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Abstract

Background The clinical value and cost-effectiveness of invasive treatments for patients with coronary artery disease
is unclear. Invasive treatments such as coronary artery bypass grafting and percutaneous coronary intervention are
frequently used as a starting treatment, yet they are much more costly than optimal medical therapy. While patients
may transition into other treatments over time, the choices of starting treatments are likely important determinants
of costs and health outcomes. The aim is to predict by how much costs and health outcomes will change from a
decision to use different starting treatments for patients with coronary artery disease in an Asian setting.

Methods A cost-effectiveness study using a Markov model informed by data from Singapore General Hospital
was done. All patients with initial presentations of stable coronary disease and no acute coronary syndromes who
received medical treatments and interventional therapies were included. We compare existing practice, where the
starting treatment can be medical therapy or stent percutaneous coronary interventions or coronary artery bypass
grafting, with alternate starting treatment strategies.

Results When compared to ‘existing practice’a policy of starting 14% of patients with coronary artery bypass grafting
and 86% with optimal medical therapy showed savings of $1,743 per patient and 0.23 additional quality adjusted life
years. A change to policy nationwide would save $10 million and generate 1,380 quality adjusted life years.

Conclusions Increasing coronary artery bypass grafting and use of medical therapy in the setting of coronary artery
disease is likely to saves costs and improve health outcomes. A definitive study to address the question we investigate
would be very difficult to undertake and so using existing data to model the expected outcomes is a useful tool.
There are likely to be large and complex barriers to the implementation of any policy change based on the findings of
this study.
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Introduction

There is debate over the clinical value and cost-effective-
ness of invasive treatments for patients with triple ves-
sel coronary artery disease [1, 2]. While coronary artery
bypass grafting (CABG) is recommended for triple ves-
sel disease, especially in the presence of diabetes mellitus
and severe left ventricular systolic dysfunction [3], many
patients choose multi-vessel percutaneous coronary
intervention (PCI) over CABG as their starting treatment
option [4, 5]. When patients decline guideline-recom-
mended CABG, less aggressive and temporal manage-
ment of some patients with medical therapy could be a
sensible option. Studies comparing optimal medical ther-
apy and PCl in stable coronary artery disease did not sup-
port starting with a strategy of PCI, as it did not improve
major cardiovascular outcomes compared to optimal
medical therapy alone [6, 7]. However, patients can tran-
sition to PCI over time when optimal medical therapy fail
to adequately control angina. While patients may transi-
tion into other treatments over time, the choices of start-
ing treatments are likely important determinants of costs
and health outcomes [8].

Prior clinical trials have consistently demonstrated
CABG to be an economically attractive option compared
to percutaneous coronary intervention [9] [10]. There are
few real world population studies, and they were mainly
performed in Western populations [11]. The cost of care
in controlled clinical trials are likely differ from real world
services [12]. Moreover, most studies also only compare 2
arms, CABG versus PCI, excluding the optimal medical
therapy arm which is increasingly important in the treat-
ment of ischemic heart disease [13].

The use of the PCI as a starting treatment, especially in
minimally symptomatic patients when they have declined
surgery, needs to be considered against the context of
healthcare growing costs. In Singapore costs increased
by 300% between 2000 and 2016 [14]. High cost and fre-
quently used acute services such as cardiology should to
be at the forefront of the cost-effectiveness agenda, given
increasing demand for scarce resources.

Our study will include CABG, PCI and optimal medi-
cal therapy as starting treatments. This will cover the
entire spectrum of clinical care for coronary artery dis-
ease and to provide a holistic view from a cost perspec-
tive in an Asian population. The purpose of the analysis
is to summarise data on the competing treatment strat-
egies for coronary artery disease from a cost-effective-
ness standpoint. We will identify the types and timings
of treatments provided for all patients with stable coro-
nary artery disease (CAD) under current practices in
Singapore. We expect some patients to have invasive
treatments as their starting treatment, and others to start
with medical therapies. We will summarise the longitu-
dinal costs and health outcomes for all patients, grouped
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by their starting intervention. We then model naive
changes to practice where we assume 100% of all indi-
viduals receive CABG, medical management or stent PCI
as their starting treatment. This will provide insights into
how costs and health outcomes are determined by the
choice of starting treatment. We then model a more real-
istic blended policy option, based on clinical judgments
and existing evidence, that reveal changes to total costs
and health benefits; and we examine the trade-offs. We
address, to some extent, the knowledge gap of how costs
and outcomes vary among competing treatment options
for CAD.

The aim is to predict, with uncertainty, by how much
costs and health outcomes will change from a decision to
use different starting treatments for patients with CAD
in a Singapore setting. We will use the cost-effectiveness
paradigm to shed some light on the question of how the
economic performance of cardiology services might be
improved.

Methods

Data, setting and patients

The data used for this study were harvested from patient
medical records for 2011 to 2014 eHINTs [15]. This
enterprise data repository includes administration, cost
and clinical information for patients who had visited
either the Singapore General Hospital or the National
Heart Centre, which is a separate national referral centre
for cardiovascular diseases. We include patients with pre-
sentations of stable coronary disease and no acute coro-
nary syndromes who received these treatments: CABG;
any type of stent PCI; or, optimal medical therapy (OMT)
medication which included at least antiplatelet therapy
and statin drugs.

Model structure and assumptions

A Markov model was developed using R 4.0.1 software
[16] with the package ‘heemod’ [17] to evaluate the health
services costs and health outcomes associated with the
competing treatment pathways seen in the patient data.
Markov models are used for decision modelling in cost-
effectiveness analysis as they accommodate competing
clinical pathways and time dependency and enable simu-
lations to show uncertainty in the data. They also allow
the comparison of policy options and can show multiple
outcomes [18]. The cycle length is 6 months and the
total number of cycles were determined through domain
knowledge on CAD and estimation of the treatment
trajectory. The perspective of the analysis was one that
included health services costs and a discount rate of 3%
was applied to future costs and health benefits [19]. The
threshold for cost-effectiveness was selected based on the
latest per capita GDP in Singapore which is USD 59,800
or approximately SGD $80,000 [17]. This amount is based
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Fig. 1 (a) State transition diagram for those starting with OMT. (b) State transition diagram for those starting with PCl. (c) State transition diagram for

those starting with CABG.

on an assumption that one year of perfect quality life is
worth the per capita gross domestic product [20].

Comparisons between competing treatment pathways

The Markov model diagram in Fig. 1 is used to show the
treatment journeys for patients whose starting treatment
was optimal medical therapy (OMT), stent percutaneous
coronary interventions (PCI) or coronary artery bypass
grafting (CABG). All patients face probabilities of treat-
ments and outcome states including death and stable
disease. Post-surgery states for procedures requiring
surgical interventions such as PCI, repeat PCI (RePCI)
and CABG were included to account for long-term costs
incurred. The stable PCI or CABG states are for patients
with a large probability of maintaining outcomes, rather
than transitioning to any other states.

Current practice was defined by a cohort with the fol-
lowing distribution among starting treatment: 81.9%
OMT, 13.5% PCI and 4.6% CABG. This was the base-
line for comparison with four competing options: 100%
patients starting with CABG; 100% patients starting with

OMT; 100% patients starting with PCI; and, a recom-
mended policy of 86% starting OMT and 14% CABG.

The first three options of 100% allocation to a starting
treatment are naive but somewhat useful to illustrate the
impact of different decisions on costs and health benefits.
The more informative ‘Recommended Policy’ is based on
the existing knowledge that 14% of annual patient visits
who were diagnosed with CAD and had either LM dis-
ease or triple vessel disease, with the optimal therapy
of choice being coronary artery bypass grafting sur-
gery. Based on existing literature and expert opinion we
assume zero patients receive stent PCI as the starting
treatment.

Transition probabilities

Most of the transition probabilities were estimated from
the patient medical records for 2011 to 2014. The propor-
tion of the total number of patients in a particular state
who transitioned into a different state in a given cycle was
calculated. The probability of transitions to stable PCI
and stable CABG were derived from published data [21],
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Table 1 Parameter Estimates and Distributions for Costs and
Health Utilities

Parameters Estimate, Distribution
Mean (SD)
Average Costs
OMT, without intervention  $129 (36) Gamma (129.86,
36.06)
OMT, after stent procedure ~ $147 (14) Gamma (147.68,
14.29)
OMT, after bypass grafting  $96 (30) Gamma (96.65, 30.03)
PCl $26,261 Gamma (26261.18,
(4908) 4908.53)
CABG $35,756 Gamma (35756.64,
(4419) 4419.17)
Heath Utility
OMT 0.69(0.12) Beta (10.43,4.63)
PCl 0.72 (0.22) Beta (2.37,0.90)
Re-PCl 0.70 (0.16) Beta (165.01, 37.04)
Stable PCI 0.87 (0.03) Beta (4.93,2.13)
CABG 0.82 (0.03) Beta (101.27,0.031)
Stable CABG 0.84 (0.04) Beta (79.04, 15.01)

with 64 out of 70 patients who had bypass surgery and
43 out of 72 who had angioplasty (PCI) found to be free
from acute myocardial infarction, presence of refractory
angina, or death after a 5-year follow-up. These probabil-
ities were rescaled from 5 years to 6 months making use
of the cumulative incidence proportion equation which
factors an exponential decay across time [22]. This rescal-
ing can be done using specific functions via the ‘heemod’
library on R. The values for the transition probabilities
may be found in the appendix section. Beta and Dirichlet
distributions were used to show the uncertainty in these
parameters.

Costs & health utilities

The parameter estimates for costs and health utilities for
each of the model states are shown in Table 1, including
the distributions for modelling uncertainties. The cost
of surgical procedures for PCI and CABG are estimated
based on the ‘Fee Benchmarks and Bill Amount Informa-
tion’ provided by the Ministry of Health [23]. This infor-
mation contains the historical total transacted bill sizes
for various surgical procedures in public hospitals based
on the different ward classes as well as private hospitals.
The average costs were computed to reflect the full costs
of supply, incurred by the hospital. The cost of pharma-
ceuticals for medical therapy were obtained directly from
the patient’s billing data, and the average cost per patient
was computed based on medication costs incurred over
a 6-month period. As the OMT costs was expected to
be different in patients who had undergone a procedure
as compared to those who did not, the OMT costs for
three different groups was computed: costs for patients
who had a history of CAD but had not undergone any
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interventional procedure; costs for patients who under-
gone a stent procedure; costs for patients who undergone
a bypass graft procedure.

The estimates for health utility weights were obtained
from a systematic review consisting of quality-of-life
measurements by EQ-5D for various treatment states at
different treatment time points for patients with CAD,
where a random effects model was used to consolidate
the values from different studies [24]. The values for
each treatment or health state were taken at 6 months,
whereas the stable states after each invasive intervention
were taken over a longer term at 36 months. Repeated
PCI procedures were assigned the values for acute re-
hospitalization utility weights since patients who have
multiple repeated surgeries are assumed to have lower
health utilities.

Model evaluation and uncertainty

A cohort of 10,000 patients was used for the Markov
model running with 20 cycles over 10 years. To account
for events and transitions that can occur at any point
during the cycle, a half-cycle correction was included.
A 3% discount rate was used for future costs and health
outcomes in concordance with recommendations of the
Panel on Cost-effectiveness in Health and Medicine [25].
An average increase in death rate by 0.01 every 10 cycles
was also incorporated into the model on top of the death
probabilities computed within each of the states in Fig. 1
using data for mortality rates according to World Health
Organization (WHO) by country, age, and gender [26].

Probabilistic sensitivity analysis was used to include
parameter uncertainty for the estimates of costs and
health utilities based on the sampling distributions. Costs
were assumed to follow a gamma distribution as they
were right skewed non-negative values where a larger
portion of patients had lower expenditures and a smaller
fraction incur higher expenditures. Health utilities were
assumed to follow a beta distribution as all values were
between 0 and 1. Distributions were generated around
the baseline estimates for costs and health utilities and
were sampled 1000 times.

The primary outcomes reported are the mean incre-
mental cost per QALY gained for each comparison and
a linear version of this information expressed as net
monetary benefits (NMB). NMB is a summary statistic
that represents the value of an intervention in monetary
terms when a willingness-to-pay (WTP) threshold for
a unit of benefit (or QALY) is known. It is calculated by
first assuming a WTP threshold and converting QALYs
into the common metric of dollars and then subtracting
the cost associated with each treatment strategy to result
in the net benefit of each strategy expressed in the mon-
etary units [27].
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Table 2 Baseline characteristics of the population who received treatment for CAD

OMT (n=19,467) 95% ClI PCl (n=3205) 95% CI CABG (n=1102) 95% CI
Age, mean 62.96 62.80-63.12 58.85 58.47-59.23 60.84 60.30-61.39
Male 13,521 (69%) 13,294-13,751 2,650 (83%) 2550-2753 911 (83%) 853-972
Female 5,913 (30%) 5763-6066 546 (17%) 501-594 189 (17%) 163-218
Chinese 13,853 (71%) 13,623-14,086 2005 (63%) 1918-2095 712 (65%) 661-766
Malay 2,266 (12%) 2173-2361 475 (15%) 433-520 161 (15%) 137-188
Indian 2,498 (13%) 2401-2598 424 (13%) 385-466 115 (10%) 95-138
Others 850 (4%) 794-909 301 (9%) 268-337 114 (10%) 94-137
Diag LM 255 (1%) 225-288 67 (2%) 52-85 22 (2%) 14-33
Diag TVD 3,780 (19%) 3660-3902 588 (18%) 438-525 480 (44%) 438-525
LM &TVD 1,935 (10%) 1850-2023 143 (4%) 431-518 473 (43%) 431-518
Diabetes 8,453 (43%) 8274-8635 1185 (37%) 1119-1254 504 (46%) 461-550
Hypertension 14,456 (74%) 14,221-14,694 2157 (67%) 2067-2250 838 (76%) 782-897
Dyslipidemia 15,251 (78%) 15,010-15,495 2430 (76%) 2334-2529 911 (83%) 853-972
LVEF <40% 3,290 (17%) 3179-3404 441 (14%) 401-484 215 (20%) 187-246

Notes: LVEF <40% = left ventricular dysfunction; TVD=triple vessel disease

Summary of patient characteristics

To summarise the characteristics of the patients by the
different starting groups, continuous variables were
expressed as a mean value and categories were expressed
in terms of counts and proportions. A 95% confidence
interval was used to represent the range of intervals
which the values could occur, where a normal distribu-
tion was used for age and Poisson distribution for counts.
Institutional Review Boards approvals are waived as all
data are pre-existing, retrospective and anonymized.

Results

Population characteristics

The characteristics of the population who had visited
either Singapore General Hospital or the National Heart
Centre for treatment of CAD between 2011 and 2014 are
shown in Table 2.

Among the 23,774 study patients, 19,467 (81.9%) had
OMT as their starting treatment. Among those who
started with an intervention 13.5% underwent PCI as
compared to 4.6% having a CABG. Demographics in
terms of age, gender, race and risk factors were quite
similar. In terms of severity of coronary anatomy, the
groups were largely similar except in the most severe left
main and triple vessel disease, which had lower preva-
lence in both the PCI and OMT arm, suggesting that the
most severe disease were still preferentially treated with
CABG. Although evidence strongly suggest for CABG
in patients with diabetes and left ventricular dysfunction
less than 40% [28], there was no significant trend toward
choosing CABG as the choice treatment option amongst
these groups of patients.

Costs effectiveness outcomes
The joint distributions of the incremental change to costs
and QALYs from all competing options as compared to

current practices are shown in Fig. 2. The current prac-
tice is at the origin of the axes, labelled ‘base’

The changes in costs, QALYs and NMB are shown in
Table 3.

The results show that the ‘100% patients starting with
PCI’ option was higher cost, with 100% certainty, than
current practice and also reveal a 58.8% probability it
provided worse health outcomes. It was certain the ‘100%
patients starting with CABG’ option will increase costs
and increase health outcomes compared to current prac-
tice. The ‘100% patients starting with medical manage-
ment’ option showed evidence of saving costs without
significantly improving patients’ outcomes from baseline.
These naive strategies are not useful for policy making
since it is not realistic to send the entire population to
start with a specific treatment. Rather the recommended
policy of 86% starting OMT and 14% CABG was evalu-
ated and yielded a favorable outcome as compared to
current practice.

On average there would be expected cost savings of
$7538 per QALY gained from adoption of the ‘Recom-
mended Policy’ as compared to current practice. There is
a 95.4% probability that adoption will save costs, a 99.1%
probability it will improve health outcomes and a 99.7%
probability it will be cost effective against the chosen
threshold of $80,000 per QALY gained.

Discussion

This research suggests that when compared to existing
practice a decision is to adopt the ‘Recommended Policy’
of 14% CABG and 86% OMT is cost saving and generates
extra health benefits. Patients may proceed to invasive
interventions, should OMT not be sufficient to control
angina, and CABG is the preferred option over PCI. This
is quite different from existing practice where 13.5% of
patients start with PCI. Adoption of the recommended
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Table 3 Changes to Costs, QALYs and NMB as compared to current practice
Change to Costs (95% Ul) Change to QALYs (95% UI) NMB (95% Ul)
100% patients starting with CABG $10,040 (9766-10,314) 2.19(2.14-2.23) $164,957 (161,241-168,673)
100% patients starting with OMT -$3661 (-3700-3622) -0.09 (-0.1-0.08) -$13,630 (-17,270-9990)
100% patients starting with PCl $18,789 (18,484-19,093) -0.21 (-0.26-0.17) -$36,080 (-39,715-32,445)
Recommended Policy -$1743 (-1808 -1678) 0.23(0.22-0.24) $20,240 (19,637-20,844)

policy implies a large expansion of CABG and a mod-
est increase of OMT as starting treatments. If this were
implemented than there would be expected savings of
$1743 per patient with CAD and a gain in QALYs of 0.23.

Assuming 6,000 patients are treated per year this would
save over $10 million in costs and generate a gain of 1,380
QALYs, with health these benefits valued at $80,000 each
the economic value of the aggregate health benefit is
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close to $110 M per year. Our findings add weight to a
recent systematic review [2] that reported evidence from
five cost effectiveness studies about treatments for stable
coronary artery disease.

Making changes to policy requires an understanding
of the objectives of multiple relevant stakeholders. For
those who manage health services, a major consideration
should be to improve value for money from spending on
health services, and this analysis provides some clear sig-
nals. There are however barriers to the use of economic
evaluation studies by decision-makers[24]. Merlo et al.
[29] adapted an existing framework [30] to organise the
barriers into ‘Accessibility’ and ‘Acceptability’ issues. The
former refers to the ability of decision-makers to inter-
pret and use economic evidence, while the latter speaks
to the complexity and timeliness of economic evalua-
tions and factors such as scientific rigor, applicability to
the organisations making the decision and ethical con-
siderations. One might expect that managing the prefer-
ences of interventional cardiologists, who are trained and
remunerated for providing PCI stent, and patients, who
may believe the treatments are beneficial are examples of
large and important barriers.

Our study also supports the conclusions of existing
clinical trials, but from a cost-effectiveness point of view.
From the clinical perspective, studies such as the ISCH-
EMIA trial, where 45% of patients had triple vessel dis-
ease, routine invasive management with CABG or PCI
did not reduce major adverse cardiovascular outcomes.
Our analysis focused on the initial strategy of treatment
when diagnosis is made, rather than the final treatment
decision. A patient who continues to have activity limit-
ing angina should proceed onto revascularization therapy
if optimal medical therapy fails to control symptoms. In
the ISCHEMIA trial, approximately 20% of patients in
the medical therapy arm went onto revascularization.
The authors also emphasize that in the setting of high-
risk anatomy or high risk features, such as severe left
main coronary artery disease and severe left ventricu-
lar systolic dysfunction, there is greater clinical urgency
for revascularization with preferably CABG, as recom-
mended by clinical guidelines.

An important caveat of our analysis is that we assume
the patients in the three starting treatment groups are
similar. The groups of patients studied are largely similar
in age, demographics, race and risk factors. The obvious
difference in treatment options is for the group with the
most severe disease of left main and triple vessel dis-
ease, 10.7% of study population, where CABG was the
preferred choice. A definitive study to address the ques-
tion we investigate would be very difficult to undertake.
A randomized trial among CABG, PCI and OMT for the
purpose of studying cost effectiveness would be chal-
lenging for research integrity and review, when clinical
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evidence points towards CABG as the preferred revas-
cularization option. Using our existing and rich data to
model the impact of changing clinical practices is the
next best available tool [31]. The authors also acknowl-
edge that the decision for PCI is also largely patient
driven, hence with this knowledge, physicians should
spend more time convincing patients for CABG should
they agree on intervention or remain symptomatic after
OMT, from both clinical and cost perspective. Another
limitation to this study is that the data used are almost
10 years old. There will have been change to treatments
and the features of the patients, from aging and disease
patterns that may affect the reliability of findings. Ideally
more recent data will be interrogated to validate these
results.

While the community should continue to examine
information about improving the cost-effectiveness of
cardiology services, it might be that the next research
effort is targeted at the implementation issues. It is dif-
ficult to get new evidence about alternate ways of pro-
viding services translated widely into healthcare settings
[32]. There are information, human and bureaucratic bar-
riers at many of the steps [33]. Implementation science is
an emerging and important discipline that proposes the-
ory and evidence based methods and strategies to hasten
the adoption of new evidence [30, 34]

Acknowledgements
None.

Authors’ contributions

Conception (HW, NG); Design (HW, NG, SL, AZ, AP); Acquisition of data (YL, MC,
SL, KY); Analysis of data (HW, AZ, NG, AP); Interpretation of data (HW, AZ, KY,
SL, YL, SA, AP, MC, TC, NG); Drafting the paper (HW, AZ, KY, SL, YL, SA, AP, MC,
TC, NG) All authors approved the submitted version and have agreed both to
be personally accountable for the author’s own contributions and to ensure
that questions related to the accuracy or integrity of any part of the work,
even ones in which the author was not personally involved, are appropriately
investigated, resolved, and the resolution documented in the literature.

Funding

SingHealth Duke-NUS Academic Medicine (AM) Research Grant Call FY2020
Special Category: Health Services Research — HEARTS (AM-HRT004-2019) TO
HW and NG. The work was performed at National Heart Centre, Singapore and
the Health Services Research Centre, SingHealth, Singapore.

Data availability

The data underlying this article cannot be shared publicly due to a policy
that states routinely collected data are not made available to the public by
SingHealth.

Declarations

Ethics approval and consent to participate

Ethics review from SingHealth was not required due to the nature of
de-identified administrative dataset. There were no patient identifiers that
allowed the study team to retrospectively contact the patients and seek
consent. It was also impractical due to the large sample size.

Consent for publication
Not Applicable.



Weiting et al. Health Economics Review

(2022) 12:56

Competing interests
None.

Received: 1 June 2022 / Accepted: 10 October 2022
Published online: 08 November 2022

References

1.

Teoh Z, Al-Lamee RK. COURAGE, ORBITA, and ISCHEMIA: Percutaneous
Coronary Intervention for Stable Coronary Artery Disease. Interv Cardiol Clin.
2020,9(4):469-82.

McCreanor V, Graves N, Barnett AG, Parsonage W, Merlo G. A systematic review
and critical analysis of cost-effectiveness studies for coronary artery disease treat-
ment. F1000Res, 2018. 7. p. 77.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
Byrne RA, Collet JP, Falk V, Head SJ, Jni P, Kastrati A, Koller A, Kristensen SD,
Niebauer J, Richter DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S,
Yadav R, Zembala MO. 2018 ESC/EACTS Guidelines on myocardial revascular-
ization. Eur Heart J. 2019;40(2):87-165.

Kipp R, Lehman J, Israel J, Edwards N, Becker T, Raval AN. Patient preferences
for coronary artery bypass graft surgery or percutaneous intervention in mul-
tivessel coronary artery disease. Catheter Cardiovasc Interv. 2013;82(2):212-8.
Ohlow MA, Farah A, Kuntze T, Lauer B. Patients’ preferences for coronary
bypass grafting or staged percutaneous coronary intervention in multi-vessel
coronary artery disease. Int J Clin Pract. 2018;72(4):e13056.

Maron DJ, Hochman JS, Reynolds HR, Bangalore S, O'Brien SM, Boden WE,
Chaitman BR, Senior R, Lopez-Senddn J, Alexander KP, Lopes RD, Shaw LJ,
Berger JS, Newman JD, Sidhu MS, Goodman SG, Ruzyllo W, Gosselin G, Mag-
gioni AP, White HD, Bhargava B, Min JK, Mancini GBJ, Berman DS, Picard MH,
Kwong RY, Ali ZA, Mark DB, Spertus JA, Krishnan MN, Elghamaz A, Moorthy

N, Hueb WA, Demkow M, Mavromatis K, Bockeria O, Peteiro J, Miller TD,
Szwed H, Doerr R, Keltai M, Selvanayagam JB, Steg PG, Held C, Kohsaka S,
Mavromichalis S, Kirby R, Jeffries NO, Harrell FE Jr, Rockhold FW, Broderick S,
Ferguson TB Jr, Williams DO, Harrington RA, Stone GW, Rosenberg Y. Initial
Invasive or Conservative Strategy for Stable Coronary Disease. N Engl J Med.
2020;382(15):1395-407.

Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, Knudtson
M, Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L, Gosselin G, Nawaz
S, Title LM, Gau G, Blaustein AS, Booth DC, Bates ER, Spertus JA, Berman DS,
Mancini GB, Weintraub WS. Optimal medical therapy with or without PCl for
stable coronary disease. N Engl J Med. 2007;356(15):1503-16.

McCreanor V, Nowbar A, Rajkumar C, Barnett AG, Francis D, Graves N, Boden
WE, Weintraub WS, Al-Lamee R, Parsonage WA. Cost-effectiveness analysis of
percutaneous coronary intervention for single-vessel coronary artery disease:
an economic evaluation of the ORBITA trial. BMJ Open. 2021;11(2):e044054.
Cohen DJ, Osnabrugge RL, Magnuson EA, Wang K, Li H, Chinnakondepalli K,
Pinto D, Abdallah MS, Vilain KA, Morice MC, Dawkins KD, Kappetein AP, Mohr
FW, Serruys PW. Cost-effectiveness of percutaneous coronary intervention
with drug-eluting stents versus bypass surgery for patients with 3-vessel or
left main coronary artery disease: final results from the Synergy Between Per-
cutaneous Coronary Intervention With TAXUS and Cardiac Surgery (SYNTAX)
trial. Circulation. 2014;130(14):1146-57.

Magnuson EA, Farkouh ME, Fuster V, Wang K, Vilain K, Li H, Appelwick J, Mura-
tovV, Sleeper LA, Boineau R, Abdallah M, Cohen DJ. Cost-effectiveness of
percutaneous coronary intervention with drug eluting stents versus bypass
surgery for patients with diabetes mellitus and multivessel coronary artery
disease: results from the FREEDOM trial. Circulation. 2013;127(7):820-31.
Osnabrugge RL, Magnuson EA, Serruys PW, Campos CM, Wang K, van
Klaveren D, Farooq V, Abdallah MS, Li H, Vilain KA, Steyerberg EW, Morice

MC, Dawkins KD, Mohr FW, Kappetein AP, Cohen DJ. Cost-effectiveness of
percutaneous coronary intervention versus bypass surgery from a Dutch
perspective. Heart. 2015;101(24):1980-8.

Collins R, Bowman L, Landray M, Peto R. The Magic of Randomization versus
the Myth of Real-World Evidence. N Engl J Med. 2020;382(7):674-8.

Reynolds HR, Shaw LJ, Min JK, Page CB, Berman DS, Chaitman BR, Picard MH,
Kwong RY, O'Brien SM, Huang Z, Mark DB, Nath RK, Dwivedi SK, Smanio PEP,
Stone PH, Held C, Keltai M, Bangalore S, Newman JD, Spertus JA, Stone GW,
Maron DJ, Hochman JS. Outcomes in the ISCHEMIA Trial Based on Coronary
Artery Disease and Ischemia Severity. Circulation. 2021;144(13):1024-38.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

Page 8 of 8

Yin JD, He AJ. Health insurance reforms in Singapore and Hong Kong: How
the two ageing asian tigers respond to health financing challenges? Health
Policy. 2018;122(7):693-7.

Integrated Health Information Systems (IHIS). Electronic Health Intelligence
System. [Internet]. IHIS. [cited 21 October 2021]. Available from: https://www.ihis.
com.sg/Project_Showcase/Healthcare_Systems/Pages/eHINTS.aspx. 2021.
CoreTeam R. R: A language and environment for statistical computing. R Foun-
dation for Statistical Computing, Vienna, Austria. URLhttps://www.R-project.
org/. 2020.

https://cran.r-project.org/web/packages/heemod/index.html.

Briggs A, Sculpher M. An introduction to Markov modelling for economic
evaluation. PharmacoEconomics. 1998;13(4):397-400.

Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jonsson B, Briggs A,
Sullivan SD. Cost-effectiveness analysis alongside clinical trials II-An ISPOR
Good Research Practices Task Force report. Value Health. 2015;18(2):161-72.
McCabe C, Claxton K, Culyer AJ. The NICE cost-effectiveness threshold: what
it is and what that means. PharmacoEconomics. 2008;26(9):733-44.

Hueb WA, Soares PR, Almeida De Oliveira S, Arié S, Cardoso RH, Wajsbrot

DB, Cesar LA, Jatene AD, Ramires JA. Five-year follow-op of the medicine,
angioplasty, or surgery study (MASS): A prospective, randomized trial of medical
therapy, balloon angioplasty, or bypass surgery for single proximal left anterior
descending coronary artery stenosis. Circulation, 1999. 100(19 Suppl): p.
[i107-13.

Bhatnagar SR, ‘casebase: An Alternative Framework For Survival Analysis and
Comparison of Event Rates.” arXiv preprint arXiv:2009.10264 (2020). 2009.
https://www.moh.gov.sg/docs/librariesprovider5/default-document-library/
fee-publication-data-july18--june19-(for-download)_25-feb-2020.xIsx.

Lum E, McCreanorV, Luo N, Graves N. Quality of life measured by EQ-5D at
different treatment time points for coronary artery disease: protocol for a
systematic review and meta-analysis. BMJ Open. 2020;10(7):039311.
Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, Kuntz KM,
Meltzer DO, Owens DK, Prosser LA, Salomon JA, Sculpher MJ, Trikalinos

TA, Russell LB, Siegel JE, Ganiats TG. Recommendations for Conduct,
Methodological Practices, and Reporting of Cost-effectiveness Analy-

ses: Second Panel on Cost-Effectiveness in Health and Medicine. JAMA.
2016;316(10):1093-103.
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/
gho-ghe-life-tables-by-country.

Barton GR, Briggs AH, Fenwick EA. Optimal cost-effectiveness decisions: the
role of the cost-effectiveness acceptability curve (CEAC), the cost-effec-
tiveness acceptability frontier (CEAF), and the expected value of perfection
information (EVPI). Value Health. 2008;11(5):886-97.

Wolff G, Dimitroulis D, Andreotti F, Kotodziejczak M, Jung C, Scicchitano P,
Devito F, Zito A, Occhipinti M, Castiglioni B, Calveri G, Maisano F, Ciccone MM,
De Servi S, Navarese EP. Survival Benefits of Invasive Versus Conservative Strate-
gies in Heart Failure in Patients With Reduced Ejection Fraction and Coronary
Artery Disease: A Meta-Analysis. Circ Heart Fail, 2017. 10(1).

Merlo G, Page K, Ratcliffe J, Halton K, Graves N. Bridging the gap: exploring
the barriers to using economic evidence in healthcare decision mak-

ing and strategies for improving uptake. Appl Health Econ Health Policy.
2015;13(3):303-9.

Williams |, Bryan S. Understanding the limited impact of economic evaluation
in health care resource allocation: a conceptual framework. Health Policy.
2007;80(1):135-43.

Sculpher MJ, Claxton K, Drummond M, McCabe C. Whither trial-based
economic evaluation for health care decision making? Health Econ.
2006;15(7):677-87.

Morris ZS, Wooding S, Grant J. The answer is 17 years, what is the ques-

tion: understanding time lags in translational research. J R Soc Med.
2011;104(12):510-20.

Kitson A, Harvey G, McCormack B. Enabling the implementation of evidence
based practice: a conceptual framework. Qual Health Care. 1998,7(3):149-58.
Lynch EA, Mudge A, Knowles S, Kitson AL, Hunter SC, Harvey G."There is
nothing so practical as a good theory”: a pragmatic guide for selecting
theoretical approaches for implementation projects. BMC Health Serv Res.
2018:18(1):857.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.ihis.com.sg/Project_Showcase/Healthcare_Systems/Pages/eHINTS.aspx.
https://www.ihis.com.sg/Project_Showcase/Healthcare_Systems/Pages/eHINTS.aspx.
https://www.R-project.org/.
https://www.R-project.org/.
https://cran.r-project.org/web/packages/heemod/index.html
http://www.moh.gov.sg/docs/librariesprovider5/default-document-library/fee-publication-data-july18---june19-(for-download)_25-feb-2020.xlsx
http://www.moh.gov.sg/docs/librariesprovider5/default-document-library/fee-publication-data-july18---june19-(for-download)_25-feb-2020.xlsx
http://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-ghe-life-tables-by-country
http://www.who.int/data/gho/data/indicators/indicator-details/GHO/gho-ghe-life-tables-by-country

	﻿The clinical value and cost-effectiveness of treatments for patients with coronary artery disease
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data, setting and patients
	﻿Model structure and assumptions
	﻿Comparisons between competing treatment pathways
	﻿Transition probabilities
	﻿Costs & health utilities
	﻿Model evaluation and uncertainty
	﻿Summary of patient characteristics

	﻿Results
	﻿Population characteristics
	﻿Costs effectiveness outcomes

	﻿Discussion
	﻿References


