
Acta Cardiologica

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tacd20

Transcatheter aortic valve implantation versus
surgical aortic valve replacement in severe aortic
stenosis patients at low surgical mortality risk: a
cost-effectiveness analysis in Belgium

Christophe Dubois, Tom Adriaenssens, Lieven Annemans, Johan Bosmans,
Britt Callebaut, Pascal Candolfi, Kristoff Cornelis, Alexis Delbaere, Michelle
Green, Joelle Kefer, Patrizio Lancellotti, Michael Rosseel, Judith Shore, Jan
Van Der Heyden, Sebastian Vermeersch & Eric Wyffels

To cite this article: Christophe Dubois, Tom Adriaenssens, Lieven Annemans, Johan
Bosmans, Britt Callebaut, Pascal Candolfi, Kristoff Cornelis, Alexis Delbaere, Michelle
Green, Joelle Kefer, Patrizio Lancellotti, Michael Rosseel, Judith Shore, Jan Van Der Heyden,
Sebastian Vermeersch & Eric Wyffels (2024) Transcatheter aortic valve implantation
versus surgical aortic valve replacement in severe aortic stenosis patients at low surgical
mortality risk: a cost-effectiveness analysis in Belgium, Acta Cardiologica, 79:1, 46-57, DOI:
10.1080/00015385.2023.2282283

To link to this article:  https://doi.org/10.1080/00015385.2023.2282283

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 21 Nov 2023.

Submit your article to this journal 

Article views: 528

View related articles 

View Crossmark data

https://www.tandfonline.com/journals/tacd20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00015385.2023.2282283
https://doi.org/10.1080/00015385.2023.2282283
https://www.tandfonline.com/doi/suppl/10.1080/00015385.2023.2282283
https://www.tandfonline.com/doi/suppl/10.1080/00015385.2023.2282283
https://www.tandfonline.com/action/authorSubmission?journalCode=tacd20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tacd20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00015385.2023.2282283?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00015385.2023.2282283?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00015385.2023.2282283&domain=pdf&date_stamp=21 Nov 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/00015385.2023.2282283&domain=pdf&date_stamp=21 Nov 2023


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tacd20

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tacd20
https://www.tandfonline.com/doi/citedby/10.1080/00015385.2023.2282283?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/00015385.2023.2282283?src=pdf
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ABSTRACT 
Background: Transcatheter aortic valve implantation (TAVI) with the SAPIEN 3 device has 
recently shown significant clinical benefits, compared to surgical aortic valve replacement 
(SAVR), in patients at low risk for surgical mortality (PARTNER 3 trial, NCT02675114). Currently in 
Belgium, TAVI use is restricted to high-risk or inoperable patients with severe symptomatic aortic 
stenosis (sSAS). This cost-utility analysis aimed to assess whether TAVI with SAPIEN 3 could lead 
to potential cost-savings compared with SAVR, in the low-risk sSAS population in Belgium.
Methods: A previously published, two-stage, Markov-based cost-utility model was used. Clinical 
outcomes were captured using data from PARTNER 3 and the model was adapted for the 
Belgian context using cost data from the perspective of the Belgian National Healthcare System, 
indexed to 2022. A lifetime horizon was chosen. The model outputs included changes in direct 
healthcare costs, survival and health-related quality of life using TAVI versus SAVR.
Results: TAVI with SAPIEN 3 provides meaningful clinical and cost benefits over SAVR, in terms 
of an increase in quality-adjusted life years (QALYs) of 0.94 and cost-saving of e3 013 per 
patient. While initial procedure costs were higher for TAVI compared with SAVR, costs related to 
rehabilitation, disabling stroke, treated atrial fibrillation, and rehospitalization were lower. The 
cost-effectiveness of TAVI over SAVR remained robust in sensitivity analyses.
Conclusion: TAVI with SAPIEN 3 may offer a meaningful alternative intervention to SAVR in 
Belgian low-risk patients with sSAS, showing both clinical benefits and cost savings associated 
with post-procedure patient management.
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Introduction

The significant clinical benefits of transcatheter aortic 
valve implantation (TAVI) over surgical aortic valve 
replacement (SAVR) in patients with severe symptom-
atic aortic stenosis (sSAS) at intermediate and high sur-
gical risk have been established several years ago [1,2]. 
Recently, the multicentre, randomised, controlled 
Placement of Aortic Transcatheter Valve Study 
(PARTNER) 3 trial has shown that TAVI using the 
SAPIEN 3 valve also provided meaningful benefits in 
patients with sSAS who were considered at low risk of 

surgical mortality, as demonstrated by a significant 
reduction in the composite outcome of death, stroke or 
rehospitalization at 1 and 2 years, compared with SAVR 
[3,4]. In addition, compared with SAVR at 30-days post- 
procedure, TAVI was associated with significantly lower 
rates of disabling stroke and new-onset atrial fibrillation 
(AF), shorter index hospitalisation duration, and better 
functional status and quality of life [4]. No significant 
differences between the TAVI and SAVR groups were 
observed in major vascular complications, new perman-
ent pacemaker implantations (PPI), or moderate or 
severe paravalvular regurgitation [4].
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The increased clarity on the clinical benefits of TAVI 
in patients with sSAS are reflected in the updated 
2021 European Society of Cardiology (ESC)/European 
Association for Cardio-Thoracic Surgery (EACTS) guide-
lines, which recommend that TAVI is considered for all 
patients aged �75 years with sSAS regardless of surgi-
cal risk status, providing there are no clinical or ana-
tomical barriers and suitable femoral access [5]. As 
such, it is important to evaluate the implications on 
healthcare resources of potentially expanded TAVI use, 
in order to inform clinicians and policymakers. To 
date, cost-effectiveness analyses have been published 
for France [6], Italy [7], Spain [8] and Germany [9], and 
have shown economic dominance or cost-effective-
ness of TAVI with SAPIEN 3 versus SAVR in patients 
with sSAS at low surgical risk. In Belgium, TAVI reim-
bursement is currently restricted to patients with sSAS 
who are considered inoperable or at high surgical risk. 
This differs from recent practice in other European 
countries, such as France and Germany, where TAVI 
use is expanding into the low-risk population, in line 
with European and national guidelines [5,10]. 
Furthermore, TAVI reimbursement in Belgium was lim-
ited to 500 inoperable/high-risk patients per year until 
April 2023 [11,12]. Effective 1st of May 2023, it 
increased by 3-fold up to 1 500 patients, which 
remains lower than the estimated annual number of 
potential TAVI candidates in Belgium under current 
indications of 1 976 patients, and much lower than 
the estimated 3 740 TAVI candidates including inter-
mediate- and low-risk patients [13]. Given the health-
care resource limitations and restricted TAVI access in 
Belgium, a cost-effectiveness analysis in the low surgi-
cal risk population may be beneficial for Belgian poli-
cymakers to assess unmet health benefits that could 
lead to improved resource allocation with potential 
cost savings. Therefore, we assessed the cost-effective-
ness of TAVI with SAPIEN 3 versus SAVR in Belgian 
patients with sSAS at low surgical risk, using outcomes 
from the PARTNER 3 trial alongside country-specific 
clinical and economic cost data.

Methods

Model structure

A cost-utility analysis was conducted to estimate 
changes in both direct healthcare costs and health- 
related quality of life with the use of TAVI with SAPIEN 
3 compared with SAVR in sSAS patients with low risk 
of surgical mortality (Society of Thoracic Surgeons- 
Predicted Risk of Mortality [STS-PROM] score <4%) 
from the perspective of the Belgian National 

Healthcare Payer (RIZIV/INAMIþ patient). Details of the 
two-stage model structure used to form the basis of 
the cost-utility analysis have been published previ-
ously [6]. Briefly, adverse events (AEs) associated with 
the TAVI intervention were initially captured utilising 
the 30-days AEs dataset from the PARTNER 3 trial [4] 
and entered into a decision tree that assigned patients 
to a range of AE outcomes (Figure 1(a)) [6]. The out-
come data were subsequently fed into a Markov 
model that included four distinct health states (‘Alive 
and well’, ‘Treated AF’, ‘Disabling stroke’, and ‘Dead’) 
to capture longer-term patient outcomes after TAVI or 
SAVR intervention (Figure 1(b)) [6].

We adapted the model for the Belgian context 
using cost data from the perspective of the Belgian 
National Healthcare System [14]. Given that sSAS 
necessitates life-long valve replacement, a lifetime 
horizon was selected to reflect all potential conse-
quences to individuals with sSAS over their lifetime, 
and applied discounting factors per year of 3% for 
future costs and 1.5% for future benefits based on the 
Belgian guidelines for economic evaluations and 
budget impact analyses [14]. Health-related quality of 
life was included in the analysis using Quality 
Adjusted Life Years (QALYs) as an endpoint, measured 
using the EuroQol-5 Dimensions (EQ-5D) questionnaire 
for the four different health states in the model, with 
utility decrements taken from the published literature 
and adjusted for age and population norms according 
to Szende et al. [15].

Model inputs

Trial overview
The PARTNER 3 trial (ClinicalTrials.gov number: 
NCT02675114) included patients with sSAS at low sur-
gical risk of mortality (STS-PROM score <4%) [4]. 
Patients were excluded if they had clinical frailty, 
bicuspid aortic valves, or other anatomical features 
that increased the risk of complications associated 
with either TAVI or surgery. Patients were randomised 
1:1 to TAVI with SAPIEN 3 (n¼ 503) or SAVR (n¼ 497), 
with the “as treated” groups comprising 496 and 454 
patients, respectively. The mean age of patients was 
73 years, 69% were male, and the mean STS-PROM 
score at baseline was 1.9%. The primary endpoint was 
a composite of death from any cause, stroke, or reho-
spitalization at 1 year after the procedure.

Clinical events
In the base case, clinical events within one month 
after the procedure were based on PARTNER 3 
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outcomes (30-days AE dataset) [4]. Monthly transition 
probabilities between health states for the Markov 
model, reflecting complications occurring after 3 days, 
were estimated based on outcome data up to 2 years 
from PARTNER 3 [3,4] or other literature sources where 
there were too few events in PARTNER 3 for reliable 
estimates (Supplementary Material, Table S1). The 
monthly probability of transition from ‘Alive and well’ 
to ‘Disabling stroke’ was estimated using Stroke 
Alliance For Europe (SAFE) data specific for Belgium 
[16]. Due to the low number of stroke events in 
PARTNER 3, the transition probability from ‘Treated AF’ 
to ‘Disabling stroke’ was estimated from a large (n¼ 8 
265) community-based study of AF in the Netherlands 
[17]. Rehospitalization rates were based on outcomes 
in PARTNER 3 (using data up to 2 years) [3,4] and were 
assumed to remain constant over the time horizon of 
the model after 2 years. The probability of aortic rein-
tervention due to valve deterioration was based on 
PARTNER 3 data up to 2 years [3,4] and then using 
data from a durability study on long-term outcomes 
of pericardial aortic tissue valve bioprothesis using the 
Carpentier-Edwards Perimount valve [18].

The 2018 annual mortality risk per age (0–105þ
years) and per gender was obtained from Belgian fed-
eral government data [19] (Supplementary Material, 
Table S2). Data for years later than 2018 were not 
included in the base case due to potential influence 
by COVID-19 deaths. No Belgian-specific data were 
available, the hazard ratio (HR) of excess deaths from 

AF and disabling stroke were based on data from a 
systematic review and meta-analysis of 104 eligible 
cohort studies involving over 9.5 million participants 
[20] and a community-based stroke register study in 
the UK [21], respectively.

Cost inputs
The cost perspective was based on information from 
the Belgian All Patient Refined-Diagnosis Related 
Groups (APR-DRGs) and from published literature 
(Table 1). Costs were indexed to 2022 unless otherwise 
stated. For the base case, costs associated with TAVI 
and SAVR procedures were estimated from the APR- 
DRG 163 values for procedures on heart valves [22], 
using data from the minor and medium severity cate-
gories as the best match for low-risk patients (cover-
ing 49.8% of the APR-DRG 163 procedure), with 
logarithmic transformation modelling according to 
Ishak et al. [23] (Supplementary Material, Table S3). 
For TAVI, the cost of the SAPIEN 3 valve, indexed to 
2022, was added. Due to an absence of robust Belgian 
data, costs for rehabilitation following TAVI and SAVR 
were based on the same detailed real-world national 
database analysis used in the French model adapta-
tion [6], indexed to 2022. Costs associated with health 
states, 30-days AEs (myocardial infarction, non-dis-
abling stroke, transient ischaemic attack, bleeding, 
acute kidney injury), intercurrent events (myocardial 
infarction, transient ischaemic attack, bleeding), reho-
spitalization, and pacemaker implantation were 

Figure 1. The cost-effectiveness model had two stages: (A) early AEs from the PARTNER 3 trial were captured in a decision tree, 
which fed into (B) a Markov model that captured longer-term outcomes of patients, with four distinct health states (reproduced 
from gilard M, et al. Value health 2021; https://doi.org/10.1016/j.jval.2021.10.003 under the terms of the creative commons licence 
(creative commons attribution license (CC by)). Clinical events were taken from the PARTNER 3 trial and from Belgian-specific litera-
ture sources when available and relevant. Costs were based on costing information from the Belgian APR-DRGs, regional tariffs 
and literature sources when relevant, and actualised to 2022 (Table 1 and Supplementary Materials). As there is no formal WTP 
threshold in Belgium, we adopted a cost-effectiveness ratio threshold of e30 000 per QALY gained. AE: adverse event; AF: atrial 
fibrillation; APR-DRG: All Patients Refined-Diagnosis Related Group; QALY: quality adjusted life years; SAVR: surgical aortic valve 
replacement; TAVI: transcatheter aortic valve implantation; WTP: willingness-to-pay.
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estimated from APR-DRGs and/or published literature 
(Table 1). Reintervention costs were assumed to be 
equal to the combined costs of the initial procedure 
and rehabilitation associated with the procedure.

Utilities
Age-adjusted population utility norms were used. An 
EQ-5D index value was used to document the popula-
tion utility scores by age group [15] specific to the 
Belgian population. Due to too few events in the 
PARTNER 3 trial, utility decrements were estimated 
using the published literature. Disabling stroke disutil-
ity was estimated based on a study reporting utility 
(EQ-5D) values in over 500 Belgian patients who had 
experienced a stroke [29]. As Belgium-specific data 
were not available, the best source for estimating AF 
disutility was a French health economic study of the 
cost-effectiveness of oral anticoagulants in patients 
with AF [32]. The estimated utility decrements for dis-
abling stroke and AF of 0.388 and 0.121, respectively, 
were in line with values used in the model adaptation 
in other countries [6,7]. Disutility data were not 
included for intercurrent events in order to avoid a 
risk of double counting with the health state utilities 
applied to patients in the ‘treated AF’ and ‘disabling 
stroke’ states.

Model outputs

Details of the model outputs and assumptions have 
been published previously [6]. All analyses were per-
formed using Microsoft Excel (Microsoft Corporation, 
Redmond, WA). The model generated total per-patient 
costs and QALYs for each intervention over the 
patients’ lifetime, and an incremental cost-effective-
ness ratio (ICER) for TAVI with SAPIEN 3 versus SAVR 
in Belgian low-risk patients with sSAS. As there is no 
official cost-effectiveness threshold in Belgium, a hypo-
thetical willingness to pay (WTP) threshold of e30 000/ 
QALY for sSAS intervention was assumed, as previ-
ously used in a study in Belgium [33] and within the 
range of thresholds used for other countries in Europe 
[6–9].

Sensitivity analyses
Uncertainty in the results was evaluated by performing 
one-way deterministic sensitivity analyses, whereby 
inputs were varied using confidence intervals and 
ranges from the literature where available. Overall par-
ameter uncertainty was assessed by a probabilistic 
sensitivity analysis, whereby Gamma and Beta prob-
ability distributions were specified for all input 

parameters and 1 000 Monte Carlo simulations were 
run using random draws of all parameters from within 
their assigned distributions.

Scenario analyses
Multiple scenario analyses were conducted to assess 
the impact of changing various assumptions on the 
results of the model. These included the following 
scenarios, amongst others: more aggressive reinterven-
tion rate for TAVI; no survival benefit with TAVI; alter-
native PPI rates; alternative AF and disabling stroke 
disutility rates; identical rehabilitation rates between 
TAVI and SAVR; shorter time horizons than the lifetime 
horizon used in the base case.

Compliance with ethics guidelines

This article is based on previously conducted studies 
and does not contain any new studies with human 
participants or animals performed by any of the 
authors.

Results

Base case

Compared with SAVR, TAVI with SAPIEN 3 was esti-
mated to offer meaningful benefits through increased 
QALYs (incremental improvement of þ0.94 per 
patient) at a reduced cost (–e3 013 per patient) over a 
lifetime horizon. As such, TAVI with SAPIEN 3 was 
determined to be dominant over SAVR in Belgium 
(Table 2). A detailed breakdown of costs revealed 
higher initial procedure costs for TAVI with SAPIEN 3 
versus SAVR, but relatively lower costs related to 
rehabilitation, disabling stroke, treated AF, and reho-
spitalization (Table 2). An assessment of incremental 
cost per patient over time suggested that TAVI with 
SAPIEN 3 was cost saving compared with SAVR by 
Year 6 post-procedure (Table 3a, Table 4 and 
Supplementary Figure S1a). While the base case 
assumed a SAPIEN 3 valve cost of e19 610 (VAT 
included), cost-saving over the long term was esti-
mated to be achievable with a valve cost of greater 
than e22 000, and a Year 1 cost-saving of TAVI with 
SAPIEN 3 over SAVR potentially could be achieved if 
the SAPIEN 3 valve were to cost e17 730 (Table 3b
and Supplementary Figure S1c). Compared with SAVR, 
TAVI with SAPIEN 3 was associated with a steep 
increase in incremental QALYs per patient gained over 
time, up to a plateau of 0.94 QALYs per patient 
(Table 3a and Supplementary Figure S1b).
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Table 2. Base case results with acute and lifetime costs.
Summary results TAVI with SAPIEN 3 SAVR Incremental

Cost per patient e 42 741 e 45 753 – e 3 013
Life year gained (undiscounted) 13.01 12.17 0.84
Median survival (years) 15.42 13.42 2.00
QALYs per patient 8.83 7.89 0.94
Incremental cost-effectiveness ratio (ICER) Dominant
Incremental net monetary benefit (NMB) e 31 314
Incremental net health benefit (NHB) 1.04
Acute phase cost (first hospitalisation and rehabilitation)
Index hospitalisation e 28 733 e 19 908 e 8 824
Rehabilitation e 1 509 e 4 380 –e 2 871
Acute phase costs e 30 241 e 24 288 e 5 953
Additional costs at 1 year
30-days AE e 643 e 3 299 –e 2 656
Intercurrent events e 441 e 184 e 258
Costs of pacemaker complications e 93 e 57 e 36
Costs of rehospitalizations e 571 e 852 –e 282
Re-intervention costs e 142 e 141 e 1
Alive & well health state costs e 765 e 513 e 252
Treated AF health state costs e 226 e 1 609 –e 1 383
Disabling stroke costs e 21 e 322 –e 301
Total costs at 1 year e 33 144 e 31 264 e 1 880
Additional lifetime costs
Costs of pacemaker complications e 986 e 570 e 417
Costs of rehospitalizations e 941 e 885 e 56
Re-intervention costs e 4 517 e 3 915 e 602
Alive & well health state costs e 297 e 187 e 110
Treated AF health state costs e 557 e 1 492 –e 935
Disabling stroke costs e 2 299 e 7 441 –e 5 143
Additional Lifetime Costs e 9 596 e 14 489 –e 4 893
Total Lifetime Costs e 42 741 e 45 753 –e 3 013

AF: atrial fibrillation; ICER: incremental cost-effectiveness ratio; MI: myocardial infarction; NHB: incremental net health 
benefit; NMB: incremental net monetary benefit; QALY: quality adjusted life years; SAVR: surgical aortic valve replace-
ment; TAVI: transcatheter aortic valve implantation.

Table 1. Costs associated with TAVI and SAVR (procedure, complications, long-term).
Unit cost components TAVI with SAPIEN 3 SAVR Source

Procedure
Intervention e 28 501.69 e 19 766.47 APR-DRG 163 [22] þ Ishak et al. [23] 

þ Edwards estimates for valve cost, 
indexed to 2022

Rehabilitation e 1 508.74 e 4 379.67 Gilard et al. [6], indexed to 2022
Associated to 30-days AE and intercurrent events (indexed to 2022)
Non-disabling stroke e 7 328.62 APR-DRG 45 (2020, minor & average 

only) [22]
Transient ischaemic attack (TIA) e 4 272.98 APR-DRG 47 (2020) [22]
Myocardial infarction e 4 546.30 APR-DRG 190 (2020) [22]
Bleeding e 9 978.31 APR-DRG 661 (2020) [22]
Acute kidney injury with renal 

replacement therapy
e 64 093.96 De Smedt et al. [24], Elseviers 

et al. [25]
Pacemaker complications (monthly) e 135.59 Neyt et al. [26], indexed to 2022
Associated to health states
Treated AF - Month 1 e 4 076.54 Pirson et al. [27] þ KCE Report 184B 

[28] indexed to 2022Treated AF�Month 2 e 30.49
Disabling stroke - Month 1 e 14 891.75 APR-DRG 45 (2020, major & extreme 

only) [22], Dewilde et al. [29], 
indexed to 2022

Disabling stroke�Month 2 e 4 246.09

Alive and well - Month 1–12 
(monthly)

e 68.60 KCE Report 163 [30], indexed to 2022

Alive and well>Month 12 (monthly) e 2.89 Assumption
Other costs considered
Pacemaker procedure e 3 578.69 RIZIV/INAMI 2022 [31]
Rehospitalization e 8 347.87 APR-DRG 94 (2020) [22], indexed to 

2022
Reintervention e 30 822.26 Assumed equal to cost of TAVI initial 

procedure plus rehabilitation 
associated with procedure

APR-DRG: All Patients Refined-Diagnosis Related Group; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve 
implantation.
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Table 3. Change over time in (A) model outputs and (B) cost-saving assessments.
(A)

Years Per patient cost delta - TAVI vs SAVR (Euro) Per patient QALY delta - TAVI vs SAVR ICER (Euro/QALY)

1 e 1 880 0.044 e 42 289
2 e 1 508 0.092 e 16 417
3 e 1 101 0.139 e 7 916
4 e 670 0.187 e 3 582
5 e 225 0.236 e 955
6 -e 222 0.285 dominant
10 –e 1 847 0.483 dominant
15 –e 3 005 0.712 dominant
50 –e 3 013 0.943 dominant

(B)

Years Maximal valve price to remain cost-saving over time (Euro)

1 e 17 730
2 e 18 102
3 e 18 509
4 e 18 940
5 e 19 385
10 e 21 457
15 e 22 615
50 e 22 623

ICER: incremental cost-effectiveness ratio; QALY: quality adjusted life year; SAVR: surgical aortic valve replacement; TAVI: transcatheter aor-
tic valve implantation.

Table 4. Scenario analyses.

Scenario No. Description
Incremental Costs (Euro) 

TAVI vs SAVR
Incremental QALYs TAVI vs 

SAVR ICER (Euro/QALY)
Base case –e 3 013 0.94 Dominant

1 More aggressive reintervention rate for TAVR (P2A trial 
data at 5 years [34])

þe 6 919 0.93 7 472

2 Survival data from PARTNER 3, HR ¼ 0.75 –e 4 182 1.63 Dominant
3 Survival data from PARTNER 3 estimating there is no 

survival benefit, HR ¼ 1
–e 7 016 0.57 Dominant

4 2019 annual mortality risk obtained from Belgian federal 
government data

–e 3 145 0.96 Dominant

5 2018 annual mortality risk obtained from Belgian federal 
government data w/o cardiovascular death

–e 4 247 1.06 Dominant

6 2019 annual mortality risk obtained from Belgian federal 
government data w/o cardiovascular death

–e 4 323 1.08 Dominant

7 PPI rates as per Beyersdorf et al. [35] – GARY registry. 4.6% 
of patients after SAVR and 18.1% after TAVI

–e 763 0.94 Dominant

8 Monthly transition probability from AF to Disabling stroke 
taken from Odutayo et al. [20] (0.010%)

þe 188 0.91 206

9 Utility from PARTNER 3 EQ-5D-5L (disutility by treatment) –e 3 013 0.54 Dominant
10 Alternate AF disutility − 0.114 from Jacobs et al. [36] –e 3 013 0.92 Dominant
11 Alternate Disabling stroke disutility − 0.423 - subtracted 

from the utility value of the population norm for the 
same age group in Belgium [29]

–e 3 013 0.95 Dominant

12 Procedure cost calculated as per Rapoport et al. [37] –e 4 011 0.94 Dominant
13 Procedure cost as per a weighting of Ishak et al. [23] and 

Rapoport et al. [37]
–e 2 897 0.94 Dominant

14 Procedure cost as per expert estimate –e 4 469 0.94 Dominant
15 Price of device at parity with Reimbursement price from 

INAMI (e 12 876)
–e 9 848 0.94 Dominant

16 Price of device at parity with NEW Reimbursement price 
from INAMI - effective May 2023 (e 11 818)

–e 10 921 0.94 Dominant

17 Rehabilitation rates identical for TAVI and SAVR (20.9%) þe 146 0.94 155
18 PPI cost calculated as per Neyt et al. [26] (e 12 401.98) –e 2 785 0.71 Dominant
19 Non-inclusion of AEs cost occurring before 30 days –e 369 0.94 Dominant
20 Time horizon ¼ 5 years þe 225 0.24 955
21 Time horizon ¼ 6 years -e 222 0.28 Dominant
22 Time horizon ¼ 10 years –e 1 847 0.48 Dominant
23 Time horizon ¼ 15 years –e 3 005 0.71 Dominant
24 Time horizon ¼ 20 years –e 3 150 0.87 Dominant
25 Time horizon ¼ 30 years –e 3 014 0.94 Dominant

AE: adverse event; AF: atrial fibrillation; EQ-5D-5L: Euro-Qol-5: Dimensions-5 Levels; HR: hazard ratio; P2A: PARTNER 2 trial; PPI: permanent pacemaker 
implantation; QALY: quality adjusted life years; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation; w/o: without.
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Sensitivity analyses

Univariate deterministic sensitivity analysis demon-
strated that TAVI with SAPIEN 3 remains cost-effective, 
compared with SAVR, regardless of plausible changes 
in individual model parameters (Figure 2). The model 
was most sensitive to the procedure costs of TAVI 
with SAPIEN 3, the starting age of patients entering 
the model, the relative risk of death from AF, and the 
discount rate.

The results of the probabilistic sensitivity analysis 
confirmed the results of the base case analysis. The 
probability of TAVI being dominant over SAVR 
reached 52%. At the assumed WTP threshold of e30 
000/QALY or higher, TAVI with SAPIEN 3 remained 
cost-effective over SAVR in 100% of simulations 
(Figure 3(a)). In addition, TAVI with SAPIEN 3 contin-
ued to show a 100% probability of being cost-effect-
ive over SAVR at a lower WTP threshold of e20 000/ 
QALY (Figure 3(b)).

Scenario analyses

TAVI with SAPIEN 3 was dominant or cost-effective 
over SAVR across the wide range of scenarios con-
ducted to assess the impact of changing various 
assumptions, including the scenario limiting the time 
horizon to 5 years (Table 4, Figure S1). These findings 
demonstrate the comparative robustness of the base 
case results.

Discussion

The findings of this cost-effectiveness analysis support 
that TAVI with SAPIEN 3 is likely to be a dominant 
intervention alternative to SAVR in Belgian patients 
with sSAS at low risk of surgical mortality. This result 
appeared to be driven by lower long-term manage-
ment costs, particularly those associated with treated 
AF and disabling stroke, with cost-saving estimated to 
occur by Year 6 post-intervention. The initial lag 
before reaching cost-saving was likely due to the rela-
tively higher initial procedure costs for TAVI with 
SAPIEN 3. Indeed, it was estimated that at Year 1 cost- 
saving could potentially be achieved if the SAPIEN 3 
cost were reduced from the base case assumption of 
e19 610 to e17 730.

Furthermore, the base case modelling of cost- 
effectiveness of TAVI with SAPIEN 3 versus SAVR 
remained robust when considering a plausible WTP 
threshold in Belgium of e30 000/QALY (based on pre-
vious studies in Belgium and other European countries 
[6–9,33]), and remained robust despite multiple sensi-
tivity analyses that stretched our model with various 
input modifications.

Adoption of TAVI is varied across European coun-
tries; for example, substantial differences are evident 
between Germany, France, and the UK [38,39]. 
Germany was an early and enthusiastic adopter of 
TAVI, with the procedure comprising 59% of aortic 
valve replacements in 2015, compared with 36% in 

Figure 2. Deterministic sensitivity analysis. Tornado diagram showing the 10 parameters with greatest influence on the model. 
AF: atrial fibrillation; ICER: incremental cost-effectiveness ratio; QALY: quality adjusted life years; SAVR: surgical aortic valve replace-
ment; TAVI: transcatheter aortic valve implantation.
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France for the same year [38,40,41]. Suggested factors 
contributing to the difference in TAVI numbers per-
formed between European countries included varia-
tions in patient presentation and management of 
sSAS, and also differences in the healthcare systems 
[38]. In Belgium, the healthcare system currently 
restricts TAVI reimbursement to 1 500 patients per 
year, which is substantially lower than the number of 
sSAS patients who may be eligible for TAVI based on 
the updated ESC/EACTS guidelines [5]. This could sug-
gest a potential under-valuing of TAVI as a manage-
ment option for sSAS, perhaps partly due to concerns 
around cost. In the current study, scenario testing 
showed that, when considering a device price at parity 

with the reimbursement price from INAMI (either pre- 
or post-May 2023), TAVI was dominant over SAVR with 
an estimated potential cost-saving of around e10 000 
per patient (Table 4, scenarios 15 and 16).

Our cost-effectiveness results were consistent with 
those reported for TAVI with SAPIEN 3 versus SAVR in 
other countries in the European Union. For example, 
TAVI with SAPIEN 3 was shown to be dominant over 
SAVR in low-risk patients with sSAS in France [6,42], 
and was cost-effective over SAVR in Italy (ICER/QALY 
of e2 989) [7], Spain (ICER/QALY of e6 952) [8], and 
Germany (ICER/QALY of e12 037) [9]. TAVI with SAPIEN 
3 has also been reported to be dominant over SAVR 
in low-risk patients in Norway [43] and Ireland [44], 

Figure 3. (A) Probabilistic sensitivity analysis. (B) Cost-effectiveness acceptability curve. QALY: quality adjusted life years; WTP: 
Willingness-to-Pay.
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and cost-effective compared with SAVR in Australia 
(ICER/QALY of Aus$ 3 521) [45] and Canada (ICER/ 
QALY of Ca$ 27 196) [46].

Our model could also provide convincing insight 
for “historical” intermediate and high-risk sSAS indica-
tions (as no specific randomised controlled trials with 
SAPIEN 3 exist in these populations as previous trials 
were conducted with earlier versions of the device). It 
is likely that the cost-savings component from our cur-
rent analysis of TAVI versus SAVR in a low-risk popula-
tion could be even greater in patient populations at 
intermediate or high risk of surgical mortality. Indeed, 
as surgical risk increases, the magnitude of clinical 
benefits of TAVI with SAPIEN 3 vs. SAVR is likely to 
increase, leading to potentially larger cost-savings and 
larger incremental QALYs.

In the current global economic environment, 
healthcare resources in many countries are increas-
ingly limited and efficient healthcare resource utilisa-
tion is essential. At the same time, patients tend to 
prefer minimally invasive interventions as they are 
usually associated with a lower risk of complications 
and/or rehospitalization. The clinical benefits of TAVI 
with SAPIEN 3 in low-risk patients with sSAS have 
been established in PARTNER 3, which reported a 
lower risk of infection, fewer complications, and 
shorter hospital stays, compared with SAVR, whilst 
also improving patients’ quality of life [3,4]. The cur-
rent analysis showed that TAVI with SAPIEN 3 is also 
potentially cost-effective over SAVR in the low-risk 
population, by offering a reduced impact on organisa-
tional aspects and resources (e.g. lower general anaes-
thesia) over the longer-term.

From the healthcare provider perspective, TAVI 
presents a capacity-enhancing innovation that also 
provides efficiencies by reducing healthcare resource 
use, post-surgical complications and hospital stays 
(including use of intensive care unit [ICU] beds). 
Reducing hospital stays allows higher patient intake 
capacity, which is an important consideration for 
health systems under high demand and with long 
waiting lists. Furthermore, these efficiencies could 
reduce the risk of infections and contamination within 
the hospital environment. TAVI also presents benefits 
by reducing the recovery period to resuming normal 
activity that might not be accounted for in this ana-
lysis. Further indirect benefits may include a reduced 
need for caregiver support and reduced impact on 
family, such as grand-child support.

In terms of organisational aspects, improving access 
to TAVI for Belgian sSAS patients in conjunction with 
latest European guidelines [5,47] recommending (class 

IA) low surgical risk sSAS patients eligible for the TAVI 
procedure, means that we can expect the number of 
TAVI implantations to increase in the future. Moreover, 
over time, it is likely that the TAVI procedure will be 
further simplified with shorter admission times, lead-
ing to a further reduction in the cost of the TAVI pro-
cedure [48,49]. Thus, this study provides additional 
information for Belgian healthcare providers and poli-
cymakers to consider when deliberating optimal man-
agement recommendations and healthcare resource 
allocation for patients with sSAS. In particular, consid-
eration may be needed as to whether expanded 
endorsement of TAVI in Belgian to include the low 
surgical-risk population with sSAS could result in 
robust cost savings overall as well as additional 
patient benefits.

Limitations

This study has some limitations. Firstly, the results can-
not be generalised to all patients with aortic stenosis 
as the PARTNER 3 trial excluded patients with clinical 
frailty, bicuspid aortic valves or other unsuitable ana-
tomical features that increased the risk of complica-
tions post-intervention. Caution must also be 
exercised when attempting to generalise the findings 
from this model to populations outside Belgium. 
Furthermore, as this cost-utility analysis was based pri-
marily on data from the PARTNER 3 study, the cost- 
effectiveness findings reported here cannot be gener-
alised to other TAVI devices beyond the SAPIEN 3 
device. Secondly, there are inherent limitations in any 
cost-effectiveness analysis including: assumptions 
made in the presence of ‘best fit’ data or paucity of 
data; extrapolations modelled for time horizons 
beyond the scope of existing input data; and the 
potential for under- and over-estimations as a result of 
differences in healthcare systems and/or the interven-
tion and treatment selection criteria within a specific 
system. In the current model, it was assumed that the 
rate of rehospitalization, based initially on PARTNER 3 
outcomes at 1- and 2-years, remained constant over 
the time horizon of the model after 2 years. The rein-
tervention rate was also assumed to remain constant 
after 22 years, on the assumption that few patients 
(approximately 8%) would still be alive after this time, 
with limited need for reintervention. However, reinter-
vention rates for younger patients could feasibly be 
higher than modelled, given uncertainty around the 
long-term durability of the latest generation of TAVI 
device. While longer follow-up is needed, current data 
at 5 years for the latest TAVI devices show no early 
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signs of durability issues [50]. To avoid a potential risk 
of double counting with the health state utilities 
applied to patients in the ‘treated AF’ and ‘disabling 
stroke’ states, disutility data were not included for 
intercurrent events; the few short-term cases of these 
AEs were assumed to have been treated successfully 
within 30 days without incurring any disutility. This 
assumption was considered conservative as, apart 
from pacemaker complications, intercurrent event 
rates were generally lower for TAVI with SAPIEN 3 
compared with SAVR. Although only methodologically 
sound data from the literature that were considered 
the best available source were used to calculate some 
input data, in some instances (e.g. the utility decre-
ment for AF) these data were based on non-Belgian 
patients.

Conclusions

The PARTNER 3 trial showed that TAVI provides signifi-
cant clinical benefits over SAVR in patients with sSAS 
at low risk of surgical mortality [3,4], leading to 
updated European guidelines recommending consider-
ation of TAVI in all patients with sSAS regardless of 
their surgical risk status [5]. Guidelines in Belgium cur-
rently restrict TAVI to the population with sSAS who 
are inoperable or have a high risk of surgical mortality. 
This current analysis suggests that TAVI with SAPIEN 3 
is likely to offer a cost-effective intervention in low-risk 
patients with sSAS in Belgium, showing economic 
dominance over SAVR driven by robust cost savings 
associated with post-procedure management of 
patients. These data may be helpful for informing 
clinicians, policymakers and healthcare budget holders 
in Belgium in their deliberations on how best to opti-
mise both health outcomes and resource allocation in 
the management of patients with sSAS.
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