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Background: As our general population ages, the prevalence of venous leg
ulcers is increasing. The disease consumes substantial healthcare resources
and the financial burden of VLU care is increasing. Multiple
implementations aimed at cost reduction have not yielded the expected
results. Because we know that healthcare organisation can be an important
target of cost reduction, we have created a new healthcare chain for
diagnosing and treating venous leg ulcers.
Objective: To define and compare costs of treatment and evaluate cost-
reduction in a one-stop clinic compared to standard care for venous leg
ulcers (VLU).

Methods: We followed prospectively all new patients with a single VLU. The
research group consisted of patients of the one-stop-clinic and received
homecare by dedicated wound care nurses. The control group received
regular care. We investigated personnel costs and facility costs related to
ulcer care using the S-ABC method.
Results: Research group consisted of 12 and control group of 8. The groups
were similar in baseline characteristics. The mean total cost via the one-stop-
clinic was €522.85 vs. €841.17 receiving standard care (p=0.093). After
bootstrapping, we found an absolute difference of €125.39 (€618.97 vs.
€744.36) (p<0.001); a cost-reduction of 16%.
Conclusion: An absolute cost-reduction of almost €300,-per patient and
after bootstrapping a cost-reduction of 16% was found, indicating using one-
stop-clinics and high educated wound care nurses could lead to cost-effective
wound care.
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INTRODUCTION

Venous leg ulcers (VLU) are a major burden for health care systems

around the world, especially with an ageing population and an increasing
prevalence [1,2]. It is estimated that 1% of Western health care budgets are
compromised by venous ulcer care [3,4]. VLU’s have a tendency to lead to
chronic wounds [5] and therapy could take months [5,6]. Ulcers are
invalidating and painful and could greatly reduce patient’s quality of life
limiting daily activities, such as work. Ulcer healing has been shown to
restore quality of life [7]. VLE are often caused by underlying venous
insufficiency and accounts for 70% of all leg ulcers [1-8,9]. Treatment
consists of compression therapy and local wound treatment such as various
wound dressings, debridement, excision of the ulcer or skin grafting (9-12)
and aim for faster wound healing. Early treating venous insufficiency as
underlying cause by superficial venous surgery can reduce the chance of a
recurrent ulcer and result in faster ulcer healing [13,14]. The nature of the
wound, ulcer size and duration determines the healing chances and
therefore the type of treatment. Diagnosing and treatment by experienced
and trained healthcare professionals is required [15]. Establishing a quick
and correct diagnosis and initiating proper treatment will result in a shorter
time of wound healing, restoring of quality of life and simultaneously a cost
reduction is expected.

Current study in broader context 

At the end of the last century, specialized leg ulcer care clinics were
introduced providing wound care. Studies investigating ulcer care already
showed that diverse concepts such as centralizing ulcer care in a nurse-led
clinic or an outpatient clinic improve time to wound healing an can reduce

costs[16-18]. Though in these studies vital patients were included with a
good ability to visits clinics, not representing the total population, which
often suffer more comorbidity. Nevertheless, with increasing evidence that
standardized based ulcer care is efficient in both financial as medical
outcomes, primary ulcer care in the Netherlands, as within other countries,
is still within the responsibility of the general practitioner (GP), who can
delegate the actual treatment to districts nurses, medical assistants and other
therapists and might refer to a specialist when an chronic ulcer is developing
[19]. Other studies showed that the organisation rather than the location of
care is most important; using proper evidence based treatment standards for
home care organizations would lead to similar outcomes with hospital care
with similar outcomes and this even led to cost reduction [20-22]. With the
continuing ageing of the population the prevalence of VLE increases. In the
Netherlands, government policy focuses on the independence and self-
reliance of older patients in the home situation and therefore ulcer care too
is preferably provided at home. In line with the aforementioned and the
recognition of value-based medicine, we wanted to create an unique
organisation structure in with both a centralized ulcer care clinic and a
proper functioning home care treatment method were combined.

AIM OF THE STUDY

Despite aforementioned evidence of early treatment of underlying causes
and attempts to chance ulcer care, the system of ulcer care has not been
changed for years [16-22]. Therefore we set up a new system of uniting
previously proven different healthcare concepts. In this situation, at an early
stage of the disease, a diagnosis was made in one day in the hospital
outpatient clinic and subsequently home care organizations delivered
evidenced based (dedicated nurses) care at home and, if necessary,
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additional treatment was given at the hospital. The system is shown and
explained in Figure 1.

Supplementary 1 shows the system of dedicated nurses. At the Dermatology
department of the ZGT hospital in the East of The Netherlands we
investigated if implementation of the new set up would be cost-effective.
Our hypothesis was that this new method would lead to cost reduction in
comparison with the standard way of care in the Dutch system of venous
ulcer care. With this pilot study we could furthermore explore which cost
items exists, therefore creating a foundation for further research. The
primary research question of this pilot study is: is there a difference in
primary health-care costs (in euros) between the new method at the one
stop clinic compared to the standard ulcer care?

Figure 1) Overview of the one stop clinic. GP refers patients the
Dermatology department for an assessment in an early stage of the ulcer.
During the ‘first consult’ the anamneses, physical examination, vascular
research and the diagnosis are performed in one day.

ABPI: ankle-brachial pressure index; TBI: toe brachial index; VNUS:
endovenous radiofrequent ablation

Materials and methods

Study design

Little prior research has so far been conducted to investigate the financial
costs of different systems of VLU care in terms of cost-effectiveness and
efficiency. Hence, because of this, no weighted decision could be taken for
required estimates for a power analysis research. So we conducted a small
prospective pilot study to investigate our hypothesis and create a foundation
for further research. Therefore we used the standard treatment design in the
Deventer Hospital, which is representative for VLU care in the
Netherlands. This system is shown in Figure 2.

Secondary outcomes were number of visits, ulcer size, time to wound
closure, time per visit, cost of supplies and general overhead cost per patient
per visit. We used the CHEERS reporting guideline as a guiding principle
for structure of this cost-effectiveness analysis [23].

Figure 2) Old Method. GP refers patients to hospital if there is not
enough healing trend after 2 months or if there is a high suspicion on a
specific cause of the ulcer. In this situation more visits were needed
before a diagnosis was set. The patient receives care with the hospital/
dermatologist as main physician.

ABPI: ankle-brachial pressure index; TBI: toe brachial index; VNUS:
endovenous radiofrequent ablation.

Data collection

Financial costs were calculated through the Simplified Activity Based
Costing (S-ABC) method to calculate actual costs per patient Figure 3.This
method is known to be a more reliable method compared to volume based
costing. Each event is an ‘activity’ and for each activity a specific cost item is
created. The S-ABC uses less cost items compared to the ABC method and
therefore is more valuable to implement in a pilot study. To determine the
activities, all factors relating to financial cost of VLU care, were identified
with both qualitative and quantitative research. For qualitative research
health care professionals were interviewed to collect data as wages, total
working hours and average unit costs for the funding of diagnosing and
treating VLU. To calculate the actual costs per patient we first reviewed all
patients’  records to collect data such as patient characteristics and data
about wound size, time to wound closure, number of visits and time per
visit [24]. Time for wound closure was the time between first visit up to last
consult of any healthcare professional involved the treatment process. At
last, facility (overhead) costs were identified using the annual reports of
both hospitals, which were divided by all patients in the hospitals as in line
with the S-ABC method. All costs were expressed in euros and no
conversion to another currency was made. The value of all unit items was
based on the value at the time of the trial. In this trial we focused only on
costs of logistics and on organisational level, we did not add costs as
bandaging and other wound care products as this was beyond the scope of
this trial. However, these costs are known to be a major part of the total
costs of VLE and are too subject of debate in reduction health care costs.
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Figure 3) Calculation of costs based on the S-ABC Method.

Patient selection

A random sample using a randomisation program was conducted from all
patients with an VLE attending ZGT and Deventer Hospital in the period
between January 2016 and February 2016. Due to the pilot study design this
was not a formal randomized controlled trial and we included a limited
amount of patients. The relatively small study period was chosen since the
current study focussed on the new method in diagnosing and setting up a
treatment plan of new venous ulcer and not on long term consequences.
Patients in the research group all participated in the one-stop clinic. All
included patients have had a new venous leg ulcer. We followed these
patients till the wound was healed and did not require any further
treatment. All patients were 18 or more years of age. Inclusion criteria for
the research group include new ULV patients of the one stop clinic at the
ZGT who were treated in the home setting by dedicated home care nurses
from two local homecare organizations (CarrintReggeland and Zorgaccent)
between January 2016 and February 2017. The control group consists of
patients according to the standard of care for VLU in the Deventer
Hospital. Patients were excluded if they had any other cause of the ulcer
after additional investigation (e.g., Doppler, ankle-brachial pressure index;
toe brachial index) such as mixed ulcer, arterial, decubitus, diabetic,

vasculitis, oncological, pyoderma gangrenosum, arteriolar or erysipelas or a
recurrent ulcer and multiple ulcers.

Statistics analysis

The groups were normally distributed, and while we did not know in
advance which pathway would be less expensive, we used unpaired, two
sided t-tests to compare both groups. Continuous variables are expressed as
mean with standard deviation (SD) or median with interquartile range
(IQR); categorical variables as counts with corresponding percentages.
Descriptive data is shown in tables and charts. Since the small number of
the sample sizes, we used the bootstrapping method as statistical analysis for
a better understanding of the results.

RESULTS

Twelve patients were included in the research group. Eight patients were
included in the control group. All patients (100%) were referred to the
clinic by a GP, none of the patients was admitted for in-hospital treatment.
Therefore no invasive interventions were performed in any patient. Baseline
characteristics of all individual and combined groups are shown in Table 1.

TABLE 1: Baseline characteristics of all groups.

Variable CarrintReggeland ZorgAccent
ZGT (CarintReggeland +

ZorgAccent)*
Deventer
Hospital

P-value (ZGT vs.
Deventer

Hospital)**

Sex (M/F), n (%) 5 (71)/2 (29) 4(80)/1(20) 9(75)/3(25) 4(50)/4(50) 0.296

Mean age, years (SD) 4(80)/1(20) 67.16 (12.69) 62.08 (13.81) 69.88 (11.54) 0.19

Mean time of treatment, days (SD) 73.00 (72.47) 126.20 (135.97) 95.17 (101.68) 78.50 (38.96) 0.615

Mean ulcer size, cm2 (SD) 2.07 (1.81) 5.36(8.6) 3.15 (4.19) 4.6(3.84) 0.414

The groups did not alter significantly regarding baseline characteristics. In
Figure 4 and 5 the mean number of visits per healthcare professional in the
hospital and at home are described.
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Figure 4) Mean number of visits per healthcare professional at the hospital.

Figure 5) Mean number of visit of per healthcare professional at homecare
organisation.
We converted all visits with the actual time per visit, per healthcare
professional, with their corresponding wage and calculated the mean costs
per function and per institution and eventually the mean total costs of each
patient. The results are listed in Figure 6 and 7.

Figure 6) Mean costs per function per patient at the hospital.

Figure 7) Mean costs per institution per patient and mean costs in
research group ZGT (ZGT + CarrintReggeland/Zorgaccent) and control
group (Homecare Deventer Hospital + Deventer Hospital).

For almost each type of healthcare professional the mean costs per patient
are more expensive in the control group in comparison with the research
group, often due to less visits.

Facility costs per patients for each hospital were calculated for the year 2016
for the total number of visits for each hospital; €1.96 (research group)vs.
€1.07 (control group). The mean total costs per patient with an VLU in this
study were based on the total personnel costs and the facility costs.

The mean total health care cost of a treatment with the new method was €
522.85vs.€ 841.17 in the standard way of ulcer care (p=0.093) (Figure 4).
The mean number of visit in the hospital was 5 in the research group and 9
in control group (p=0.177). The mean number of visits by nurses was 10 in
the research group compared to 17 visits in the control group (p=0.236).
The mean number of days of treatment was in the research group 96 days,
whereas in the control group the mean number of days of treatment was 79.

Due to the small number of total sample size, we used the bootstrap
method for extending the total sample size to a fictional 1000 patients in
both groups. This method does not make up for the small sample size.
However bootstrapping shows more reliable results as representation of the
population instead of using the original sample size, since it accounts for
different statistical errors and distortions since virtual larger population.
Statistical analysis after bootstrapping the difference showed significant
differences between the groups for mean total health care costs €618.97
(research group)vs.(€ 744.36 (control group), p<0.001.

DISCUSSION

In this trial we compared the difference in costs between the new treatment
pathway and the standard way of VLU care. The one-stop clinic was
introduced to decrease the number of visits to the hospital by setting a fast
and correct diagnosis, set up a treatment plan in the hospital and, if
possible, continue the ulcer care in home setting by specially trained wound
care nurses. After statistical analysis with bootstrapping method we found
an absolute difference of €125.39 (€618.97 for one-stop clinic vs. €744.36 in
usual care), which is more than 16% reduction, p<0.001. These number
indicate that this innovative new concept of combining centralized care for
VLE in combination with a standard and evidenced based treatment in
home setting is cost effective and saves resources. In an ever increasing
population with patients physically incapable of frequent visiting an
outpatient clinic this is an important issue in organizing health care.

Since the design of this first unique pilot study, large-scale follow-up
research in a prospective design can provide a better insight into the
differences and correlations of all costs concerning VLU care. Our study
showed that the absolute number of visits to the hospital and visits by
dedicated wound care home care nurses at home was less compared to the
standard care. The time for wound healing was longer compared to the
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control group, whereas we expected this to be less since the proper and fast
initiation of treatment by the one stop clinic, however, this is a secondary
outcome for which the study was not powered. There was not a difference
in mean ulcer size between both groups which could explain the difference.
However, prior research investigating time to wound healing showed that
centered care would lead to less time to wound healing, which is not
corresponding with our current results[22]. In the new method, the
dedicated home care nurses are specifically trained to monitor and treat
VLU, which could explain the smaller number of visits in the research
group. In our study we determined the costs by using the S-ABC method by
collecting all direct costs of personnel, overhead costs (including unit costs).
Follow-up research should attempt to gather the costs of all domains, such
as wound material and costs of additional invasive treatment. We calculated
the personnel costs by multiplying total time of care with the wages of
different types of health care professionals. In another study investigating
the costs of VLU care, the total personnel costs were based on a total
working hours per month (150 hours) and there was an additional increase
of almost 30% for profit purposes [25]. We choose only to calculate the
exact actual costs and not add any value for profit benefits. The purpose of
this study was to evaluate methods for improving health care and cost
effectiveness in wound care. Known factors, such as wound size, duration of
the wound, prior history of ulcer are negatively reduction wound closure
[26]. Other aspects as proper indications for and time till referral to a
specialist, the amount and length of compression therapy and the use of
various wound dressings are still topics of current research. Further research
combining these aspects in ulcer care is necessary for gaining insight and
indicate processes where improvement could be achieved.

LIMITATIONS

A large limitation is the small number of patients, however this is the first
unique study combining an one stop clinic with an integrated specialized
home care system. Since the pilot design of the study the results are
indicative for a cost reduction by implementation of this system of ulcer
care. While bootstrapping as methodologically method shows more reliable
results for statistical purposes, is does not make up for the small sample size.
Enlarging the sample size by bootstrapping gave us an insight in the cost-
reduction that would be acquired in a larger population. We carefully
calculated the costs items of each type of health care professional involved
in VLU care. Separate costs of diagnostic investigation such as duplexgraphy
were not taken into account as we assumed these costs were similar for
patients during the diagnostic process and are covered under overhead
costs. Since none of the patients was treated for underlying causes of VI, no
cost of invasive treatment was collected. For practical reasons the overhead
costs of the organization have been divided proportional to all patients in
the hospital for the year 2016 for both hospitals as we think this was the
most reliable way for inclusion of the hospital overhead cost in this pilot
study. The relatively small study period was chosen since the current study
focussed on the new method in diagnosing and setting up a treatment plan
of new venous ulcer. Since the chronicity of the condition, further research
should address long term outcomes concerning health care costs. Analysis
of indirect costs such as travel time (both for nurses as patients), saved socio-
economics costs as saved working days etc. was beyond the scope of this
trial. Although some (in) direct costs were missed out, we think this study
shows an adequate overview of the logistics and organisation costs in both
the one stop clinic and the standard way of care for venous ulcer care. Since
this selection bias, these outcomes do not must generalized for all ulcer
care, but are an indication that one-stop clinics and dedicated nurses could
lead to cost saving and be beneficial in the context of financial reasons.

CONCLUSION

The prevalence of patients with venous leg ulcers is increasing with an
ageing population with more comorbidity. VLU have a substantial
economic impact on health care systems and are often a chronic condition
with an invalidating impact on patients’ lives. We initiated a new innovative
method of treating VLU by implementation of an one-stop clinic at the
outpatient clinic of the Dermatology department. In one visit, the medical
history, physical examination and additional (vascular) examinations were
performed. Furthermore we trained dedicated wound care nurses supplying

ulcer care at patients ’  homes. To evaluate the cost-effectiveness of new
strategy, we conducted a cost analysis study. We investigated all personnel
costs and facility costs in relation to the ulcer care. The average health care
cost of a treatment with the new method was €522.85 vs. €841.17 in the
standard way of ulcer care (p=0.093). After bootstrapping the sample size
since the small initial number of patients, we found an absolute difference
of €125.39 (€618.97 vs. € 744.36) (p<0.001), which is more than 16% cost-
reduction. This first pilot study shows that cost reduction is possible by
introduction of new health care concepts. These outcomes must not be
generalized for all ulcer care, but are an indication that one-stop clinics and
well organized specialized home ulcer care could lead both to health care
improvements be beneficial in the context of and economic consequences
by cost saving.
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