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Abstract

Background

Sutureless and rapid deployment aortic valve replacement (SUAVR) has become an alter-
native to conventional aortic valve replacement (CAVR) for aortic stenosis (AS) treatment
due to its advantages in reducing surgery time and improving outcomes. This study aimed
to assess the cost-utility of SUAVR vs. CAVR treatment for patients with moderate to severe
AS in Thailand.

Methods

A two-part constructed model was used to estimate the lifetime costs and quality-adjusted
life years (QALYs) from both societal and healthcare perspectives. Data on short-term mor-
tality, complications, cost, and utility data were obtained from the Thai population. Long-
term clinical data were derived from clinical studies. Costs and QALYs were discounted
annually at 3% and presented as 2022 values. The incremental cost-effectiveness ratio
(ICER) was calculated to determine additional cost per QALY gained. Deterministic and
probabilistic sensitivity analyses were performed.

Results

SUAVR treatment incurred higher costs compared with CAVR treatment from both societal
(THB 1,733,355 [USD 147,897] vs THB 1,220,643 [USD 104,150]) and healthcare provider
perspectives (THB 1,594,174 [USD 136,022] vs THB 1,065,460 [USD 90,910]). In addition,
SUAVR treatment resulted in lower health outcomes, with 6.20 life-years (LYs) and 4.95
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QALYs, while CAVR treatment achieved 6.29 LYs and 5.08 QALYs. SUAVR treatment was
considered as a dominated treatment strategy using both perspectives. Sensitivity analyses
indicated the significant impact of changes in utilities and long-term mortality on the model.

Conclusion

SUAVR treatment is not a cost-effective treatment strategy compared with CAVR treatment
for patients with moderate-severe AS in Thailand, as it leads to higher costs and inferior
health outcomes. Other important issues related to specific patients such as those with mini-
mally invasive surgery, those undergoing AVR with concomitant procedures, and those with
calcified and small aortic root should be taken into account.

Introduction

Aortic stenosis (AS) is a public health concern that is expected to increase with population
aging. Among elderly patients, the prevalence of AS is increasing, with 12.4% of patients over
75 years of age [1]. If left untreated, severe AS carries a poor prognosis, with a mortality rate of
30-50% [2]. The standard approach for treating patients with severe or symptomatic AS is aor-
tic valve replacement (AVR) [3, 4]. However, sutureless and rapid-deployment AVR (SUAVR)
has emerged as an alternative to conventional AVR (CAVR) to treat AS. The aim of the
SUAVR device is to reduce surgery time, enhance valve insertion, and improve surgical out-
comes. Furthermore, this device also facilitates the removal of the diseased valve, decalcifica-
tion of the annulus, and direct visualization during the implantation process [5, 6].

Currently, two categories are available regarding SUAVR devices, specifically LivaNova’s
Perceval S and Edwards Intuity System. The Perceval S System is a self-expanding, stentless,
and sutureless valve, while the Edwards Intuity System is a balloon-expandable, stented valve.
Perceval S relies on its inherent design for deployment, whereas Edwards Intuity uses a balloon
for expansion and valve securing. One related efficacy study indicated a similar rate of 30-day
mortality between SUAVR and CAVR [7]. Comparable mortality rates between the Perceval S
and Intuity Elite System were also reported [7, 8]. In addition, SUAVR had significantly
shorter cardiopulmonary bypass (CPB) and aortic cross clamp (ACC) times compared with
CAVR [7]. Several studies have examined the economic impact of SUAVR treatment. The
findings across three studies revealed that SUAVR treatment is cost-saving compared with
CAVR treatment based on the cost-effectiveness results [9-11].

In Thailand, the limited availability of healthcare resources necessitates generating country-
specific evidence to justify the cost-effectiveness of costly health technologies including drugs,
vaccines, and medical devices. This economic evidence plays an important role in supporting
decision-making. To evaluate the cost-effectiveness of these costly healthcare technologies,
various stakeholders, including the Subcommittee for the Development of the Benefit Package
and Service Delivery (SCBP), require health economic evaluations like cost-utility and cost-
effectiveness analyses. When these costly healthcare technologies are approved for including
into the Universal Health Coverage Benefit Package (UHCBP) under the Universal Health
Coverage Scheme (UHCS), patients will not be required to pay for this benefit package.
SUAVR treatment has been purposed and systematically prioritized based on predetermined
criteria by a selection working group under the SCBP. To provide valuable insights that sup-
port evidence-based decision-making and rationally optimize healthcare resource allocation,
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this study aimed to compare the cost-utility of SUAVR vs. CAVR treatment for patients with
moderate to severe AS in Thailand.

Materials and methods
Model description

The study used a two-part constructed model including a decision tree and a Markov model,
which was integrated with Microsoft Excel for Microsoft 365 (Microsoft Corporation, Red-
mond, WA, USA) (Fig 1). This model was designed to assess both short-term (30-day) and
long-term outcomes following the intervention. The study population consisted of individuals
undergoing either SUAVR or CAVR treatment. Within the initial 30-day period, patients were
categorized as either alive or deceased after receiving the intervention (Fig 1A). Among those
who survived, some patients were discharged without any complications, while other patients
experienced early complications, including stroke, atrial fibrillation, acute kidney injury,
major bleeding, permanent pacemaker implantation, and paravalvular leakage. Following the
initial short-term decision tree model, patients would transition to the long-term Markov
model (Fig 1B). This model included three health states: AS without complication, AS with
complications, and death. Patients not experiencing any complications would enter the "AS
without complication” health state in the Markov model. On the other hand, patients encoun-
tering early complications would transition to the "AS with complications" health state within
the Markov model. The Markov model performed with a cycle length of one year and a life-
time horizon, considering that all patients would eventually reach the absorbing health state of
death.

Intervention and comparator

The intervention in this study was SUAVR treatment with either LivaNova’s Perceval S or
Edwards Intuity Valve. The comparator in this study comprised CAVR treatment.

Population

The study population comprised patients with moderate to severe AS. The starting patient age
was 65 years reflecting the general practice in Thailand.

Data collection

To obtain the direct medical costs, direct non-medical costs and utilities, the data were col-
lected from patients receiving a diagnosis of moderate to severe AS and undergoing either
SUAVR or CAVR treatment between January 2015 and June 2023. The data were sourced
from three large hospitals, including two university-affiliated hospitals located in Bangkok,
and a government-affiliated specialized hospital for cardiovascular and pulmonary care located
in Nonthaburi, near Bangkok. To minimize potential selection bias, propensity score matching
was performed to identify matched pairs of patients undergoing either SUAVR or CAVR treat-
ment using various risk factors. A propensity score was generated for each patient using a non-
parsimonious multivariable logistic regression model considering factors including age, sex,
severity of AS, surgical risk assessment based on the European System for Cardiac Operative
Risk Evaluation II (EuroSCORE II), left ventricular ejection fraction, AVR with isolated or
concomitant procedure, and the New York Heart Association (NYHA) functional class. A
greedy nearest-neighbor matching approach without replacement, with a 1:1 matching ratio
was performed to ensure that each patient with SUAVR was paired with a patient with CAVR
having a similar propensity score. The analysis was performed using STATA Software, Version
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Fig 1. The two-part constructed model. Abbreviations: CAVR, conventional bioprosthetic aortic valve replacement; SUAVR, sutureless/

rapid-deployment aortic valve replacement.

https://doi.org/10.1371/journal.pone.0296875.9g001
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14.0 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp
LP). Consequently, 60 matched cohorts of patients with AS who underwent either SAVR or
TAVR treatments were identified.

The data regarding direct medical costs were extracted from the electronic databases of the
three hospitals, where information was gathered from matched cohorts of patients with AS
who underwent either SUAVR or CAVR treatments. As for the direct non-medical costs and
utilities, these were obtained through interviews with patients who underwent SUAVR or
CAVR treatment or were under follow-up care at the three hospitals during the recruitment
period, which extended over approximately six months from January to June 2023.

Transitional probabilities

Short-term clinical outcomes. The short-term clinical outcomes included death and in-
hospital complications during 30 days after surgery. The in-hospital complications included
stroke, acute kidney injury, atrial fibrillation, major bleeding, permanent pacemaker implanta-
tion, and paravalvular leakage. Transitional probabilities of death and complications for the
CAVR group were derived from three hospital databases. Patients were also classified into
three groups: 1) patients with overall AVR, 2) patients with isolated AVR (AVR without con-
comitant procedure), and 3) patients with combined AVR (AVR with concomitant
procedures).

To obtain the risk of death and in-hospital complications of the SUAVR group, systematic
review and meta-analysis were conducted. In brief, a systematic literature search was con-
ducted in four databases (PubMed, Scopus, Web of Science, and Embase) covering articles

» o«

from inception to December 2022. The primary search terms were “sutureless”, “rapid deploy-
ment”, “aortic valve replacement”, and “aortic stenosis”. Detailed information regarding the
search strategies can be found in S1 Table in S1 File. To be eligible for inclusion in this review,
the article had to meet the following inclusion criteria: 1) randomized controlled trial (RCT)
or propensity-score matched cohort study of SUAVR vs. CAVR treatment; 2) the study partici-
pants comprised patients with moderate and/or severe AS, and 3) clinical outcomes were
reported at 30 days. Ahead-of-print articles were also considered. The review excluded other
study types, such as non-randomized controlled trial, observational study without propensity-
score matching, case report, and review article. The flow diagram for systematic literature
review is provided in S1 Fig in S1 File. Quality assessment for randomized controlled trials was
performed using the Revised Cochrane risk of bias tool for randomized trials (RoB) version
2.0 [12]. In addition, the Risk Of Bias In Non-randomized Studies—of Exposure (ROBINS-E)
tool [13] was used to assess the risk of bias for propensity-score matched cohort study. The
results of quality assessment are shown in S3 and S4 Tables in S1 File.

In total, 4 RCTs [14-17] and 22 propensity-score matched cohort studies [7, 18-38] were
identified, as detailed in S2 Table in S1 File. Then, the meta-analysis using the random-
effects model was performed to estimate the relative risk (RR) of the interested outcomes for
patients with AS undergoing SUAVR compared with CAVR treatment. This approach was
selected by the inherent differences in study design, which could contribute to heterogeneity
in the results. The details on RR estimation are shown in S5 Table in S1 File. Those RRs
were applied with the mortality risk and in-hospital complications of the CAVR group to
generate the transitional probabilities of death and in-hospital complications of the SUAVR
group. Clinical inputs at 30 days following SUAVR and CAVR treatments are listed in
Table 1.

Long-term clinical outcomes. Long-term clinical outcomes were also obtained through a
systematic review and meta-analysis of RCT and propensity-score matched cohort studies
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Table 1. Clinical input parameters.

Parameters Value (standard error) Source(s)
SUAVR CAVR
30-day outcomes™: Overall AVR
Complication 0.2901 (0.2753- 0.2795 (0.2652— CAVR: Data collection from three hospital databases (as stated).”
0.3049) 0.2937)
Death in no-complication group 0.0294 (0.0279- 0.0303 (0.0288- SUAVR: s
0.0309) 0.0318) Calculation using relative risk” from a meta-analysis of included clinical studies [7,
14-38].
Death in complication group 0.1252 (0.1188- 0.1290 (0.1224- ]
0.1315) 0.1356)
30-day outcomes™: Isolated AVR
Complication 0.2769 (0.2628- 0.2636 (0.2502-
0.2910) 0.2771)
Death in no-complication group 0.0117 (0.0111- 0.0125 (0.0119-
0.0122) 0.0131)
Death in complication group 0.0000 0.0000
30-day outcomes™: Combined
AVR
Complication 0.3096 (0.2938- 0.2975 (0.2823-
0.3254) 0.3127)
Death in no-complication group 0.0462 (0.0439- 0.0471 (0.0447-
0.0486) 0.0495)
Death in complication group 0.2311 (0.2193- 0.2353 (0.2233-
0.2428) 0.2473)
1-year outcomes
Mortality 0.0384 (0.0364- 0.0343 (0.0326- Borger MA [15], Fischlein T [17], Ono Y [36]
0.0404) 0.0361)
Stroke 0.0214 (0.0203- 0.0197 (0.0187-
0.0225) 0.0207)
Atrial fibrillation 0.0393 (0.0373- 0.0922 (0.0875-
0.0413) 0.0969)
Major bleeding 0.0327 (0.0310- 0.0338 (0.0321-
0.0344) 0.0355)
Acute kidney injury 0.0218 (0.0207- 0.0207 (0.0196-
0.0229) 0.0218)
Pacemaker implantation 0.0405 (0.0384- 0.0289 (0.0274-
0.0426) 0.0304)
Paravalvular leakage 0.0858 (0.0814- 0.0289 (0.0274-
0.0902) 0.0304)

Abbreviations: AVR, aortic valve replacement; CAVR, conventional bioprosthetic aortic valve replacement; RR, relative risk; SUAVR, sutureless and rapid deployment
aortic valve replacement

* The complications included stroke, acute kidney injury, atrial fibrillation, major bleeding, permanent pacemaker implantation, and paravalvular leakage.

* The transitional probabilities were derived from three hospital databases.

$ Relative risks from a meta-analysis of included studies were applied with the mortality risk and in-hospital complications of the CAVR group to generate the

transitional probabilities of the SUAVR group.

https://doi.org/10.1371/journal.pone.0296875.t001

comparing SUAVR vs. CAVR treatment. The inclusion criteria considered articles reporting
clinical outcomes at one year or beyond. Two RCTs [15, 17] and a propensity-score matched
cohort study [36] were included in the analysis for 1-year clinical outcomes (S1 Fig in S1 File).
Characteristics of included studies are provided in S2 Table in S1 File. Pooled analyses for
combining outcomes of all-cause death and complications at 1 year after SUAVR or CAVR
treatment were performed to generate the transitional probability data in the model. These
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1-year probabilities were subsequently carried forwarded throughout the model’s time hori-
zon. Beyond the initial 1-year period, the model applied the age-specific mortality rates
(ASMR) for the Thai general population, using data from the Global Health Observatory of
the World Health Organization [39]. Long-term clinical inputs are listed in Table 1.

Costs. The costs included in this study were direct medical and direct non-medical costs.
However, according to the Thai health technology assessment (HTA) guideline, indirect costs
were not considered to avoid double counting of benefits in terms of costs and effectiveness of
the health intervention [40]. Both societal and healthcare system perspectives were considered
in the analyses. The direct medical costs included costs of aortic valve, materials, anesthetic,
drugs, laboratory tests, intensive care unit stays, hospital stays, blood products, imaging, spe-
cial diagnostic procedures, and instruments. These cost data were derived from the hospitals’
electronic databases, which collected data from matched cohorts of patients with AS undergo-
ing SUAVR or CAVR treatments in the three hospitals.

For the costs related to complications and follow-up treatments, the study obtained the data
from the electronic claim (e-Claim) database, which is managed by the National Health Secu-
rity Office, Thailand. This database contains data of all Thai patients receiving healthcare ser-
vices under the UHCS, providing coverage for approximately 70% of the entire population.
The study included hospital records from patients aged >18 years and admitted with a pri-
mary diagnosis of AS from 2015 to 2022. The diagnoses recorded in the e-Claim system fol-
lowed the World Health Organization’s International Classification of Diseases, 10th Revision
(ICD-10). Specifically, a diagnosis of AS was represented by the code 1350. The ICD-10 codes
were also used to identify complications, including stroke (160X, 161X, 162X, 163X), atrial
fibrillation (1480, 1481, 1482, 1489), major bleeding (K920, K922, J942, K661), acute renal fail-
ure (N17X), pacemaker implantation (Z950), and paravalvular leakage (T820, T829). By using
these ICD-10 codes, the study was able to assess the costs associated with complications and
follow-up treatments. In order to ensure patient confidentiality, distinct encoded identifiers
were used to link data from the e-Claim database, encompassing data regarding hospital
admissions, mortality, and costs associated with hospitalization.

In terms of direct non-medical costs, costs of accommodation, food, transportation, and
caregivers were directly collected by interviewing the patients who underwent SUAVR or
CAVR treatment at the three hospitals.

All cost data were adjusted for inflation using the medical care section of Thailand’s con-
sumer price index [41] and presented in the year 2022 in Table 2. Additionally, the cost data
were converted from Thai Baht (THB) into the United States dollars (USD) using a 2022
Purchasing Power Parity (PPP) conversion factor of 11.72 for Thailand and 1.00 for the
United States (US), as provided by the International Bank for Reconstruction and Develop-
ment [42].

Utility. At 30 days, the utility weight was estimated from the data of the NYHA functional
class using the method suggested by Povero M, et al. [43] For the utility at 1 year following sur-
gery, utility data were directly collected by interviewing patients with AS undergoing SUAVR
or CAVR treatment using the Thai version of the European Quality of Life Group’s 5-dimen-
sion 5-level (EQ-5D-5L) [44]. The utility data are presented in Table 2.

Study outcomes

The study focused on outcomes of interest such as lifetime total cost, life-years (LYs), quality-
adjusted life-years (QALYs) which is the multiplication of utility and LY, incremental costs,
LY gained, QALYs gained, and incremental cost-effectiveness ratio (ICER).
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Table 2. Costs and utility inputs.

Parameters Value (standard error) Data distribution Source(s)
SUAVR CAVR
Direct medical costs
Costs of surgery admission (THB)
Valve 458,818 (367,055-550,582) 137,186 (109,749-164,623) Gamma Hospital database
Valve-related materials 36,889 (29,511-44,267) 41,526 (33,221-49,832) Gamma
Anesthesia and operation 146,881 (117,504-176,257) 149,003 (119,202-178,803) Gamma
Drugs 73,172 (53,331-93,013) 76,813 (61,519-92,108) Gamma
Laboratory tests 66,276 (55,129-77,422) 69,713 (60,600-78,826) Gamma
Hospital stays 19,961 (15,969-23,953) 20,500 (16,400-24,600) Gamma
Imaging procedures 20,342 (16,135-24,549) 15,815 (12,361-19,270) Gamma
Special diagnosis procedures 13,080 (11,686-14,473) 10,486 (8,999-11,973) Gamma
Medical instruments 77,406 (66,823-87,989) 77,500 (67,298-87,702) Gamma
Blood products 43,429 (35,728-51,129) 51,637 (43,990-59,284) Gamma
Rehabilitation 2,449 (1,929-2,969) 2,060 (1,600-2,520) Gamma
Cost of follow-up treatment (THB per year)
Outpatient follow-up ‘ 3,769 (3,015-4,523) Gamma e-Claim database
Inpatient costs of complications (THB per year)
Stroke 77,379 (61,903-92,854) Gamma e-Claim database
Atrial fibrillation 27,841 (22,273-33,409) Gamma
Major bleeding 42,947 (34,358-51,537) Gamma
Acute kidney injury 40,175 (32,140-48,210) Gamma
Pacemaker implantation 292,009 (233,607-350,411) Gamma
Paravalvular leakage 406,704 (325,363-488,045) Gamma
Outpatient costs of complications (THB per year)
Stroke 12,277 (9,821-14,732) Gamma e-Claim database
Atrial fibrillation 5,627 (4,501-6,752) Gamma
Major bleeding 5,382 (4,306-6,459) Gamma
Acute kidney injury 4,046 (3,237-4,856) Gamma
Pacemaker implantation 4,248 (3,399-5,098) Gamma
Paravalvular leakage 2,627 (2,102-3,153) Gamma
Direct non-medical costs
Surgery admission (THB)
Cost of transportation 1,295 (1,036-1,554) 1,467 (1,173-1,760) Gamma Patient interview
Cost of food 5,961 (4,769-7,153) 6,831 (5,465-8,197) Gamma
Cost of accommodation 0 1,603 (1,282-1,923) Gamma
Cost of informal care 20,010 (16,008-24,012) 17,795 (14,236-21,355) Gamma
Follow-up treatment (THB per year)
Cost of transportation 5,108 (4,086-6,130) 5,790 (4,632-6,948) Gamma Patient interview
Cost of food 1,620 (1,296-1,944) 2,418 (1,935-2,902) Gamma
Cost of accommodation 383 (307-460) 368 (294-442) Gamma
Cost of informal care 11,102 (8,881-13,322) 12,086 (9,669-14,503) Gamma
Utility
At 30-day after intervention 0.6419 (0.6290-0.6549) 0.5790 (0.5662-0.5918) Beta Patient interview
At 1-year after intervention 0.8276 (0.7828-0.8725) 0.8470 (0.8069-0.8871) Beta

Abbreviations: CAVR, conventional bioprosthetic aortic valve replacement; SUAVR, sutureless and rapid deployment aortic valve replacement; THB, Thai baht

https://doi.org/10.1371/journal.pone.0296875.t002
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Data analyses

Base-case analysis. In base-case analysis, the ICER was calculated in THB per LY or
QALY gained by dividing the difference in total costs between SUAVR and CAVR treatments
by the difference in their outcomes. In addition, the ICER was also separately calculated based
on the type of AVR with or without any concomitant procedures. The costs and outcomes
were considered over the lifetime horizon and were discounted annually at a rate of 3%
according to the Thai HTA guideline [45]. To be considered as a cost-effective option, the esti-
mated ICER should not exceed the Thai willingness-to-pay threshold of THB 160,000 (USD
13,652) per QALY, which is about 1.2 times per capita gross national income [46].

Sensitivity analyses. Both deterministic and probabilistic sensitivity analyses (PSA) were
conducted to assess the uncertainty surrounding the base-case results. In the one-way sensitiv-
ity analysis, each parameter was individually varied by its specified range. In cases where spe-
cific ranges were unavailable, transitional probabilities were varied by £10%, and costs were
varied by £20%. In addition, the discount rates for costs and outcomes were varied from 0% to
6% based on the recommendation of the Thai HTA guideline [45]. A tornado diagram was
generated to exhibit the impact of input parameters variation the ICER. For PSA, the Monte
Carlo simulation was iterated 1,000 times. This involved sampling all the key parameters from
appropriate distributions, adhering to the guidance provided in the Thai HTA guideline [47].
Transitional probability and utility parameters were modeled using a beta distribution, while
cost parameters were assigned a gamma distribution. The joint distribution of cost and QALY
was plotted on the incremental cost-effectiveness plane. Moreover, a cost-effectiveness accept-
ability curve (CEAC) was generated to demonstrate the likelihood of SUAVR treatment being
cost-effective at different levels of willingness-to-pay (WTP) values.

Scenario analysis. Based on the findings from an experimental study evaluating the dis-
count rates for cost and health outcomes in the Thai context [48]. The discount rate for cost
was higher than discount rate for health. The annual discount rates for cost and health out-
comes were 6.2% and 1.3%, respectively. These rates differed from the recommended discount
rate of 3% for both cost and health outcomes according to the Thai HTA guideline [45]. The
related literature review indicated that using different discount rates in an economic evalua-
tion could have an impact on the ICER [49]. To assess the effect of deviating from the recom-
mended discount rates, this study applied the new discount rates to determine their impact on
the estimated ICER.

Results
Base-case analysis

In cost-utility analysis considering patients with overall AVR from a societal perspective,
SUAVR treatment incurred higher cost compared with the CAVR treatment (THB 1,733,355
[USD 147,897] vs THB 1,220,643 [USD 104,150]), while yielding lower health outcomes.
SUAVR treatment resulted in 6.20 LYs and 4.95 QALYs, compared with 6.29 LYs and 5.08
QALYs for the CAVR treatment. Consequently, SUAVR treatment was dominated.

Similarly, from the healthcare system perspective, SUAVR treatment also resulted in a
higher total cost compared with CAVR treatment (THB 1,594,174 [USD 136,022] vs THB
1,065,460 [USD 90,910]). Although the gains in LY and QALYs were the same as those esti-
mated from the societal perspective, cost-utility analysis still indicated that SUAVR treatment
was a dominated treatment strategy when compared with CAVR. These findings remained
consistent when considering patients with isolated and combined AVR (Table 3).
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Table 3. Base-case results.

Variables

Societal perspective

Total cost (THB/USD)

Life-years (years)

QALYs (years)

Incremental cost-effectiveness ratio
THB/life-year (USD/life-year)
THB/QALY (USD/QALY)

Healthcare provider perspective

Total cost (THB/USD)

Life-years (years)

QALYs (years)

Incremental cost-effectiveness ratio
THB/life-year (USD/life-year)
THB/QALY (USD/QALY)

Overall AVR Isolated AVR Combined AVR

SUAVR CAVR SUAVR CAVR SUAVR CAVR

1,733,355 (147,897) | 1,220,643 (104,150) | 1,775,847 (151,523) | 1,276,984 (108,958) | 1,692,423 (144,405) | 1,179,182 (100,613)

6.29 6.51 6.61 5.89 5.99
5.08 5.20 5.34 4.71 4.84

Dominated Dominated Dominated

Dominated Dominated Dominated

1,594,174 (136,022) | 1,065,460 (90,910) | 1,631,511 (139,207) | 1,116,023 (95,224) | 1,557,956 (132,931) | 1,029,275 (87,822)

6.29 6.51 6.61 5.89 5.99
5.08 5.20 534 4.71 4.84

Dominated Dominated Dominated

Dominated Dominated Dominated

Abbreviations: AVR, aortic valve replacement; CAVR, conventional bioprosthetic aortic valve replacement; QALYs, quality-adjusted life-years; SUAVR, sutureless and

rapid deployment aortic valve replacement; THB, Thai baht; USD United States dollars

Remark: Cost data were converted from Thai Baht (THB) into the United States dollars (USD) using a 2022 Purchasing Power Parity (PPP) conversion factor, as

provided by the International Bank for Reconstruction and Development

https://doi.org/10.1371/journal.pone.0296875.t003

Sensitivity analyses

The tornado diagram demonstrates the results of a cost-utility analysis from a variety of one-
way sensitivity (Fig 2). The analysis revealed that the model was the most sensitive to SUAVR
or CAVR treatment utilities at one year and changes in long-term mortality.

The cost-effectiveness plane scatter plot showed that approximately 79% of iterations fell
into the upper left quadrant (Fig 3). This indicates that SUAVR treatment was associated with
higher costs and yielded fewer QALYs compared with CAVR treatment. The cost-effectiveness
acceptability curve depicted the likelihood of both treatment options at various Thai WTP lev-
els (Fig 4). CAVR treatment had a higher percentage of being cost-effective than SUAVR treat-
ment at all levels of WTP.

Scenario analysis

This study deviated from the recommended discount rates of 3% for cost and health outcomes
and instead used new discount rates of 6.2% for costs and 1.3% for health outcomes. Conse-
quently, the total costs of both SUAVR (THB 1,614,042 [USD 137,717]) and CAVR (THB
1,136,888 [USD 97,004]) treatments were lower compared with the base-case analysis from the
societal perspective (SUAVR: THB 1,733,355 [USD 147,897] vs CAVR: THB 1,220,643 [USD
104,150]). Moreover, the health outcomes for SUAVR (6.67 LYs, 5.35 QALYs) and CAVR
treatments (6.78 LYs, 5.49 QALYs) were higher than those observed in the base-case analysis
(SUAVR: 6.20 LYs, 4.95 QALYs vs CAVR: 6.29 LYs, 5.08 QALYSs). These findings remained
consistent when considering the healthcare provider perspective (Table 4).

Discussion

This study constitutes the first health economic evaluation using local available cost and utility
data to compare the cost-utility of SUAVR vs. CAVR treatment in patients with moderate to
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Fig 2. Tornado diagram of SUAVR compared with CAVR treatment. Abbreviations: CAVR, conventional bioprosthetic aortic valve
replacement; SUAVR, sutureless/rapid-deployment aortic valve replacement.

https://doi.org/10.1371/journal.pone.0296875.9g002

severe AS in Thailand. Based on the findings of this study, the estimated ICER indicated that
SUAVR treatment was dominated, resulting in SUAVR treatment not being a cost-effective
treatment, compared with CAVR treatment.

Three related cost-effectiveness studies conducted in the US [10, 11] and Norway [9]
reported that SUAVR treatment was a cost-effective strategy, compared with CAVR treatment
in patient with AS. In the US, SUAVR treatment was found to be a dominant strategy when
compared with CAVR treatment, regardless of whether minimally invasive surgery (MIS) [10]
or full-sternotomy (FS) procedures [11] were performed. Similarly, in Norway, SUAVR treat-
ment was found as a dominant strategy when compared with CAVR treatment across types of
surgical procedures, including FS, MIS, and concomitant procedures [9]. The findings from
both countries indicated that SUAVR had lower total cost and higher LYs or QALY than
CAVR treatment. However, the findings of this study were not in line with the findings from
the US and Norway due to several reasons. Firstly, SUAVR treatment shows obvious benefits
in terms of the reduced hospitalization and operation times like ACC and CPB times. This
benefit was not clearly shown in terms of cost reduction in Thailand. The method to estimate
operation costs in this study was the gross costing approach; therefore, the operation cost was
capitated although the operative time was shortened. We encourage the future cost-effective-
ness study to use a micro-costing approach to capture the cost reduction from benefits accrued
by the SUAVR treatment. Secondly, the cost of valves significantly differed among countries.
We found that the additional cost incurred by the SUAVR valve was about 3.3 times or THB
321,632 (USD 27,443) higher than the cost of a conventional bioprosthetic valve. However, the
magnitude difference of the valve cost in the US was about USD 6,000 [10, 11], and 2.8 times
in Norway [9]. Thirdly, the acceptable threshold in Thailand is much lower than that in those
countries. This leads to a smaller opportunity of new health technology being accepted in
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Fig 3. Scatter plots of 1,000 iterations for SUAVR compared with CAVR treatment on a cost-effectiveness plane. Abbreviations:

CAVR, conventional bioprosthetic aortic valve replacement; SUAVR, sutureless/rapid-deployment aortic valve replacement; THB, Thai
baht.
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Thailand. Fourthly, long-term outcome data in the Markov model were unavailable in Thai-
land. The results from short-term meta-analysis indicated a lower mortality rate of SUAVR
treatment compared with CAVR treatment (RR 0.97, 95% CI 0.84-1.12). When the RR was
applied to the mortality risk of CAVR treatment, the mortality risk of SUAVR became lower.
This indicated a prolonged life expectancy of patients undergoing SUAVR treatment com-
pared with patients undergoing CAVR treatment. For the long-term outcomes in the Markov
model, the mortality risks of both treatments were pooled from the two RCTs [15, 17] and a
propensity-score matched observational study [36], showing the opposite direction from the
short-term outcome. We found that CAVR treatment exhibited a lower mortality risk than the
SUAVR treatment. As a consequence, LYs of SUAVR treatment in this study were shorter
than those of CAVR treatment. Finally, the utility value at one year after CAVR treatment was
slightly higher than that after SUAVR treatment. This resulted in decrease QALY's gained in
SUAVR treatment compared with those of CAVR treatment.

In the scenario analysis, the recommendation of applying a discount rate of 3% for both
costs and health outcomes based on the Thai HTA guideline [45] was established before the
Coronavirus disease 2019 (COVID-19) pandemic. These rates may not accurately reflect the
current economic conditions in Thailand. Therefore, a valid concern remains regarding the
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appropriateness of these recommended rates. To address this potential threat, our previous
experimental study was designed to determine the appropriate degree of discounting and con-
sider whether equal discounting should be applied to both costs and health outcomes. This
investigation resulted in determining annual discount rates for costs and health outcomes,
which were estimated at 6.2% and 1.3%, respectively [48]. In the present study, we applied
these newly derived discount rates as part of a scenario analysis. The results of this analysis
demonstrated that the using these derived discount rates led to increased health outcomes
measured in terms of LYs and reduced costs when compared with the recommended discount
rates. Consequently, this scenario analysis highlights the potential long-term advantages asso-
ciated with a health intervention and enhances the likelihood of it being considered as a cost-
effectiveness strategy. These findings could serve as a case study to support the rationale for
justifying appropriate discount rates for both costs and health outcomes in the context of
health economic evaluation in Thailand.

This cost-utility analysis relied on Thai-specific cost and utility data, obtained directly from
patients with moderate to severe AS undergoing either SUAVR or CAVR treatments at three
large hospitals. Our study encountered some limitations. Firstly, this study initiated data col-
lection during the COVID-19 outbreak. A few new cases were enrolled for data collection,
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Table 4. Results of scenario analysis.

Variables

Societal perspective; Overall AVR

Total cost (THB/USD)

Life-years (years)

QALYs (years)

Incremental cost-effectiveness ratio
THB/life-year (USD/life-year)
THB/QALY (USD/QALY)

Healthcare provider perspective; Overall AVR

Total cost (THB/USD)

Life-years (years)

QALYs (years)

Incremental cost-effectiveness ratio
THB/life-year (USD/life-year)
THB/QALY (USD/QALY)

New discount rate
SUAVR

Recommended discount rate
SUAVR CAVR CAVR
1,733,355 (147,897) 1,220,643 (104,150) 1,614,042 (137,717) 1,136,888 (97,004)

6.20 6.29 6.67 6.78
4.95 5.08 5.35 5.49
Dominated Dominated
Dominated Dominated
1,594,174 (136,022) 1,065,460 (90,910) 1,488,424 (126,998) 997,549 (85,115)
6.20 6.29 6.67 6.78
4.95 5.08 5.35 5.49
Dominated Dominated

Dominated Dominated

Abbreviations: AVR, aortic valve replacement; CAVR, conventional bioprosthetic aortic valve replacement; QALYs, quality-adjusted life-years; SUAVR, sutureless and

rapid deployment aortic valve replacement; THB, Thai baht; USD United States dollars
Remark: Cost data were converted from Thai Baht (THB) into the United States dollars (USD) using a 2022 Purchasing Power Parity (PPP) conversion factor, as

provided by the International Bank for Reconstruction and Development

https://doi.org/10.1371/journal.pone.0296875.1004

especially utility value during the short-term period. We addressed this limitation by estimat-
ing utility value from the NYHA status instead. However, it might not be as accurate as direct
patient-reported outcomes. However, it is acknowledged that this indirect approach may not
be as precise as directly obtaining patient-reported outcomes. Secondly, another limitation
was regarding the transitional probabilities used in the long-term Markov model. We derived
the transitional probabilities by pooling the data from two RCTs and a propensity-score
matched cohort study at one year, and then carried forward the constant transitional probabil-
ities. This could potentially introduce some uncertainty into the study’s results. Thirdly,
regarding the cost of intervention, we collected data from three well-known hospitals, com-
prising two university-affiliated hospitals and a specialized medical institute. These institutions
significantly contribute to representing the Thai population undergoing aortic valve replace-
ment, whether using sutureless or conventional valves. Thus, this data source is deemed reli-
able for our study. However, we acknowledge that the incorporation of hospitals mainly
situated in Bangkok and its surrounding areas might restrict the generalizability of our find-
ings to the wider Thai healthcare system, given the absence of data from regional or local
areas. Finally, the utilization of Thai-specific cost and utility data in the model represents a
notable strength within the context of the Thai healthcare system. However, it may be per-
ceived as a limitation when extrapolating the findings to other settings.

This study was requested by the SCBP in order to generate cost-effectiveness evidence for
policy makers to justify the SUAVR treatment into the UHCBP under the UHCS in Thailand.
While the study results indicate that SUAVR treatment does not meet the criteria for cost-
effectiveness, several important issues were identified through interviews and focus-group dis-
cussions with cardiothoracic surgeons and nurses. Firstly, recognizing that SUAVR treatment
may be deemed necessary for specific patient groups is essential. This includes patients with
AS undergoing AVR through minimally invasive surgery, those undergoing AVR with
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concomitant procedures, and patients with calcified and small aortic root. Secondly, despite
the SUAVR valve being a novel medical device, it is noteworthy that the surgical techniques
and practices employed by cardiothoracic surgeons and nurses do not differ significantly from
those used with conventional bioprosthetic valves. Moreover, the existing healthcare facilities,
including medical equipment, staffing, and the referral system within tertiary or university-
affiliated hospitals in Thailand, are sufficient to support the policy of SUAVR reimbursement.
Therefore, financial investment in terms of building new facilities to accommodate SUAVR
treatment is not required.

Conclusion

Our findings indicated that SUAVR is not a cost-effective strategy compared with CAVR for
patients with moderate to severe AS in Thailand, as it leads to higher costs and inferior health
outcomes from both societal and healthcare provider perspectives. Other important issues
related to specific patients such as those with minimally invasive surgery, those undergoing
AVR with concomitant procedures, and those with calcified and small aortic root should be
taken into account.
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