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Abstract

Background and Objective European guidelines recommend transcatheter aortic valve implantation (TAVI; class IA) for
symptomatic severe aortic stenosis (SSAS) in patients aged > 75 years, if a transfemoral approach is possible. Recent cost-
utility analyses based on the PARTNER 3 trial have suggested that TAVI with the SAPIEN 3 device is cost effective versus
surgical aortic valve replacement (SAVR) in patients at low risk of surgical mortality in several European countries. This
cost-utility analysis compares TAVI with SAPIEN 3 versus SAVR in patients with sSAS at low risk of surgical mortality
from the UK healthcare system perspective, using 5-year PARTNER 3 trial data.

Methods A two-stage, Markov-based, cost-utility analysis was performed using published and validated methodology to
estimate changes in both direct healthcare costs and health-related quality of life for TAVI with SAPIEN 3 versus SAVR in
patients with sSAS at low surgical risk from the perspective of the UK healthcare system. The model used a lifetime horizon
with a 3.5% yearly discounting factor. Uncertainty was addressed using deterministic and probabilistic sensitivity analyses.
Results Transcatheter aortic valve implantation with SAPIEN 3 generated an incremental health benefit of 0.47 (90%
credible interval 0.35-0.60) quality-adjusted life-years per patient compared with SAVR, at an increased cost of £7999
(£852-£15,035 90% credible interval) per patient over a lifetime horizon (incremental cost-effectiveness ratio: £16,979 per
quality-adjusted life-year gained). Transcatheter aortic valve implantation has a 63—-90% probability of cost effectiveness
based on a £20,000—£30,000 willingness-to-pay threshold. Transcatheter aortic valve implantation remained cost effective
across most deterministic sensitivity analyses, confirming the relative robustness of the results.

Conclusions Transcatheter aortic valve implantation with SAPIEN 3 has a 63-90% probability of being cost effective
compared with SAVR for low-surgical-risk patients with sSAS. These findings may inform policy decision making in the
management of this patient group.
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Key Points for Decision Makers

An increasing body of evidence, combined with recent
European and US guideline updates, acknowledge the
clinical benefits of transcatheter aortic valve implanta-
tion compared with surgical aortic valve replacement for
patients with symptomatic severe aortic stenosis, regard-
less of surgical risk status.

This cost-utility analysis shows that, from the perspec-
tive of the UK healthcare system, transcatheter aortic
valve implantation with SAPIEN 3 has a 63-90% prob-
ability of being cost effective at a £20,000—£30,000 per
quality-adjusted life-year willingness-to-pay threshold
compared with surgical aortic valve replacement for
patients with symptomatic severe aortic stenosis who are
at low risk of surgical mortality.

Transcatheter aortic valve implantation with SAPIEN 3
appears to be associated with both clinical and economic
benefits compared with surgical aortic valve replacement
in patients with symptomatic severe aortic stenosis who
are at low risk of surgical mortality. Healthcare provid-
ers and policy makers in the UK can use these data

to inform their decisions on intervention selection for
patients with symptomatic severe aortic stenosis.

1 Introduction

Aortic valve replacement options for the treatment of symp-
tomatic severe aortic stenosis (sSAS) include surgery (sur-
gical aortic valve replacement [SAVR]) or transcatheter
aortic valve implantation (TAVI) [1]. Transcatheter aortic
valve implantation was initially introduced as a treatment
option for sSAS in patients considered inoperable or at high
risk of surgical mortality [2], but technical advances and
excellent trial outcomes in large randomised controlled tri-
als have expanded the indication. Transcatheter aortic valve
implantation is now recommended as an alternative to SAVR
in all patients regardless of the surgical risk level, as per
the European Society of Cardiology/European Association
for Cardio-Thoracic Surgery [3] and American College of
Cardiology/American Heart Association Clinical Practice
guidelines [4].

In the UK, the latest (2021) National Institute for
Health and Care Excellence (NICE) heart valve disease
(HVD) guidelines [5] are substantially more restrictive in
the use of TAVI than the American College of Cardiol-
ogy/American Heart Association and European Society
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of Cardiology/European Association for Cardio-Thoracic
Surgery guidelines. This is partly because (1) NICE guid-
ance needs to account for the cost or cost effectiveness of
therapies, and (2) updates in health funding lag behind
clinical guidelines updates in the UK, leading to delays
in the reimbursement and penetration of TAVI [6, 7]. For
example, despite European Society of Cardiology/Euro-
pean Association for Cardio-Thoracic Surgery guidelines
updating in August 2021, TAVI reimbursement for inter-
mediate/low-surgical-risk patients only expanded in Janu-
ary 2023 [8]. This, combined with geographical inequities
in the UK, has led to low TAVI penetration, longer waiting
times and excess mortality among those awaiting interven-
tion [6].

While the NICE 2021 HVD guidelines [5] concluded that
TAVI was not cost effective compared with SAVR in patients
at low surgical risk of mortality, these findings are in con-
trast with other published literature and were calculated from
a model that has several limitations. For example, the NICE
cost-effectiveness model included heterogeneous sources
of mixed indications, types of devices, different valve gen-
erations and various TAVI approaches. A 2023 systematic
literature review of 42 studies [18] demonstrated that inap-
propriately combining evidence from different devices, risk
groups and access groups can underestimate the economic
benefit of the newest generation of TAVI devices, such as the
SAPIEN 3 transcatheter heart valve [10—17]. The literature
review also reported that SAPIEN 3 was more likely to be
found cost effective than other generations of device.

The PARTNER 3 trial was a multicentre randomised
controlled study investigating the outcomes of TAVI using
the SAPIEN 3 device in patients with sSAS considered at
low risk of surgical mortality. Transcatheter aortic valve
implantation with SAPIEN 3 resulted in significantly lower
rates of stroke and new-onset atrial fibrillation (AF), shorter
index hospitalisation, higher functional status and improved
quality of life at 30 days. There were also no significant
between-group differences in major vascular complications,
new permanent pacemaker insertions, or moderate or severe
paravalvular regurgitation [19, 20]. The 5-year results of
the PARTNER 3 trial found event rates for death, stroke or
rehospitalisation remained low with TAVI and very simi-
lar to the SAVR arm, reaffirming the SAPIEN 3 device as
a meaningful alternative to SAVR for patients with sSAS
considered at low risk of surgical mortality [21].

Recently published analyses suggest that TAVI is cost
effective versus SAVR in patients at low risk of surgical
mortality in France [10], Italy [11], Spain [12], Germany
[13], Belgium [14], the Netherlands [15], Sweden [16] and
Switzerland [17]. This study involved the development of a
cost-utility analysis using 5-year data from the PARTNER
3 trial to assess the value of TAVI with SAPIEN 3 versus
SAVR in patients with sSAS and at low risk of surgical
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mortality in a UK healthcare setting. The aim was to produce
device-specific evidence.

2 Methods

A cost-utility model was built to estimate changes in direct
healthcare costs and health-related quality of life with TAVI
(using SAPIEN 3) versus SAVR in patients with sSAS with
a low risk of surgical mortality (< 4%, as defined by the
Society of Thoracic Surgeons [47]), from the perspective of
the UK healthcare system. Ethical approval of research was
not required as the cost-utility analysis was based on data
from existing studies and did not gather any new data from
human participants.

2.1 Model Structure

Following a conceptualisation period, the model was built
using a two-stage structure: a methodology validated in
the French [10], Italian [11], Spanish [12], German [13],
Belgian [14], Dutch [15], Swedish [16] and Swiss [17]
populations and considered appropriate for a UK con-
text by all authors. Early adverse events (AEs) linked to
the TAVI procedure were captured using the 30-day AE

dataset from the PARTNER 3 trial [19] in a decision tree
(Fig. 1a). These data were subsequently fed into a Markov
model that included four distinct health states (‘alive and
well’, ‘treated AF’, ‘disabling stroke’ and ‘dead’) to cap-
ture longer term outcomes of patients, post TAVI or SAVR
intervention (Fig. 1b). The acute costs associated with a
transient ischaemic attack, myocardial infarction and bleed
rates were captured between 30 days and 1 year [19].

A lifetime horizon (30 years), and 1-month cycle length
was used, with an annual discounting factor of 3.5%
applied for both future costs and benefits. A 30-year time
horizon was chosen to capture the potential outcomes of
people with sSAS over their lifetime. Half-cycle correc-
tions were applied for costs and quality-adjusted life-years
(QALYs), with the exception of the procedure costs; all
patients will incur these costs, which can be justified given
the low risk of surgical mortality.

Health-related quality of life was included in the analy-
sis using QALYs as an endpoint. These were based on
the EQ-5D utility values for the different health states in
the model, with utility decrements for the AF and stroke
health states taken from the published literature and
adjusted for age and population norms using Hernindez
Alava et al. [22].

] NO AES
—<] Short term AEs
I <> Alive & well
Alive ve & we
bl <] Disabling stroke
—
Dead Treated AF
Enter Disabling
- Markov Dead
I::' <] No AEs Stroke
model
<] Short term AEs
O
Alive
SAVR ‘——=< Disabling stroke ¥
<] Treated AF Treated AF

Dead

Fig. 1 Cost-effectiveness model had two stages: (a) early adverse
events (AEs) from the PARTNER 3 trial were captured in a deci-
sion tree, which fed into (b) a Markov model that captures longer
term outcomes of patients. Short-term AEs include new permanent
pacemaker, hospitalisation, non-disabling stroke, transient ischae-
mic attacks, myocardial infarction, bleeding, acute kidney injury
with renal replacement therapy and aortic reinterventions. *‘Alive
and well’: patients have undergone the procedure and survived with
only short-term or no AEs; patients in this health state can transition
to ‘disabling stroke’, ‘atrial fibrillation’ (AF) or ‘dead’ at any point
during the model time horizon. ‘Treated AF’: patients have under-
gone the procedure and survived but developed AF requiring specific
treatment; this can either occur within the first 30 days or during the
rest of the time horizon of the model, and patients in this health state

can transition to ‘disabling stroke’ or ‘dead’ at any point during the
model time horizon. ‘Disabling stroke’: patients have undergone the
procedure and survived but had a disabling stroke; this can either
occur within the first 30 days or during the rest of the time horizon
of the model, and patients in this health state can only transition into
the ‘dead’ state at any point during the model time horizon. ‘Dead’:
this is the absorbing state in the model: all patients in the model are
at risk of dying because of general all-cause mortality; patients with
treated AF and stroke are at an increased risk of dying. HR hazard
ratio, SAVR surgical aortic valve replacement, TAVI transcatheter aor-
tic valve implantation. Reproduced from Gilard et al. [10], https:/
doi.org/10.1016/j.jval.2021.10.003 under the terms of the creative
commons licence (Creative Commons Attribution License [CC BY])
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2.2 Model Inputs

The model was informed by the PARTNER 3 trial popula-
tion, which excluded patients with clinical frailty, bicuspid
aortic valves or other anatomical features that increased
the risk of complications associated with either surgery
or TAVI, such as aortic insufficiency and aortopathy.
In the trial, 503 patients were randomised to TAVI and
497 patients randomised to SAVR, with the ‘as treated’
groups comprising 496 and 454 patients, respectively
[19]. The primary endpoint was a composite of death from

Table 1 Probabilities of clinical events used in the model

any cause, stroke or rehospitalisation at 1 year after the
procedure.

2.2.1 Clinical Events

The monthly transition probability from ‘alive and well’ to
‘treated AF’ was informed by PARTNER 3 data on new-
onset treated AF between 30 days and 5 years (Table 1)
[19-26]. This was based on patients who received no treat-
ment for AF to represent those with chronic, rather than
acute, AF. For the remaining two health-state transitions,

Clinical events SAPIEN 3 SAVR Source
At 30 days
Treated AF 4.1% 35.8% PARTNER 3 trial [19]
New permanent pacemaker 6.5% 4.0% PARTNER 3 trial [19]
Rehospitalisation 3.4% 6.4% PARTNER 3 trial [19]
Disabling stroke 0.0% 0.4% PARTNER 3 trial [19]
Aortic reintervention 0.0% 0.0% PARTNER 3 trial [19]
Mortality 0.4% 1.1% PARTNER 3 trial [19]
Monthly health states transition probabilities and intercurrent events between 30 days and 1 year
Alive and well — treated AF 0.11% 0.15% PARTNER 3 trial [19]
Alive and well — disabling stroke 0.02% 0.02% Public Health England [23]; Hewitt et al. [24]
Treated AF — disabling stroke 0.04% 0.04% Odutayo et al. [25]
TIA 0.09% 0.04% PARTNER 3 trial [19]
MI 0.02% 0.08% PARTNER 3 trial [19]
Severe or life-threatening bleeding 0.4% 0.1% PARTNER 3 trial [19]
Monthly health states transition probabilities between 1 and 2 years
Alive and well — treated AF 0.06% 0.11% PARTNER 3 trial 2-year outcomes [20]
Alive and well — disabling stroke 0.02% 0.02% Public Health England [23]; Hewitt et al. [24]
Treated AF — disabling stroke 0.04% 0.04% Odutayo et al. [25]
Monthly health states transition probabilities between 2 and 5 years
Alive and well — treated AF 0.16% 0.024% PARTNER 3 trial 5-year outcomes [21]
Alive and well — disabling stroke 0.02% 0.02% Public Health England [23]; Hewitt et al. [24]
Treated AF — disabling stroke 0.04% 0.04% Odutayo et al. [25]
Monthly health states transition probabilities after 5 years and beyond
Alive and well — treated AF 0.16% 0.024% PARTNER 3 trial 5-year outcomes [21]
Alive and well — disabling stroke 0.02% 0.02% Public Health England [23];
Hewitt et al. [24]
Treated AF — disabling stroke 0.04% 0.04% Odutayo et al. [25]
Events beyond 30 days
Rehospitalisation at 1 year (converted to monthly 4.3% 5.1% PARTNER 3 trial [19]
rates in calculations)
Rehospitalisation at 2 years (converted to monthly 1.3% 1.2% PARTNER 3 trial 2-year outcomes [20]
rates in calculations)
Rehospitalisation at 5 years and beyond (converted to  1.7% 1.6% PARTNER 3 trial 5-year outcomes [21]

monthly rates in calculations)
Aortic reintervention (converted to monthly rates in calculations)
From year 1 to year 23 onwards

From 0.5% to 8.9% From 0.5% to 8.9% PARTNER 3 up to 5 years [21], then Bour-

guignon et al. [26]

AF atrial fibrillation, MI myocardial infarction, SAVR surgical aortic valve replacement, T/A transient ischaemic attack
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the monthly transition probabilities were informed by other
literature sources because these events had limited occur-
rences within PARTNER 3. The transition from ‘alive and
well’ to ‘disabling stroke’ was informed by Public Health
England data from 2007 to 2016 [23] and Hewitt et al. [24].
The transition from ‘treated AF’ to ‘disabling stroke’ was
informed by a systematic review and meta-analysis involving
over 9.5 million participants [25] (Table 1). A simplifying
assumption was made that the transitions to “treated AF”
and “disabling stroke” remain constant from year 5 onwards
in the model. Permanent pacemaker implantation was cap-
tured as an intercurrent event between 30 days and 1 year
from the PARTNER 3 trial [19].

Other relevant events, such as rehospitalisation rates,
were based on the 1-, 2- and 5-year outcome data from
PARTNER 3 [19-21]. Reintervention rates because of valve
deterioration used PARTNER 3 for the first 5 years of data
and Bourguignon et al. for subsequent data [26] (Table 1).
In the base case, the same reintervention rate was used for
both the TAVI and SAVR arms; this simplifying assumption
allowed the best use of the available data. Other reinterven-
tion data available for TAVI were used in a scenario analy-
sis [5] but corresponded to a previous generation of TAVR
device (SAPIEN XT) so was not deemed appropriate for use
in the base case.

Two options were considered for extrapolation of sur-
vival. Option 1: transition probabilities were estimated for
each health state using general population mortality data and
literature reports of hazard ratios (HRs) for death with AF
(HR = 1.46) [25], and for death with disabling stroke at 30
days (HR = 5.22) [27] and in the following months (HR =
1.58) [5]. The HRs were sourced through a pragmatic tar-
geted literature search and an assessment made to select the
most robust and appropriate source available at the time of
the search. Option 2: this consisted of a parametric survival
fitting based on Kaplan—Meier data from the 5-year PART-
NER 3 study [21] with a choice of six parametric distribu-
tions applied (Weibull, exponential, Gompertz, generalised
gamma, log-logistic and log-normal). The survival estimates
were adjusted using the UK general population survival to
ensure that people in the model did not live longer than
expected for the general population.

Option 1 was used to determine all-cause mortality esti-
mates in the base case (Table S1 of the Electronic Supple-
mentary Material [ESM]), with Option 2 (parametric sur-
vival analysis) explored in scenario analyses. Option 2 was
chosen as a scenario rather than the base case because the
unadjusted PARTNER 3 study produced clinically implau-
sible estimates in the model owing to a very low rate of
death in the study. As previously mentioned, in Option 2,
the survival data were adjusted by the general population
mortality. General population mortality was predicted to be
higher than the PARTNER 3 study by month 1 of the model

in the TAVR arm and month 7 in the SAVR arm. Therefore,
it was deemed appropriate to reflect the excess risk of death
associated with AF and disabling stroke in the model base
case [25, 27] in line with previous publications [10-17, 25,
27]. Despite this, the survival outcomes predicted by the
model were similar when using Option 1 or 2 (see Fig. S2
of the ESM).

2.2.2 Utilities

Utility values used age-adjusted population utility norms. An
EQ-5D index value (time trade-off value set) was used for
the age-adjusted population utility norms, specific to the UK
population [22]. To account for there being too few events
in the PARTNER 3 trial, utility decrements were based on
realistic estimates from the literature, estimated utility decre-
ments for AF (— 0.08) and disabling stroke (— 0.39) using
data reported by Sullivan et al. [28] and Luengo-Fernandez
et al. [29].

2.2.3 Costs

In the base case, procedure costs for TAVI and SAVR were
calculated using the same methodology used in the NICE
HVD cost-effectiveness model [5]. The NHS Cost Col-
lection [30] price for each procedure was recalculated to
include intensive care unit stay, using published average
length of stay data. The cost of the valve (TAVI only) and
costs of rehabilitation for each procedure were then added
to reach the final cost of each procedure. Further details on
procedure costs can be found in Table S2 of the ESM.

The majority of cost inputs for health states, short-term
complications and long-term complications were sourced
from the NHS Cost Collection [30]. However, when the
NHS Cost Collection was not applicable (such as for long-
term health state costs), inputs were taken from the pub-
lished literature and inflated to a 2021/22 cost year using
the Personal Social Services Research Unit inflation index
[31]. Costs associated with the TAVI and SAVR procedures,
rehabilitation, complications, health states and other costs
are shown in Table 2 [5, 8, 32-34].

2.3 Model Outputs

Details of the model outputs and assumptions have been
published previously [10]. All analyses were performed
using Microsoft Excel (Microsoft Corporation, Redmond,
WA, USA). The model generated total per-patient costs and
QALYs for each intervention over the patients’ lifetime,
as well as an incremental cost-effectiveness ratio (ICER)
for TAVI with SAPIEN 3 compared with SAVR in a popu-
lation of UK low-risk patients with sSAS. In the UK, the
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Table 2 Costs associated with TAVI and SAVR (procedure, complications, long term) [2021/22 prices]

Unit cost components TAVI with  SAVR  Source
SAPIEN 3
Procedure
Total cost of initial procedure £30911 £22,890 Based on NICE HVD guidance [5] LR and updated to September 2021/22 prices
including rehabilitation
Acute post-operative complications
Re-intervention £30,911 £30,911 TAVI with SAPIEN 3 as per initial procedure. SAVR arm assumes TAVI replace-
ment (either SAPIEN 3 or Evolut)
Associated with health states
Treated AF, month 1 £331 £331 NICE pathways [5]
NHS improvement [8]
Kansal et al. [32]
Treated AF, > month 2 £41.52 £41.52 Kansal et al. [32]
Disabling stroke, month 1 £20,388 £20,388 Xu et al. [33]
Disabling stroke, > month 2 £603 £603 50% of social care costs removed (assumed to be private) in line with method used
for NICE guideline NG208 [5]
Alive and well, year 1 £83.02 £83.02  Assumed follow-up consultation required at months 1, 6 and 12. Cost of outpatient
appointment based on NHS improvement [8]
Alive and well, year 2+ £27.67 £27.67 Assumed follow-up consultation required at months 1, 6 and 12. Cost of outpatient
appointment based on NHS improvement [8]
Other costs considered
Pacemaker complications (monthly) £136 £136 Shore et al. [34]
Rehospitalisation £3758 £3758  NHS improvement [8] (weighted average of NEL for heart failure EBO3A-E)

AF atrial fibrillation, HVD heart valve disease, LR Low-risk, NEL non-elective (non-elective HRG codes), NHS National Health Service, NICE
National Institute for Health and Care Excellence, SAVR surgical aortic valve replacement, TAVI transcatheter aortic valve implantation

willingness-to-pay (WTP) threshold is between £20,000 and
£30,000 per QALY gained.

Overall parameter uncertainty (or second-order uncer-
tainty) was addressed using a probabilistic sensitivity analy-
sis (Table S3 of the ESM); these results form the base case.
Probability distributions for all input parameters were speci-
fied. For instance, a beta distribution was applied to propor-
tions and probabilities, a log normal distribution was applied
to relative risks and hazard ratios, and a gamma distribution
was applied to costs and resource use values (Briggs et al.
[43]). We ran 1000 Monte-Carlo simulations using random
draws of all parameters from within their assigned distribu-
tions, and 90% credible intervals (CIs) were then calculated.

2.4 Sensitivity Analyses

To evaluate uncertainty, univariate deterministic sensitivity
analyses were performed by varying inputs using confidence
intervals and ranges from the literature when available, and
plausible ranges when data were unavailable (Table S4 of
the ESM). A + 20% assumed variation was applied to the
base-case values of key model parameters to determine
their lower and upper limits. The resulting impact on net
monetary benefit, using a £20,000 WTP threshold, was ana-
lysed and visualised using a tornado diagram, which ranked
the most influential factors affecting cost effectiveness. All
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parameters were changed and the impact on the results was
explored to identify the key drivers of model uncertainty. In
addition, we ran 22 deterministic scenario analyses to test a
number of assumptions on the clinical inputs, time horizon,
the discount factor and the survival data. To understand how
the cost of SAPIEN 3 impacts the ICER, we performed a
deterministic threshold analysis (Fig. S1 of the ESM) and
probabilistic scenarios to assess the robustness of the thresh-
old results. Stochastic uncertainty was not assessed because
of the cohort-based nature of the model.

2.5 Model Validation

Clinical experts were introduced to the cost-effectiveness
model following its development by health economics spe-
cialists, as the methodological framework lies outside their
area of expertise. The model’s structure, analytical approach
and outcomes were subsequently presented and explained
to the clinical panel, which comprised six interventional
cardiologists and one cardiac surgeon. The experts were
invited to evaluate the methodology, the results and particu-
larly the interpretation of those results in the context of the
existing clinical literature. Consensus was reached that the
interpretation was appropriate and that the potential impli-
cations for clinical decision making were both robust and
well founded. The model has also been through a stringent
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quality assurance process whereby the calculations were
checked. The model clinical outcomes were compared with
the PARTNER 3 trial data at a 5-year timepoint to ensure
internal validity (see the ESM for results).

3 Results
3.1 Base Case (Probabilistic)

Transcatheter aortic valve implantation with SAPIEN 3
is estimated to offer an incremental health benefit of 0.47
(0.35-0.60 CI) QALYs per patient compared with SAVR,
at an increased cost of £7999 (£852-£15,035 CI) per patient
over a lifetime horizon. This represents a probabilistic ICER
of £16,979 per QALY gained (Table 3). At the conventional
UK WTP threshold range of £20,000—£30,000 per QALY

gained, TAVI with SAPIEN 3 was cost effective compared
with SAVR in 63-90% of the simulations in the model
(Fig. 2). The deterministic results can be found in Table S5
of the ESM. Detailed examination of the breakdown of costs
for TAVI versus SAVR found that the initial procedural costs
for TAVI are higher, but the additional lifetime costs were
similar and costs related to ‘treated AF health state’ and
‘disabling stroke’ are lower (Table 3 and Fig. 3).

3.2 Deterministic Sensitivity Analyses

Univariate deterministic sensitivity analyses demonstrated
that TAVI with SAPIEN 3 was cost effective regardless of
plausible changes in many of the individual model param-
eters (Fig. 4). However, the model was most sensitive to the
procedural costs of TAVI with SAPIEN 3, procedural costs
of SAVR, risk of new onset AF at 30 days with SAVR and

Table 3 Base-case results
with acute and lifetime costs

(probabilistic)

Summary results TAVI with SAPIEN 3 SAVR Incremental

Cost per patient £42,640 £34,641 £7999

Life-year gained (undiscounted) 12.58 12.04 0.54

QALYs per patient 7.34 6.87 0.47

Incremental cost effectiveness ratio £16,979

Incremental net monetary benefit (£20,000 per QALY threshold) £1423

Incremental net health benefit (£20,000 per QALY threshold) 0.07

Acute-phase cost (initial procedure)
Index hospitalisation (without pacemaker), including £30,881 £22,863 £8017

rehabilitation

Acute-phase costs £30,881 £22,863 £8017

Additional costs at 1 year
Bleeding, MI and TIA £162 £70 £92
Costs of pacemaker complications £94 £56 £37
Costs of hospitalisations £259 £391 - £132
Re-intervention costs £137 £136 £1
Alive and well health state costs £921 £617 £304
Treated AF health state costs £36 £274 — £237
Disabling stroke costs £39 £169 —£131
Death costs £0 £0 £0

Total costs at 1 year £32,529 £24,577 £7,952

Additional lifetime costs
Costs of pacemaker complications £929 £541 £388
Costs of hospitalisations £540 £487 £53
Re-intervention costs £4356 £4058 £298
Alive and well health state costs £2495 £1790 £705
Treated AF health state costs £590 £1466 — £876
Disabling stroke costs £1201 £1722 —£521
Death costs £0 £0 £0

Additional lifetime costs £10,111 £10,064 £47

Total lifetime costs £73,520 £57,504 £16,016

AF atrial fibrillation, /CER incremental cost-effectiveness ratio, M1 myocardial infarction, QALY quality-
adjusted life-year, SAVR surgical aortic valve replacement, TAVI transcatheter aortic valve implantation,

TIA transient ischaemic attack
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Procedure cost: TAVI with SAPIEN 3 (£23,118;£34,677)

Procedure cost: SAVR (£16,213;£24,320)

SAVR: Risk of new onset atrial fibrilation at 30 days (28.62%;42.93%)

Age (58.40;87.60)

TAVI with SAPIEN 3: Re-intervention multiplier (0.8;1.2}

SAVR: Re-intervention multiplier (0.8;1.2)

Re-intervention cost with TAVI with SAPIEN 3 (£23,118;£34,677)

TAVI with SAPIEN 3: Risk of disabling stroke at 30 days (0.0%;1.0%)

Re-intervention cost with SAVR (£23,118;£34,677)

Utility decrement: Atrial fibrilation (0.06;0.1)

HLow Value

THigh Value

2

-£8,000 -£6,000 -£4,000 -£2,000 £0

£2,000 £4,000 £6,000 £8,000 £10,000 £12,000

Incremental net monetary benefit (NMB)

Fig.4 Tornado diagram showing the ten parameters with greatest influence on the model (deterministic sensitivity analysis). AF atrial fibrilla-
tion, SAVR surgical aortic valve replacement, TAV/ transcatheter aortic valve implantation

age of patients entering the model (Fig. 4). A change in these
parameters can lead to the net monetary benefit falling below
zero, at a WTP threshold of £20,000/QALY.

3.3 Scenarios

The results from the deterministic scenario analyses demon-
strated the comparative robustness of the model (Table 4).
Transcatheter aortic valve implantation remained cost effec-
tive compared with SAVR in the model when including a
more aggressive re-intervention rate for TAVI, an increased
risk of stroke, AE costs occurring within 30 days, alterna-
tive hospitalisation costs and over various time horizons
(Table 4).

The threshold analysis of the SAPIEN 3 valve cost
(Fig. S1 of the ESM) demonstrated that the cost of SAPIEN
3 valve would need to be > £23,800 to not be cost effec-
tive at the £20,000/QALY threshold or > £28,500 to not be
cost effective at the £30,000/QALY threshold. Varying the
valve cost from £15,000—£30,000 (from a base-case value of
£22,500) moved the ICER from £911 to £33,219 per QALY
gained. Probabilistic scenarios were also run on the cost of
the SAPIEN valve to assess the robustness of the results.
Similar to the deterministic results, the cost of the SAPIEN
3 valve could increase to £23,900 before the probabilistic
ICER rose above the £20,000 per QALY threshold (with
a 50.1% probability of being cost effective). Similarly, the

SAPIEN 3 valve could increase to £28,400 before the proba-
bilistic ICER rose above the £30,000 per QALY threshold
(with a 50.1% probability of being cost effective).

4 Discussion

This analysis suggests that TAVI with SAPIEN 3 has a
63-90% probability of being a cost-effective choice for valve
replacement in UK patients with aortic stenosis and a low
risk of surgical mortality. Transcatheter aortic valve implan-
tation with SAPIEN 3 improves QALY's and increases costs
compared with SAVR, leading to a probabilistic ICER of
£16,979 per QALY.

The cost-effectiveness results remained robust in most
sensitivity analyses at a WTP threshold of £20,000-£30,000
per QALY gained. The unit cost of the SAPIEN 3 valve
could increase from £22,500 to £22,900 before the proba-
bilistic ICER rose above the £20,000 per QALY threshold
(with a 50.1% probability of being cost effective). Simi-
larly, the SAPIEN 3 valve could increase to £28,400 before
the probabilistic ICER rose above the £30,000 per QALY
threshold (with a 50.1% probability of being cost effective).
The deterministic threshold analysis led to similar results,
where SAPIEN 3 could increase to £22,800 and £28,500
before no longer being cost effective at the £20,000 and
£30,000 WTP thresholds, respectively.
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Table 4 Scenario analyses results (based on deterministic results)

Scenario Cost differ- QALY difference ICER
ence (TAVIvs  (TAVI vs SAVR)
SAVR)

Base case £7998 0.47 £17,065

Patient starting age 70 years £7961 0.48 £16,424

Proportion male 54.4% £7990 0.47 £17,134

Increase in risk of reintervention with TAVI (RR 1.08 from NICE NG208) £8357 0.47 £17,844

Survival data from PARTNER 3, 5-year KM estimates (gamma distribution, best statistical fit) £7457 0.31 £23,935

Survival data from PARTNER 3, 5-year KM estimates (Weibull distribution) £7459 0.31 £23,839

Survival data from PARTNER 3, 5-year KM estimates (log-logistic distribution) £7463 0.31 £23,705

Increase in risk of stroke to align with PARTNER 3 outcomes (for first 5 years) £8195 0.44 £18,807

Including adverse event costs within 30 days £7157 0.47 £15,269

Alternative cost estimates of procedure cost (EY21B for TAVI, elective: £30,911; ED25C for £9251 0.47 £19,736
SAVR, elective: £21,638)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective short stay: £27,513; £5589 0.47 £11,924
ED25C for SAVR, elective: £21,638)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective long stay: £34,368; £12,975 0.47 £27,683
ED25C for SAVR, elective: £21,638)

Alternative cost estimates of procedure cost (EY21B for TAVI, elective: £30,911; ED24C for £6746 0.47 £14,393
SAVR, elective: £24,142)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective short stay: £27,513; £3085 0.47 £6581
ED24C for SAVR, elective: £24,142)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective long stay: £34,368; £10,471 0.47 £22,341
ED24C for SAVR, elective: £24,142)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective short stay: £27,513; £11,391 0.47 £24,302
ED25C for SAVR, non-elective short stay: £15,836)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective long stay: £34,368;  £8127 0.47 £17,340
ED25C for SAVR, non-elective long stay: £26,486)

Alternative cost estimates of procedure cost (EY21B for TAVI, non-elective long stay: £34,368;  £7992 0.47 £17,052
ED24C and ED25C for SAVR, non-elective long stay: £26,621)

Lower price for SAPIEN 3 device based on NICE NG208 (£17,973)* £3428 0.47 £7314

Alternative disabling stroke cost for month 1 (not excluding 50% of social care costs): £25,322  £7955 0.47 £16,972

Alternative cost of hospitalisation based on NICE NG208 (£2448)° £8026 0.47 £17,123

5-Year time horizon £7788 0.16 £47,458

10-Year time horizon £7711 0.31 £25,067

15-Year time horizon £7799 0.41 £19,061

20-Year time horizon £7940 0.46 £17,367

AF atrial fibrillation, ED24C complex, single heart valve replacement/repair, with CC score 0-5, ED25C standard, single heart valve replace-
ment/repair, with CC score 0-5, EY21B TAVI using transfemoral approach, with CC score 0-7, HR hazard ratio, ICER incremental cost-effec-
tiveness ratio, KM Kaplan-Meier, NICE National Institute for Health and Care Excellence, QALYs quality-adjusted life-years, RR relative risk,

SAVR surgical aortic valve replacement, TAVI transcatheter aortic valve implantation
4£17,500 taken from NICE NG208 [5] and inflated to 2021/22 prices
£2275 taken from NICE NG208 [5] and inflated to 2021/22 prices

A deterministic sensitivity analysis showed that proce-
dural costs (TAVI and SAVR) had the greatest influence on
the model’s results, followed by SAVR-associated AF risk.
In contrast, variations in reintervention rates and costs had
a more limited impact, with AF utility decrement having
minimal influence. For example, when applying a scenario
with an increased TAVI reintervention rate (a RR of 1.08),
the resulting deterministic ICER remains below the £20,000
per QALY gained threshold. These findings highlight that
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procedural costs and clinical complications drive the most
substantial changes when adjusting for lower and upper
limits.

The results of this study are aligned with a 2024 analysis
based on 4-year follow-up data from the Evolut Low Risk
trial, which found that TAVI is likely to be cost effective
in a UK setting [9]. The Evolut analysis showed that over
a lifetime, TAVI was projected to add 0.28 incremental
QALYs at an incremental cost of £5021, resulting in an
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ICER of £17,883 per QALY gained. The results are also
consistent with other analyses that use the same two-stage
model structure for patients at low surgical risk in France
[10], Italy [11], Spain [12], Germany [13], Belgium [14],
Netherlands [15], Sweden [16] and Switzerland [17]. Other
cost-effectiveness analyses using PARTNER 3 data report
that SAPIEN 3 is cost effective: the Canadian ICER for
SAPIEN 3 is CAN $27,196/QALY, the Australian ICER is
AUS $3521 [35, 36] and there is a 95% probability that the
US ICER would be USD < $50,000 [41]. Transcatheter aor-
tic valve implantation dominance has also been reported in
Norway [39] and Ireland [40]. In a cost-effectiveness analy-
sis of TAVI using SAPIEN 3 versus SAVR from a Japanese
public healthcare payer perspective, in low-risk patients, the
ICER for TAVI was ¥750,417/QALY, which was below the
cost-effectiveness threshold of ¥5 million/QALY [42].

In comparison, the findings of this study are discrepant
with those reported in the 2021 NICE HVD guidelines [5],
which reported that TAVI was not a cost-effective option
compared with SAVR in patients at low surgical risk of mor-
tality. The NICE findings were primarily driven by incre-
mental QALY gains for TAVI (+0.024 QALYs) that appear
to be very small compared with other published economic
evaluations that use 1-year data from the PARTNER 3 trial
(4+0.1 and +0.2 for the studies by Tam et al. [35] and Zhou
et al. [36], respectively).

Concerns regarding these NICE results focus on sev-
eral issues, namely: (1) outdated assumptions not based on
current TAVI practice; (2) combining different valve gen-
erations (e.g. second and third); (3) types of TAVI valves
(balloon and self-expandable); (4) indications (intermedi-
ate-risk and low-risk patients); and (5) TAVI approaches
(transfemoral and transapical). These concerns have been
described elsewhere [37] and raise uncertainty as to whether
the results of the NICE methodology accurately reflect the
QALY gains expected with the latest balloon-expandable
technology (SAPIEN 3 and SAPIEN 3 Ultra).

Given the continuous evolution of TAVI technology, pol-
icy decisions must be guided by the latest evidence on device
iterations and procedural advancements. A recent review
[38] found that economic evaluations of TAVI often over-
look learning effects, technological progress and context-
specific factors, leading to outdated or incomplete assess-
ments. Incorporating these factors into policy frameworks
is essential for accurate cost-effectiveness evaluations and
optimised patient outcomes. As TAVI advances, economic
models and reimbursement decisions must be regularly
updated to reflect current clinical practice and innovation.

The results of this cost-effectiveness study in the UK
support the use of TAVI as a minimally invasive treatment
option in patients with sSAS at low risk of surgical mortal-
ity, especially when coupled with the substantial clinical
benefits previously noted [21]. From a healthcare provider

perspective, TAVIs improved outcomes and fewer complica-
tions lead to shorter hospital stays and improved capacity,
which will positively impact healthcare systems, particularly
those with long waiting lists. For policy makers, TAVI’s cost
effectiveness represents good value for money.

4.1 Limitations

There are some inherent limitations of a cost-effectiveness
model, which include assumptions made in the presence of
‘best fit’ data or paucity of data, extrapolations into time
horizons that are modelled beyond the scope of existing
input data, and under-estimations and over-estimations
potentially caused by differences in healthcare systems or
by the criteria for intervention and treatment selection within
a specific system. In addition to this, there is the trade-off
between capturing the full real-world patient pathway and
ensuring the model does not become overly complex. For
example, the number of Markov health states was limited
to three (excluding death) to reduce the required number of
assumptions around transition probabilities. This means that
potential health states that did not report statistically signifi-
cant differences between arms of the PARTNER 3 trial, such
as permanent pacemaker (which was instead included as a
short-term event) and moderate/severe paravalvular leak,
were not included in the Markov model.

The findings of this analysis cannot be generalised to the
overall aortic stenosis population because patients with some
high-risk features, such as annular calcification and unfa-
vourable coronary anatomy, were excluded from the PART-
NER 3 trial. This can also be said for people with bicuspid
AS because of them being excluded from the PARTNER 3
trial. There is currently mixed evidence of the safety of TAVI
for bicuspid patients, with promising results for SAPIEN 3
[44], but pessimistic results when studied across multiple
valve types [45]. Further research needs to be undertaken
before concluding whether SAPIEN 3 can be used in this
subgroup.

Similarly, the results cannot be generalised to different
age groups (such as those under 65 years) because of the
mean age in the PARTNER 3 study being 73 + 5.95 years.
Uncertainty about the longer term durability of the TAVI
device and consequent re-intervention rates in younger
patients cannot be disregarded. Finally, care needs to be
taken when attempting to generalise any findings to popu-
lations outside the UK and also outside of TAVI using the
SAPIEN 3 valve as other TAVI devices have not demon-
strated such clinical and economic benefits.

One further limitation is that the survival analysis sce-
nario (mortality option 2, based on Kaplan—Meier esti-
mates at 5 years from the PARTNER 3 trial) was required
to be adjusted by the general population mortality because
of the trial having few events in both arms. When this
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approach is selected, the relative risks of death associated
with treated AF and disabling stroke are not included, so
people live very slightly longer, reducing the difference
in incremental outcomes between TAVI and SAVR mod-
erately. However, both mortality approaches led to simi-
lar survival outcomes at both 5 and 10 years (Fig. S2 of
the ESM). This aligns with a meta-analysis conducted by
Lerman et al. [46]. Further, whilst the use of this option
increases the ICER, it is still within the £20,000—£30,000/
QALY WTP range.

It should also be noted that the PARTNER 3 trial
Kaplan—Meier curves cross (by year 5, SAVR survival is
1.8% higher than TAVI), which suggests that it could be
a strong assumption to have a lifetime survival benefit for
TAVI [21]. However, the event numbers in each arm are not
high enough to draw a strong conclusion from the trial data
alone, and the deaths included non-cardiovascular related
deaths, including those caused by COVID-19 [21]. This fur-
ther justifies the use of literature values over the PARTNER
3 trial data for modelling mortality.

5 Conclusions

Using 5-year data from the PARTNER 3 trial, this model
estimates that TAVI with SAPIEN 3 has a 63-90% probabil-
ity of being cost effective versus SAVR in low-risk patients
with sSAS when using the £20,000—£30,000 per QALY
WTP threshold of the UK healthcare system. Several addi-
tional cost scenarios support the cost-effectiveness benefits
of TAVI over SAVR in this model. The model appeared to
be relatively robust and handled uncertainty introduced via
a range of scenarios and sensitivity variables. This analy-
sis using data from the PARTNER 3 trial in conjunction
with data from the UK is informative for policy makers and
healthcare budget holders.
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