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Abstract: Cardiovascular disease is the leading cause of morbidity and mortality worldwide. The implementation of effective
technologies such as Implantable cardioverter-defibrillator (ICD) for patients at risk of sudden cardiac death requires additional health
system resources.

Objective: To assess the economic effectiveness of ICD in comparison with conservative tactics for preventing life-threatening
rhythm disturbances in Kazakhstan.

Methods: A Markov model was built with a time horizon of 35 years. Mortality and utility data were obtained from the available
literature. The economic parameters of the model are based on the approved tariffs for medical services in Kazakhstan and clinical
protocols. Following WHO recommendations, a willingness to pay threshold of three times gross domestic product per capita was used
to assess cost-effectiveness. A discount rate of 3.5% was applied to both costs and benefits. To deal with parameter uncertainties and to
provide robust analysis, a probabilistic sensitivity analysis was performed, randomly varying all inputs subject to uncertainty assuming
a statistical distribution.

Results: The total costs in the primary prevention (PP) group by ICD implantation and in the control group were 8,903,786 tenges and
3,194,414 tenges, respectively. The discounted total quality-adjusted life-years saved (QALYSs) in the ICD and control groups were
6.48 and 4.98, respectively. The indicator of incremental cost-effectiveness ratio amounted t03791604 tenge, which is below the
willingness to pay threshold and indicates the cost-effectiveness of using ICD as a PP strategy in patients with sudden cardiac death
risk factors in the health care of Kazakhstan.

Conclusion: The ICD for the primary prevention of the development of life-threatening rhythm disturbances and sudden cardiac
death is a cost-effective health technology from the position of a payer in the health care system of Kazakhstan.
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Introduction
Implantable cardioverter-defibrillator (ICD) is an effective method of preventing sudden cardiac death (SCD) in patients
with mild symptoms of heart failure and decreased systolic function, which has been confirmed by numerous randomized
clinical trials." The method is recommended by clinical guidelines,*> and cost-effectiveness has been proven in various
health care systems.®™®

Despite compelling evidence, we can observe a disparity between indications for and underutilization of ICD
worldwide, partly due to the high cost of the device and lack of reimbursement.”'® In Kazakhstan the population
reimbursed from a guaranteed package of free health services (SGBP) that is funded by the government budget and other
forms of health care covered by a mandatory social health insurance system (MSHI). The procedure for implantation of
a cardioverter-defibrillator is reimbursed within the framework of the MSHI and the SGBP. However, this procedure uses
in Kazakhstan about 44 devices per year per 1 million inhabitants, although it should be noted that before the COVID-19
pandemic, there was an increase in the number of implantations per year. Thus, in 2019, 806 implantations of
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cardioverter-defibrillators were carried out against 719 in 2017, while in 2020 only 687 procedures were performed. By
comparison, the total number of registered implants in Spain in 2019 was 14.9 per million inhabitants, which is generally
much lower than the average ICD use in Europe,'' while in South Korea the rate of new implants in 2016 was 1.9 per
100000 populations.'?

While the cost-effectiveness of ICD for the primary prevention of sudden cardiac arrest has been well proved in other

countries, "

there were no studies conducted in Kazakhstan before. The aim of this study was to assess the cost-
effectiveness of ICD therapy as primary prevention in patients with heart failure from the position of a payer in the health

care system of Kazakhstan.

Methods

A Markov decision-making model was built to assess costs, impact on quality of life, survival rates, and an incremental
indicator of the cost-effectiveness of ICD versus no ICD in a population of Kazakhstani patients at risk of SCD.

The simulations were based on previously published research data and did not suggest additional human studies.
A group of patients without the use of an ICD was selected as a control group. Conservative drug use was not considered
for comparison behavior, as the SCD-HeFT'* study showed no significant difference between amiodarone and placebo
treatment in preventing death in patients at risk of developing life-threatening heart rhythm disturbances. The input
parameters of the model are shown in Table 1 and are detailed below. The model was built using Microsoft Excel.
Discount rates have not yet been determined in Kazakhstan. Since a number of directions in healthcare were previously
adapted from United Kingdom (UK)'>'® for our study discount rate of 3.5% was applied to both costs and benefits based
on the National Institute for Health and Care Excellence (UK).!”

Table | Input Parameters of the Model

Model Parameters Values for the Main Standard Distribution
Scenario Error
Sudden cardiac death 0.0015 0.0001 Beta
Death from heart causes 0.0029 0.0002 Beta
Death from other causes 0.0004 0.000002 Beta
Death due to unspecified reasons 0.0024 0.0002 Beta
Sudden cardiac death 0.0042 0.0004 Beta
Death from heart causes 0.0029 0.0003 Beta
Death from other causes 0.0002 0.00002 Beta
Death due to unspecified reasons 0.0031 0.0003 Beta
Annual utility rate for patients with heart failure | 0.837 0.007 Beta
Complication of ICD 0.7408 0.0112 Beta
ICD implantation 6589.8317 - -
Replacing ICD 1674.516" - -
Implantation/Replacement of ICD electrodes 609820 7 - -
Infection and inflammatory response associated 69.754 7 - -
with ICD
Removing an ICD 1920187 - -
ICD shock discharge 58527 - -
(Continued)
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Table | (Continued).

Model Parameters Values for the Main Standard Distribution
Scenario Error

Outpatient monthly costs 2950 T - -

Inpatient monthly costs 14559 7 - -

Discount rate 3.5% - -

Abbreviations: ICD, implantable cardioverter-defibrillator; T, tenge.

Model Structure

The model was based on previously published studies®'?

and is constructed as a decision tree with two treatment
groups, with or without ICD therapy, followed by successive Markov cycles (Figure 1). The baseline simulation
scenario included a cohort of 1000 patients with standard indications for primary prevention by implantation of
a cardioverter-defibrillator. Patients in the ICD group were at risk of dying during surgery. Patients who underwent ICD
surgery entered the Markov model in a state of “well-being” in which they could remain or go into states of “ICD
complications”, “sudden cardiac death”, “death from non-cardiac causes”, and “death from unknown causes.” Patients
remained in the same state or transitioned to a different state at the beginning of each cycle, apart from the
complication state. Patients who developed a complication after ICD remained in a complication state for only one
cycle, then transitioned to “continue ICD therapy” or “discontinue ICD therapy”. After ICD removal, patients may also
remain in a “well-being” state or die for one reason or another. Patients in the non- ICD group enter the model in good
health and remain healthy or progress to sudden cardiac death, not sudden cardiac death, non-cardiac death, or
unknown death.

Progressing the patient cohort monthly throughout life (35 years) was associated with cost and utility rates for each
condition; the time horizon of the model allowed the model to consider all possible costs of the payer in the health care
system of the country associated with patients. Patients in both comparison groups were associated with monthly

Death during surgery

ICD group

ICD complications —
ICD therapy
continuation

. Death from cardiac
Indications for PP of Wellbeing causes
SCD

ICD complications —
ICD therapy
discontinuation
Death from non-
cardiac causes

Non-ICD group

Death from unknown

Wellbeing
causes

Figure | Graphic representation of the model.
Abbreviations: ICD, implantable cardioverter-defibrillator; PP, primary prevention; SCD, sudden cardiac death.
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expenses for inpatient and outpatient treatment, which were calculated based on the approved tariffs for medical
interventions and the frequency of these procedures per year based on the recommendations of the current clinical
treatment protocols. The ICD treatment group also included the cost ICDs the ICD implantation procedure. Patients with
ICD who survived long enough to require device replacement incurred additional costs for re-implantation. Patients with
ICD may have received shocks that were misconfigured or other ICD -related complications that were costly and affected
adherence. After an inadequate shock or other ICD-related complication occurred, patients could remain in the ICD
group or go into a state of discontinuation of the ICD. It has been hypothesized that patients with ICD who discontinue
use of the ICD have the same risk of death as patients in the non- ICD group.

Clinical Parameters of the Model

Baseline mortality data for patients with indications for primary prevention of SCD were based on previously published
meta-analyzes and the Improve SCA'®!'? study. The data on perioperative mortality associated with ICD is based on
statistics from the Electronic Inpatient Register of the Republican Center for Electronic Health and is applicable only to
the ICD therapy group. The likelihood of inadequate electrical discharge was obtained by calculating a weighted average
based on previously published studies.”* ?*> The probability of electrode failure (0.45%) or displacement (1.8%) after
initial implantation and the probability of displacement of the ICD generator and its replacement (about 1%) are also
taken from the literature.* 2 The potential for infection of an implanted device after initial ICD implantation (1.2%) and
after replacement (2.16%) is based on data from a study by Eby EL et al.”’

Economic Parameters of the Model

The model calculates the direct medical costs associated with the implantation of an automatic cardioverter-defibrillator
and the health care costs associated with cardiovascular disease throughout the patient’s life. The cost of the ICD and
implantation procedure, its subsequent revision, complete or partial replacement, as well as the cost of treating
complications associated with the ICD (infection, displacement, inadequate discharges), the cost of diagnostic tests
and specialist consultations at an outpatient level, were obtained from the tariffs for medical services provided within the
SGBP and in the system of MSHI, approved by Minister of Health of the Republic of Kazakhstan.*®

Health-Related Quality of Life

Due to the absence of Kazakhstan-specific utility coefficients, the quality-of-life indicators in the model were based on
literature data.”” The model suggests that baseline utility different for patients in the ICD group and for the non- ICD
group.®” Patients who developed a complication after ICD implantation had a short-term decrease in utility of 0.096,
which is equivalent to 3.5 days.*’

Incremental Cost-Effectiveness Ratio (ICER), Willingness to Pay Threshold

The incremental cost-effectiveness ratio (ICER) was calculated by correlating the difference in costs in the ICD group
and in the non- ICD group to the difference in quality-adjusted life-years (QALYs) obtained. For greater reliability, ICER
was calculated both without discounting and considering the application of the discount rate. As a threshold of
willingness to pay for one quality year of life, in accordance with the WHO recommendations, three times the average
annual GDP per capita in 2020 was taken, which amounted to 27,167.25 US dollars or 3,845,705,36 Kazakh tenge at the
weighted average rate at the time of research.

Sensitivity Analysis

To identify and analyze the influence of model parameters on the result, a one-way deterministic sensitivity analysis was
carried out. To determine the reliability of the model and its robustness to the uncertainty of the input parameters,
a probabilistic sensitivity analysis was also carried out. The beta distribution was used for both the probabilities of
transition of patients from one state to another, and for the parameters of utility.
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Results

Main Scenario

The analysis showed that the use of ICD for the primary prevention of SCD would provide 117.8 additional months of
life per patient without discounting and 106.6 months with discounting. In the group of patients who did not undergo
ICD, this indicator was 88.4 and 81.6 months without discounting and discounted, respectively. In terms of quality-
adjusted life years, the following results were obtained: ICD implantation resulted in a retention of 6.5 (7.2 without
discounting), while patients in the non-ICD group received 5.0 QALY (5.4 without discounting). Thus, the difference
per patient was 1.5 QALY (1.8 without discounting).

It was calculated that the total direct medical costs, considering discounting, for patients with and without ICD will be
8,903,786 tenges and 3,194,414 tenges, respectively. The cost-effectiveness ratio for ICD implantation was3791604
tenge per 1 QALY, which is below the commonly used willingness to pay threshold. Thus, the implantation of
a cardioverter-defibrillator for the primary prevention of sudden cardiac arrest in Kazakhstan’s healthcare environment
may be considered cost-effective from the payer’s perspective (Table 2).

Sensitivity Analysis
One-sided deterministic sensitivity analysis showed that the quality-adjusted cost-effectiveness ratio (ICER) for 1
added year of life is more dependent on the following parameters: the patient’s age at the time of ICD implantation,

the overall mortality rate, and quality of life indicators.

Table 2 Results of the Main Scenario

No Discounting ICD Control
Expenses 95549177 34582187
Incremental costs 6096.6987

Efficiency (Life Year Saved) 9.82 7.36
Incremental efficiency (life year saved) 2.45

ICER (Cost per Life Year Saved) 2487.3627

Efficiency (stored QALY) 7.16 5.39
Incremental efficiency (stored QALY) 1.77

ICER (Cost per stored QALY) 3436.1567

Discounted ICD Control
Expenses 8903.786" 3194.4147
Incremental costs 5709.3727

Efficiency (Life Year Saved) 8.88 6.80
Incremental efficiency (life year saved) 2.08

ICER (Cost per Life Year Saved) 27442147

Efficiency (stored QALY) 6.48 4.98
Incremental efficiency (stored QALY) 1.51

ICER (Cost per stored QALY) 3791.6047

Abbreviations: ICD, implantable cardioverter-defibrillator; T, tenge; ICER, incremental cost-
effectiveness ratio; QALY, quality-adjusted life year.
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Figure 2 Results of sensitivity analysis.
Abbreviations: QALYs, quality-adjusted life year; KZT, Kazakh tenge.

Figure 2 shows the modeled cost per QALY from the probabilistic sensitivity analysis. Based on the results of 1000
simulations, the average costs per 1 QALY amounted to KZT 3,765,770.65 (median costs per 1 QALY amounted to KZT
3,754,881.24, 95% CI [KZT 2,518,234.80 - KZT 14,345,161.99] per 1 QALY) after 1000 iterations. At the same time,
99.5% of simulations showed ICER for 1 QALY below willingness to pay threshold, which indicates a high cost-
effectiveness of implantation of a cardioverter-defibrillator for the primary prevention of sudden cardiac arrest in
Kazakhstan’s healthcare environment.

Discussion

Despite compelling evidence from randomized clinical trials and recommendations in international clinical guidelines,
the frequency of ICD use in Kazakhstan is relatively low. According to this indicator, Kazakhstan can be compared with
the countries of Latin America, such as Argentina (up to 56 implantations per million per year).'” For comparison, in
Europe, on average, over 150 ICDs (per million) are implanted per year,* while in South Korea this figure reaches 200
devices (per 100,000) per year.'?

In our study, we found a cost-effectiveness ratio of fewer than 4,000,000.00 tenges per QALY gained. A probabilistic
sensitivity analysis of the model confirmed these results. Kazakhstan does not currently have a set willingness-to-pay
threshold. If we apply the World Health Organization Choice for Cost-Effective Interventions (WHO-CHOICE) Project,
a widely accepted recommendation for setting a willingness-to-pay threshold of fewer than three times the national
annual gross domestic product (GDP) per capita, then this intervention can be considered very cost-effective.**

Our results are generally consistent with the available literature on the cost-effectiveness of ICD use. For example, in
the United States, it was estimated that the use of ICD is an economically attractive technology with ICER more than 2
times lower than the established willingness to pay threshold.'* Similar results were obtained in studies conducted in the
conditions of Europe,]3 Taiwan, Brazil, and other Latin American countries.'>"'#3-3¢

The main limitation of this study is the fact that some input parameters for constructing a mathematical model were
taken from foreign sources due to the lack of similar available data for Kazakhstan. However, this is a standard
approach in economic modeling, and the fact that the authors used real figures from official sources for the country to
calculate the costs and likelihood of perioperative mortality makes the results of this study as reliable and close to
reality as possible.
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Conclusion
The implantation of a cardioverter-defibrillator for the primary prevention of sudden cardiac arrest in Kazakhstan’s healthcare

environment is cost-effective. The data obtained can serve as the basis for justifying and stimulating the more frequent use of

ICD therapy in this cohort of patients in Kazakhstan. Additional studies to identify the most “cost-effective” subgroups of

patients for cardioverter-defibrillator implantation could contribute to better prioritization and, accordingly, better planning of

the allocation of the available budget, which is relevant given the limited health care resources of the country.
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