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Research

AbstrAct
Objectives Limitations in the quality and access of cost 
data from low-income and middle-income countries 
constrain the implementation of economic evaluations. 
With the increasing prevalence of coronary artery disease 
in Malaysia, cost information is vital for cardiac service 
expansion. We aim to calculate the hospitalisation cost 
of percutaneous coronary intervention (PCI), using a data 
collection method customised to local setting of limited 
data availability.
Design This is a cross-sectional costing study from 
the perspective of healthcare providers, using top-down 
approach, from January to June 2014. Cost items under 
each unit of analysis involved in the provision of PCI 
service were identified, valuated and calculated to produce 
unit cost estimates.
Setting Five public cardiac centres participated. All the 
centres provide full-fledged cardiology services. They 
are also the tertiary referral centres of their respective 
regions.
Participants The cost was calculated for elective PCI 
procedure in each centre. PCI conducted for urgent/
emergent indication or for patients with shock and 
haemodynamic instability were excluded.
Primary and secondary outcome measures The 
outcome measures of interest were the unit costs at the 
two units of analysis, namely cardiac ward admission and 
cardiac catheterisation utilisation, which made up the total 
hospitalisation cost.
Results The average hospitalisation cost ranged 
between RM11 471 (US$3186) and RM14 465 
(US$4018). PCI consumables were the dominant 
cost item at all centres. The centre with daycare 
establishment recorded the lowest admission cost and 
total hospitalisation cost.
Conclusions Comprehensive results from all centres 
enable comparison at the levels of cost items, unit 
of analysis and total costs. This generates important 
information on cost variations between centres, thus 
providing valuable guidance for service planning. 
Alternative procurement practices for PCI consumables 
may deliver cost reduction. For countries with limited 
data availability, costing method tailored based on 
country setting can be used for the purpose of economic 
evaluations.
Registration Malaysian MOH Medical Research and 
Ethics Committee (ID: NMRR-13-1403-18234 IIR).

InTroducTIon
Economic evaluation is an important compo-
nent of healthcare delivery. With the increasing 
prevalence of diseases and advancement 
of medical technologies, healthcare costs 
continue to escalate. In high-income coun-
tries (HIC) with an easy access to high-quality 
and freely available data, there are well-estab-
lished guidelines for healthcare economic 
evaluation.1 Therefore, costing analysis of 
healthcare services are commonly applied to 
assess the impact of investments in disease 
prevention and treatment and to guide deci-
sion making in budget allocation and service 
planning.2 In contrast, the lack of infrastruc-
ture and financial support for evidentiary data 
capture in low-income and middle-income 
countries (LMICs) results in a paucity of easily 
accessible and reliable cost data. This becomes 
a huge challenge to the healthcare providers 
in LMIC towards the uptake of research and 
application of economic evaluation.3–6

Strengths and limitations of this study

 ► A multicentre costing analysis using standardised 
collection methods can lead to within-centre and 
between-centre comparison at multiple levels, from 
cost items, units of analysis to overall hospitalisation 
cost.

 ► The non-participation of private cardiac centres may 
limit the generalisability of the results.

 ► Top-down costing approach applied in this study 
produced an average estimate cost per patient 
and enabled an objective comparison of resource 
consumption and hospitalisation cost between 
different centres.

 ► However, this average cost estimates are insufficient 
for in-depth analysis at patient level or determination 
of cost predictors via regression analysis.

 ► This alternative costing methods we devised to 
overcome the data limitations in our setting can be 
adapted by like-minded researchers in other low-
income and middle-income countries.

http://bmjopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2016-014307&domain=pdf&date_stamp=2017-05-25
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Cardiovascular disease (CVD) is a leading cause of 
morbidity and mortality in Malaysia. In 2013, CVD 
accounted for 24.71% of total mortality and was one of 
the top five causes of hospitalisation.7 CVD encompasses 
a range of conditions including coronary artery disease 
(CAD), cerebrovascular disease, peripheral artery disease 
and heart failure. Among all, CAD accounts for the 
highest prevalence and mortality. Percutaneous coronary 
intervention (PCI) is a common treatment modality for 
CAD due to its safety profile in terms of lower mortality 
and complications.8 9 In many countries, the availability 
of coronary catheterisation facilities and access to PCI is 
a key performance indicator of the healthcare service. 
However, the need for sophisticated laboratory, highly 
skilled clinical staff and costly consumables such as 
cardiac stents often drive up the cost of PCI. This can be a 
constraining factor towards its service establishment and 
delivery in resource-limited countries.

Currently, more than 60 public, private and teaching 
institutions, most of which are tertiary-level referral hospi-
tals located in urban areas, are performing approximately 
12 000 PCIs annually in Malaysia. This service is not 
available in district hospitals of lower tiers. In the public 
healthcare system, cardiology services are provided by 
teaching hospitals and state-level Ministry of Health hospi-
tals. In addition, Malaysia has a highly specialised national 
heart institute, which was established as a corporatised 
entity, and given autonomy in terms of financial and staff 
autonomy, even though it is fully owned by the govern-
ment. Cost of medical procedures and hospitalisation 
often depend on the type of hospitals. International studies 
have reported cost differences between public-owned or 
private-owned hospitals, teaching or non-teaching insti-
tutions.10 11 However, local evidence are lacking, as the 
development of health economics is still in its infancy 
stage in Malaysia, and efforts to conduct economic evalua-
tions are hampered by limited access to financial data and 
non-computerised patient clinical data. Policy makers and 
healthcare professionals will be interested to gain insight 
into the local cost variation. In order to do so, reliable cost 
data from cardiac centres are needed.

objecTIves
With these in mind, we describe a simple, standardised 
data collection method for a multicentre costing study 
of cardiac service in Malaysia. Elective PCI is the chosen 
procedure as it is among the most commonly conducted 
cardiac procedure with the least heterogeneity among 
the patients and providers. We aim to outline the modi-
fications made to existing guidelines. By presenting the 
cost results from five cardiac centres, we hope to ascertain 
the cost variation between centres and to identify poten-
tial cost-saving options.

MeThods
study design
This costing analysis was designed as a hospital-based 
cross-sectional study, from the perspective of healthcare 

providers. Cost data collection was conducted from 
1 January 2014 to 30 June 2014, using a top-down costing 
approach. All cost estimates were presented in the local 
currency, Malaysian Ringgit (RM), whereby US$ 1=RM 
3.60 at the time of study.

Patient population and clinical data collection
PCI can be conducted as an emergency or elective proce-
dure. Patients who undergo emergency PCI often have 
more severe comorbidities and disease presentation, 
leading to higher resource consumption and hospital-
isation cost. They might develop complications post PCI, 
thus requiring admission to an intensive care unit. On the 
contrary, patients who undergo elective PCI have lower 
risk profile and likely fewer complications. As a relatively 
homogenous group, patients undergoing elective PCI 
would be a better proxy to analyse hospital-level cost. As 
such, we restricted our analysis to elective PCI, excluding 
patients with urgent/emergent indication for PCI, or 
with shock and haemodynamic instability. This definition 
is compatible with the definition of elective PCI adopted 
by other studies.12 13

study sites
For the cost data collection, 13 public and private cardiac 
centres were invited to collaborate in this study. However, 
only five public cardiac centres agreed to participate. 
Being the tertiary referral hospitals, all centres are located 
in the most urbanised area of their respective region. They 
provide full-fledged cardiology services and is staffed by at 
least one interventional cardiologist. Centre I is a semi-
corporatised university teaching hospital, while centres 
II, III and IV are government public hospitals. Centre 
V is a specialised heart centre established as a corpora-
tised entity. The range of centres was able to represent 
possible cost variations stemming from the heterogeneity 
in hospital characteristics, treatment preferences and 
geographical locations. Table 1 outlines the main descrip-
tion of each centre.

cost data collection
Due to the inherent characteristics of financial and 
medical record keeping in each healthcare system, there 
is no pre-existing data collection tool suitable for use by 
all countries. For this study, our team of health economists 
and interventional cardiologists created a data collec-
tion tool using MS Excel, a program commonly used in 
local clinical and research facilities. Figure 1 outlines the 
steps of the cost data collection. For each centre, a data 
enumerator and a site coordinator were assigned. The 
data enumerator was in charge of the data collection from 
the respective departments. Site coordinators were senior 
personnel with vast knowledge on the daily clinical and 
financial operations of the centre, especially pertaining 
to cardiology department and PCI procedures.

Pilot study was conducted at centre IV. Improvements 
were made based on shortcomings identified and feed-
backs from data enumerator, site coordinator and data 
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providers. Training workshops were organised to deliver 
topics such as the purpose of the study, definitions of 
cost items, introduction of the data collection tool and 
instructions on how to use the tool. On completion of 
data collection by data enumerator, site coordinator 
would check the completeness of the data and conduct 
face validity check to identify unjustifiable outliers. The 
compiled cost data was then forwarded to the primary 
investigator and assessed for its consistency and validity. 
Any unit cost outliers (defined as less than one-tenth or 
more than 10 times the average unit cost at all centres) 
were flagged and queried with the site coordinators. All 
the cost data were subsequently reviewed in the presence 
of cardiologists and deemed accurate and justifiable 
before further calculation and analysis.

costing pathway

Step 1: identification of unit of analysis
To achieve the most accurate estimate of PCI cost, it is 
important to identify all the resources consumed by the 
patients(figure 2). For this study, we outlined the event 
pathway for the provision of care for PCI patients from 
admission to discharge. Two main units of analysis were 
identified, namely cardiac ward (CW) and cardiac cathe-
terisation laboratory (CL). Based on guidelines in costing 
manual, health economists in our study team listed out 
various cost items that should ideally be included under 
each unit of analysis. The final list of cost items depended 
on general consensus of interventional cardiologists as 
they were the subject-matter experts. Under each unit 

Table 1 Background information of study centres

Centre I II III IV V

Ownership type Semicorporatised Public Public Public Corporatised

Year of initiation of PCI service 1987 1994 2011 2010 1992

Interventional cardiologist* 5 3 1 1 15

Fellow cardiologists* 12 8 7 0 12

Total hospital admission* 34 414 29 336 1744 9340 8485

*During the study period of January–June 2014.
PCI, percutaneous coronary intervention.

Figure 1 Pathway for the costing analysis of elective PCI. CL, catheterisation laboratory; PCI, percutaneous coronary 
intervention.



4 Lee KY, et al. BMJ Open 2017;7:e014307. doi:10.1136/bmjopen-2016-014307

Open Access 

of analysis, cost items that can be directly attributed to 
patient care are categorised under direct medical cost, 
while resources that are used by more than one depart-
ment/unit in the hospital are categorised as overhead 
cost items.

Step 2: identification of cost items
For CW, direct medical cost items were labour, capital, 
consumables and medication, whereas overhead costs 
included utility, dietary, ancillary service and hospital 
support service. There were less cost items under CL, the 
second unit of analysis. Medications were prescribed and 
served at CW, thus not taken as a cost item under CL. 
Dietary and ancillary support service were also provided 
only once under CW.

Step 3: valuation of cost items (table 2)
As reference cost is still under development for public 
hospitals in Malaysia, actual calculation of unit cost for all 
the cost items was conducted using a top-down approach. 
The subsequent sections discussed the valuation of each 
cost item.

Labour
This referred to the full salary inclusive of wages and 
employers’ social contributions paid for the staff. A list 

of all the clinical staff involved in the provision of PCI 
service were used to obtain their payroll register from 
the finance department. For clinical staff stationed full 
time in the same unit, for example nurses and atten-
dants in CW or laboratory technicians and radiographers 
in CL, their salaries were summed up in total as all of 
their productivity were contributed to their respective 
units. As for doctors, their work scope may spread across 
several units, including conducting procedures in the CL, 
treating patients in the specialist clinic and leading the 
ward rounds in CW. The interventional cardiologists in 
our study team were also the head of cardiology depart-
ment at each centre. Therefore, their expert opinion was 
sought on the portion of time spent on various activities 
by doctors of different levels at their centre. The appor-
tioned labour cost of doctors based on working hours 
assumed that all doctors were equally productive in deliv-
ering patient-related care and no idle time was spent.

Capital
This included fixed, one-time expenses incurred on the 
purchase of land, building, construction and equipment. 
As the main intention of this study was to obtain the opera-
tional cost of PCI procedure, land and building costs were 
excluded. Only equipment such as machine, furniture 
and medical instrument with cost higher than RM 1000 
and economic useful life exceeding 1 year were included. 
The complete list of asset in CW and CL, together with 
their price and year of purchase were obtained from 
the inventory list. Using the straight-line depreciation 
approach, it was assumed that the services from the asset 
were divided equally over the useful life. A discount rate 
of 3% and a useful life of 5 years were used in conformity 
with most economic evaluations.14 The equivalent annual 
cost of each asset was calculated by annuitising the capital 
outlay using a discount rate with their respective useful 
life years.

Consumables
This included items that are disposable in nature and 
require regular replacement, such as syringes, cotton 
swabs and needles. The costs of general consumables 
were obtained from the procurement section of pharmacy 
department. For each of the cardiac centre, consumable 
provision may occur at different levels such as individual 
wards or departments. Depending on the best available 
cost information, workload ratio from the corresponding 
unit was used as the allocation basis to calculate the 
consumable cost. As for PCI-specific consumables such as 
cardiac stents, catheters, wires and balloons, the quantity 
and cost of purchase were retrieved from the purchase 
ledger.

Medication
Under the drug purchasing mechanism in public hospi-
tals, general medication and cardiac-specific medication 
were purchased by central pharmacy under separate 
budget. General medications are often stored as floor 

Figure 2 Flow chart of task and person-in-charge involved 
at each step of data collection process.



 5Lee KY, et al. BMJ Open 2017;7:e014307. doi:10.1136/bmjopen-2016-014307

Open Access

Ta
b

le
 2

 
D

at
a 

re
q

ui
re

d
 a

nd
 a

llo
ca

tio
n 

m
et

ho
d

 fo
r 

th
e 

ca
lc

ul
at

io
n 

of
 c

os
t 

ite
m

s

C
o

st
 it

em
s

C
o

st
 d

at
a 

re
q

ui
re

d
 f

o
r 

va
lu

at
io

n 
o

f
co

st
 it

em
s 

(s
ou

rc
e 

of
 d

at
a)

R
es

o
ur

ce
 o

ut
p

ut
 d

at
a 

re
q

ui
re

d
 f

o
r

co
st

 it
em

 c
al

cu
la

ti
o

n 
(s

ou
rc

e 
of

 d
at

a)
A

llo
ca

ti
o

n 
m

et
ho

d
 f

o
r 

ca
lc

ul
at

io
n 

o
f

to
ta

l c
o

st
 o

f 
co

st
 it

em
s

La
b

ou
r

D
oc

to
r

S
al

ar
y 

p
ay

ou
t 

fo
r 

d
oc

to
rs

 o
f d

iff
er

en
t 

gr
ad

es
 (h

um
an

 r
es

ou
rc

e,
 fi

na
nc

e)
Ti

m
e 

sp
en

t 
fo

r 
d

iff
er

en
t 

w
or

k 
ac

tiv
iti

es
(h

ea
d

 o
f c

ar
d

io
lo

gy
 d

ep
ar

tm
en

t)
A

p
p

or
tio

ne
d

 w
or

ki
ng

 h
ou

rs
 *

 s
al

ar
y 

p
ay

ou
t 

of
 d

oc
to

rs

O
th

er
s

S
al

ar
y 

p
ay

ou
t 

fo
r 

st
af

fs
 o

th
er

 t
ha

n 
d

oc
to

rs
(h

um
an

 r
es

ou
rc

e,
 fi

na
nc

e)
N

ot
 a

p
p

lic
ab

le
To

ta
l s

al
ar

y 
of

 a
ll 

st
af

f

C
ap

it
al

A
ss

et
 in

ve
nt

or
y,

 y
ea

r 
an

d
 p

ric
e 

of
 p

ur
ch

as
e 

(e
ng

in
ee

rin
g,

 fi
na

nc
e)

N
ot

 a
p

p
lic

ab
le

To
ta

l e
q

ui
va

le
nt

 a
nn

ua
l c

os
t 

(E
A

C
) o

f a
ll 

as
se

ts

C
o

ns
um

ab
le

s
G

en
er

al
To

ta
l c

os
t 

of
 g

en
er

al
 c

on
su

m
ab

le
 s

up
p

lie
d

 
to

: (
b

as
ed

 o
n 

th
e 

av
ai

la
b

ili
ty

 o
f a

ny
 o

f t
he

 
b

el
ow

)
1.

 C
W

/C
L

2.
 C

ar
d

io
lo

gy
 d

ep
ar

tm
en

t
3.

 A
ll 

in
p

at
ie

nt
 d

ep
ar

tm
en

ts
(p

ro
cu

re
m

en
t 

se
ct

io
n 

of
 p

ha
rm

ac
y 

d
ep

ar
tm

en
t)

 

W
or

kl
oa

d
 r

at
io

 in
 t

er
m

s 
of

 in
p

at
ie

nt
 b

ed
 

d
ay

s 
at

:
(b

as
ed

 o
n 

th
e 

b
es

t 
co

st
 d

at
a 

av
ai

la
b

le
)

1.
 C

W
/C

L
2.

 C
ar

d
io

lo
gy

 d
ep

ar
tm

en
t

3.
 A

ll 
in

p
at

ie
nt

 d
ep

ar
tm

en
ts

(p
at

ie
nt

 r
ec

or
d

 o
ffi

ce
, C

W
 c

en
su

s,
 C

L 
p

ro
ce

d
ur

e 
lo

g)

A
llo

ca
tio

n 
of

 t
ot

al
 c

os
t 

to
 C

W
 o

r 
C

L 
to

 
co

rr
es

p
on

d
in

g 
w

or
kl

oa
d

 r
at

io
Fo

r 
ex

am
p

le
, f

or
 c

en
tr

e 
I, 

al
lo

ca
te

d
 

C
W

 g
en

er
al

 c
on

su
m

ab
le

 c
os

t 
=

 t
ot

al
 

in
p

at
ie

nt
 c

on
su

m
ab

le
 c

os
t 

* 
ra

tio
 o

f C
W

 
b

ed
 d

ay
s 

to
 t

ot
al

 in
p

at
ie

nt
 b

ed
 d

ay
s

 
   P

C
I s

p
ec

ifi
c

To
ta

l c
os

t 
of

 c
at

he
te

rs
, s

te
nt

s,
 b

al
lo

on
s 

an
d

 w
ire

s 
(c

ar
d

io
lo

gy
 d

ep
ar

tm
en

t 
p

ur
ch

as
e 

le
d

ge
r)

To
ta

l n
um

b
er

 o
f P

C
I p

ro
ce

d
ur

es
(C

L 
p

ro
ce

d
ur

e 
lo

gs
)

 

A
ve

ra
ge

 c
os

t 
p

er
 p

ro
ce

d
ur

e

 M
ed

ic
at

io
n

To
ta

l c
os

t 
of

 g
en

er
al

 m
ed

ic
at

io
n 

su
p

p
lie

d
 

to
: (

b
as

ed
 o

n 
th

e 
av

ai
la

b
ili

ty
 o

f a
ny

 o
f t

he
 

b
el

ow
)

1.
 C

W
/C

L
2.

 C
ar

d
io

lo
gy

 d
ep

ar
tm

en
t

3.
 A

ll 
in

p
at

ie
nt

 d
ep

ar
tm

en
ts

 (p
ro

cu
re

m
en

t 
se

ct
io

n 
of

 p
ha

r m
ac

y 
d

ep
ar

tm
en

t)

W
or

kl
oa

d
 r

at
io

 in
 t

er
m

s 
of

 in
p

at
ie

nt
 b

ed
 

d
ay

s 
at

:
(b

as
ed

 o
n 

th
e 

b
es

t 
co

st
 d

at
a 

av
ai

la
b

le
)

1.
 C

W
/C

L
2.

 C
ar

d
io

lo
gy

 d
ep

ar
tm

en
t

3.
 A

ll 
in

p
at

ie
nt

 d
ep

ar
tm

en
ts

(p
at

ie
nt

 r
ec

or
d

 o
ffi

ce
, C

W
 c

en
su

s,
 C

L 
p

ro
ce

d
ur

e 
lo

gs
)

Fo
r 

ce
nt

re
s 

III
, I

V
 a

nd
 V

, a
ct

ua
l c

os
t 

of
 

ge
ne

ra
l a

nd
 c

ar
d

ia
c-

sp
ec

ifi
c 

m
ed

ic
at

io
n 

su
p

p
lie

d
 t

o 
C

W
 w

as
 a

va
ila

b
le

.
N

o 
fu

rt
he

r 
al

lo
ca

tio
n 

ne
ed

ed
.

A
llo

ca
tio

n 
of

 t
ot

al
 c

os
t 

to
 w

or
kl

oa
d

 r
at

io
 

fo
r 

ce
nt

re
s 

I a
nd

 II
.

U
ti

lit
y

M
on

th
ly

 u
til

ity
 b

ill
 (fi

na
nc

e)
S

p
ac

e 
ar

ea
 o

f h
os

p
ita

l i
nd

oo
r 

ar
ea

, C
W

 a
nd

 
C

L 
(e

ng
in

ee
rin

g)
A

llo
ca

tio
n 

of
 t

ot
al

 u
til

ity
 b

ill
 t

o 
sp

ac
e 

ra
tio

 o
f C

W
 o

r 
C

L 
ov

er
 t

ot
al

 in
d

oo
r 

ar
ea

.

H
o

sp
it

al
su

p
p

o
rt

A
nn

ua
l c

on
tr

ac
t 

co
st

(fi
na

nc
e)

S
p

ac
e 

ar
ea

 o
f h

os
p

ita
l i

nd
oo

r 
ar

ea
, C

W
 a

nd
 

C
L 

(e
ng

in
ee

rin
g)

A
llo

ca
tio

n 
of

 t
ot

al
 c

on
tr

ac
t 

co
st

 t
o 

sp
ac

e 
ra

tio
 o

f C
W

 o
r 

C
L 

ov
er

 t
ot

al
 in

d
oo

r 
ar

ea
.

D
ie

ta
ry

To
ta

l d
ie

ta
ry

 c
os

t
(d

ie
ta

ry
)

C
W

 a
nd

 h
os

p
ita

l i
np

at
ie

nt
 b

ed
 d

ay
s

(p
at

ie
nt

 r
ec

or
d

 o
ffi

ce
, C

W
 c

en
su

s)
A

llo
ca

tio
n 

of
 t

ot
al

 c
os

t 
to

 w
or

kl
oa

d
 r

at
io

 
of

 C
W

 b
ed

 d
ay

s 
ov

er
 h

os
p

ita
l i

np
at

ie
nt

 
b

ed
 d

ay
s

C
on

tin
ue

d



6 Lee KY, et al. BMJ Open 2017;7:e014307. doi:10.1136/bmjopen-2016-014307

Open Access 

stock in the ward, whereas cardiac-specific medications 
would be distributed to cardiology department. Appro-
priate workload ratio was used as the allocation basis to 
determine the cost of general and cardiac-specific medi-
cation.

Utility
Utility cost referred to expenses incurred on electricity, 
water, telephone and Internet service. The total bill was 
obtained from the annual financial account. Hospital 
floor plan from the engineering department was obtained 
to calculate the space ratio, that is, the percentage of 
square metres of physical space occupied by the unit 
of analysis (CW or CL) in comparison with the hospital 
indoors area. Space ratio was the allocation basis to derive 
the utility cost of CW and CL.

Hospital support service
For all the participating centres, hospital support services 
such as housekeeping, laundry, waste management, 
building and equipment maintenance were outsourced 
as an annual contract to a private company. The annual 
contract cost was obtained from the finance department. 
Similar to utility cost, space ratio was used as the alloca-
tion basis.

Dietary
Cost of meal preparation by the in-house dietary unit was 
derived by allocating the total dietary cost to CW based on 
inpatient bed days.

Ancillary service
Services from pharmacy, radiology, laboratory and reha-
bilitation departments are usually provided to all hospital 
users. Due to time and budget constraints in this study, 
separate costing analysis was not conducted to assign the 
cost of each of these department to the individual patients. 
Instead, we followed the recommendation by Hendriks et 
al and grouped them as a context-specific overhead cate-
gory, labelled as ancillary service.15 Its total cost would 
be the summation of the cost of general consumables 
supplied, the full salary pay-out for all the staff, the utility 
and hospital support services cost calculated in the same 
manner as mentioned above.

Based on a report in Malaysia, 60% of clinical support 
services such as those provided by the ancillary depart-
ments in our study can be attributed to the inpatient use, 
compared with 40% for outpatient use.16 Therefore, the 
same 60:40 proportion was applied in this study for the 
cost of ancillary services. Using the workload ratio of CW 
to hospital inpatient bed days as allocation basis, the cost 
of ancillary service was calculated.

Step 4: calculation of unit cost
On valuation, the summation of all cost items gave rise 
to the total direct medical and overhead costs incurred 
at each unit of analysis. To delineate the cost incurred 
by patients who underwent elective PCI, suitable denom-
inators were applied. For CW, the inpatient bed day was C
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deemed as an objective indicator for the workload. By 
dividing the total cost of CW with the number of CW 
inpatient bed days during the study period, we were able 
to produce average cost per bed day. The cost per bed 
day was further multiplied by an average length of stay 
(ALOS), giving rise to the average cost per admission. 
The ALOS for an elective PCI patient was decided to be 
3 days via consensus of all the interventional cardiologists 
in the study. For centre III, the weighted admission cost 
was calculated based on the ratio of elective PCI patients 
admitted to inpatient ward and day care.

For CL, the second unit of analysis, the number of CL 
procedures conducted was used as the denominator to 
derive the cost per CL utilisation. As PCI consumables 
were not shared by all procedures conducted in CL, we 
applied a separate denominator, that is, the number of 
PCI procedures, to calculate the PCI consumables cost 
per procedure. Together, this gave rise to cost per PCI 
procedure in CL.

The summation of cost per admission and cost of per 
PCI procedures in CL led to the total hospitalisation cost 
of a patient who underwent elective PCI.

resulTs
Based on the methods described, a range of results can 
be generated (table 3). Comparisons can be made at 
the levels of cost item, unit of analysis (CW or CL), up 
to the total cost. It is important to note that the cost was 
produced via a top-down approach, and it represented 
the average cost estimates for a patient admitted for an 
elective PCI procedure, assuming ALOS of 3 days, with no 
complications post PCI that required intensive care. This 
cost also did not reflect any difference in the type and 
number of stents used for each patient.

The total hospitalisation cost ranged from RM11 471 
(US$3186) to RM14 465 (US$4018). The CW admission 
cost accounted for one-fifth or less of the total hospitalisa-
tion cost at all centres. On the contrary, cost incurred at 
CL was four times that of the admission cost. PCI consum-
ables contributed to the biggest proportion among all 
the cost items, accounting for more than half of the total 
costs.

Total hospitalisation cost was the highest at centre II. 
Closer scrutiny revealed that average cost of PCI consum-
ables of centre II and its proportion over the total 
hospitalisation cost were highest across the five centres. 
In contrast, centre III, the centre with a day care service 
for PCI patients, recorded the lowest cost of CW admis-
sion. This partly contributed to cheapest hospitalisation 
cost in centre III, at 12.3% to 26.1% lower compared with 
the other centres. Direct medical cost items were gener-
ally more expensive than overhead cost items in both CW 
and CL. For CW admission, medication and labour costs 
were the highest. As for CL utilisation, capital cost ranked 
the highest at centres I and V, the two corporatised hospi-
tals.

dIscussIon
As CVD represents the leading cause of mortality and 
morbidity in LMIC, expansion of the cardiology service is 
inevitable. However, most LMIC lack guidance for budget 
and resource planning as they do not have any official 
economic evaluation guidelines, and the international 
guidelines are not a good fit for LMIC. There is also a 
lack of infrastructure support to sustain a comprehensive 
health informatics data. These are indispensable compo-
nents to produce reliable cost-related outcome evidence 
towards better policy making. In Malaysia, there is a lack 
of easily accessible information such as accurate unit costs, 
detailed financial account and complete patient records, 
all of which are vital to conduct economic evaluation. In 
this paper, we outlined the study design of a multicentre 
costing analysis for elective PCI, based on the limitations 
in our local setting, before presenting the cost output. 
Overall, the results demonstrated substantial costs asso-
ciated with the provision of PCI, with PCI consumables 
being the dominant cost item across all centres.

In the course of designing the costing analysis, we made 
some modifications to previously published guidelines. 
International guidelines recommended the design of a 
standardised cost collection tool that is universally avail-
able and easy to use for all involved parties.17 18 Thus, we 
chose MS Excel over other more sophisticated costing 
software, in view of its wide accessibility and user-friendli-
ness. Many HIC used Diagnosis Related Group, a system 
that classifies acute inpatient episodes based on the main 
clinical condition, as unit of analysis for illness-specific 
costing.19 However, this is not a common practice in 
our local hospitals. To overcome this, we used an event 
pathway from admission to discharge to identify cost 
items under the respective units of analysis. Further-
more, reference cost from national database of HIC are 
available for cost item valuation, such as in the UK and 
Australia.20 21 In the absence of reference cost, certain 
literature proposed the application of cost-to-charge 
ratio, which is a relatively simpler and less time-con-
suming method to reflect the actual cost.22 However, it 
would be a suboptimal cost estimate as public healthcare 
is highly subsidised in Malaysia and the charges would be 
a poor proxy for the actual cost incurred. As a result, we 
conducted actual calculation of unit cost with top-down 
approach. Between top-down and bottom-up approaches, 
there is no consensus as to which is the gold standard. 
Typically, top-down approach is more straightforward but 
the trade-off is a lack of sensitivity, especially for cost items 
that originated from a less homogenous production. On 
the contrary, bottom-up approach is able to produce a 
more accurate cost estimate, but the main limitation lies 
within the complexity of its implementation, especially 
across different study centres.23 Several authors advocated 
bottom-up approach but acknowledged that such data 
may not be easily available in LMIC.3 24 25 As this costing 
study involved five centres, a full top-down approach was 
applied to standardise the cost data collection in order to 
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produce reliable cost estimates for comparison between 
the centres.

The application of economic evaluation in routine clin-
ical practice is not widespread in Malaysia. The lack of 
familiarity among the staff in healthcare facilities towards 
the conduct of costing analysis was a major barrier in 
our study. All private hospitals cited confidentiality issue 
of financial data sharing as reason of non-participation. 
During data collection, there were circumstances of 
bureaucratic resistance towards parting with cost data 
of sensitive nature. Misperception of the costing exer-
cise as a performance audit was another reason behind 
some of the staff reluctance to cooperate. As a result, the 
relationship between the enumerators and other hospital 
staff proved to be a vital factor towards a successful data 
collection. In several instances, site coordinators had to 
step in and used their discretion to ensure that complete 
data were provided. This highlighted the importance 
of ensuring access of transparent and quality cost data 
towards the successful implementation of a costing anal-
ysis.

There were several limitations. Selection bias existed, 
as there was no input from private for-profit health-
care centres. Despite this, the cost output from this 
study would be of tremendous value as the major bulk 
of care burden in Malaysia fell on the public health-
care system. This is reflected in a national survey that 
showed 65.0% of the Malaysian population sought 
treatment at public healthcare facilities and 52.4% of 
the total health expenditure was incurred in the public 
sector.26 27 The exclusion of land and building costs 
may reduce the applicability of capital cost findings to 
rural, district hospitals. However, this has less impact 
towards costing of highly specialised medical proce-
dures such as PCI, as the provision of such services in 
Malaysia will likely remain in tertiary-level hospitals in 
urban locations. Another limitation being the potential 
bias arising from inherent differences in the financial 
record keeping between the centres. This may not be 
completely eliminated despite our best effort to stan-
dardise the data collection process, as shown in the 
derivation of consumable and medication costs. Despite 
the shortcomings, the key strengths of this study lie in 
the practical applications of its methodological contri-
bution and cost findings. We shared the alternative 
pathways we devised to overcome barriers in conducting 
a costing analysis in an LMIC setting. To the best of our 
knowledge, this is the first multicentre costing analysis 
of cardiac service in Malaysia. Average cost estimates 
derived from five cardiac centres with different owner-
ship and administration characteristics enabled us to 
compare the resource utilisation and cost output at 
various levels of the costing pathway.

While direct cost comparison with other published 
literatures would not be completely feasible owing 
to the heterogeneous study populations, different 
perspectives used in cost estimation, varying cost 
calculation methods and vastly different healthcare 

systems, our finding of PCI consumables being the 
dominant cost item strikes a similar chord with many 
studies.28–30 This shows the importance of an effi-
cient consumable purchasing mechanism, especially 
for cardiac stents. Policy makers should review the 
current procurement practice of PCI consumables by 
individual cardiac centres. Vigorous negotiation via 
competitive bidding processes, ideally handled via a 
central purchasing agency, may lead to potential cost 
reduction. Furthermore, results from one of the study 
centres showed that day care establishment can be an 
attractive cost-saving strategy. The general consensus 
among relevant studies found that low-risk patients 
were good candidates for same-day discharge after 
uncomplicated PCI.31 32 Nevertheless, further research 
in more Malaysian hospitals are warranted to study the 
feasibility of establishing large-scale day care service 
for cardiac patients.

Overall, the corporatisation and teaching status of 
hospitals in this study appear to have minor influence 
to the eventual cost. However, the cost differences may 
also be due to the casemix and outcome of patients at 
each centre. Further casemix-adjusted analysis could 
be conducted to analyse the factors that contribute to 
the difference in the cost output. In addition, results 
from this study can be incorporated with clinical data 
to facilitate individual-level patient analysis, such as the 
identification of cost predictors via regression analysis. 
The unit cost derived from the various levels of the care 
pathway can also be applied to economic evaluation such 
as cost-effectiveness analysis or economic modelling in 
relevant research. All these will provide valuable informa-
tion to the cardiac centres and policy makers for proper 
resource and budget allocation. Lastly, while in-hospital 
treatment may account for a substantial portion of overall 
cost of CAD care, pre-PCI and post-PCI cost to the health-
care providers, patients and society may represent hidden 
economic burden. This is an important area for future 
research.

conclusIon
The CVD epidemic in LMIC calls for targeted interven-
tions from all aspects of healthcare delivery. Currently, 
the application of evidence from economic evaluation for 
health policy decision making in Malaysia is very limited 
due to the obstacles in conducting costing studies. We 
devised alternative costing pathways to overcome the 
barriers and conducted a multicentre costing analysis 
for elective PCI. The findings highlighted the need for 
effective procurement practice in view of the high cost of 
PCI consumables. Shorter hospitalisation stay via daycare 
establishment represents another potential cost-saving 
mechanism. Future studies can be built on our efforts 
for other medical procedures or healthcare service. 
Recommendations from this study would also be useful 
for like-minded researchers who wish to conduct similar 
costing studies in LMIC.
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