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ABSTRACT

As Malaysia transitions toward a case-mix system for Emergency Department (ED) reimbursement, establishing
accurate cost-unit accounting is essential for economic survival and efficient resource allocation. This study focused
on Acute Coronary Syndrome (ACS), a primary driver of hospital costs, which often exhibits wide variations in
medical practice due to its clinical heterogeneity. The objective was to evaluate the expected costs derived from a
standardized Clinical Pathway (CP) against actual real-world treatment costs incurred during ACS Clinical Pathway
implementation. A cross-sectional study was conducted in which direct medical costs were estimated for 203
suspected ACS patients managed using established ACS CP between June and October 2023. Cost calculations utilised
combined top-down and bottom-up activity-based costing (ABC), with overhead costs calculated using allocation
method. Comparisons were made between theoretical "Expected Standard CP Costs" and "Real CP Costs". Theoretical
expected treatment costs pervisit ranged from RM 380.85 (low-risk chest pain) to RM 1,458.42 (STEMI requiring
thrombolysis). Actual treatment expenditures were consistently higher than theoretical estimates across all
diagnostic categories. The most substantial variance occurred in Stable Angina cases (+RM 188.24 per visit), while
non-thrombolysis STEMI cases showed the highest predictive accuracy (+RM 16.91). Standardising ACS management
via CPs provides a replicable framework for hospital budgeting but reveals that theoretical models often fail to
capture the exhaustive resources required for real-world clinical "rule-out” burdens and diagnostic uncertainty.
Higher direct medical costs associated with standardised care represent a necessary strategic investment in quality
to prevent expensive long-term complications.

Keywords. Acute Coronary Syndrome, Clinical Pathway, Activity-Based Costing, Emergency Department, Case-
Mix.

INTRODUCTION In Malaysia, the Ministry of Health is currently
transitioning toward a prospective payment

The fear of the coronavirus disease (COVID-19) In
the current landscape of the global healthcare
system, establishing a dependable cost-unit
accounting system has become an essential
requirement for economic survival. As healthcare
financing shifts toward bundled payments based
on patient populations or specific episodes of
care, the proper accounting of costs in high-
acuity settings like the Emergency Department
(ED) becomes critical!”- For hospital managers,
the knowledge of resource utilisation and
associated costs is vital in an environment where
reimbursement may be fixed, and local managers
require accurate data to guide micro-level
decision-making®?.

mechanism using a case-mix system. This system
classifies patient care episodes with common
clinical attributes and relatively homogeneous
resource utilisation patterns®. For this system to
be effective, standardised care must be
established to ensure consistency in patient
management across facilities. Clinical Pathways
(CPs) serve as a comprehensive care plan that
provides detailed steps for specific populations,
translating evidence-based medicine into local
practice“®- Importantly, a CP can function as a
significant "cost unit,” considerably increasing
the precision of cost unit accounting as a
strategic control mechanism in hospitals®”
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Acute Coronary Syndrome (ACS) is one of primary
driver of hospital costs and resource
consumption. In Malaysia, Ischemic Heart Disease
(IHD) was the leading cause of death in 2024,
accounting for 13% of medically certified deaths.
Managing suspected ACS cases in the ED is
inherently complex due to heterogeneous
presentations, often resulting in wide variations
in  diagnostic approaches and treatment
decisions. To improve the accuracy of case-mix
implementation, it is necessary to evaluate the
expected costs derived from standardised clinical
pathways against the real-world treatment costs
incurred during implementation. Hence, this
study aims to quantify these costs.

METHODS

Study Design and Setting

A cross-sectional observational study was
conducted to evaluate the direct medical cost of
managing patients with suspected Acute
Coronary Syndrome (ACS) in the Emergency
Department (ED) using a standardised clinical
pathway.

The study was carried out at Universiti Malaya
Medical Centre (UMMC), a tertiary teaching
hospital in Kuala Lumpur, Malaysia. Data were
collected from June to October 2023 during the
implementation phase of the ACS Clinical
Pathway. The pathway was developed through a
multidisciplinary approach and integrated into
routine ED practice, supported by a standardised
checklist for clinical documentation.

Participants

All adult patients aged 18 years and above who
presented to the ED with chest pain or suspected
ACS during the study period were eligible for
inclusion. Patients with major complications
requiring immediate deviation from the clinical
pathway were excluded.

A total of 203 patients who were managed using
the ACS Clinical Pathway checklist were included
in the final analysis.

Variables

The primary outcome was the direct medical
cost per ED visit for patients with suspected ACS.
Cost variables included:

e Overhead cost per visit (hospital general
overhead and ED-specific overhead costs)

o Activity-based costs (laboratory
investigations, radiological procedures,
and medications)

Two cost measures were defined:

1. Expected CP cost: theoretical cost based
on standardised resource utilisation
defined in the clinical pathway

2. Real CP cost: actual cost based on
observed patient-level resource
utilisation

Data Collection and Sources

Clinical and resource utilisation data were
obtained from manual ACS Clinical Pathway
checklists completed by ED personnel and
verified against electronic medical records from
the iPesakit system.

Data verification was performed to ensure
completeness and accuracy. In cases of
discrepancy, electronic medical records were
considered the reference standard. All
documented investigations, procedures, and
medications were included as actual resource
utilisation.

Validated data were entered into a REDCap
database for analysis.

Cost data were obtained from the UMMC
financial report (2022), as well as from the
pathology, radiology, and pharmacy
departments. All costs were adjusted to 2023
values using the Malaysian Consumer Price Index.

Quantitative Variables

Costs were treated as continuous variables and
summarised as mean cost per ED visit in
Malaysian Ringgit (RM). Cost differences between
expected and actual values were calculated for
each diagnostic category.

Cost Analysis

The descriptive cost analysis was conducted from
the healthcare provider’s perspective, utilising a
one-year time horizon. A combined top-down and
bottom-up costing approach was applied. The
reported figures represent the direct medical
costs for each emergency visit episode,
identifying every component and activity
involved in care provision for suspected Acute
Coronary Syndrome (ACS) patients.

To achieve the most accurate estimation of
direct medical costs, all cost components were
identified under each unit of analysis. The main
units of analysis identified were total overhead
cost and specific activity-based cost. The total
cost was calculated by adding the total overhead
cost and activity-based cost for each ED visit.

1. Overhead cost

The total overhead cost per visit was calculated
by summing the hospital general overhead and
the ED-specific clinical operation expenses.

Hospital General Overhead

Hospital general overhead costs comprised of all
non-clinical expenditures for general operations,
including salaries for non-clinical staff and the
costs of general equipment, furniture, and
vehicles. This institutional overhead value was
provided by the Department of Research,
Development, and Innovation at UMMC, which is
responsible  for institutional cost-related
calculations.
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Emergency Department Specific Overhead
Emergency department specific overhead was
determined by identifying all direct clinical
expenditures associated with ED operations.
These cost components comprised ED-specific
assets, utilities and communications,
maintenance and housekeeping, clinical staff
salaries, and medical consumables.

Emergency Department specific overhead was
calculated by identifying and allocating several
direct clinical cost components  using
standardised health economic methodologies®19-
Expenses for utilities and communication—
including electricity, water, telephone, and
internet services, along with maintenance and
housekeeping costs were distributed to the
department using a space ratio, calculated as
the department's floor area relative to the total
hospital indoor area. Expenditures for assets,
such as furniture, equipment, and vehicles, were
calculated based on a five-year lifespan and
annualized using a 5% discount rate.
Furthermore, consumable costs were allocated
using a workload ratio determined by comparing
the number of departmental visits to the total
number of hospital users, supplemented by
documented department-specific consumable
purchases, while labour costs were determined
by aggregating the total monthly salaries of all
departmental employees.

After aggregation and inflation adjustment, the
total overhead cost was estimated at RM 243.36
per ED visit.

2. Activity-Based Costing (ABC)

Activity-Based Costing (ABC) was utilised to
identify traceable patient-level resources,
assigning detailed costs to each laboratory
investigation, radiological procedure, and
medication administered. Unit costs for specific
investigations, which include all relevant
operating expenditures, were obtained directly
from the pathology and radiology departments,
whereas unit costs for all pharmaceutical agents

were sourced from the hospital’s pharmacy
department.

Statistical Analysis

Descriptive statistics were used to summarise
cost data. Mean costs were calculated for both
expected and real CP cost categories across
diagnostic groups.

Differences between expected and actual costs
were reported as absolute mean differences to
reflect variations in resource utilisation at the
provider level. Reporting mean cost differences
is consistent with standard practice in health
economic analyses, where the primary objective
is to estimate the magnitude of cost variation
rather than to test statistical significance"'3,

No formal hypothesis testing was conducted, as
the analysis was primarily descriptive and
exploratory in nature.

Ethical Considerations

Ethical approval for the study was obtained from
the Medical Research Ethics Committee of
Universiti Malaya Medical Centre (MREC ID:
2022727-11420).

RESULTS

During ACS Clinical Pathway implementation
period, a total of 203 suspected ACS patients
were treated using the ACS Clinical Pathway
checklist when receiving treatment in ED and
included in the analysis.

Theoretical Expected Costs by Diagnosis
Diagnosis-specific expected cost units were
established by aggregating the calculated 2023
total overhead cost of RM 243.36 per visit with
the activity-based costs (ABC) derived from the
standard clinical pathway. As shown in Table 1,
the total projected treatment costs per visit
ranged from RM 380.85 for low-risk chest pain to
RM 1,458.42 for STEMI patients requiring
thrombolytic therapy.

Table 1. Total cost of treatment for patients suspected of ACS in the Emergency Department, UMMC

Diagnosis category

Activity-based cost

Total overhead cost Total treatment cost

(RM) (RM) (RM)
STEMI
Not for thrombolysis 161.03 243.36 404.39
Thrombolysis 1,215.06 243.36 1,458.42
NSTE-ACS 177.87 243.36 421.23
Low-risk chest pain 137.49 243.36 380.85
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Table 2: Comparison of treatment cost of emergency management for patients suspected of ACS in
the Emergency Department between expected cost and real CP cost

Diagnosis

Cost (RM)

Cost difference*

Expected Real

STEMI
Non-thrombolysis (n=6)

Thrombolysis (n=24) 1458.42

NSTEMI (n=39)
Unstable angina (n=97)

Stable angina (n=8)

421.30 16.91
1569.90 111.48
533.91 112.68
504.56 83.33
569.06 188.24

* CP cost subtracts expected CP cost

The highest degree of predictive accuracy was
observed in STEMI cases managed without
thrombolysis, with a marginal mean increase of
only RM 16.91 above the projected benchmark.
Conversely, the most substantial variance
occurred in cases of Stable Angina, where real-

DISCUSSION

The primary finding of this health economic
evaluation is that expected costs derived from
standardised clinical pathways often fail to
capture the full spectrum of resources consumed
in real-world practice. This variability highlights
the inherent challenges in accurately predicting
healthcare costs for high-acuity cardiac care® 4
), While pathways aim to standardise and
control expenditures, real-world application
requires clinical flexibility to address individual
patient needs, which leads to necessary cost
variations'® 7). These discrepancies are critical
for the Malaysian healthcare system as it
transitions toward Case-Mix and Diagnosis-
Related Group (DRG) funding for emergency
department. Accurate cost estimation s
essential for determining cost weightage in these
systems, helping administrators set realistic
benchmarks and ensure fair reimbursement for
tertiary care centres that manage higher clinical
complexity.

The predictive accuracy of the newly developed
pathway varied significantly across diagnostic
categories. The close alignment observed in non-
thrombolysis STEMI cases, with a mean
difference of only RM 16.91, suggesting that the
clinical pathway is highly effective at predicting
costs for standardised procedures, such as
stabilisation for Primary PCIl. Because these cases
involve a highly predictable and time-sensitive
workflow, resource consumption remains
relatively homogeneous"”> '®. This demonstrates
that in scenarios with high procedural
consistency, theoretical economic models can

world management expenditures exceeded the
theoretical model by RM 188.24 per Vvisit.
Similarly, significant cost escalations were noted
in NSTEMI (+RM 112.68) and thrombolysis-treated
STEMI (+RM 111.48) subgroups.

serve as reliable benchmarks for hospital
budgeting.

Conversely, the substantial cost discrepancies
identified in Stable and Unstable Angina cases
highlight the significant “rule-out” burden
inherent in the Emergency Department setting'®-
23 In real practice, clinicians must manage high
levels of diagnostic uncertainty, often resulting
in the ordering of additional investigations or
medications that are not captured in a "standard”
pathway for a finalised diagnosis. This confirms
that real practice consistently incurs higher costs
than theoretical models regardless of pathway
implementation. These findings suggest that for
non-definitive presentations, economic models
must be adjusted to account for the exhaustive
resources required to safely rule out life-
threatening conditions.

From a broader perspective, the increased real-
world costs observed post-implementation are
driven by enforced adherence to mandatory
diagnostic panels and modern medications. For
instance,  shifting from older generic
antiplatelets to modern agents like Ticagrelor
necessarily increases upfront expenditures?* 25,
However, from a public health standpoint, this
represents a strategic quality investment. By
ensuring that patients receive accurate,
evidence-based care during the critical initial ED
visit, the healthcare system can effectively
reduce long-term downstream costs associated
with cardiac failure and recurrent
hospitalisations, both of which carry a far
greater financial and mortality burden than the
initial emergency management @629
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Limitation

This study has several limitations inherent to its
design and methodological scope. Primarily, the
economic evaluation was restricted to direct
medical costs incurred during the ED visit.
Consequently, it did not follow patients through
inpatient care or assess long-term clinical
outcomes, leaving a significant portion of the
total economic burden unquantified, particularly
given the high admission rates observed in this
population. Second, the manual use of the CP
checklist by ED personnel may have introduced
selection bias, potentially affecting the
representativeness of the implementation group.
Finally, the study was conducted at a single
center, and the overhead values were derived
from institutional-specific data. As overhead
costs and resource availability vary significantly
across different healthcare facilities, the unit
costs and cost-weightage benchmarks established
here may not be directly generalisable to other
public hospitals or clinical settings in Malaysia.

CONCLUSIONS

Standardising the management of suspected ACS
in the ED through a multidisciplinary clinical
pathway clarifies specific resource requirements
and provides an accurate, replicable framework
for hospital budgeting. This study demonstrates
that while theoretical CP models serve as
valuable benchmarks, actual treatment costs are
consistently higher due to inherent clinical
complexities and the necessity of real-world
clinical flexibility. The observed discrepancies
between expected and real costs highlight that
rigid adherence to theoretical economic models
may fail to capture the exhaustive resources
required to manage diagnostic uncertainty in
high-acuity environments.

Ultimately, the higher direct medical costs per
visit, driven by adherence to modern
investigations and potent pharmacotherapy
represent a necessary strategic investment in
evidence-based medicine. By ensuring that
suspected ACS patients receive high-quality,
standardized care during the initial emergency
encounter, the healthcare system can potentially
offset these upfront costs by preventing
expensive long-term complications, reducing
recurrent hospitalizations, and improving overall
patient outcomes.
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