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Abstract

Resource use and costs for topical treatment of hard-to-heal ulcers based on data from
the Swedish Registry of Ulcer Treatment (RUT) were analysed in patients recorded in
RUT as having healed between 2009 and 2012, in order to estimate potential cost savings
from reductions in frequency of dressing changes and healing times. RUT is used to
capture areas of improvement in ulcer care and to enable structured wound management
by registering patients with hard-to-heal leg, foot and pressure ulcers. Patients included
in the registry are treated in primary care, community care, private care, and inpatient
hospital care. Cost calculations were based on resource use data on healing time and
frequency of dressing changes in Swedish patients with hard-to-heal ulcers who healed
between 2009 and 2012. Per-patient treatment costs decreased from SEK38 223 in 2009
to SEK20 496 in 2012, mainly because of shorter healing times. Frequency of dressing
changes was essentially the same during these years, varying from 1⋅4 to 1⋅6 per week.
The total healing time was reduced by 38%. Treatment costs for the management of
hard-to-heal ulcers can be reduced with well-developed treatment strategies resulting in
shortened healing times as shown in RUT.

Introduction

Hard-to-heal ulcers, defined as ulcers which have not healed
within 6 weeks (1), are rarely seen in individuals who are oth-
erwise healthy. Ulcer patients frequently display other con-
ditions such as venous or arterial insufficiency, diabetes, and
obesity (2,3). These patients are consequently treated by dif-
ferent caregivers, while the medical and nursing responsibility
in Sweden lies within the primary care (2), where the major-
ity of patients are treated. The organisation of wound manage-
ment differs throughout the country, as pointed out in a recent
report from the SBU, the Swedish Council on Health Tech-
nology Assessment (4). Many patients have been treated for
weeks, months and even years without a proper diagnosis and
hence have received suboptimal treatment. Hard-to-heal ulcers
thus represent a silent epidemic that affects a large fraction of

the population and poses a major and growing threat to public
health (3).

Healing time is not only an important endpoint in wound
management (5) but also, along with the frequency of dressing
changes, one of the most important factors in health-economic

Key Messages

• treatment costs for the management of hard-to-heal ulcers
can be reduced with well-developed treatment strategies
resulting in shortened healing times; one such strategy
is the use of a national quality registry as a checklist
for ulcer assessment and a basis for improving wound
management
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• the aim was to analyse resource use and costs for
treatment of hard-to-heal ulcers in patients who healed
between 2009 and 2012 based on data from the Swedish
Registry of Ulcer Treatment (RUT), and to estimate
potential cost savings from reductions in frequency of
dressing changes and healing times

• median healing time decreased from 160 to 100 days,
while the frequency of weekly dressing changes
remained almost the same during the study period
(1⋅4–1⋅6 per week); the total healing time was reduced
by 38%

• the total mean per-patient cost for management of ulcers
decreased from approximately SEK38 000 in 2009 to
SEK20 500 in 2012, showing that staff costs accounted
for the major portion (approximately 87%) of total costs

assessment of wounds (6,7). It is difficult to estimate the total
cost for all categories of hard-to-heal ulcers, as the resource
utilisation is often spread over a long period of time and is
widely distributed within both health care and society.

Multiple studies have been conducted to determine the best
management approach to hard-to-heal ulcers, specifically thera-
pies that promote healing, reduce the cost and duration of treat-
ment and reduce or prevent recurrence. Improvement in patient
care often focuses on pain, as it has the strongest impact on
health-related quality of life (3,8,9).

The amount of money spent on wound care, the loss of
productivity for the affected individuals and the families that
care for them and their diminished quality of life come at great
cost to our society (3). Total costs in the primary and community
care are strongly related to the frequency of dressing changes
and to healing time, i.e. nursing costs (6,7,10–12).

Other aspects include disability and loss of wages related to
leg, foot and pressure ulcers.

To minimise the potential long-term disability caused by
hard-to-heal ulcers (3), structured wound management was
introduced in clinical practice a decade ago at Blekinge Wound
Healing Centre (BWHC), using a web-based quality registry as
a checklist for ulcer assessment and a basis for quality improve-
ment. BWHC is a general practitioner-led, primary care-based
specialist centre covering the treatment and follow-up of the
majority of ulcer patients across the county (150 000 inhabi-
tants). Initial results showed that accurate diagnosis could lead
to effective treatment and consequently to decreased preva-
lence, care time and costs (10).

The registry was later developed into the Swedish Registry
of Ulcer Treatment (RUT), www.rut-europe.eu, which includes
patients with various types of ulcers such as leg, foot and pres-
sure ulcers treated in different parts of Sweden by different care-
givers such those from primary care, hospital care, community
care and private care. A recently published report based on the
RUT data showed that healing time for ulcers decreased signif-
icantly from 146 days (21 weeks) in 2009 to 63 days (9 weeks)
in 2012 (2).

The aim of this study was to analyse resource use in physical
units and costs for topical treatment of ulcers that healed during
2009 to 2012, based on data from the RUT, and to estimate

potential cost savings from reductions in the frequency of
dressing changes and healing times.

Materials and methods

The Swedish RUT

In recent decades, a system of national quality registries has
been established in the Swedish health and medical services
covering different areas of medicine (13). The aim of the reg-
istries is to gather data on diagnoses, symptoms, interventions
and treatment outcomes in order to give a continuous systematic
evaluation of medical practice.

There are currently around 100 registries, each of which
receives central funding after annual applications to SKL,
the Swedish Association of Local Authorities and Regions
(http://www.skl.se). The majority of the Swedish national qual-
ity registries were developed by physicians with special interest
in a research field, in order to bring about quality improvement
to health care for a specific medical problem. The RUT was ini-
tiated and developed by a general practitioner (RFÖ, the main
author of this study) and introduced nationally in 2009.

The RUT is a practical tool offering a structured team man-
agement of ulcer care with the emphasis on diagnosis and doc-
umentation to guarantee optimal treatment. The ambition of the
registry is to follow every patient with a hard-to-heal ulcer until
ulcer healing, regardless of the geographical location within
Sweden or where the care is given. In 2012, 184 of the approx-
imately 1390 wound management units in Sweden registered
their patients in the RUT, compared with 312 units in December
2014.

The purpose of the registry is to assess a reliable diagnosis
and to record treatment strategies such as compression therapy;
dressing alternatives including antiseptic treatment, negative
pressure wound therapy and larvae therapy; antibiotic treat-
ment and treatment with analgesics. To guarantee continuity of
care and facilitate follow-up of every patient to completion of
healing, there is a mandatory variable containing the name of
the nurse responsible for ulcer care. This nurse is often the
person responsible for registering the patient with RUT. The
development and content of the registry have been described
previously (2).

Study population

The study population consisted of all patients who were regis-
tered in the database between May 2009 and the end of 2012.
The number of new registrations increased during this time,
with 162 in 2009, 356 in 2010, 428 in 2011 and 529 in 2012.
At the end of 2012, the registry contained 1475 patients with
a median age of 80 years (range: 11–103 years). The major-
ity of the patients were women (60%), the median ulcer dura-
tion was 12 weeks (mean: 117 weeks, range: 1 week–46 years)
and the median ulcer size was 3 cm2 (mean: 12 cm2, range:
0⋅05–600 cm2). For 208 patients, the register data were incom-
plete and no information about visits, dressing changes or out-
come was available. These patients were therefore excluded
from further analyses. In addition, 151 patients (10%) had died
and 43 (3%) had undergone amputation and were not followed
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Table 1 Characteristics of patients included in the cost calculations based on the Registry of Ulcer Treatment, 2009–2012

2009–2012 2009 2010 2011 2012
N =1073 N =119 N =266 N =322 N =366

Gender, n (%)
Male 429 (40⋅0) 37 (31⋅1) 102 (38⋅3) 149 (46⋅3) 141 (38⋅5)
Female 644 (60⋅0) 82 (68⋅9) 164 (61⋅7) 173 (53⋅7) 225 (61⋅5)

Age, mean (range) 77 (12–104) 79 (12–102) 79 (19–104) 77 (15–99) 76 (37–101)
Ulcer size in cm2, mean (range) 8⋅7 (0–235) 12⋅8 (0–159) 7⋅7 (0–123) 7⋅0 (0–106) 9⋅6 (0–235)

Figure 1 Ulcer diagnoses among patients
included in the cost calculations based
on the Registry of Ulcer Treatment,
2009–2012.

up further in the registry. As we used the results from the ear-
lier study (2), patients who were unhealed at the end of the
study period time were also excluded from the analyses of
costs. Hence, the patients included in the cost calculations are
those who were registered as healed before the end of 2012
(N = 1073) and thus the numbers in the analyses differ from
the total number of patients included in the database.

Characteristics of the patients included in the cost calcula-
tions are shown in Table 1, and the distribution of ulcer diag-
noses is illustrated in Figure 1. The most common type of ulcer
was venous leg ulcers. Other types of ulcers such as arterial,
venous/arterial, pressure, diabetic, tumour and inflammatory
small vessel ulcers were less common.

Cost calculations and analyses

Costs were calculated for dressing material, compression and
the nursing staff who performed dressing changes. Costs for
compression were added for patients where such treatment was
registered at the follow-up visits (mainly those with venous leg
ulcers).

The use of dressings was recorded in the registry as a specific
dressing type but without any brand names or size of dressing.
Material costs were therefore calculated based on information
about unit costs for the most commonly used dressing size of
each specific type of dressing in BWHC (personal communica-
tion). Material costs were weighted according to unit cost and
the proportion of each type of dressing registered in the data

base in relation to the total number of registered dressings. The
most commonly used type of dressing was polyurethane foam
(used in 34% of cases) followed by gels (15%), hydrocolloids
(13%) and hydrofibres (9%). Other types of dressings were less
common, constituting 1–5% of the total number of dressings.
The weighted material cost per dressing change (SEK22⋅21)
was thus calculated according to the actual use of each type of
dressing recorded in the registry and the unit cost for each type
of dressing. There is no information included in the registry
about the time used for each specific dressing change. The
unit cost for nurses who performed dressing changes was
therefore assumed to approximate the cost for a nursing staff
visit (SEK580) on an official price list in the southern part of
Sweden (14).

Material and staff costs were calculated according to all
dressing changes that were registered for each patient in the
database from inclusion until follow-up after healing and mul-
tiplied by the weighted unit costs for dressings and the unit
cost for staff. The participating units covered primary care
(50%), community care (4%), hospital care (22%), wound heal-
ing centres (22%) and private caregivers (2%). All costs are
expressed in SEK at 2014 prices. No discounting was per-
formed, because the mean healing time was less than 1 year in
all years analysed (2009–2012). The perspective of the anal-
ysis was the Swedish health care sector. Information about
absence from work due to presence of ulcers is not included in
the registry.
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Table 2 Mean healing time in days and average number of weekly dressing changes among patients who healed in 2009–2012

2009–2012 2009 2010 2011 2012
N =1073 N =119 N =266 N =322 N =366

Healing time (days) 170 269 186 156 139
Dressing changes per week 1⋅5 1⋅4 1⋅5 1⋅5 1⋅6

Ethical considerations

The approval of the Ethical Review Board of Lund University
was obtained (2008/15), and consent was required from all
patients before their registration in the national quality registry.

Statistics

The statistical analyses were performed using version 13.1 of
the STATA software package (StataCorp. 2013. Stata Statisti-
cal Software: Release 13. College Station, TX: StataCorp LP).
Continuous variables are expressed as mean values, ranges and
standard deviations (SD), while qualitative variables are pre-
sented as numbers and percentages. Healing time was assessed
with Kaplan–Meier analysis. A log-rank test was used for eval-
uation of healing times.

Results

The mean healing time for patients who healed decreased
from 269 days in 2009 to 139 days in 2012, and the corre-
sponding median healing time decreased from 160 to 100 days
(P< 0⋅001) according to log-rank test analysis. The total heal-
ing time decreased by 38%, while the frequency of weekly
dressing changes remained almost the same during the study
period (Table 2).

Costs

The mean per-healed-patient costs for management of
hard-to-heal ulcers are shown in Table 3 and Figure 2. The total
mean per-patient treatment cost decreased from approximately
SEK38 000 in 2009 to SEK20 500 in 2012, mainly as a result
of shorter healing times. Staff costs accounted for the major
portion (approximately 87%) of total costs. The mean cost
of compression decreased from 2009 to 2012 because of a
decreased proportion of venous leg ulcers and an increased
proportion of other ulcer types, in addition to the decreased
number of treatment days until healing.

The costs for management of venous leg ulcers were some-
what lower than that for the whole population, but decreased
in a similar pattern over the years. In 2009, the total mean
per-healed-patient costs were approximately SEK32 000,
decreasing to SEK19 000 in 2012.

Discussion

We found in the present analysis that the average topical treat-
ment costs for management of hard-to-heal ulcers within the
Swedish RUT decreased by 46% between 2009 and 2012 for
patients who achieved ulcer healing. The reduction of costs was
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Figure 2 Total costs (mean, SD) for management of ulcers that healed
in 2009–2012.

mainly the result of shorter healing times, which were reduced
by 38%.

Costs can also be lowered through less frequent dressing
changes, as long as the quality of care and healing times are
not negatively affected. In the present study, no change in the
frequency of dressing changes could be observed during the
study period of 4 years. This might be because the centres
participating in the registry had already settled on the optimal
number of dressing changes per week.

The cost impact of leg ulceration is not well documented
in Europe (3). The European Wound Management Association
(EWMA) has identified different aspects of hard-to-heal ulcers
that ought to be taken into account in a health economic
analysis from a societal perspective (15). There are three main
categories: (i) initial costs for assessment of the wound, (ii)
treatment of the wound and (iii) any other health care costs
resulting from the wound. In this study, we considered costs for
assessment and treatment of the wound until healing. We did
not consider other health care costs resulting from the wound,
as these data are not registered in the RUT.

Besides treatment costs, some patients are unable to reconcile
wound care therapy with the requirements of their jobs. These
challenges may lead to lost wages or early retirement, as found
in up to 12⋅5% of workers with venous ulcers in USA (3,16).
We did not consider societal costs related to loss of production,
because the patients registered in RUT have a median age of
80 years and as such will have retired from work.

Costs of hospitalisation, as a result of surgery or adverse
outcomes, have also been reported as a major contributor to
the total costs of care. This is especially true for patients with
diabetes and foot ulcers who heal after an amputation, but a
Swedish study has shown that for patients who healed primarily
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Table 3 Mean (SD) costs per patient healed for management of ulcers, 2009–2012 (in SEK, 2014 prices)

2009–2012 2009 2010 2011 2012
N =1073 N =119 N =266 N =322 N =366

Dressing material 803 (1073) 1276 (2184) 848 (989) 729 (806) 682 (680)
Nursing staff 20 978 (28 009) 33 323 (57 031) 22 149 (25 827) 19 039 (21 039) 17 818 (17 747)
Compression 2322 (2956) 3624 (4540) 2449 (3279) 2108 (2621) 1995 (2108)
Total 24 103 (30 969) 38 223 (62 048) 25 446 (28 798) 21 876 (23 760) 20 496 (19 741)

without amputation, the main costs were the costs of topical
treatment (17).

In the future, we plan to link our registry to the Swedish
National Registry for Vascular Surgery (Swedvasc), which
would allow us to easily find the patients undergoing surgery.

A potential limitation of the study is that the registry was
initiated by the main author. As for the majority of the Swedish
national quality registries, most of the research within the
specific medical area of the registry is conducted by a steering
group and is often carried out by the registry manager. The RUT
has been introduced internationally (www.rut-worldwide.org)
and as such has been integrated into research and quality
improvement projects worldwide (18).

The registry contains different types of hard-to-heal ulcers,
such as leg, foot and pressure ulcers. An advantage of the
present analysis is that the calculations included all patients
recorded in the RUT who had healed before the end of 2012.

A possible limitation of the analysis is that we did not
differentiate the cost calculations between different ulcer types,
except for venous leg ulcers, where the results showed similar
patterns of reduced healing times and related treatment costs as
for the whole population.

Subgroup analyses of other types of ulcer would have
required a greater number of patients than presently available
from the registry. When the registry has been introduced in
additional centres and clinics, and more patients have been
included, further analyses can be performed.

Another possible limitation is that the cost calculations are
limited to the direct management of ulcers, specifically dressing
changes including costs of dressing material and nursing staff.
One reason for our choice to analyse resource use in physical
units and costs for topical treatment of healed ulcers is that these
costs are directly related to the frequency of dressing changes
and healing time. Another is that the aim of the cost analysis was
to focus on the direct management of wound treatment based on
the data collected in the registry. Other costs such as surgery
and in-hospital treatment were not included, mainly because
information about this type of resources is not available in the
registry.

Previous researchers have found that randomised controlled
studies may not reflect the complex issues faced in clinical
practice (19). The SBU expert group found that data from
national quality registries such as the RUT and Swedvasc could
be used as a complement to clinical studies, as they constitute
a research base with great potential (4).

In Sweden, wound management is negatively impacted by
the absence of national guidelines for medical ulcer care as well
as the major regional differences in the organisation of wound
management with respect to specialised wound clinics, level of

care and care processes (4). A future study will investigate the
differences in the results of ulcer care between areas in Sweden
where the RUT is used and areas where it is not used.

In our study, we found that 10% of the patients had died and
3% had been amputated. The resource consequences for these
patients will be addressed in a future study.

The research area of antimicrobial dressing contra treatment
with systemic antibiotics for local wound infection is being
addressed in an ongoing research study within the frame of
the RUT.

A future in-depth analysis when additional patients have been
registered in the database will be focused on different types of
ulcers and consider more patient-related details.

Conclusions

The mean per-healed-patient costs for management of
hard-to-heal ulcers have decreased from approximately
SEK38 000 in 2009 to SEK20 500 in 2012, mainly as a
result of shorter healing times. Staff costs accounted for the
major portion (approximately 87%) of total costs. The costs
for management of venous leg ulcers showed a similar pattern
over the years.

Treatment costs associated with dressing changes and the
management of hard-to-heal ulcers can be reduced by using
optimal treatment strategies, which result in shortened healing
times as shown in the RUT.
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