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Transcatheter pulmonary valve replacement (TPVR) was launched since 2000. It indicated for
cardiac patients who have the right ventricular outflow tract obstruction (RVOT) and a prior surgery history.
TPVR have a shorter hospital stay, fewer complications, and a less-invasive method. However, TPVR is more
expensive than surgical pulmonary valve replacement (SPVR). This raises access concerns for low income
countries. There are no cost-effectiveness studies in Indonesia, and limited efficiency evidence due to rare
disorder. It is a challenge in building the appropriate access strategies. Therefore, this study aims to investigate
the cost-utility, resulted in total costs, quality-adjusted life-years (QALYs), life-years (LYs) and incremental cost-
effectiveness ratio (ICER). The analysis included costs associated with hospitalization, inpatients and

outpatients, and complication costs.

A Markov simulation was modelled to estimate a hypothetical cohort of cardiac surgery
experienced paediatric patients who require RVOT remodelling via either SPVR or TPVR during lifelong care.
The methodology follows Indonesian health technology assessment guideline, and clinical inputs were derived
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1.1.

CHAPTER I INTRODUCTION

BACKGROUND AND RATIONALE
Congenital heart diseases (CHDs) present a range of abnormalities in the heart’s
structure and function of newborn that leads to detrimental effects either physical or
functional forms" 2 This condition acquires from a combination both genetic and

environmental factors® >

. This disease also has two types: acyanotic and cyanotic.
Acyanotic heart disease means that the pumping blood flow has deformity although they
have normal pulmonary circulation and oxygenation®®. This condition is commonly as
asymptomatic and rarely found because a murmur. This condition also includes left to
right shunts, obstructive and miscellaneous lesions®. Another group is cyanotic which is
normally detected as symptomatic. Thus, the classification of cyanotic CHDs depends on
their pathophysiology such as pulmonary venous hypertension, increased and decreased
pulmonary blood flow. In some case of cyanotic heart defects, right ventricular is
considered due to its role in the pulmonary or the systemic circulation. This condition is
normally found in adult congenital heart disease (ACHD) which can manifest to
transposition complexes and pressure overload. Consequently, it will lead into RV
dysfunction®”.

Right ventricular outflow tract (RVOT) dysfunction is attributed to several
mechanism of cardiopulmonary diseases, including complex CHDs, valvular heart diseases,
acute myocardial infarction, and pulmonary hypertension. It implies from the increasingly
acute and chronic heart failure with preserved ejection fraction (HFpEF)'. This pathology
often exists after intervention of surgeries which is associated with the right ventricle (RV)
and pulmonary artery (PA). It also be found in patients who suffer from several types of
CHDs with the commonest is tetralogy of Fallot (ToF), as resulted by conotruncal
cardiovascular disease in cyanotic congenital heart defect (CHD)® ™.

Nowadays, the incidence rate of CHD in global is around 6-9 per 1,000 live births
while in Asia continent accounts for 9.3 of 1,000 newborn. It means total patients in CHD
will estimate approximately 40,000- 50,000 cases in Indonesia when total population is 274
million people and Indonesian fertility rate is 2.18%'*". Although the survival rate was
improved around 18.7% and the mortality rate was declined around 34.5% from 1990 to

2017, appropriate and innovative interventions must be performed in terms of improving

quality of life and lowering disability'. In-depth understanding of congenital cardiopathies



both diagnostic and management is also essential to increase survival rate since they need
reintervention during their lifetime. Hence, surgical pulmonary valve replacement (SPVR) or
transcatheter pulmonary valve replacement (TPVR) are expected to repair RVOT from the
RV structural abnormalities.

The SPVR is an open-handed surgical which is known as a gold standard for the
dysfunctional of RVOT. In the live births, the SPVR is a life-saving procedure and has a low
mortality rate; however, this procedure demonstrates some drawback points for lifetime
care. Firstly, the SPVR requires reoperation due to highly frequency of a failing RVOT
conduit'’. This condition, thus, potentially leads to derivation of cardiac functional status,
proven by pulmonary regurgitation (PR), pulmonary stenosis (PS), aneurysmal degeneration,
somatic growth, etc. Secondly, this technique requires more recovery time after
replacement, shown by the longer of length of stay in hospital and the delay of
improvement of RV function'®. Thus, the SPVR is unfavourable unless it is performed to
adults with CHDs and those required concomitant surgical procedures'™. Likewise, the
SPVR requires reintervention of an open-chest reconstruction over patients’ lifetimes® **

The TPVR, whilst, is a less-invasive therapy for patients that has been reported as a
safe and an effective method to repair the dysfunctional of RVOT, proven by less than
25% of patients required reintervention®” . The studies from systematic reviews reported
that TPVR can shorten the length of stay in hospitals and reduce the procedure-related
complications®. Likewise, TPVR has a high possibility to procedural success rate, an
increased cardio capacity and sustained haemodynamic functions by improved the
severity of PR and transpulmonary peak systolic gradient. Instead of its benefits, infective
endocarditis has been frequently occurred in TPVR than SPVR that should be considered®®
25.

As a consequence, TPVR currently indicates for off-label cases to treat RVOT, and
on-label indications to patients who have symptoms of heart failure requiring
pharmacotherapy, severe RV hypertension, and mean Doppler gradients across the PV of
>50 mmHg also 30 mmHg respectively ** %, Not to mention, the procedure of TPVR for
RVOT should be conducted by a careful assessment of patient preferences and a
multidisciplinary specialist team to achieve a high success rate. It obviously makes this
intervention high cost compared to surgical treatment.

Regarding to a higher cost of TPVR outweigh SPVR, the economic evaluation should

be conducted to deal with limited healthcare resources. Also, health economic evaluation



for introduction new technology is required for providing effective decisions both
healthcare professionals, stakeholders, and decision makers. Thus, health economic study
will benefit in determining reimbursement rate to government, considered by actual cost
from hospital system. Eventually, this study aims to investigate the cost-effectiveness of
TPVR considering the SPVR as the comparator among Indonesian patients with a history of

right ventricular outflow tract correction.

1.2. OBJECTIVE

To investigate the cost-effectiveness of using transcatheter pulmonary valve replacement
compared with surgical pulmonary valve replacement Indonesian patients with a history

of newborn right ventricular outflow tract replacement.

1.3, RESEARCH QUESTION

How do the results of TPVR versus SPVR among patients with pulmonary valve disease in
right ventricular outflow tract obstruction in Indonesia reflect to lifetime costs and total

life-years?

1.4. HYPOTHESIS

The TPVR may successfully perform a longer life-years (LYs) gained along with Indonesian
patients with a history of right ventricular outflow tract restoration and potentially result

a cost-effective comparing SPVR.

1.5. CONCEPTUAL FRAMEWORK

A conceptual framework of the research study is illustrated below:

N\ N\ N\

RVOT PVR HEOR
. transcatheter or (total costs, total LYs,
e surgical ICER)

Figure 1. Conceptual framework of study

1.6. EXPECTED BENEFITS
The findings will be evidence supported for healthcare professional and policy makers to
make effective decisions for the future use of transcatheter pulmonary valve

replacement.



2.1

2.2.

CHAPTER Il LITERATURE REVIEW

CONGENITAL HEART DEFECTS

Congenital hearts disease (CHD) is the most frequently diagnosed in the birth defect.
The incidence trend of CHD remained stable in globally and was relatively low in most
high-income countries; however, a high rate has still found in low- and middle-income
countries (LMICs), specifically located in Afrika and Asia'®. In addition, one common type
of CHD is the dysfunctional of right ventricular outflow tract (RVOT) which estimated to

4% of prevalence rate (around a 1-9% of prevalence range)® *".

RIGHT VENTRICULAR OUTFLOW TRACT DYSFUNCTIONS & PULMONARY
VALVE DISEASES

Right ventricular outflow tract (RVOT) obstruction occurs due to the increased right
ventricular pressures. It can manifest to right-sided heart failure'®. The aetiologies include
congenital, iatrogenic and non-specific caused neither congenital nor iatrogenic?’. This
condition is frequently found to adults with congenital heart diseases (ACHD) due to
initial repaired of the tetralogy of Fallot®. The clinical prognosis will progressively result
to pulmonary stenosis or pulmonary regurgitation, or both which leads to
haemodynamic impairment.

Pulmonary Stenosis (PS) is a characteristic from cyanotic congenital heart defect that
requires treatment although it may have asymptomatic at the beginning of disease
progression. The reason is to prevent the possibility of serious complications such as
pulmonary regurgitation, permanent cardiac deformation, and heart failure®. Pulmonary
stenosis (PS) is characterised by approximately 8-10% of all congenital heart defects,
combined with other lesions® *

Pulmonary regurgitation (PR) is the most occurred after replacement of congenital heart
disease, such as previous valvuloplasty for Pulmonary Stenosis (PS), Pulmonary Atresia,
and repaired Tetralogy of Fallot (ToF). This condition is associated with volume overload.
To identify which severity of PR, the classification includes none/trivial/trace, mild,
moderate, and severe. It is useful to determine further clinical intervention whereas each
severity probably manifests to a significant impact to enlargement or the dysfunctional
of right ventricle. It also can generate to exercise intolerance, arrhythmias, and sudden

cardiac death®" 32,



2.3.

As a result, evaluation, monitoring, and management of these diseases are critical to
identify the prognosis of diseases. Advance in diagnostic test is required to achieve
optimal goals for heart functional status and maintain clinical consequences for long-

term care.
THE CLINICAL ASSESSMENT OF RIGHT VENTRICULAR OUTFLOW TRACT
DYSFUNCTIONS & PULMONARY VALVE DISEASES

The lesions from pulmonary valve diseases should be assessed according to the grading
of severity both qualitative and quantitative methods. Performing a comprehensive
evaluation can be applied by utilizing variety of diagnostic measurements, including
transthoracic  echocardiography (TTE), Doppler Echocardiogram, Cardiac Magnetic
Resonance Imagining (MRI) and Three-dimensional of Echocardiography”".

2.3.1.  Transthoracic Echocardiography (TTE)

2.3.2.  Doppler Echocardiogram

2.3.3.  Cardiac Magnetic Resonance Imagining (C-MRI)

2.3.4. Three-dimensional of Echocardiography
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2.4,

SURGICAL VS TRANSCATHETER PULMONARY VALVE REPLACEMENT

Surgical pulmonary valve replacement (SPVR) is favourable for adults who have
undergone replacement of TOF and characterised by moderate or greater PR with other
malformations which requires open-heart surgery'. This technique is a gold standard
therapy to repair of PR in ToF although it is very invasive and requires more recovery
time after procedure, shown by the longer of length of hospital stay (LoS)'" .

Over the time, transcatheter pulmonary valve replacement (TPVR) comes as a less
invasive therapy to patients who have had a previous RVOT conduit or valve
replacement. It has been initially launched since 2000 by Dr. Bonhoeffer to treat a 12-
year-old boy with pulmonary stenosis (PS) and insufficiency of a prosthetic conduit from
the right ventricular to the pulmonary artery®. Therefore, the population of this
condition is normally started from adolescents or young adults to consider long-term
consequences.

According to meta-analysis, TPVR is more favourable in every clinical outcome. Firstly,
early mortality was approximated by 0,2% of TPVR compared to SPVR cases. Another
short-term outcome is procedure-relate complication which is significantly lowering to
incidence rate. For midterm outcomes both mortality and reintervention are less found
in TPVR compared to SPVR. However, endocarditis incidence was highly diagnosed into
TPVR than SPVR®. Despite of endocarditis case, TPVR based on this systematic review has
potential results to be value-based healthcare.

In Norway, along with 34 patients participated in the study whereas TPVR was attempted
in 20 patients (median age: 8-36 years), and around 14 patients (median age: 9-53 years)
received surgical repairment. The reported study has captured the most precise stage of
micro-costing, including length of stay (LoS) and pre-operative, per-operative, post-
operative phases. Although, the TPVR spent more expenses at the pre-intervention than
open-heart surgery but the TPVR is more cost-saving, presented by the high post-
treatment cost SPVR and the LoS’s costs of TPVR were lower mean $3885, compared to
SPVR mean $17,848%

In a multicentre trial from Europe to Canada reported that after long-term follow-up
within a 5-year, TPVR showed not only ensuring better haemodynamic performance,
proven by Echocardiographic and NYHA functional classes but also improving patients’

quality of life, demonstrated by visual analogue scale (VAS) and EQ-5D utility index.



2.5.

2.6.

10

Although it reports only single study, the increased utility value from pre-implant (0.808)
to one year post implanted (0.921) is promisingly recommended for further strategies'.

CLINICAL OUTCOMES

2.5.1.  Mortality rates
The incidence mortality after repaired is divided into two groups. First is
periprocedural mortality or early mortality which accounts around 30 days after
replacement. Second is mortality during follow-up period which occurs within
lifetime follow-up. According to a meta-analysis result, TPVR is more favourable
compared to SPVR. In the preprocedural mortality, the case finding in TPVR is

less occurred which approximated 0,2%.

2.5.2.  Significant pulmonary regurgitation
Pulmonary regurgitation is resulted in repaired congenital heart defects or
specifically tetralogy of Fallot. It commonly occurs due to the dilatation of the
valve conduits or patients who get pulmonary arterial dilatation as a
manifestation from pulmonary hypertension (PH)*.. It is also found in
echocardiogram as a follow-up intervention to track both PS and PR. The
prognosis of PR depends on the severity of PR grading. Therefore, the evaluation

and management of PR require the interprofessional team.
ECONOMIC EVALUATION

Health economics have been grown popular since the implementation of universal
health coverage due to making sure that every people have access to healthcare
services without financial hardship. The topic of health economics includes all essential
healthcare programmes such as promotion, prevention, treatment, rehabilitation, and
palliative care. To assess those programmes and prevent them from inefficiency,
economic evaluation in healthcare system is prominent role to achieve the efficiency of
resources to the implementation of healthcare services. The purpose is to provide
information in which intervention is the most cost-effective strategy meanwhile the
allocation are limited®. It also can be beneficial to determine decision-making process
either interventions or services to directly aiming for patients®. Therefore, economic
evaluation explicitly compares between the outcomes and the included costs to provide

decision makers for further recommendation both health policies and strategies. In this
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condition, the most cost-effective strategy will be called as dominant®. The result also

presents as incremental cost effectiveness ratio (ICER).
TYPE OF ECONOMIC EVALUATION

In general, the economic evaluation is categorised into two groups. The first is partial
economic study which independently measures either costs or outcomes of health
technologies or policies without looking for their consequences. The second is full
economic study which assesses two or more alternative strategies about. It is typically
used to compare between new technology and standard intervention®. Furthermore,
the type of economic evaluation also defines based on the outcomes measurement that

study looks for, as explained in Table 2.

Table 2.Type of economic evaluation

Type of economic Input Output Implementation
evaluation (costs) (consequences/outcomes)

1. Cost-illness analysis* % |dentify total cost, | Monetary value Comparing  of net cost of
costs by implementation intervention  with
component, and equivalent outcomes. It determines as
unit  costs  and the economic burden to society
consider the caused by illness.
myriad  included
factors

2. Cost-minimalization Unit cost The alternative technologies | Comparing costs and choosing the

analysis (CMA)* should be equivalent affordable intervention

3. Cost-benefit analysis | Unit cost Monetary units Comparison between more alternative

(CAY™ ™ strategies where the outcomes and
costs are presented in monetary units

4. Cost-effectiveness analysis | Unit cost The alternative technologies | Making decision for technical efficiency

(CEA)*™ are not equivalent, and it | or the optimal strategies
assesses in natural units.
5. Cost-utility analysis | Unit cost, utility | Humanistic: Comparing the various of healthcare
(Cuay2® value Quality-adjusted life years | strategies which has similar area
(QALYs) between each  other, including
mortality and morbidity.

VALUE-BASED HEALTHCARE RESEARCH

Over the years, the trend of healthcare system has changed from volume-based care to
value-based healthcare since universal health coverage (UHC) has been globally

promoted by World Health Organisation (WHO). Value-based healthcare is a programme
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for given incentive payments or reimbursement, or both, accounted by patient-centred
outcomes. This aims to support delivering of healthcare services into ensuring quality
care. Therefore, value-based healthcare is called as a long-term outcome of cost-
effectiveness analysis (CEA)*® .

Value in healthcare focusses on expanding health benefits and reducing health
expenditures to achieve efficiency, equitability, and sustainability of high quality for
patients. This is an innovative method to optimise clinical outcomes that matter to
patients and raise patient satisfaction. Meanwhile, overall healthcare costs and burden
can be promisingly reduced since this method puts payment based on performance and
quality metrics instead of implementing fee of service or claim-based package system®"”
* Therefore, value-based healthcare research comes to systematically evaluate those in
the healthcare system.

Value-based healthcare research provides a form to guide and support researchers and
any research collaboration to create system priorities®® **. This method hereby requires
both a well-established model and a collective commitment, including researchers,
physician, patients, and providers. This team comes together to design and formulate
how healthcare strategies will be provided and funded in the future to improve health

service provision.
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CHAPTER Il METHODOLOGY

OVERALL MODEL SIMULATION

The economic modelling of this study is a Markov cohort simulation that was
designed by using a Microsoft Excel® macro-enabled workbook to evaluate the
incremental cost-effectiveness ratio (ICER). The economic modelling provides several
following assumptions for all RVOT patients in 15 years old with the early age (2-4 years
of age) had initial SPVR (SPVR), as shown in Figure 2. First assumption is patients
undergoing 1* repeated and 2" repeated SPVR within 15 years of interval. The second
assumption illustrates patients who were eligible for initial TPVR (TPVR,) after SPVR,.
These patients then continued with 1% repeated and 2™ repeated of TPVR within 10
years of interval due to the best used from the medical device. From all scenarios,
patients got probability to still alive in each annual cycle and/or distributed to
intervention and/or natural death. All patients after 45 years old of SPVR and TPVR will
have a high mortality risk up to 10 times from natural death due the atrial and
ventricular arrhythmias risk will get a higher after 45 years'. Likewise, the models
simulate a hypothetical cohort of 1,000 patients with annual cycle length.

In cost inputs, the currency rate was converted from 2023 Indonesia Rupiah/IDR
to 2023 US Dollars/USD (1USD= 14,824.75IDR)*’. Each pricelist is adjusted to 2023 of
consumer price index’. Thereafter, total costs were presented into actual costs of each
component as mentioned to hospital rates. The model was not directly visualised
further long-term complications occurred beyond one year post-implanted. However,
each SPVR and TPVR have taken cost of system and IPD during intervention process.
Also, intervention death and some complication risk such as pacemaker implantation,
procedure-related complications and/or endocarditis treatment have incurred in total
costs.

Furthermore, total actual costs and clinical parameters plugged into a
hypothetical cohort simulation to obtain incremental cost-effective ratio (ICER) by
dividing cost per quality-adjusted life-years (QALYs) gained. The ICER threshold that has
been established for acceptable cost-effective in Indonesia is 1-time of GDP/capita in
which 1 GDP is 3900 USD (57,816,525IDR)**. All outcomes of being interest beyond the
annual rate of the model were discounted at 3% as recommended by Indonesian HTA

guideline®.
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RVOT > Death

Figure 2. A Markov cohort simulation model for population who had a prior RVOT

replacement.

3.2.

3.3.

COMPARATOR AND INTERVENTION

This study used SPVR as comparator meanwhile TPVR is the intervention. Since the

brands of those interventions are varied in worldwide, the estimated charge of those

medical devices used an available information of a market price.

MODEL INPUT PARAMETERS

3.3.1.

3.3.2.

Transition probabilities and clinical inputs

Two meta-analyses and two original articles were found to calculate mortality
rates and annual complication risks for patients undergoing TPVR and SPVR
procedures® ***% These parameters thus extrapolated to over the time horizon

of the analysis. Details of input parameters are reported in Table 3.

All incurred costs

All cost inputs were derived from hospital’s website at National Cardiovascular
Centre Harapan Kita Hospital, Jakarta, interview to clinical experts, and published
available resources in Indonesia. Cost inputs were estimated by hospital rates as
actual costs. The actual costs were grouped into 5 components, including costs
of a routine visit, total costs of SPVR (system and inpatient), total costs of TPVR
(system and inpatient), costs associated with procedure-related complications
and costs of endocarditis treatment. Per each component has each cost items,
as explained in Appendix 1. Also, the class 3 of treatment was selected to

estimate a charge of service for inpatient department (IPD).
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3.3.3.  Utility values
Utilities were drawn and estimated linear extrapolation to extend utility data
from clinical trials, located in Europe and Canada®. Details of utility index were

described in Table 3.

Study Outcomes

The results were presented by total lifetime costs, total QALYs, total LYs, and ICER as the

outcomes of interest in this study.
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3.5.3.

STUDY ANALYSES

Baseline analysis

The baseline analysis was applied to estimate the expected lifetime costs and
outcomes over a lifelong care. This demonstrated by dividing incremental cost
with incremental life-year, and then presented it as an incremental cost-
effectiveness ratio (ICER= USD/QALY). Hence, the ICER will be calculated by using

formulation below:

B total costs of TPVR — total costs of SPVR
" total QALYs of TPVR — total QALYs of SPVR

ICER

A cost-effective decision will be considered to TPVR intervention when the
estimated ICER is not higher than the threshold of 3900 USD/QALY, or

approximately 1-time GDP.

Sensitivity analyses

Sensitivity analyses are depicted by two approaches. The first is using
deterministic sensitivity analysis (DSA). It will test the robustness of the model
results changed under uncertainty parameters and inform decision makers about
the outcomes. It also aims to rank in order of importance parameters. In the
absence of specific ranges, the values for utilities, clinical inputs and costs were

varied by + 5%, 10%, and 10%. The analysis was shown by a tornado diagram.

The second is probabilistic sensitivity analysis (PSA) which aims to address
uncertainty between all parameters. PSA was calculated by using a Monte Carlo
simulation. This simulation was run 1,000 iterations of parameters. The results
were visualised by a cost-effectiveness plane (CEP) and a cost-effective
acceptability curve (CEAC). CEP aims to evaluate a cost- effective under different
willingness-to-pay (WTP) thresholds while CEAC quantifies the ratio of probability

cost-effective.

Threshold analysis

Threshold analysis aims to estimate how ICER results are influenced to a varied
price of TPVR system. A varied price of TPVR system will begin from price raising
to price reduction against current price but it depends on ICER result in the

baseline scenario.
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CHAPTER IV RESULTS

4.1. Baseline analysis
The base case results are explained in Table 4. Total projected costs over a lifelong care
were higher in TPVR (71,033.15 USD) compared to SPVR (23,946.02 USD). In terms of a higher
of total costs, TPVR produced more quality-adjusted life-years (QALYS) gained and more life-
years (LYs) gained compared to SPVR (14.23 versus 11.77 and 16.64 versus 13.27). These
results interpreted that TPVR was more effective outweigh SPVR, but TPVR did not meet the
Indonesian willingness-to-pay (WTP) threshold of 3,900 USD.

Table 4. The results of incremental cost, QALY, LY and ICER

Cost (USD) QALYs LYs ICER (USD/QALY)  ICER (USDI/LY)
TPVR 71,033.15 14.23 16.64
SPVR 23,946.02 1177 13.27
Incremental 47,087.13 245 3.38 19,191.37 13,944.68

4.2. Sensitivity analyses
4.2.1. Deterministic Sensitivity Analysis (DSA)
A tornado diagram informed that utilities had a significant factor on the ICER. It
means that patients undergoing initial TPVR had a higher utility index than those
who received 1% repeated SPVR for RVOT remodelling. However, a higher cost of
TPVR system was a contributor to increase ICER across 19,191.37 USD/QALY of
ICER’s baseline.
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utility index initial TPVR (0.875-0.967)
utility index 1st repeated SPVR (0.865-0.956)
utility index 1st repeated TPVR (0.788-0.870)

price of TPVR system (25,497.90-31,164.10) —— s
probability from 1st repeated SPVR to death (0.013-0.019) e
utility index 2nd repeated SPVR (0.778-0.860) —
utility index 2nd repeated TPVR (0.708-0.783) e —
probability from 2nd repeated SPVR to death (0.093-0.114) e —
price of SPVR system ({6,304.15-9,895.11) D —
charges of SPVR IPD (2,825.23-5,691.07) e —
charges of TPVR IPD (1,391.17-2,936.16) -
charge of pacemaker implantation (3,255.74-7,835.45) — ® maximum
charge of procedure-related complications (469.87-1,665.70) s B minimum
charges of OPD (366.93-674.72) -
transition probability 1st repated TPVR to death (0.006-0.007) -
charge of endocarditis treatment (847.22-2,866.14) -
annual risk of pacemaker implantation (0.032-0.038) "
transition probability initial TPVR to death (0.0009-0.001) "
annual risk of procedure-related complications in SPVR (0.144-0.176)
utility index no intervention (0.285-0.315)
annual risk of procedure-related complications in TPVR (0.044-0.054)
annual risk of endocarditis treatment in TPVR (0.022-0.026)
annual risk of endocarditis treatment in SPVR (0.006-0.007)
12,000 15,000 18,000 21,000 24,000 27,000

Incremental Cost-Effectiveness Ratio (ICER = USD/QALY)

30,000

Figure 3. A tornado diagram from TPVR versus SPVR

Probabilistic Sensitivity Analysis (PSA)

The ICER scatter plot visualised on the results of cost-effectiveness plane (CEP) from
1,000 iterations of parameters (Figure 4). The visualisation had shown in the north-
east quadrant in which TPVR yielded more QALYs gained but it was overpriced to
reach out Indonesian WTP threshold. The cost-effectiveness acceptability curve
(CEAQ) illustrated the likelihood of those intervention options at various WTP values.
Based on Figure 5, a better chance of being cost effective could be raised as well as
the increased level of WTP threshold. As an example, a 100% of being cost-

effective will be achievable when WTP Threshold increased up to 30,000 USD.
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ieure 4. A cost-effective plane demonstrated ICER scatter plots of 1,000

iterations for TPVR versus SPVR.
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Figure 5. A cost-effectiveness acceptability curve performed probability of

being cost-effective for TPVR versus SPVR.
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4.3. Threshold analysis
For determining an optimum price of TPVR system in being a cost-effective, the estimated price
should be around 10,000 to 12,500 USD or the cost reduction should be approximately 60-70%

lower against a current price of TPVR system.

24,000

2062535
20,000

16,000 16,225.39

12,000 12,032.43

8,000 773747

4,000

Incremental cost-effectiveness ratio (USD/QALY)

0
Costof TPVRsystem 30,000 25,000 20,000 15,000 12,500 10,000 5,000

A price reduction of
TPVR system 0% 17% 33% 50% 58% 67% 83%

Figure 6. A threshold varying price of TPVR system analysis



CHAPTER V DISCUSSIONS AND CONCLUSIONS

5.1. Discussion
To the best of our knowledge, the health economic evaluation of TPVR versus SPVR from
this work is the first study in the Indonesian setting. In terms of following assumptions along
with the results, this study provides insight into the value for money for implementation of
TPVR in Indonesia. An incremental cost-effectiveness result (ICER) of 19,191.37 USD/QALY
(284,507,191.15 IDR/QALY) is thus projected for over lifetime.
From a revealed result against one GDP, TPVR was not categorised into cost-effective
intervention in paediatric patients with a history of RVOT restoration at a celling ratio of 3900
USD/QALY but it has more effective compared to SPVR, as illustrated in Figure 4. Although
the level of WTP lifted the celling ratio up to three times of GDP (11,700 USD/QALY) as
presented in Figure 5, TPVR had not a probability of being cost-effective. A threshold of WTP
should be increased to 30,000 USD/QALY for chasing a-100% of being cost-effective which is
only achievable in nations with its status of advanced income economies. Alternatively,
negotiating a fair price of TPVR should be considered between those parties, including,
government, manufacturers, health charities or those who have been invested in innovation,
research, and development sectors.
Another consideration in negotiating and determining a fair price is not only based on their
positive outcomes in overall clinical studies of TPVR. A different trend of costing analyses in
many advance high-income countries towards their results should be paid attention in
determining price negotiation. Starting from the health economic studies were initially
reported from Atlanta, United States®® and London, United Kingdom® in 2011. In Atlanta,
total projected costs within 5 years between TPVR and SPVR were $72,837 and $52,209
respectively. A higher price of 24,000 USD in Melody valve played a role for total costs in
which this price was almost three times for SPVR’s valve system. In London, the estimated
total costs both TPVR and SPVR over a period of 25 years were expected to £8,734 and
£5,791. As such Atlanta’s study, a higher cost was resulted from Melody valve.
Similar studies from Virginia (2013) and Yale (2015) in United States published that TPVR
offered promisingly less of overall costs due to the shorter hospital stay and the lower
complication costs®® ®". A study from Oslo, Norway in 2017 reported that TPVR has

potentially become cost-saving, presented by a lower cost of several hospital charges such
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as medical disposables, diagnostics, drugs, blood products, etc. Although medical device of
TPVR is a main contributor to increase total costs, SPVR treatment still holds more
expensive specifically when paediatric patients growing up to adults with congenital heart
failure due to acquired complications have followed™. Other studies also released that
total costs TPVR was associated with a higher of hospital costs in the database of Paediatric
Health Information System (PHIS, 2016) and Utah (2018), United States®® ®. The Nationwide
Readmissions Database (NRD, 2019) from 35 states in United States’®, oppositely presented
that TPVR was lower overall charges compared to SPVR. A reported study in 2018 published
that the projected total costs within a 5-year period were higher charges for TPVR over SPVR
in California, United States "%. In 2020, a published study from Georgia, United States showed
that TPVR increased hospital costs over SPVR™.

As displayed in the tornado diagram, utility index of initial TPVR plays a higher impact
on reducing the ICER while TPVR system is a major cost-driving factor of raising the ICER
towards total charges in the healthcare services. Regardless of TPVR system’s price, a shorter
hospitalisation, and a better = haemodynamic functional status, measured by
echocardiography and cardiac MRI, are most favourable outcomes that should be taken in
into consideration® .

As depicted on threshold varying cost of TPVR system, the price reduction should be
ranged to 60-70% or 10,000 to 12,500 USD. Thus, a probability of being cost-effective can be
achieved it based on this scenario. In addition to this, the estimated cost reduction may
assist stakeholders to calculate budget allocation for TPVR system. For example, around 4%
of CHD patients as a prevalence rate require RVOT replacement or CHD patients were
estimated to 1,911 with RVOT”". If the TPVR price allocates to 10,000 USD, budget impact is
allocated to roughly 19,2 million USD. Alternatively, the estimated budget should be around
23,9 million USD if an optimum price of TPVR will be chased to 12,500 USD.

In this study, several factors made the analyses were strength. Firstly, two meta-
analyses were used to depict the clinical outcomes and mortality of TPVR versus SPVR.
Secondly, Indonesia-specific cost inputs were plugged in the analysis. It thereby could be
utilised to the Indonesian National Insurance Scheme. Thirdly, this study was followed in
accordance with Indonesian HTA Guideline. Furthermore, this study provides insight into the
value for money of TPVR in Indonesia. Moreover, this study considered the updated of

existing evidence related to clinical outcomes and cost implications of TPVR versus SPVR. It
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therefore benefits health professionals, stakeholders, policy decision makers, for further

decision making.

Conclusion

TPVR does not offer a cost-effective treatment in consideration with SPVR as a comparator
during a period of lifetime. It is shown by a huge uplift of ICER (19,191.37 USD/QALY) against
one GDP (3900 USD/LY) as the Indonesian WTP. It also might be predominantly posed by
the price of TPVR’s system. Of these, around 60-70% of cost reduction could be alternative
strategy to support TPVR provision as a cost-effective intervention. Despite of outlined
results, this study is the first health economics evaluation providing evidence about cost-

utility of TPVR in comparison with SPVR using actual costs.

Limitation

The limitations include three points. Firstly, the extrapolation of long-term complication
charges such as concomitant procedures were not included to assessment due to scarce
resources of disease’s case and this model does not apply to patients with a high
complexity of RVOT. Secondly, total costs were not incurred direct non-medical costs from
patients such as, transportation, accommodation, food, and other additional charges during
patients’ treatment because this study used payer perspective. Thirdly, utility index was

acquired from clinical trials for Europe and Canada population as a proxy for quality-of-life.

Recommendation - from this study

Further real-world studies from Indonesia are needed to confirm our current results.

Recommendation - lessons learned for Indonesia.

Further investigation on longitudinal care of patients and out-of-pocket expenditure data are
required to increase collective impact by providing the best available evidence. It will
definitely play an important role in estimating the national status of CHDs with a previous
RVOT replacement and their budget impact in Indonesia systematically. Eventually, special
efforts should be considered for promoting more cooperation in reducing costs and
increasing access while bringing hope for patients and their families. Likewise, it will drive to

enhancement of clinical practice and effective healthcare policies.
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Cost per unit

Total costs

. References . References
aty Unit usD ($) (cost per unit) Frequency Period (frequency) usD ($)
_ baseline minimum maximum baseline minimum maximum SE

A Cost items for (a routine visit) ] 396.86 366.93 674.72 78.52
1 hospital card 1 card 202 1.69 202 https://idih.kemenkeu.go. 1 lifetime interview 2.02 1.69 202 0.09
2 administrative charge of OPD 1 visit 101 101 169 https://jdin.kemenkeu.go. 2 semester interview 2.02 202 337 034
3 consultation charge to sub-cardiologist 1 person 2361 2.61 2698 https://jdih.kemenkeu.go. 2 semester interview 47.22 7.2 53.96 172
4 consultation charge to cardiologist 1 person 13.49 13.49 2226 https://idih.kemenkeu.go. 2 semester interview 26.98 26.98 .52 447
5 radiology service charge 1 service 675 6.75 89.04 i 2 semester interview 13.49 13.49 178.08 41.99
6 fluoroscopy* 1 test 21.37 19.24 2351 https://www.kemhan.go.i 2 semester interview 42.75 38.47 47.02 218
7 electrocardiogram (ECG) 1 test 685 617 7.54  https//farmalkes.kemkes.g 2 semester interview 1371 1234 15.08 0.70
8 i colour and doppler 1 test 60.71 54.64 6678 https://www.pjnhk.go.id/f 2 semester interview 121.42 109.28 133.56 619
9 consultation of rehabilitation programme 1 person 10.12 9.11 1113 https://www.pinhk go.id/; 1 year interview 10.12 9.11 1113 052
10 rehabilitation programme 1 package 97.81 88.03 107.59  https://www.pjnhk.go.id/§ 1 year interview 97.81 88.03 107.59 4.99
11 pharmacy | I I

a) bisoprolol 1x 5 mg 30 tablet/month 001 0.01 015 https://e-katalog.Jkpp.go.i 12 months interview 3.96 396 54.18 1281

b) aspirin 1x 75 mg 30 tablet/month 001 0.01 004 https://e-katalog.lkpp.go. 2 months interview 5.25 525 13.06 199

¢) pharmacist service charge 1 visit 5.06 455 557 https://www.pjnhk.go.id/y 2 semester interview 10.12 911 1113 052
12 other charges - - -

B Cost items for SPVR valve system ] — 6,622.37 6,304.15 9,895.11 916.06
1 pulmonary valve conduit 1 valve 3,182.18 2,863.96 350040 https://e-katalog.lkpp.go. 1 intervention/year interview 3,182.18 2,863.96 3,500.40 162.36
2 anyincluded procedure 1 procedure 3,440.19 3,440.19 639471 http://farmalkes.kemkes 1 intervention/year interview 3,440.19 3,440.19 6394.71 753.70

C_Cost items for SPVR inpatient department ] 2,825.23 5,691.07
1 administrative charge of inpatient 1 visit 169 101 169 1 year interview r 101 169
2 intensive care unit (ICU) bed along with physician’s visit 1 procedure 17538 157.84 192.92 2 days SRMA (https://www.an 35076 31569 385.84
3 hospital bed (3rd class) 1 procedure 26.98 24.28 20.68 6 days SRMA (https://www.an 161.89 145.70 178.08
4 radiology service 1 service 89.04 6.75 89.04 8 days interview; SRMA (https: 71232 53.96 712.32
5 chest X-ray or diagnostic rontgen 1 test/day 2024 2024 20236 https://idih.kemenkeu.go. 2 days interview 4047 40.47 40473
6 electrocardiogram (ECG) 1 test/day 6385 617 7.54  http://farmalkes kemkes.g 6 days interview 4112 37.01 45.23
7 multi sliced computed tomography scan (MSCT-Scan) cardiac 1 test 263.07 23677 28938 https://www.pjnhk.go.id/ 1 pre intervention interview 263.07 23677 289.38
8  echocardiography colour and doppler transthoracic 1 test/day 60.71 54.64 6678 https://www.pjnhk.go.id/§ 8 days interview; SRMA (https: 48567 3711 534.24
9 MR 1 test 168.64 168.64 944.37  http://farmalkes.kemkes.g 1 pre intervention interview 168.64 168.64 94437
10  trans esophageal echo (TEE) with anaesthetic 1 test 526.15 47353 578.76  https://www.pjnhk.go.id/y 1 pre intervention interview 526.15 473.53 578.76

11 sub-cardiologist 1 person 2361 23.61 26.98 i 8 days interview; SRMA (https: 188.87 188.87 215.86

12 cardiologist 1 person 2024 13.49 226 8 days interview; SRMA (https: 161.89 107.93 178.08

13 surgeon 1 person 2024 13.49 2226 8 days interview; SRMA (https: 161.89 107.93 178.08

14 assistant surgeon 1 person 7.42 5.73 742 https://idin.kemenkeu.go. 8 days interview; SRMA (https: 59.36 45.87 59.36

15 general medical doctor 1 person 1113 6.75 1113 https://idih.kemenkeu.go. 8 days interview; SRMA (https: 80.04 53.96 89.04

16 clinical pathology (full blood count, urea, electrolytes, etc.) 1 test 134.91 2.02 13491 https://idih.kemenkeu.go. 1 procedure interview 134.91 202 13491

17 clotting 1 procedure 067 061 074 interview 1 procedure interview 067 061 074

18  crossmatch 1 procedure 202 182 223 interview 1 procedure interview 2.02 182 223 .

19 anaesthesic 1 procedure 337.27 303.55 37100 interview 1 procedure interview 33727 303.55 37100 17.21

20 blood transfusion or blood bank 1 procedure 269.82 12.14 269.82  http://farmalkes kemkes.g 1 procedure interview; SRMA (https: 269.82 12.14 269.82 65.73

0 phamar m —
a) furosemid injection 1 vl 017 012 027 i 8 days interview 135 1.00 214 0.29
b) furosemid tab 30 tablet/month 001 001 0.02 1 month interview 0.45 040 0.49 0.02
) IV Fluids 1 procedure 057 052 063 interview;https://e-katalog 8 days interview 459 413 5.05 023
d) captopril tab 30 tablet/month 002 0.01 004 interview 1 month interview 058 020 1.20 025
€) bisoprolol 1x5 mg 30 tablet/month 001 0.01 015 https://e-katalogIkpp.go.i 1 month interview 033 033 451 107
f) aspirin 1x 75 mg 30 tablet/month 001 0.01 0.04 ://e-katalog Ikpp.go.i 1 month interview 044 044 1.09 017
g) medication disposables 1 package 26.51 23.86 2916 interview;https://e-katalog 2 days interview 53.02 4172 58.32 27
h) pharmacist service charge 1 isit 5.06 455 557  https://www.pjnhk.go.id/f 8 days interview; SRMA (https: 4047 36.43 .52 2.06

22 other charges

D Cost items for TPVR medical device system 28,331.00 25,497.90 31,164.10 1,445.46
1 VenusP-Valve 1 device 26,981.91 20,283.71 20,680.10  interview 1 intervention/year interview 26,981.91 20,283.71 29,680.10 137663
2 anyincluded procedure 1 procedure 1,349.10 121419 1480.00  interview 1 intervention/year interview 1,349.10 1,214.19 1,484.00 68.83

E Cost items for TPVR inpatient department 1,840.18 1,391.17 2,936.16 394.13
1 administrative charge of inpatient 1 visit 169 101 169 https://idin.kemenkeu.go. 1 year interview 1.69 101 1.69 017
2 intensive care unit (ICU) bed along with physician's visit 1 procedure 175.38 157.84 192,92 https://www.pjnhk.go.id/f 1 day SRMA (https://www.an 175.38 157.84 192.92 895
3 hospital bed (3rd class) 1 procedure 26.98 2.28 2068 https://www.pjnhk.go.id/y 1 day SRMA (https://www.an 26.98 2.28 29.68 138
4 radiology service 1 service 89.04 6.75 89.04  https://jdih.kemenkeu.go. 2 days interview; SRMA (https: 178.08 13.49 178.08 41.99
5 chest X-ray or diagnostic rontgen 1 test/day 2024 2024 20236 https://idih.kemenkeu.go 1 day interview 2024 2024 202.36 46.46
6 electrocardiogram (ECG) 1 test/day 685 617 7.54  http://farmalkes kemkes.g 2 days interview 1371 1234 15.08 0.70
7 multi sliced computed tomography scan (MSCT-Scan) cardiac 1 test 263.07 23677 289.38  https://www.pjnhk.go.id/ 1 pre intervention interview 263.07 23677 289.38 13.42
8 i colour and doppler i 1 test/day 60.71 54.64 6678 https://www.pjnhk.go.id/§ 2 days interview; SRMA (https: 121.42 109.28 133.56 619
9 MR 1 test 168.64 168.64 944.37  http://farmalkes.kemkes.g 1 pre intervention interview 168.64 168.64 94437 197.89

10 trans esophageal echo (TEE) with anaesthetic 1 test 526.15 47353 578.76 ‘www.pjnhk.go.id/f 1 pre intervention interview 526.15 473.53 578.76 26.84
11 sub-cardiologist 1 person 2361 2.61 26.98 kemenkeu.go. 2 days interview; SRMA (https: 47.22 7.2 53.96 172
12 cardiologist 1 person 2024 13.49 2226 idih.kemenkeu.go. 2 days interview; SRMA (https: 4047 26.98 44.52 4.47
13 surgeon 1 person 2024 13.49 2226 ://idih kemenkeu.go. 1 procedure interview 2024 13.49 2226 224
14 assistant surgeon 1 person 7.42 573 742 https://jdih kemenkeu.go. 1 procedure interview 7.42 573 7.42 043
15 general medical doctor 1 person 1113 6.75 1113 https://jdih.kemenkeu.go. 2 days interview; SRMA (https: 2226 13.49 2226 224
16 clinical pathology (full blood count, urea, electrolytes, etc.) 1 test 13491 202 13491 https://idih.kemenkeu.go. 1 procedure interview 134.91 202 13491 33.90
17 clotting 1 procedure 067 0.61 074 interview 1 procedure interview 067 061 074 0.03
18 crossmatch 1 procedure 202 182 223 interview 1 procedure interview 202 182 223 010
19 anaesthesic 0 procedure 337.27 30355 37100  interview 0 not applicable, include d interview - - - -
20 blood transfusion or blood bank 0 procedure 269.82 12.14 260.82  http://farmalkes kemkes.g 0 not applicable, only occt_interview; SRMA (https: - - - -
21 pharmacy | [ L §r 5 __§ |
a) furosemid injection 1 vl 017 012 027 https://e-katalog Ikpp.go.i 1 dayaticu interview 017 012 027 0.04
b) furosemid tab 30 tablet/month 001 0.01 002 https://e-katalog.Ikpp.go.i 1 month interview 045 040 0.49 0.02
©) IV Fluids 1 procedure 057 052 0.63  interview;https://e-katalog 2 days interview 115 103 1.26 0.06
d) captopril tablet 30 tablet/month 002 0.01 004 interview 1 month interview 058 020 1.20 025
e) bisoprolol 1x 5 mg 30 tablet/month 001 0.01 015 https://e-katalog.Jkpp.go.i 1 month interview 033 033 451 1.07
f) aspirin 1x 75 mg 30 tablet/month 001 0.01 004 https://e-katalog.Jkpp.go.i 1 month interview 0.44 044 1.09 017
g) heparin 1 vl 337 3.03 371 https://e-katalog.Jkpp.go.i 1 dayaticy interview 337 303 37 017
h) medication disposables 1 package 26.51 2386 2916 interview;https://e-katalog 2 days interview 53.02 .72 58.32 27
i) pharmacist service charge 1 visit 5.06 455 557 https://www.pjnhk.go.id/y 2 days interview; SRMA (https: 10.12 911 1113 052
22 other charges

F_Cost items for each 5,080.92 4,572.83 12,367.29 1,988.38
1 pacemaker implantation 1 case 3,617.49 3,255.74 7,835.45  http://farmalkes.kemkes.g 1 year interview 3,617.49 3,255.74 7,835.45 1,168.29
2 orany post-proced: 1 case 522.08 469.87 1,665.70  http://farmalkes.kemkes.g 1 year interview 522.08 469.87 1,665.70 305.06
3 acuteand sub-acute endocarditis treatment 1 case 941.35 847.22 2,866.14  http://farmalkes.kemkes.g 1 year interview 941.35 847.22 2,866.14 515.03
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Appendix 6. Equations in the MS Excel for economic modelling

table description related to the equations in a Markov model

Health and death

Equation in the MS Excel

distribution

1. SPVR

Startmg. H21
population

probability of B21

natural death
healthy
population in
RVOT

natural death

intervention
death
cumulative death
for 45 years of
age

2. TPVR
Starting
population
probability of
natural death
healthy
population in
RVOT

natural death
intervention
death
cumulative death
for 45 years of
age

H21*(1-B21-tpS1_D)

H21*B21

H21*tpS1_D
1224122

probability of natural death increased 10 times

H21

B21

H21*(1-B21-tpTO_D)

H21*B21
(H21*tpTO_D)
1224122

probability of natural death increased 10 times

Total costs

1. SPVR

total population
per each cycle
OPD

IPD and SYSTEM
(with
intervention)
IPD and SYSTEM
(without
intervention)

H22

(H22*c_R_opd)/(1+dr)*@cycle

(H21*(c_SPVR_ipd+c_SPVR_sys))/(1+dr)*@cycle

(H22*(c_SPVR_ipd+c_SPVR_sys))*0/(1+dr)*@cycle



complication for
pacemaker
implantation
complication for
procedure-
related
replacement
complication for
endocarditis
treatment

total costs

2. TPVR

total population
per each cycle
OPD

IPD and SYSTEM
(with
intervention)
IPD and SYSTEM
(without
intervention)
complication for
procedure-
related
replacement
complication for
endocarditis
treatment

total costs

(H21*(prob_PI*c_PI1))/(1+dr)*@cycle

(H21*(prob_PC_SPVR*c_PC))/(1+dr)*@cycle

(H21*(prob_ET_SPVR*c_ET))/(1+dr)*@cycle

R22+T22+V22+X22+722

H22
(H22*c_R_opd)/(1+dr)*@cycle

(H21*(c_TPVR_ipd+c_TPVR sys))/(1+dr)*@cycle

(H22*(c_TPVR _ipd+c_TPVR_sys))*0/(1+dr)*@cycle

(H21*(prob_PC_TPVR*c_PC))/(1+dr)*@cycle

(H21*(prob_ET_TPVR*c_ET))/(1+dr)*@cycle

R22+T22+V22+X22

Total LYs

1. SPVR

total population
in cycle

LY per year

2. TPVR

total population
in cycle

LY per year

H22
H22/(1+dr)*@cycle

H22
H22/(1+dr)*@cycle

Total QALYs

1. SPVR

total population
per each cycle
utility index per
each interval
QALY per year
2. TPVR

H22

uv_S1; uv_S2

(H22*uv_S1)/(1+dr)A@cycle

a3



total population
per each cycle
utility index per
each interval
QALY per year

H22

uv_TO; uv_T1; uv_T2

(H22*uv_TO0)/(1+dr)*@cycle

aq
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