 minutes (15–
30 minutes) when using NPWT and remained at 22 minutes 
(10–30 minutes) on return to standard treatment. Dressing 
applications to leg ulcers required more time than pressure ulcers 
owing to the additional application of compression bandages.

Cost of treatment
The weekly treatment costs while using NPWT were higher 
than standard treatment at baseline, but after NPWT stopped, 
the cost of treatment each week was considerably lower than 
the baseline expense.

In the week prior to involvement in the study, the average 
weekly cost of treatment was DKK 1092 (range: DKK 294–
2114), of which wound care products accounted for 20% of 
the cost. Using NPWT, cost an average of 1.6 times (1-3.8) 

Figure 3. Frequency of dressing change 
each week 
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Figure 4. Change ratio in weekly treatment 
costs and weekly wound healing under NPWT 
in relation to the baseline (where 1=the same 
as baseline)
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more each week than standard treatment (DKK 1744; range 
DKK 1105–2151). Wound care products now accounted for 79% 
of the total treatment costs. After NPWT stopped, the cost of 
standard treatment was 3 times (1.6–4.6) less than the baseline 
(DKK 332; range DKK 152–647), and wound care products 
again accounted for 20% of treatment costs (range 10-27%). 
The change in cost varied considerably depending on the size 
of the wound and the frequency of dressing changes prior to 
the study. Treatment for wounds <10 cm2 cost 2.9 times more, 
while cost of treatment for wounds >10 cm2 was on average 
1.4 times more. 

Cost-effectiveness 
While NPWT was in use, the average weekly treatment 
cost was 1.6 times more than the baseline, while the average 
weekly reduction in wound size was 5 times greater (Figure 4). 
Moreover, 2 weeks of single-use NPWT achieved the 
equivalent of 10 weeks of healing at an expense associated with 
3.2 weeks of standard treatment. After subtracting the total 
treatment costs associated with the use of NPWT, the resulting 
wound size was achieved with an average financial saving 
equivalent to 6.8 weeks or DDK 6670. 

After NPWT stopped, the average weekly cost of standard 
treatment was 3 times less than the baseline, while the weekly 
rate of change in wound size was 6.5 times more. The baseline 
cost associated with 1 week of treatment was now providing 
3 weeks of treatment and a considerably better healing rate. 

In addition, 2 weeks of NWPT incurred extra expenses 
equivalent to 1.2 weeks, but wounds healed, on average, 
13 weeks earlier than predicted. After subtracting the costs 
associated with NWPT, there was a financial saving equivalent 
to 12-weeks’ treatment. This equates to a saving of between 
DKK 13 100 when based on the average baseline weekly cost 
of treatment, and DKK 4000 when based on postintervention 
weekly expenses. Although, overall, there were financial savings, 
the increase in treatment costs of NWPT for cases 4 and 8 were 
proportionally greater than the effect on healing, as these two 
wounds did not heal during the study.

Although smaller wounds incurred weekly expenses that 
were three times more than the baseline, the amount of healing 
achieved with NWPT provided financial savings. For example, 
a leg ulcer that was 3.5 cm2 had remained unchanged over the 
previous 28 weeks. Also, 2 weeks of single-use NPWT cost the 
equivalent of 5.4 weeks of standard treatment, but the wound 
reduced by 26% and healed 12 weeks later.

Discussion

This study involved a mix of patients with slow- or non-
healing wounds of varying sizes and aetiologies that are typical 
of many of the hard-to-heal wounds treated by community 
health-care providers. This study has shown that using single-
use NPWT on such wounds can reduce wound surface 
area more quickly than standard treatment, and that a faster 
healing rate can continue after NPWT has stopped, resulting 
in a shorter treatment time to complete healing. Although the 

treatment costs associated with using single-use NPWT are 
higher than standard treatment, both the short-term and long-
term effects can make it a cost-effective choice. 

Single-use NPWT appears to have ‘kick-started’ the healing 
process in the study’s participants resulting in 8 of the 9 wounds 
reducing in size more quickly than under standard treatment. 
Moroever, 5 wounds continued to have a faster healing rate 
after NPWT stopped and healed between 2 and 13 weeks later. 
Similar results were reported in a study involving 325 patients in 
which 68% of hard-to-heal wounds healed with a median time 
of 9 weeks after single-use NPWT (Hurd, 2013).

The amount of wound reduction can be a predictor of future 
healing (Sheehan et al, 2003; Vowden, 2011). In this study, the 
wounds that went on to heal, achieved an average size reduction 
of 45% after 14 days with NPWT, which was more than twice 
the wound reduction that occurred in the wounds that remained 
unhealed. The study’s results suggest that the amount of wound 
reduction after 1 week of NPWT could be used to guide a 
decision on continuation of treatment, although the decision 
will also depend on the treatment goal. The purpose could be to 
reduce treatment costs by creating a smaller wound that requires 
less frequent dressing changes.

The presence of comorbidities and the longevity of a wound 
influence the likelihood of non-healing, which could explain 
why NPWT did not have the same effect on all the wounds 
in this study. Wounds that did not heal included two mixed-
aetiology leg ulcers influenced by a variety of comorbidities. 
The non-healing pressure ulcer was positioned over a 
musculocutaneous flap formed 10 years earlier and that had 
possibly never completely healed. 

The largest part of wound treatment costs is the expense 
associated with nurse time (Drew et al, 2007; Gotttrup et al, 
2013; Hurd, 2013); therefore, less frequent dressing changes 
can reduce overall treatment costs. All the wounds in this study 
required fewer dressing changes after NPWT resulting in an 
average 68% reduction in weekly treatment costs. This is very 
similar to the 60% reduction reported by Schmidt (2013). 
Single-use NPWT as a short-term targeted treatment can give 
substantial savings when considering the total treatment period. 
Not all the wounds in this study went on to heal, but the 
resultant fewer dressing changes reduced the overall costs of the 
ongoing treatment.

Expenses associated with NPWT are not always substantially 
higher than standard treatments, and in the long term can result 
in considerable savings. In this study, the amount of change in 
expenditure was dependant on the wound size and frequency 
of dressing changes prior to use. The difference in weekly 
expenditure ranged from being almost identical to nearly 
4 times more expensive, which reflects a previously reported 
2.5 times’ increase in treatment costs (Schmidt, 2013). The 
short-term additional costs need to be considered in relation 
to the long-term treatment costs that a hard-to-heal wound 
often incurs. In this study, the additional treatment costs were 
offset by more quickly achieving a smaller wound size and, for 
5 wounds, shortening the total treatment period. This needs 
to be considered in light of the fact that the wounds had been 
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slow healing or unchanged for many weeks. It is unlikely that 
the healing state of these wounds would have altered with a 
continuation of standard treatment.

Treating hard-to-heal wounds with single-use NPWT can be 
cost-effective. In this study, the financial savings resulting from 
a quicker reduction in wound size and a shortened treatment 
period were far greater than the short-term additional treatment 
costs incurred while NPWT was in use. Vuerstaek et al (2006) 
also reported lower total treatment costs with NWPT because of 
a shortened treatment period. The early identification of hard-
to-heal wounds could enable targeted intervention with NPWT. 
A decision-making pathway for treating leg ulcers suggests using 
single-use NPWT if the wound has failed to reduce in size by 
20%–40% after 4 weeks of best practice treatment (Dowsett 
et al, 2013). Enhancing healing could significantly reduce the 
expenditure associated with treating slow healing wounds.

Limitations and recommendations

This study is limited by the small number of patients and wounds 
of varying aetiologies. Although there was no control group, the 
baseline data on standard treatment allowed the patients to be 
their own control to some degree. The application of the NPWT 
dressings, including compression bandages by the wound care 
nurse, could have influenced the healing of the leg ulcers, even 
though the wound care nurse had been actively involved in the 
treatment of 7 of the 9 patients prior to the study. 

Wound healing is usually non-lineal because of many 
influencing factors; therefore, a precise healing date cannot be 
predicted. In order to compare healing rates in this study, it was 
necessary to assume that a continuation of standard treatment 
would have resulted in a linear healing rate to the wound size 
that was achieved after 2 weeks of NPWT, and to a healed 
state. It is unlikely that the rate of healing would have altered 

during the first two weeks of the study if standard treatment had 
continued. However, the time difference between a predicted and 
actual healed state can only be estimated because of the many 
influencing factors.

Further investigations into the effectiveness of PICO single-use 
NPWT in the community setting would benefit from a larger 
number of patients with similar wound aetiologies. This could 
also include a control group and intervention group treated by 
the same practitioners. Another area of investigation could be 
whether the proportion of wounds that become hard-to-heal can 
be reduced if they are identified earlier and NPWT is used at an 
early stage of the course of wound treatment.

Conclusion

This study has demonstrated that the use of PICO single-use 
NPWT can reduce the surface area of hard-to-heal wounds 
more quickly than standard treatment. It has also shown that the 
use of NPWT can be cost-effective. The higher costs of NPWT 
are offset by a faster healing rate, which can result in a shortened 
treatment period and a reduction in costs associated with nurse 
time. Turning hard-to-heal wounds into healing wounds, through 
the short-term use of single-use NPWT, could reduce the 
expense associated with wound treatment.  CWC
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 Single-use negative pressure wound 
therapy (NPWT) can kick-start healing in  
non-healing wounds

 Wound size reduction in chronic wounds can 
be six times faster when using NPWT

 The resultant smaller wound can reduce 
weekly treatment costs by two thirds

 Short-term higher costs associated with using 
NPWT are quickly offset by long-term savings 
owing to accelerated healing

 Short-term targeted use of single-use 
NPWT on slow- or non-healing wounds can  
be cost-effective
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