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ABSTRACT

Aim: The study aims to determine the cost of chronic wound
management in a tertiary hospital in Singapore.

Background: Given the impact of chronic wound care on
health care expenditure, wound prevention is a priority in
public health initiatives. Holistic wound management can
reduce the incidence of chronic wounds and will potentially
reduce wound care costs.
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Methodology: This is a retrospective analysis over a two-
year period (1 January 2012 to 31 December 2013) in a
tertiary institution specialising in wound care. Five common
chronic wound categories were included, namely: diabetic,
pressure, venous, ischaemic and unspecified chronic skin
ulcers. Their diagnosis-related group (DRG) code served
as an identifier for patients suffering from these conditions.
The cost of hospitalisation of each patient was individually
calculated. Total cost consisted of direct and indirect costs,
and are represented in Singapore dollars (SGD).

Results: Four hundred and seventy patients were admitted
in this study. The mean age was 68 years and mean length
of stay was 13.2 days. The annual direct cost amounted to
a gross sum of SGD 4.59 million and net payable sum was
SGD 1.98 million after subsidies. Annual total indirect costs
(for example, income loss due to hospitalisation stay and sick
leave) amounted to SGD 0.86 million (mean of SGD 3,600
per patient). Of the patients, 23% had the primary diagnosis
of ‘diabetes mellitus with foot ulcer due to multiple causes’,
followed by 16.1% ‘pressure injuries unspecified’, and 13.4%
‘varicose veins of lower extremities with ulcer’. The direct
gross cost per annum was highest for diabetic foot ulcers,
followed by pressure injuries, and then ischaemic ulcers
(SGD 1.68 million, SGD 0.63 million and SGD 0.43 million,
respectively).

Conclusion: Chronic wounds present a substantial economic
burden on society. We recommend early medical interventions
through regular screening by specialised wound teams and
evaluating the cost-effectiveness of these interventions in the
local setting.

INTRODUCTION

Chronic wounds are defined as wounds that do not heal
after a period of three months'. They can be classified
into wounds resulting from chronic disease (for example,
diabetes mellitus, venous disease, peripheral vascular
disease), and pressure injuries. An ageing population has
an increased incidence of major chronic diseases, such as
cardiac disease, diabetes as well as wounds?3. In Singapore,
wound care has yet to be fully established as a major focus
in chronic disease management. It has been reported that
health care professionals and the society in general are
not fully cognisant of the medical complications and social
burden of chronic wounds®*. Furthermore, wounds are not
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viewed as high priority relative to other conditions because
they are not considered life-threatening.

One approach to define the gravity of this problem is to
consider the clinical and economic burden imposed by chronic
wounds. Studies in the United States, Australia and France
on the cost of wound care have demonstrated the economic
burden of chronic wounds and their management*. For
instance, the US spends US$10 billion annually on chronic
wound care’. In addition, pressure injuries were estimated
to cost between £1.76 and £2.64 billion from 2005 to 2006
in the UK.

Our study aims to provide an overview of the costs of
managing chronic wounds in Singapore. It describes both
the direct and indirect costs of wound management. We
estimate the costs of chronic wound management in patients
admitted to the Singapore General Hospital (SGH) and the
information will serve as a reference for future interventions.

METHODOLOGY

Singapore is a country in South-East Asia with a population
of 5.47 million®. This study was conducted in the SGH, the
largest acute tertiary hospital and national referral centre.
The hospital has a capacity of 1,500 beds and receives
approximately 20% of all wound patients in Singapore
annually. The Singhealth Institutional Review Board approved
this study prior to its initiation.

Five common chronic wounds were identified, namely:
diabetic ulcers; pressure injuries; chronic ulcers of the
skin; venous leg ulcers; and ischaemic ulcers. This was
determined by interviewing various medical personnel in
the wards. Each type of wound is assigned a diagnosis-
related group (DRG) code that serves as an identifier for the
diagnosis of the patient.

For diabetic ulcers we used the code ‘diabetic foot with
ulcers: E1473’, for pressure injuries we used codes ‘pressure
injuries unspecified which type: L899’, ‘pressure injuries
stage lll: L892’, and ‘pressure injuries stage IV: L893’.
Pressure injuries stages Ill and IV were highlighted for our
research because it fulfilled our criteria of a chronic wound,
whereas stages | and Il did not. Under the wound category
chronic ulcers of the skin we used the code ‘chronic ulcers
of the skin: L984’, venous leg ulcers we used ‘varicose
veins with ulcers: 1830°, under ischemic leg ulcers we used
‘peripheral vascular disease with ulceration: [7023’.

Patients with the relevant DRG codes with at least one of
the five chronic wound types in the hospital databases were
included in the cost analysis. We included all patients in the
two-year period from 1 January 2012 to 31 December 2013
in our study. The patients recruited were aged 21 years and
above and had been an inpatient during the period of the
study, suffering from at least one of the chronic wounds listed
above.
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This is a retrospective cost evaluation of chronic wounds
in Singapore. A list of resources consumed was drawn up
based on consulting health care professionals (podiatrists,
nursing managers and physicians) involved in wound care.
They include: general treatment, surgical costs, specialist
consultations, hospitalisation and laboratory investigations.
Additional costs following treatment were also considered,
which included both pharmaceutical and wound care costs.

All records were electronically captured via the SGH
Information and Technology Database. These records
included information on patient demographics (age, sex,
race), length of stay, diagnostic tests (X-ray, computed
tomography scan, magnetic resonance imaging, diagnostic
angiogram and so on), interventions (antibiotic use,
endovascular revascularisation, open revascularisation,
amputations and so on), and inpatient charges incurred by
each patient. Codes used to extract information were billing
codes used for reimbursements. Through the DRG codes we
were able to obtain a list of patient identification numbers
from the Medical Records Office (MRO). Individual costs for
the patients were then calculated.

Total cost consisted of direct costs and indirect costs. Direct
costs included hospital stays, inpatient surgical treatment
(if any), and inpatient costs such as medications, wound
dressing, laboratory investigation costs, and consultations.
In order to extract these costs from the IT database, the
codes of wound dressings, medications and surgical tables
were used. A methodology of top-down gross costing was
used to define the direct costs for each item. We presented
the direct costs in two categories: total gross cost and
net payable cost. Total gross cost is the sum of resources
incurred by the patient over his/her entire hospital stay;
whereas net payable costs is the out-of-pocket payment
after subsidies, insurance coverage, and Government Goods
and Services Tax (GST).Total gross cost included mean gross
cost per patient and the annualised sum of all patients, while
net payable cost included net payable cost per patient and
the annualised sum of all patients.

Indirect costs consisted of two components: income loss
during hospitalisation and income loss during sick leave.
In calculating the loss in income due to hospitalisation, we
took the median gross monthly income from work of full-time
employed Singapore residents as reported by the Ministry of
Manpower (MOM) in June 2014, We took data from MOM
as we assumed that individuals that fall into the older age
groups earn less than the general population or may not be
working at all. We did not consider other costs such as carer
costs as we were unable to ascertain the number of patients
who needed carers. To avoid overinflating costs, we elected
to be conservative in our estimate

The patients in the study were stratified according to their
corresponding age groups similar to that used by the MOM.
For income loss due to sick leave, an estimate of one month
loss of income per patient was used.
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Figure 1: Frequency of admitting specialty description 2012-13
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IBM Statistical Package for the Social Sciences (SPSS)
Version 21.0 software was used for our analysis. Descriptive
statistics of patient demographics, cost per hospital
episode per individual and total cost per individual were
demonstrated. All costs are represented in 2014 Singapore
dollars (1 SGD=0.887 A$), using an inflation rate of 3%.

RESULTS

Four hundred and seventy patients were admitted with the
primary diagnosis of a chronic wound over the two-year
study period 2012-2013 in the SGH. (Mean age of 68 years,
51.1% female.) The mean length of stay was 13.2 days in the
two-year period and the median was 7.

We subdivided our patients into the admitting speciality of
care shown in Figure 1. We observed that these chronic
wound patients were admitted to 25 different specialities
over the two-year period. The majority of patients were

admitted into the internal medicine speciality (n=224, 31.4%)
and general surgery speciality (n=110, 15.4%).

We analysed the number of patients that fell under each
ICD-10 diagnosis description. The majority of patients that
were admitted fell under the diagnosis ‘Unspecified diabetes
mellitus with foot ulcer due to multiple causes’ (n=165,
23.1%), followed by patients with the diagnosis ‘Decubitus
ulcer and pressure area unspecified’ (n=115, 16.1%), and
then ‘Varicose veins of lower extremities with ulcer’ (n=96,
13.4%) (Figure 2).

We classified the direct cost of chronic wounds according
to each diagnosis description (Table 1), and noted that the
highest total gross amount fell under the diagnosis category
of ‘Unspecified diabetes mellitus with foot ulcer due to
multiple causes’ amounting to around SGD 1.68 million.
This was followed by ‘Decubitus ulcer and pressure area
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Figure 2: Frequency of patients per diagnosis description 2012-13

Frequency of Diagnosis Description (ICD10) N =470
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unspecified’ summing to SGD 627,000 per year and then
‘Arteriosclerosis of the arteries of extremities with ulceration’
costing SGD 427,000 per year.

Table 2 shows the total costs per annum. The annual direct
gross cost for chronic wounds was SGD 4.59 million and the
net payable sum for patients was SGD 1.98 million, less than
half the annual direct gross cost. Total indirect costs per year
was SGD 859,000, which consisted of adding both income
loss due to hospitalisation and sick leave, which amounted
to SGD 274,000 and SGD 585,000 respectively. Therefore,
the overall cost of chronic wounds per year in the SGH was
around SGD 5.45 million.

DISCUSSION

The objective of this study was to evaluate the cost of
chronic wounds in an inpatient hospital setting. Similar
studies exist'""® but this is the first to be carried out in
Singapore looking at the full spectrum of chronic wounds.
It will form the basis for more specific economic studies to
formulate policies and guide interventions. This would allow
us to compare with the potential effectiveness of early wound

interventions, and the potential savings vis-a-vis the costs of
interventions.

By analysing epidemiological data based on current best
practices, we aim to evaluate the economic impact of
treating chronic wounds. This study is unique in that it does
not focus solely on diabetic ulcers'¢, but included chronic
wounds such as pressure, ischaemic and chronic venous
ulcers. Hence, our sampled population was more diverse,
and this is reflected in the 25 varied medical and surgical
disciplines these patients were admitted under (Figure 1). Our
data shows a large proportion of female patients (51.1%),
which were not previously described or observed in other
local reports. This could be the subject of future studies.

It is estimated that SGH receives 20% of patients who need
wound care in Singapore. The annual total gross direct cost
for chronic wound management in SGH totalled 4.59 million
SGD, with a net payable sum of 1.98 million in a two-year
period from 2012 to 2013. If we extrapolate this, public
hospital costs may amount to 23 million SGD a year; hence
additional resources should be devoted to this problem
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Table 1: Total direct costs for each diagnosis description (ICD10)

Mean
length of
stay (days)

Mean daily
charges
per patient

Diagnosis Description (ICD10)

Mean net
payable
sum per

Annual total
gross

Mean cost
per
patient

Annual total

(excluding net payable

Atherosclerosis of arteries of
extremities with ulceration

Chronic ulcer of skin not
elsewhere classified

Decubitus ulcer and pressure
area unspecified

12 890

420

Stage Ill decubitus ulcer and
pressure area

Stage IV decubitus ulcer and
pressure area

Unspecified diabetes mellitus
with foot ulcer due to multiple
causes

Varicose veins of lower

o ) 458
extremities with ulcer

GST) patient

427,129

110,081

627,485

4,604 184,168

41,057

10,172 1,678,403 4,217 695,965

3,664 351,704 1,365 131,018

*Figures rounded to the nearest SGD

and to finding solutions to it. The gross cost of 4.59 million
SGD annually is likely to be an underestimation because
only patients with the primary diagnosis of chronic wounds
on admission were included in the study. Patients with a
secondary diagnosis of chronic wounds or those who had
developed the condition while in hospital were excluded.
Moreover, while dressing materials were included into the
cost, other expenses such as the cost of training wound
care nurses were not considered. From our calculations,
there was a cost-shift of SGD 2.61 million annually onto the
health care system (gross costs of 4.59 minus net payable
1.98 million).

An economic study focusing on diabetic foot ulcers was
carried out by Nather et al. from National University Hospital
(NUH), another tertiary hospital in Singapore. The authors
showed that the mean hospitalisation cost per patient over
the years 2002-2007 was SGD 7,890". Our study which
included other types of chronic wounds gave a mean
hospitalisation fee of SGD 8,435 per patient (2012-2013).

Previous studies have attempted to predict the changes
necessary to sustain wound care services. Hjort and Gottrup
from Denmark projected an increasing annual demand for
services over the period 2009-2020'8. Similarly Dowsett
and Bielby forecasted an annual increase of 1-2% in the
cost of wound care services in the UK™. These projections
suggest that fundamental changes need to be made on
how wound care is delivered in order to reconcile capacity
with future demand. Future changes broadly include: firstly,

preventive measures; secondly, nurse-led programmes
to provide comprehensive wound care; thirdly, enhanced
therapies which accelerate wound healing, for example,
topical negative pressure therapies; and fourthly, accurate
diagnosis and treatment of wound infection.

Primary prevention is the best cost-saving measure. In terms
of pressure injury prevention, we have contributed to the
2012 Pan-Pacific Clinical Practice Guideline®® — an initiative
by Australia, New Zealand, Hong Kong and Singapore. The
guideline included a comprehensive risk assessment and
prevention plan by identifying high-risk patients, assessing
existing pressure injuries and their subsequent treatment.

Nurse-led wound services contribute to effective wound
treatment as they offer timely treatment through their clinics
and ward rounds. They also devote more time to wound care
and counselling. In the UK, some hospitals have started a
‘harm-free care’ agenda such as the SSKIN care bundle?
to eliminate category 3 and 4 pressure injuries. UK wound
care nurses have also initiated a nurse-led leg ulcer service
that focused specifically on patients with healed ulcers and
it has showed a reduction in recurrence rates from 18-20%
to 5.8%%. In our hospital, the wound team refers to a
wound management book written by nurse clinicians. This
guidebook with its illustrations is a reference for nurses on
how to assess wounds, recognise aetiologies and institute
treatment®. It covers all aspects of wound care including
recognition of infection, management of stomas and external
fixators, improving nutrition and the indications for hyperbaric
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Table 2: Total direct and indirect costs due to hospitalisation

Annual direct cost

Gross
(excluding GST)

Net payable by
patient

4,587,905 1,982,236

Income loss due
to hospitalisation

Cost per patient

Annual indirect cost

Income loss due
to post-hospital
sick leave

Total indirect cost

273,602 585,050 858,652

Mean 19,623 8,435 1,162 2,484 3,646
Median 11,353 4,101 600 2,000 2,600
Minimum 550.10 184 67 2,204 2,271

Maximum 163,741 133,354 16,185 5,220 21,405

*Figures rounded up to the nearest SGD

oxygen therapy (HBOT). These services can be accessed
by both outpatients and inpatients. By creating a chronic
wound protocol and a specialised chronic wound team,
care is streamlined and health care costs can potentially be
lowered, although the upfront cost may initially be higher due
specialised dressings and treatment, for example, HBOT.

A myriad of enhanced wound healing therapies are available,
and these have been miniaturised to be ultra-portable?*-2¢. In
Singapore, negative pressure wound therapy has become
a standard treatment, which is covered by Medisave?” — a
national medical savings scheme. It promotes wound healing
by improving local blood flow?s, inducing granulation and
angiogenesis?®3, as well as reducing oedema3'.

The limitations of this study are that it is retrospective,
and the overall cost of chronic wound care is likely to be
underestimated. Given the chronic nature of these type of
wounds, economic modelling of a longer term will provide
a clearer depiction of the cost of intervention and its impact
on society. For instance, an intervention may be more costly
in the beginning months, yet might provide cost savings
in the long run due to fewer additional interventions and
follow-ups. Being a retrospective study, the data were
derived from the information technology system. The costs
were underestimated because some potentially relevant
cost components such as medications, specialised wound
materials and other accessories were not readily available.
Chronic wound patients may also have been overlooked if
they were admitted to the hospital for other co-morbidities.
Hence, to prevent this from affecting our sample size,
we considered all patients, instead of relying on random
sampling. In addition, the study only considered inpatient
costs, and therefore does not include patients who entered
the health care system for wound care as outpatients — such
as patients visiting the hospital for frequent wound dressings
and treatment. This further emphasises the conservatism of
our estimate.

Our study included all aspects of chronic wound treatment
(hospitalisation, wound dressing, surgery and so on).
Therefore, the outcomes of the study can be directly
extrapolated to Singapore’s population. Another benefit of
computing cost data on a per-patient as opposed to an
aggregate basis is that it provides estimates for health care
policy makers’ disease models.

In public health, primary prevention reduces patient morbidity
and overall economic burden. Yet, future policy makers have
to consider the concept of discounting — costs that are
incurred in the present have a higher value than cost incurred
in the future. A minor fluctuation in the discount rate could
reduce the cost-effectiveness of these surgical interventions
over conservative measures. Lastly, benefits of any medical
interventions cannot be solely measured by economic gains.
Social gains and improvement of public health are equally
important and a cost-utility analysis can be done to explore
these aspects further. Such studies should be done in
countries looking to assess the cost of wound care to their
health care systems, and to determine the cost-effectiveness
of investing in prevention programmes.

CONCLUSION

The aim of this study has been to determine the inpatient cost
associated with the management of chronic wounds in the
SGH. A detailed computation of patients with relevant ICD
codes produced an annual overall cost of 5.45 million SGD
with a mean hospitalisation fee of SGD 8,435 per patient.
It is evident that chronic wounds present a substantial
economic burden unto society. Early medical follow-up
coupled with increased, coordinated and regular screening by
multidisciplinary health care teams will optimise treatment of
chronic wounds and subsequently have significant economic
ramifications. Yet, only by considering outpatient costs will
we be able to attain a more holistic view of this challenge;
and this should be carried out in subsequent studies.
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