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Background: Cardiac resynchronization therapy (CRT) improves symptoms and survival in 
patients with heart failure (HF). However, the CRT devices are costly and can impose a 
significant burden to the relatively constrained health budgets of middle-income countries 
such as Thailand. The aim of this study was to analyze the cost-effectiveness of CRT in 
combination with optimal medical therapy (OMT) relative to patients with OMT alone.
Methods: A two-component model was used to analyze lifetime costs and quality-adjusted 
life-years (QALYs) from a healthcare perspective. Clinical inputs were mostly obtained from 
meta-analysis of landmark trials. All cost-related data, risk of non-cardiovascular death and 
readmission rate were based on Thai HF data. Costs and QALYs were discounted at 3%. 
Findings were reported as an incremental cost-effectiveness ratio (ICER). A variety of 
sensitivity analyses were also performed.
Results: CRT plus OMT costs more than OMT (123,279 vs 11,165 THB or 3,972.90 vs 
359.81 USD), and is more effective (3.57 QALYs vs 2.49 QALYs), yielding an ICER of 
104,325 THB per QALY (3,362.07 USD per QALY). CRT was cost-effective at the Thai 
willingness to pay threshold of 160,000 THB per QALY (5,156.30 USD per QALY). The 
results were sensitive to cost of CRT maintenance.
Conclusion: The use of CRT was associated with a cost-effectiveness ratio below generally 
accepted benchmarks for therapeutic interventions of 160,000 THB per QALY (5,156.30 
USD per QALY). This suggests that the clinical benefits of CRT can be achieved at a 
reasonable cost in Thai HF patients.
Keywords: cost-effectiveness, quality-adjusted life-years, cardiac resynchronization therapy, 
heart failure, Thailand

Introduction
Heart failure (HF) is a global healthcare problem. In the United States, HF affects 
approximately 5.8 million people, with 870,000 new cases per year.1 In Asia, aging 
populations and large increases in cardiovascular risk factors have contributed to a high 
burden of HF.2 In Thailand, among cardiovascular diseases, HF was the first leading 
cause of hospital admissions in 2015.3 Based on data of hospitalized patients with HF 
from three major Thailand reimbursement systems [Civil Servant Medical Benefit 
scheme (CS), Social Security scheme (SS), and Universal Coverage scheme (UC) 
systems], which accounted for more than 90% of Thai population, the study reports 
mortality rates of 11.0%, 24.5%, 32.5%, and 46.3% for 1 month, 6 months, 1 year, and 3 
years, respectively.4 HF is associated with a significant socioeconomic burden, represent-
ing a major cause of hospitalization and readmissions, loss of work, and death.5,6 With 
the increasing use of neurohormonal antagonists, such as beta-blockers, angiotensin- 
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converting enzyme inhibitors (ACEIs) and mineralocorticoid 
receptor antagonists (MRAs), the survival rate of HF with 
reduced ejection fraction (HFrEF) has improved markedly 
over the past decade.7 However, patients with severe symp-
toms may not respond to pharmacological treatment. CRT is 
indicated, with the highest recommendation level for sympto-
matic HF patients with broad QRS complex, LBBB QRS 
morphology and with left ventricular ejection fraction 
(LVEF) ≤35% despite optimal medical therapy (OMT) in 
order to improve symptoms and reduce morbidity and mortal-
ity, according to the current corresponding European and Thai 
guidelines.8,9 CRT is a well-established form of treatment that 
relies on two different treatment options: the biventricular 
pacemaker (CRT-P) and the cardiac biventricular defibrillator 
(CRT-D). Evidences from landmark randomized controlled 
trials and meta-analysis show a reduction of all-cause mortal-
ity and hospitalizations and an improvement in New York 
Heart Association (NYHA) classes and quality-of-life for 
both the CRT-P and CRT-D.10–14 However, the CRT devices 
are quite expensive and can impose a significant burden to the 
relatively constrained health budgets of the middle-income 
countries,15 especially in Thailand. Therefore, economic eva-
luation of a costly intervention has become useful evidence for 
decision-makers to decide whether it is good value for money. 
Several trials showed that CRT was cost-effective for HF 
patients in the upper-income countries.16–19 However, much 
less is known about the cost-effectiveness of CRT in the Thai 
HF population. Hence, we conducted a cost-effectiveness 
study of CRT in Thai HF patients, using a combined model 
between decision tree and Markov model to estimate the 
incremental cost-effectiveness ratio (ICER) of adding CRT 
to the OMT.

Methods
Model Description
The model is composed of two components. The short- 
term component is a decision tree (Figure 1A), represent-
ing the costs and consequences of the 1-month period for 
initial device implantations. The second component is a 
state-transition Markov model (Figure 1B and C), repre-
senting the long-term costs and consequences of the 
hypothetical cohort for the lifetime horizon.

The model evaluates CRT in combination with OMT 
compared with OMT alone. Patients with HF enter the deci-
sion tree model undergoing CRT implantation surgery or 
receive OMT. Those undergoing the surgery may experience 
procedure-related mortality or survive the implantation 

procedure. Patients who survive the procedure may have 
successful or unsuccessful implantation. Patients with a suc-
cessful CRT implantation can become stable state, or experi-
ence some complications such as perioperative 
complications, lead displacement, or infection. In case of 
unsuccessful implantation, patients would return to being 
managed with OMT alone. The OMT Markov model is 
composed of three health states: stable HF, hospitalization, 
and death (cardiovascular death and non-cardiovascular 
death). Patients with HF who receive OMT enter the 
Markov model in a stable health state. They may remain 
stable or be hospitalized because of HF, or death in the next 
cycle. OMT patients who are hospitalized can return to the 
stable health state after treatment. The CRT Markov model is 
composed of four health states: stable HF, complications 
(infection and lead displacement), hospitalization, and death 
(cardiovascular death and non-cardiovascular death). Patients 
with HF who have successful CRT implantation enter the 
Markov model in a stable health state. The next cycle, they 
can remain as stable or move to other health states such as 
hospitalization because of HF, or complications which 
require hospitalization, or death from either cardiovascular 
or non-cardiovascular causes. The model followed patients 
over their lifetime with a 1-month cycle. The long-term costs, 
life-years, and quality-adjusted life-years (QALYs) were esti-
mated using Microsoft Excel.

Target Population
The target population was patients with HF with ejection 
fraction ≤35%, in NYHA class III or IV, and with pro-
longed QRS interval on electrocardiogram. This profile 
represents the same patient characteristics as the cohort 
included in the Comparison of Medical Therapy, Pacing, 
and Defibrillation in Heart Failure (COMPANION) trial.11 

All patients in the hypothetical cohort enter the model with 
65 years of age because this is the age at which patients 
are classified as elderly in the Thai HF database.4 The 
cohort population would receive either the OMT alone or 
the CRT in combination with OMT. The OMT includes 
diuretics, ACEIs, beta blockers, and MRAs. The CRT in 
this study is pacemaker type (CRT-P).

Input Parameters
Probabilities of Short-Term Decision Tree Model
Perioperative Complications 
The probability of patients undergoing CRT implantation 
was obtained from the study by Fox et al.20 This study 
reports a pooled risk of complications from the Cardiac 
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Figure 1 (A) Short-term decision tree. (B) Long-term Markov model for optimal medical therapy. (C) Long-term Markov model for cardiac-resynchronization therapy. 
Abbreviations: CRT, cardiac resynchronization therapy; HF, heart failure; OMT, optimal medical therapy.
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Resynchronization-Heart Failure (CARE-HF) trial, the 
Multicenter InSync Randomized Clinical Evaluation 
(MIRACLE) trial, the Multisite Stimulation in 
Cardiomyopathy (MUSTIC) trial, the COMPANION 
trial, and the VENTAK® CHF/CONTAK® CD/ 
EASYTRAK® Biventricular Pacing Study (CONTAK- 
CD) trial. A probability of perioperative complication of 
0.1063 was used in this study.

Perioperative Death 
We obtained the probability of death from CRT implanta-
tion from the study by Colquitt et al.21 This study pooled 
the number of events reported in the CRT group from the 
CARE-HF, MIRACLE, MUSTIC, and COMPANION 
trials. A probability of perioperative death was 0.0048.

Implant Failure 
The probability of implant failure for patients who under-
went CRT implantation was estimated based on the four 
clinical trials (CARE-HF, MIRACLE, MUSTIC, 
COMPANION). A pooled probability of implant failure 
was equal to 0.084.21

Probabilities of Long-Term Markov Model
Cardiovascular Mortality
Cardiovascular (CV) mortality risks were derived from the 
COMPANION trial.11 Of the total 308 OMT patients, 58 
(18.83%) died from cardiovascular cause after a median 
follow-up of 11.9 months. This probability was converted 
to a 1-month rate using the formula r=-[ln(1-p)]/t, where p 
is probability, r is rate, and t is duration. It was subse-
quently converted back to 1-month probability using the 
formula p=1-exp^(-rt), where p is probability, r is rate, and 
t is duration. The 1-month probability of CV death in the 
OMT group was 0.0174. The relative effect of CRT on HF 
deaths was obtained from the meta-analysis encompassing 
the findings from the CARE-HF trial and the 
COMPANION trial. The pooling estimate of relative risk 
(RR) was 0.67.21 The CV death of CRT patients was the 
product of this relative effect and the CV death of OMT 
patients. As a result, 1-month probability of CV death in 
the CRT group was 0.0117. Then, we calculated the CV 
death rate in hospital and non-hospital settings. Based on 
the HF mortality database in Thailand,4 HF patients aged 
≥65 years had annual risk of in-hospital CV mortality 
equal to 9.37%. Therefore, the in-hospital CV mortalities 
of the OMT and CRT patients were 0.00014 and 0.00010, 
respectively. Risk of CV death in non-hospital was the 

difference of the overall CV death and the CV death in 
hospital. This leads to the risk of CV death in non-hospital 
for the OMT and CRT patients of 0.0172 and 0.0116, 
respectively.

Non-Cardiovascular Mortality
We relied on data from the Thai database.4 Of the total 
201,709 admitted HF patients, 19,238 (9.54%) died from 
non-CV death per year. This figure was converted to 1- 
month probability (0.0083). We assumed equal risk of 
non-CV mortality for the OMT and CRT patients.

Hospital Admission Because of Heart Failure
The baseline risk of hospital admission was obtained from 
the study by Colquitt et al,21 which pooled the estimate 
from the number of events reported for the OMT arm in 
the CARE-HF, MIRACLE, MUSTIC, and COMPANION 
trials. The baseline risk of hospitalization was 0.037. Then, 
we calculated the risk of hospitalization for the CRT group 
by multiplying the baseline risk with the relative risk of 
0.58. After discharge from the hospital, patients are able to 
readmit within 30 day. The readmission rate of 34% was 
obtained from the Thai HF national database.22 It was 
converted to risk of readmission from any cause at 30 
days which was equal to 0.2882.

Complications
We included infection and lead displacement as complica-
tions that could occur in the Markov model. The risk of 
complications was derived from the clinical trials included 
in the systematic review of cost-effectiveness study.21 

Probabilities of 0.0006 and 0.0037 were used for device- 
relative infection and lead displacement in the CRT group, 
respectively.

Utility
Since there is a paucity of utility data in Thailand, we 
relied on data from a literature review. Utilities of HF with 
stable and hospitalization were 0.750 and 0.650, 
respectively.23 A utility of CRT implantation of 0.460 in 
the short-term model was included. Disutility of 0.10 for 
infection was also counted in the analysis.

Costs
Since this study considered provider’s perspective, only 
direct medical costs were included. Those composed of 
costs of CRT, OMT, hospitalization, and complication 
treatment. We assumed that the battery for CRT patients 
needed maintenance every 10 years. Its maintenance cost 
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half of the cost of CRT implantation. We obtained cost 
data from the hospital database of patients with HF who 
underwent CRT implantation from 2010 to 2018 at 
Maharaj Nakorn Chiang Mai hospital, the largest hospital 
in the north of Thailand. Hospitalization cost in this study 
was obtained from a previous study which collected data 
from the same hospital.24 All cost inputs were the average 
costs and are shown in Table 1. All costs were inflated 
using the consumer price index (CPI) in medical care 
category and presented in 2019. The exchange rate of 
31.03 THB per USD was used in this study.25

Study Analyses
Base-Case Analysis
Future costs and outcomes were discounted at an annual 
rate of 3%, in accordance with the Thai Health Technology 
Assessment guideline.26 The ICER was the ratio of the 
difference in total costs and the difference in effect 
between CRT and OMT patients. The ICER results were 
presented as an ICER in THB (USD) per life-year (LY), 
and an ICER in THB (USD) per quality-adjusted life-year 
(QALY). The CRT intervention would be justified cost- 
effective when the estimated ICER is lower than the local 
threshold of 160,000 THB per QALY (5,156.30 USD per 
QALY) or about 1.2-times per capital gross national 
income.27

Sensitivity Analyses
We performed one-way sensitivity analyses to assess the 
uncertainty associated with deterministic parameters in our 
model. All 27 variables were varied within the plausible 
range. If the 95% confidence interval was available, we 
used it as a plausible range. If not, the range of ±20% or 
±10% was used for cost and probability, respectively. A 
Tornado diagram was plotted to demonstrate the impact of 
selected inputs on the ICER outputs.

Probabilistic sensitivity analyses were also performed 
to evaluate the combined effects of uncertainty in all 
model inputs. The specific distribution was assigned to 
input parameters. For example, beta distribution was for 
probability and utility estimates, gamma distribution was 
for costs, log normal distribution was for relative effect. A 
thousand iterations of random samples were performed. 
The result was shown as a scatterplot on the cost-effec-
tiveness plane. A cost-effectiveness acceptability curve 
(CEAC) was also plotted to show the probability of CRT 
alternative to be cost-effective at various willingness-to- 
pay thresholds.

Results
Base-Case Result
Table 2 shows the findings of the study. As expected, the 
CRT alternative had higher cost than the OMT alternative 
(123,279 vs 11,165 THB) (3,972.90 vs 359.81 USD), but 
the CRT alternative gained more LY and QALY than the 
OMT alternative (4.81 vs 3.34 LY; 3.57 vs 2.49 QALY). 
This yielded an ICER of 76,632 THB per LY (2,469.61 
USD per LY), and 104,325 THB per QALY (3,362.07 
USD per QALY). The estimated ICER was below the 
local Thai threshold of 160,000 THB per QALY 
(5,156.30 USD per QALY). In addition, the number of 
CV deaths from the CRT alternative was lower than those 
from the OMT alternative (513 vs 723 for 1,000 cohort HF 
population).

Sensitivity Analysis Results
The Tornado diagram (Figure 2) shows the effect of alter-
ing input parameters within the plausible ranges. Of all 27 
variables varied within specified ranges, cost of CRT 
maintenance showed the greatest impact on ICER, fol-
lowed by the risk of CV from non-hospitalization in the 
OMT patients, RR of the CV death, and so on. The scatter 
plot diagram (Figure 3) shows that all ICERs of 1,000 
iterations fell on the upper right quadrant. This means that 
the CRT alternative incurs higher cost, but provides more 
life-year gained, and QALY gained than the OMT alter-
natives. At the willingness to pay of 160,000 THB per 
QALY (5,156.30 USD per QALY), the probability of the 
CRT alternative being cost-effective was about 98.5% 
(Figure 4).

Discussion
We conducted the first cost-effectiveness study using an 
analytical model to examine whether the CRT for HF 
treatment from a healthcare payer perspective was cost- 
effective in Thailand. The finding of the study indicated 
ICER of 104,325 THB per QALY (3,362.07 USD per 
QALY), which was justified cost-effective compared to 
the local threshold of 160,000 THB per QALY (5,156.30 
USD per QALY). The result was confirmed with the find-
ings from probabilistic sensitivity analysis (PSA). All 
thousand iterations fell on the upper right quadrant, indi-
cating higher cost but gaining better QALY of CRT alter-
native compared with the OMT. This yielded 98.5% of the 
CRT alternative being cost-effective. The estimated ICER 
was sensitive to cost of CRT maintenance. We believe that 
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Table 1 Input Parameters Used in the Model

Parameters Value Range Reference

Probabilities Used in the Model

Short-term model

Death 0.0048 0.0015–0.0081 Colquitt et al21

Failure 0.0840 0.0700–0.0970 Colquitt et al21

Complication 0.1063 0.0957–0.1169 Fox et al20

Long-term model

Risk of CV mortality 0.0174 Bristow et al11

Relative risk of CV death 
(CRT vs OMT)

0.67 0.51–0.88 Colquitt et al21

Risk of CV death from hospitalization   
OMTa   

CRTb

0.0001 
0.0001

0.0001–0.0002 
0.0001–0.0001

Calculation

Risk of CV death from non-hospitalization   
OMTc   

CRTd

0.0172 
0.0116

0.0155–0.0190 
0.0104–0.0127

Calculation

Risk of non-CV death from hospitalization 0.0083 0.0075–0.0091 Krittayaphong et al4

Risk of non-CV death from non-hospitalization   
65   
70   
75   
80   
85   
90   
95   
100

0.0052 
0.0080 
0.0128 
0.0203 
0.0357 
0.0357 
0.0357 
0.0357

Burden of disease in Thai population35 Health statistics36

Risk of hospitalization OMT 0.037 0.025–0.049 Colquitt et al21

Risk of all-cause 30-day readmission 0.2882 0.2594–0.3171 Thailand database22

Risk of infection 0.0006 0–0.0020 Colquitt et al21

Risk of lead displacement 0.0037 0.0033–0.0041 Colquitt et al21

Relative risk of hospitalization 
(CRT vs OMT)

0.58 0.35–0.96 Colquitt et al21

Costs (THB/USD per cycle)

CRT 367,710 
(11,850.15)

294,168–441,252 
(9,480.12–14,220.17)

Hospital database23

OMT 3,048 
(98.23)

2,438–3,658 
(78.57–117.89)

Hospitalization 10,518 
(338.96)

8,414–12,621 
(271.16–406.74)

Infection 47,062 
(1,516.66)

37,650–56,474 
(1,213.34–1,819.98)

Lead displacement 10,518 
(338.96)

8,414–12,621 
(271.16–406.74)

Perioperative complications 32,000 
(1,031.26)

25,600–38,400 
(825.01–1,237.51)

Utilities

HF stable 0.750 0.675–0.825 Adena et al23

Hospitalization 0.650 0.585–0.715 Adena et al23

CRT implantation 0.460 0.414–0.506 Neyt et al37

Disutility of infection 0.1 0.09–0.11 Colquitt et al21

Notes: a1-month rate of CV death from COMPANION trial = -(In (1–18.83%))/11.9=1.75%; 1-month rate of CV death in hospital in Thailand = -(In (1–9.73%))/12=0.82%; 1-month rate 
of CV death in hospital in this study = -(In (1–9.73%))/12 =1.75%*0.82%=0.01%; Probability of CV death in hospital = 1-exp(−0.01%)=0.0001; b1-month rate of CV death from 
COMPANION trial = 1.75%*0.67=1.17% (HR 0.67); 1-month rate of CV death in hospital in Thailand = -(In (1–9.73%))/12=0.82%; 1-month rate of CV death in hospital in this study 
=1.17%*0.82%=0.01%; Probability of CV death in hospital = 1-exp(−0.01%)=0.0001; c1-month probability of CV death = 1-exp(−1.75%)=0.017; 1-month probability of CV death from 
non-hospitalization = 0.017–0.0001=0.0172; d1-month probability of CV death = 1-exp(−1.17%)=0.012; 1-month probability of CV death from non-hospitalization = 0.012– 
0.0001=0.0116. 
Abbreviations: CRT, cardiac resynchronization therapy; CV, cardiovascular; OMT, optimal medical therapy; HR, hazard ratio; HF, heart failure; THB, Thai baht; USD, United States 
dollars.
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the findings of our study are the useful economic evidence 
to confirm the decision of health policy-makers to broaden 
the health benefit of this device to Thai HF patients. Our 
findings might also generalize to HF patients in other 
countries that have healthcare systems like Thailand, but 
having limited local economic evidence available.

When comparing our results with other cost-effectiveness 
analyses, we found that the mean cost per each QALY is 
lower than those found in other countries, like the US and 
Spain.16,19,28 This might be due to the fact that the costs of 
HF hospitalization, CRT management, and complication 
treatment in Thailand are lower than those incurred in the 
upper-income countries. However, CRT alternatives in sev-
eral countries are still cost-effective because the estimated 
ICER were below the threshold used in each country.

Despite OMT, refractory HF is a common occurrence. 
The emergence of CRT has brought a new paradigm in the 
management of HF.29 CRT is one of the most promising 
device therapies in HF, improving the prognosis of HF, 
and incorporating into therapeutic guidelines.30 In a series 
of trials, CRT improved symptoms, exercise capacity, the 
quality-of-life, ventricular function, mortality, and HF hos-
pitalization in HF populations.10,12,13,31,32 Effective pacing 
leads to a lower number of HF hospitalizations, thus 
allowing significant cost offsets in the US setting.33 In 
Asian settings, there were substantial variations in health-
care spending, and the average cost of HF hospitalization 
varied from 813 USD to nearly 9,000 USD.24 The cost of 
HF hospitalization in Thailand is 3,600 USD.24 However, 
CRT is not widely used in treatment of HF in East Asia, 

Table 2 Base-Case Result

Treatment Total Cost 
(THB/USD)

Life-Year 
(Years)

Quality-Adjusted Life-Years ICER

THB/LY 
(USD/LY)

THB/QALY 
(USD/QALY)

CRT 123,279 
(3,972.90)

4.81 3.57 76,632 
(2,469.61)

104,325 
(3,362.07)

OMT 11,165 
(359.81)

3.34 2.49

Abbreviations: CRT, cardiac resynchronization therapy; OMT, optimal medical therapy; ICER, incremental cost-effectiveness ratio; LY, life-year; QALY, quality-adjusted life- 
year; THB, Thai baht; USD United States dollars.

Figure 2 Tornado diagram of cardiac resynchronization therapy in combination with optimal medical therapy compared with optimal medical therapy alone.  
Abbreviations: CRT, cardiac resynchronization therapy; CV, cardiovascular; OMT, optimal medical therapy; HF, heart failure; THB, Thai baht; QALY, quality-adjusted life-year.
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including Thailand.34 The findings of this study would 
generate economic evidence for decision-makers to justify 
an increase in CRT use for HF patients.

The following limitations should be noted: First, the 
economic evaluations are limited by the external validity 
of the trial results. The technical skills of providers, patient 

selection and differences in the optimal treatment regimen 
may vary in real-world practice and affect the clinical 
effectiveness of the therapy. We tried to address this lim-
itation by incorporating data from the Thai database such 
as CV death, non-CV death, age-specific mortality rate, 
and cost data. Second, our study only shows the results of 

Figure 3 Scatter plot of probabilistic sensitivity analysis.  
Abbreviations: THB, Thai baht; QALY, quality-adjusted life-year.
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Figure 4 Cost-effectiveness acceptability curve of cardiac resynchronization therapy in combination with optimal medical therapy compared with optimal medical therapy alone. 
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CRT-P, not including CRT-D. CRT-P is widely used in 
Thailand because of the simple accessibility and low 
cost. In addition, CRT-P can be used in cases of sudden 
cardiac death, whereas CRT-D cannot be used in this 
situation. CRT-P can also reduce ventricular arrhythmia 
and reverse cardiac remodeling. Finally, cost data were 
obtained from one large tertiary hospital in the North of 
Thailand. This might not represent the cost data from all 
hospitals in Thailand. Since CRT-P treatment can be per-
formed only in the tertiary care levels with cardiologists 
available, only small numbers of hospitals can do this 
operation in Thailand. Therefore, we believe that our 
cost data should not be much different from other tertiary 
care hospitals outside Bangkok. However, our analysis has 
several potential strengths. The effectiveness estimates 
incorporated into the decision analysis were based on 
meta-analysis and high-quality randomized controlled 
trials. The parameters, including the confidence interval 
used for sensitivity analysis, from those studies were used 
in the model. In addition, our model reflects both short- 
term and long-term outcomes from a decision tree and 
Markov model, respectively.

Conclusion
This cost-effectiveness analysis indicates that the clinical 
benefits of CRT are economically viable and can be 
achieved at a reasonable cost. Long-term treatment with 
CRT in combination with OMT appears to be cost-effec-
tive compared with OMT alone in Thailand within the 
local threshold of 160,000 THB per QALY (5,156.30 
USD per QALY).
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