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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Late Stage Assessment

Transcatheter heart valves for transcatheter aortic
valve implantation in people with aortic stenosis

Final scope

Remit/evaluation objective

To assess the incremental clinical, economic and non-clinical benefits of
transcatheter aortic valve implantation devices for people with severe aortic stenosis
to justify price variation and inform procurement decisions.

Background

Aortic stenosis occurs when the aortic valve thickens or stiffens and doesn’t open
properly. Extra force is needed to pump blood through the valve, which puts strain on
the heart. A recent study has estimated the overall prevalence of severe aortic
stenosis among people over 55 years in the UK to be almost 1.5%, equal to around
300,000 people living with the condition at any one time." Among those people, just
under 200,000 were estimated to have symptomatic disease, which would require
treatment. However, the system is severely strained. During the COVID-19
pandemic, cardiac surgery was limited to emergency cases. As a result, by March
2023 there were more than 380,000 people on cardiac waiting lists.? Long waiting
times are a significant issue, because they have a negative impact on clinical
outcomes.?# Furthermore, the prevalence of aortic stenosis is projected to increase
in the upcoming years as the British population ages.® People with aortic stenosis
often have comorbidities, such as hypertension, coronary disease, atrial fibrillation,
and renal dysfunction.

Current care pathway

For people with severe aortic stenosis the diseased valve can be replaced.
Replacement of the aortic valve can be by either surgery or transcatheter
intervention. Decision-making about the most appropriate intervention happens at a
multidisciplinary team meeting. Medical history, treatment wait times, and planning
for future interventions are considered. Transcatheter Aortic Valve Implantation
(TAVI) is a minimally invasive procedure that avoids the need for a cardiopulmonary
bypass and sternotomy. It involves the implantation of an artificial aortic valve, which
is passed through a catheter inserted in a blood vessel in the upper leg or chest.
TAVI is recommended for people who are at high surgical risk or if surgery is
unsuitable (NICE guideline 208, NICE interventional procedure guidance 586). In
February 2023, NHS England published a position statement that to alleviate the
pressures on local systems, TAVI should also be considered as a treatment option
for eligible people at an intermediate and low-surgical risk (NHS England, 2023).
TAVI is also recommended as a less invasive treatment option if a previous
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bioprosthetic valve has failed (NICE interventional procedure guidance 653). This
procedure is referred to as valve-in-valve (ViV) TAVI.

The 2021 GIRFT National Cardiology Report has recommended the reorganisation of
valve disease services (NHS England, 2021). A number of optimisation measures for
aortic valve disease services have been implemented across the NHS. These include
the use of local anaesthesia with sedation in the vast majority of procedures, a move
towards preferentially using the transfemoral route, making refinements in the
delivery equipment, having a single point of contact to co-ordinate patient care and
consideration of same day discharge when appropriate. TAVI performed under local
anaesthesia with sedation has comparable patient outcomes to those done under
general anaesthetic.® Pre-procedural assessment and the TAVI procedure are done
in highly-specialised heart valve clinics. Recent research has shown that shifting the
pre-procedural workup to a local centre has the potential to significantly reduce wait
times for TAVI.”

Population

TAVI is recommended for people with severe aortic stenosis who are at high surgical
risk or for whom surgery is unsuitable (NICE guideline 208). People with severe
aortic stenosis who are at low or intermediate surgical risk should also be considered
for TAVI (NHS England, 2023).

The technology

An artificial aortic valve is implanted during a TAVI procedure. The device comprises
of an expandable stent frame that suspends animal tissue leaflets.? The leaflets can
be bovine or porcine and can have intra-annular or supra-annular position. The
position may influence the hemodynamics of the valve and may impact future heart
treatment. The stent frame can be made from a cobalt-chromium or a nickel-titanium
(Nitinol) alloy. The valve is passed through a catheter and when positioned it can
expand autonomously (self-expanding valve) or using a balloon in the catheter tip.
TAVI devices come in different sizes, ranging from 20mm to 34mm.

Incremental innovations

Innovative features have been added to newer generation devices. These include the
availability of smaller delivery sheaths, advances in deployment and anchoring and
the ability to reposition or recapture a device in a case of suboptimal positioning.
Newer devices also offer the opportunity to preserve coronary access, a range of
sizes and specific designs to improve valve hemodynamics and procedural
specification.

The following TAVI devices will be included in this assessment:
e Acurate Neo2 (Boston Scientific)
e Allegra (Biosensors)
e Evolut R, Evolut Pro+, Evolut FX (Medtronic) Evolut Pro excluded
e Hydra (SMT)
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o Myval Octacor (Meril)
e Navitor (Abbott)
e Sapien 3, Sapien 3 Ultra (Edwards Lifesciences)

o Trilogy (Jenavalve).  Trilogy not excluded

Intervention Transcatheter heart valve for Transcatheter Aortic Valve
Implantation (TAVI)

Population Adults with symptomatic severe aortic stenosis who have
been identified as suitable for valve replacement

Subgroups The following subgroups will be considered:

e People who are at high surgical risk or for whom
surgery is unsuitable

e People who are at low surgical risk
e People who are at intermediate surgical risk

e People with a failed previous bioprosthetic valve.

Comparators Heart valve for Surgical Aortic Valve Replacement (SAVR)

Alternative transcatheter heart valves for Transcatheter Aortic
Valve Implantation (TAVI)

Outcomes Clinical outcome measures relevant to the comparison with
SAVR or alternative TAVI, can include but are not limited to:

e mortality

¢ length of hospital stay, including ICU stay

e reintervention rate

¢ heart failure

o stroke

e vascular complications

e atrial fibrillation

e acute kidney injury

e endocarditis

e pacemaker implantation rate

e paravalvular leak

e conversion to surgery

¢ health-related quality of life.

User preference and non-clinical outcome measures will be
based on the prioritisation of outcomes as part of the multi-
criteria decision analysis.
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Economic analysis

The economic analysis will inform the benchmark price and
the additional value of the incremental differences between
the available technologies.

The economic analysis will be based on the health economic
model developed for NICE Guideline 208. Any analyses will
be in accordance with the NICE reference case:

¢ Time horizon of sufficient length to reflect all important
differences in costs or outcomes between the
technologies being compared

e Costs will include the cost of the technology,
accessories, training, staff and any treatment or
(post)-procedural costs, including capacity constraints;
costs will be considered from an NHS and Personal
Social Services perspective.

Other
considerations

The separation of transcatheter heart valves into discrete
categories, for example, with regards to the mechanism of
expansion or indication, will be considered where appropriate.

Assessment of TAVIs available to the NHS will include the
value of innovative features of individual TAVIs as part of the
comparison of alternative TAVIs. The impact of incremental
innovations of TAVIs on access to care, treatment options,
capacity and waiting lists, and the clinical care pathway may
be considered as part of the comparison of alternative TAVIs.

The prevalence of aortic stenosis rises with age. The
associated mortality is also higher in older age groups.

There may be sex-related differences in the prevalence,
pathophysiology and natural history of aortic stenosis and the
clinical outcomes of treatment.

Geographical inequalities with regards to access to heart
valve clinics exist.

Cultural preferences and religious beliefs may influence the
acceptability of some devices in certain societal groups.

Related NICE
guidance

Related NICE guidelines:

Heart valve disease presenting in adults: investigation and
management (2021) NICE guideline 208.

Related interventional procedures:

Transcatheter aortic valve implantation for aortic stenosis
(2017) NICE interventional procedures guidance 586

Sutureless aortic valve replacement for aortic stenosis (2018)
NICE interventional procedures guidance 624

Balloon valvuloplasty for aortic valve stenosis in adults and
children (2004) NICE interventional procedures guidance 78

Valve-in-valve TAVI for aortic bioprosthetic valve dysfunction
(2019) NICE interventional procedures guidance 653
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Percutaneous insertion of a cerebral protection device to
prevent cerebral embolism during TAVI (2019) Interventional
procedures guidance 650

Aortic valve reconstruction with glutaraldehyde-treated
autologous pericardium for aortic valve disease (2023)
Interventional procedures guidance 769

Related National
Policy

NHS England (2023) Position Statement on Transcatheter
Aortic Valve Implantation (TAVI) and Surgical Aortic Valve
Replacement (SAVR) for symptomatic, severe aortic stenosis
(adults) to support elective performance

NHS England (2021) GIRFT Programme National Specialty
Report

South Tees NHS Foundation Trust (2023) Optimising the
Transcatheter Aortic Valve Implantation Pathway: a delivery

gquide

NHS England (2022) Delivery Plan for Tackling the COVID-
19 Backlog of Elective Care

The NHS Long Term Plan (2019) NHS Long Term Plan

Department of Health and Social Care (2016) NHS Outcomes
Framework 2016-2017: Domains 1,2

Department of Health and Social Care (2023) Major
Conditions Strategy (in development)
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The condition and current practice (1)

Aortic stenosis occurs when the aortic valve thickens or stiffens and doesn’t open properly. The prevalence
among people over 55 years in the UK is about 1.5% and is projected to increase in the upcoming years as the
British population ages. Aortic stenosis can lead to heart failure and death if left untreated (see the Scope for
this assessment).

Replacing the diseased valve through a catheter (transcatheter aortic valve implantation, TAVI) is an established
treatment option, historically for those at high surgical risk (NICE guideline 208), but increasingly also in low and
intermediate surgical risk groups (see NHS England’s position statement, 2023). TAVI is also a treatment option
if a previous bioprosthetic valve has failed (Interventional procedures guidance 653). Severe aortic stenosis can
also be treated with surgical aortic valve replacement (SAVR). NICE Guideline 208 identified TAVI as cost-
effective only for high surgical risk and inoperable people.

The procedure is carried out under general anaesthesia or under local anaesthesia with or without sedation and
is predominantly undertaken electively with some centres conducting TAVI as a day-case procedure. The 2021
Getting It Right First Time (GIRFT) Report for Cardiology explicitly states that TAVI should be done under
conscious sedation via a transfemoral route as the default.

NICE

Abbreviations: EAG, External Assessment Group; GIRFT, Getting It Right First Time; SAVR, Surgical Aortic Valve Replacement
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The condition and current practice (2)

Ratio of people treated with TAVI and SAVR Number of TAVI procedures and cost' to the NHS
5,339
1.2 : 1 2.1:1 procedures £44,115,770
2019-2020 2021-2022 2021-2022

The 2021 (GIRFT) Report for Cardiology acknowledged high levels of price variation across the speciality.
Furthermore, GIRFT considered efficiency benefits between £35-40m per year could be achieved by ensuring

procurement and NHS Supply Chain activities are clinically led and product choices are evidence-based with
safety and outcomes unaffected by product change.

NHS England’s position statement broadening access to TAVI for people at intermediate or low surgical risk
aimed to alleviate pressures on local systems in supporting elective performance.

NICE

THospital Resource Group codes EY20A-B and EY21A-B; excludes the cost of the TAVI valve; GIRFT, Getting It Right First Time
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The condition and current practice (3)

A clinical expert noted that with an increasing numbers of people undergoing

TAVI (including people at lower surgical risk) and longer life expectancy, the
rate of TAVI explants, a risky procedure, is rising.

The Society for Cardiothoracic Surgery in Great Britain & Ireland and the
Royal College of Surgeons have expressed concerns that NHS England’s
position statement represents a policy change contrary to NICE guidance,
which is not clinically appropriate and may increase patient risks.

However, most clinical experts contacted by the EAG confirmed that most
TAVI procedures are still performed in high surgical risk people (between
40% to 80%, see Section 3 of the EAR).

Historically, valve-in-valve TAVI has represented 3%-5% of all TAVI
procedures, but the expansion of TAVI use in low and intermediate surgical
risk groups will likely result in an increase in this proportion.

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report

Proportion of people undergoing first
or second line TAVI, 2013 to 2022

3%-5%

95%-97%

1st line treatment (TAVI in a

native aortic valve)
m 2nd line treatment (TAVI after a

failed bioprosthetic valve)

Source: British Cardiovascular
Intervention Society report, 2023


https://www.bcis.org.uk/wp-content/uploads/2023/02/BCIS-Audit-2021-22-data-for-web-23-02-2023.pdf

Technologies under assessment

This late-stage assessment includes 11 TAVI valves from 8 manufacturers available on NHS Supply Chain’s
procurement framework.

The devices have valid CE certification as Class lll implantable valves. There are differences in terms of the
breadth of indication (see slide 8), but all devices are indicated for the 15t line treatment of people at high
surgical risk. Clinical experts advised that cardiologists do not routinely score surgical risk in people
undergoing TAVI.

The experts also advised that the specific choice of valve is based on patient anatomy, such as the native
valve anatomy, the degree of calcification, and other considerations such as the vascular access, risk of
pacemaker implantation, presence of a previous bioprosthetic valve and the patient’s age (see Section 2 and
Appendix G in the EAR).

The experts noted that there may be occasions where only 1 TAVI device is suitable, based on specific
technology features and claimed benefits (see next slide). However, the clinical experts emphasized that most
people can be treated with any TAVI device.

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report



Technology features

TAVI devices can have the following features:

« stent frame from either cobalt-chromium, cobalt-nickel, or nickel-titanium

« self- or balloon-expanding

« bovine or porcine pericardium tissue leaflets

« supra or intra-annular positioning

« an outer skirt or pericardial wrap (to reduce paravalvular leak)

« valve size between 20 mm and 34 mm

« anchors which fix onto native valve leaflets

« |ocators to support better alignment in the native aortic valve prior to deployment

Features of the delivery and loading systems:
« ability for recapture and reposition
« flexibility of the delivery sheath

* minimum vessel size for access Further details can be found in Section 2 of the EAR.

NICE

Abbreviations: EAR, External Assessment Report



Technologies under assessment — key features

Key features of the technologies under assessment; see also Table 2 in the EAR

Manufacturer Device

Expansion

type

Tissue
material

Supra- or
Intra-annular (mm)

TAVI-in-
TAVI

Edwards
Lifesciences

Meril UK

Abbott
Medical

Biosensors
International

Boston
Scientific

JenaValve

Medtronic

SMT
|

Sapien 3

Sapien 3 Ultra

Myval
Octacor

Navitor

Allegra

ACURATE
neo2

Trilogy

Evolut R

Evolut Pro+

Evolut FX

Hydra

Balloon

Balloon

Balloon

Self

Self

Self

Self

Self

Self

Self

Self

Bovine

Bovine

Bovine

Bovine

Bovine

Porcine

Porcine

Porcine

Porcine

Porcine

Bovine

Intra

Intra

Intra

Intra

Supra

Supra

Supra

Supra

Supra

Supra

Supra

Abbreviations: EAR, External Assessment Report; SAVR, Surgical Aortic Valve Replacement

Valve sizes High Surgical Intermediate Low Surgical TAVI-in-
Risk Surgical Risk Risk SAVR

20, 23, 26, 29 Yes Yes Yes Yes

20, 23, 26 Yes Yes Yes Yes

20, 21.5, 23, 24.5, Yes Yes Not contra- Not contra-

26, 27.5, 29, 30.5, 32 indicated indicated
Not contra- Not contra- Not contra-

2l 2 2l 2% e indicated indicated indicated
Not contra- Not contra-

A3k 20 B e indicated indicated e

23, 25, 27 Yes Yes Yes No
Not contra- Not contra- Not contra-

A3l 29 2 s indicated indicated indicated

23, 26, 29, 34 Yes Yes Yes Yes

23, 26, 29, 34 Yes Yes Yes Yes

23, 26, 29, 34 Yes Yes Yes Yes
Not contra-  Not contra-

22, A9, HU e indicated indicated AT

Yes

Yes
Not contra-
indicated

Not contra-
indicated

Not contra-
indicated
No
Not contra-
indicated

Not contra-
indicated

Not contra-
indicated

Not contra-
indicated

No



Decision problem (1)

Population Adults with severe aortic stenosis who have been identified as suitable for valve replacement

« People with different levels of surgical risk (high, intermediate, low)

POEIEL « People with non-tricuspid valve morphology
subgroups : : : : :
« People with a failed previous bioprosthetic valve
Interventions Transcatheter heart valves for Transcatheter Aortic Valve Implantation (TAVI)
Comparator Alternative transcatheter heart valves for TAVI

Key outcomes: mortality, stroke, vascular complications, length of hospital stay, reintervention
Outcomes rate, paravalvular leak
User preference outcomes

For further details see the topic’s Scope and the EAG’'s Assessment Protocol.

NICE

Abbreviations: EAG, External Assessment Group; PICO, Population, Intervention, Comparator, Outcomes


https://www.nice.org.uk/guidance/gid-hte10027/documents/final-scope-2
https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol

Decision problem (2)

The EAG assessed the suitability of Surgical Aortic Valve Replacement (SAVR) with a bioprosthetic valve as a
comparator. It was excluded as a comparator for the following reasons:

TAVI is the standard of care for people at high surgical risk and SAVR would be an appropriate comparator
only for people at low or intermediate surgical risk.

o However, clinical experts advised that clinical practice has remained largely consistent following the
NHSE position statement in that the majority of TAVI procedures are still performed in people at high
surgical risk. This is further confirmed by data from the National Adult Cardiac Surgery Audit.

The audit has also provided evidence that the mortality rate of high surgical risk patients receiving isolated
SAVR has dropped from over 9% (2020-2021) to 3.1% (2022-2023), which has been related to the increase in

the uptake of TAVI. In addition, not all TAVI devices are indicated for use in low or intermediate surgical risk
(see slide 8) and the definition of risk groups varies by manufacturer.

o The EAG noted that the points above could lead to confounding that cannot be accounted for if SAVR
data from either primary studies or a network meta-analyses are considered.

See Sections 2.4 and 3.1in the EAG's Assessment Protocol for more details.

NICE

Abbreviations: EAG, External Assessment Group; SAVR, Surgical Aortic Valve Replacement
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Clinical effectiveness

NICE National Institute for
Health and Care Excellence
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Approaches to clinical assessment

Clinical evidence was identified and assessed in order to:

« Review the clinical effectiveness of the TAVI devices in scope.
« Assess whether clinical equivalence can be assumed.
« ldentify inputs for the economic model as part of the economic evaluation.

The EAG did not identify any systematic review or meta-analysis directly relevant to the decision problem.
The following data sources were identified as suitable:

« UK TAVI Registry data

» Hospital Episode Statistics data

« Non-UK TAVI registries and peer-reviewed published evidence (for the clinical assessment of TAVI
devices only)

NICE

Abbreviations: EAG, External Assessment Group

12



Summary of the sources of clinical data

_ « Representative of a UK NHS
UK TAVI Registry

population.
01 April 2021 to 31 * In principle, includes all TAVI
March 2023 procedures from every centre

across the UK.

Hospital Episode

L « Representative of a UK NHS
Statistics (HES)

population.
01 April 2021 to 31 « Contains additional outcomes, e.g.
October 2023 with critical care stay and longer-term
history to 01 April outcomes, e.g. aortic valve
2007 reintervention rate, mortality.

« Provides evidence when real world

Published evidence data are not available.

Abbreviations: HES, Hospital Episode Statistics; NHS, National Health Service

Captures 4 manufacturers only; quality and

completeness of device model poorly reported.
Captures in-hospital outcomes only.

Several clinically important variables which determine
choice of TAVI device are not recorded.

Around 14% of procedures are not entered into the
registry.

Data are poorly reported for some fields.

Long-term evidence is restricted to older device
generations.

Does not capture the specific TAVI device.

Lacks detailed clinical information such as medications,
symptom scores and quality of life measures.

Not identified through systematic methods.

Not necessarily representative of the UK NHS population.
Only 15 studies adjusted for population differences.
Variable study quantity per device and variable quality.



Approaches to clinical assessment

The EAG analysed data from the UK TAVI Registry and from HES. To obtain longer-term outcomes to inform
the economic modelling, the EAG conducted linkage of HES and UK TAVI Registry data.

The EAG used targeted searches for non-UK TAVI registries and for peer-reviewed published evidence and

long-term and comparative evidence requested from the companies for the devices which were not present
in the UK TAVI Registry.

Due to the limitations of clinical data sources, the EAG considered a hierarchical approach to the evidence
source when exploring device clinical efficacy and updating the clinical parameters in the economic model.

Sapien 3, Sapien 3 Ultra, Evolut R,

Evolut Pro+, Navitor, ACURATE Linked UK TAVI Registry and HES data  Published evidence
neo2

Allegra, Evolut FX, Hydra, Myval

Octacor, Trilogy Published evidence -

NICE

Abbreviations: EAG, External Assessment Group; HES, Hospital Episode Statistics 14



The UK TAVI Registry (1)

Workup
Patient-level data for all TAVI procedures undertaken between 01 April 2021 and 31 March 2023 were obtained.

The data included 4 manufacturers in scope (Abbott, Boston Scientific, Edwards Lifesciences and Medtronic).
The TAVI device used was poorly completed and of low quality - close to 15% of the entries were not suitable for
analysis. To address this the EAG extracted serial numbers from the data and requested verification from the
companies. Following this, 7,409 procedures remained for analysis, comprising 7,119 native aortic valve
procedures (96.1%), 263 TAVI-in-SAVR (3.5%), and 27 TAVI-in-TAVI (0.4%). See Section 4.1.1 and Appendix C1
in the EAR for further details on the cohort identification and data cleaning.

Analysis

The EAG validated the TAVI Registry data (see Section 5.1.2 of the EAR) and investigated the differences
between the native aortic valve, TAVI-in-SAVR and 27 TAVI-in-TAVI cohorts (see Appendix C6 in the EAR).
Differences between the cohorts were observed for multiple characteristics, so the cohorts were analysed
separately.

The EAG considered multiple imputation inappropriate for correction for missing data, because of potentially
associated covariates and data not missing at random.

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; SAVR, Surgical Aortic Valve Replacement
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The UK TAVI Registry (2)

The use of devices as recorded in the UK TAVI Registry was unequal.

TAVI in native aortic valve (n=7119) 17% 55% 5% 5% 4%
ravi-in-save (n-269) [ % 0% e O

TAVI-in-TAVI (n=27) 7% 70% 1% A 4%

B Sapien 3  m Sapien 3 Ultra ACURATE neo2 Evolut R mEvolut Pro+ Navitor

Only 3 TAVI procedures (0.04%) conducted with Evolut FX were recorded. They were excluded from the

analysis as the EAG judged them to be too few for a meaningful statistical analysis. .
EAG decision

Three hospitals reported using devices from 1 manufacturer, 21 hospitals used devices from 2 manufacturers,
3 hospitals used devices from 3 manufacturers, and 5 hospitals used devices from all 4 manufacturers.
Most hospitals (90.6%) had access to at least 1 balloon expanding and 1 self-expanding TAVI device.

NICE

Abbreviations: EAG, External Assessment Group
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The UK TAVI Registry (3)

The univariate analyses of patient characteristics showed statistical differences between people treated with
each TAVI device, including age, sex, annual diameter, extensive calcification of ascending aorta, severe
symptoms, poor left ventricular ejection fraction, valve size (see Table 13 in the EAR).

The univariate analyses also highlighted statistical differences across in-hospital outcomes between devices,
including procedure duration, length of hospital stay, aortic regurgitation, major vascular complications, stroke
before discharge, technical success (see Table 14 in the EAR).

Limitations

The EAG was aware of potential confounders which are not captured currently within the UK TAVI Registry, and
therefore could not be adjusted for in the analysis, including surgical risk, anatomical characteristics such as
challenging vascular access, tortuosity, aortic valve and left ventricular outflow tract calcium, medication prior to
procedure, operator learning curve or level of experience.

The EAG highlighted that the analysis of observational real-world data from the UK TAVI Registry includes tests
for associations between recorded variables but does not establish causality.

NICE

Abbreviations: EAR, External Assessment Report
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Hospital Episode Statistics

An aggregated TAVI cohort (across all TAVI devices) identified from Hospital Episode Statistics (HES) was used
to determine the coverage and representativeness of the UK TAVI Registry and to determine longer-term
outcomes. It was based on 17,218 admissions following exclusions. See Sections 4.1.2 and 5.2.2 of the EAR for
details on the cohort identification and cleaning and Appendix D3 in the EAR for details on the patient
characteristics and longitudinal outcomes at 30 days, 1 year and 2 years for this cohort.

Limitations

« A key limitation is that HES does not record device manufacturer or model. Results may include devices used
outside of their indications for use and potentially older devices no longer available in the NHS.

« HES lacks important patient characteristics and outcomes, including surgical risk, degree of calcification,
haemodynamic performance (aortic valve mean gradient, aortic valve area).

« The EAG highlighted that analysis of observed real-world data includes tests for associations between
recorded variables but does not establish causality.

Given the limitations, the EAG judged that HES cannot be used in isolation to determine longitudinal outcomes
for the TAVI devices listed in the final scope.

NICE

Abbreviations: EAR, External Assessment Report; HES, Hospital Episode Statistics; NHS, National Health Service; 18



Linkage of UK TAVI Registry and HES

Given the specific limitations of the UK TAVI Registry and HES data, the EAG linked data from both sources to obtain
long-term outcomes specific to each device.

The two datasets were merged using NHS Trust code and an individual's sex, therefore creating a linked dataset where
each row corresponded to a unique match on both fields, followed by additional steps when rules were applied to pull out
rows containing potential matches. A small number of matches were done based on exact age and procedure date only if
sex was missing. See Section 4.1.3 and Appendix E1 of the EAR for details on the matching steps.

In total, 6,508 out of 7,028 procedures in the UK TAVI Reqistry (92.6%) were successfully matched to a unique procedure

in HES (see figure below and Figure 4 in the EAR).

N=7,028 (UK TAVI Registry procedures in England) N=17,206 (HES procedures for linkage)

Total matched (n=6,508)

First line TAVI (n=6,270) TAVI-in-TAVI (n=23)
TAVI-in-SAVR (n=215)

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; HES, Hospital Episode Statistics
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Univariate analysis (1)

Univariable tests were undertaken to explore the relationship between covariates and TAVI device in the linked

dataset. See table below for the key differences in patient characteristics (see Table 17 in the EAR for the full list).

Sex: (% male)

1,030/1,120 (92.0%)

Patient characteristics Sapien 3 Sapien 3 Ultra ACURATE neo2 Evolut R Evolut Pro+ Navitor p-value
Age, years: median [Q1,Q3] 81.0 [77.0t0 85.0] | 82.0[78.0t086.0] | 83.0[79.0t0 86.0] @ 81.0[76.0t0 85.0] | 82.0[77.0t0 86.0] | 83.0[78.0t086.0] <0.0001
1,818/3,584 (50.7%) 104/295 (35.3%) 172/246 (69.9%) 467/844 (55.3%) 72/169 (42.6%) 0.021

The differing proportions were likely related to valve size availability. E.g. most people treated with Sapien 3 were male because it is available
in a 29mm size while Sapien 3 Ultra is not. As sex is associated with height, weight and age, this may have a spillover effect.

ascending aorta: (%) If calc

30/1,041 (2.9%)

ification of the ascending aorta was considered as a surrogate outcome of calcification of the aortic v
that self-expanding TAVI devices are used more frequently in calcified valves.

alve, these findings would support

Weight, kg: median [Q1,Q3] 84.0 [74.0t0 95.7] 74.0 [64.0t0 85.5] 72.2 [63.6 t0 86.8]  80.0 [67.0 t0 92.0]  74.0 [64.2t0 86.0]  75.0 [64.5t0 83.7]  <0.0001
?g{‘g'g; diameter, mm: median - 5 196716 29.0] | 24.0 [22.4 t0 25.3] | 23.0 [22.0 to 25.0] | 26.0 [23.0 t0 27.4]  24.0 [22.6 t0 26.0]  24.3 [22.9t0 26.0] | <0.0001
Extensive calcification of 89/3,362 (2.6%) 10/211 (4.7%) 19/239 (7.9%) 47/812 (5.8%) 3/158 (1.9%) 0.021

protection device(s): (%)

154/1,115 (13.8%)

Abbreviations: CCSAS, Canadian Cardiovascular Society Angina Status; EAR, External Assessment Report

CCSAS (any limitation of o o o 0 0 0

Shysical activity): (%] 235/1,083 (21.7%)  813/3496 (23.3,%)  45/268 (16.8%) 64/244 (26.2%) 170/805 (21.1%) 58/159 (36.5%) 0.021
E’C")"%Vgss]'ze' (i (2 ! 20.0 [29.0 t0 29.0] | 26.0 [23.0t0 26.0] | 25.0 [23.0 t0 27.0]  34.0 [29.0 to 34.0]  29.0 [26.0 t0 29.0]  27.0 [25.0 t0 29.0] = <0.0001
Use of cerebral circulation 349/3,566 (9.8%) 54/295 (18.3%) 27/243 (11.1%) 123/837 (14.7%) 17/168 (10.1%) 0.021

There is an ongoing RCT investigating whether cerebral circulation protection reduces stroke in TAVI patients. Therefore, differences in stroke
outcomes may be confounded by this additional treatment.
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Univariate analysis (2)

Several statistically different in-hospital outcomes between valves were identified in the univariate analysis (see

table below and Table 18 in the EAR). However, no statistically significant differences were identified between

TAVI devices across any of the long-term outcomes considered (see Table 19 and Figures 5-9 in the EAR).

In-hospital outcome Sapien 3 Sapien 3 Ultra ACURATE neo2 Evolut R Evolut Pro+ Navitor p-value
'['S;%tg]o‘c procedure, mins: median 28:81[55'0 to 60.0 [55.0 to 75.0] 80.0 [63.0 to 105.0] 93.0 [69.0 to 120.0] ggzg][so.o to 83:81[60'0 to <0.0001
LoHS, nights: median [Q1,Q3] 3.0 [2.0 to 8.0] 3.0 [2.0t0 9.0] 3.0 [2.0t0 5.0] 4.0 [2.0 10 13.0] 4.0 [2.0 to 11.0] 3.0 [2.0 to0 10.0] <0.0001
Peak PG, mmHg: median [Q1,Q3] 12.0 [9.0t0 18.0] | 15.0 [10.0 to 22.0] 16.0 [11.0 to 22.0] 12.0 [8.0 to 19.0] 12.0[8.0t017.0] 13.0[9.0t018.0] | <0.0001
Mean PG, mmHg: median [Q1,Q3] 6.5 [5.0 to 10.0] 8.0 [5.0 t0 12.0] 8.0 [5.0 to 11.0] 7.0 [4.0 to 11.0] 6.0 [4.0 t0 9.0] 7.0 [4.0 t0 9.0] <0.0001
Valve area, cm2: median [Q1,Q3] 2.0 [1.6 to 2.5] 1.8 [1.5 to 2.1] 1.8 [1.5 to 2.0] 1.7 [1.5 to 2.1] 1.7 [1.5 to0 2.0] 2.0 [1.8 to 2.4] <0.0001
Aortic regurgitation 11/1,077 (1.0%) 33/3,442 (1.0%) 8/257 (3.1%) 12/239 (5.0%) 38/827 (4.6%) 6/162 (3.7%) 0.011
Malposition of valve 4/1,082 (0.4%) 14/3,446 (0.4%) 4/293 (1.4%) 5/237 (2.1%) 9/753 (1.2%) 3/167 (1.8%) 0.018
Use of post-implant balloon dilatation 52/1,078 (4.8%) 203/3,431 (5.9%) | 26/292 (8.9%) 39/236 (16.5%) 128/744 (17.2%) 42/163 (25.8%) 0.011
Need for permanent pacing 79/1,061 (7.4%) 202/3,371 (6.0%) | 15/256 (5.9%) 25/233 (10.7%) 95/746 (12.7%) 26/165 (15.8%) 0.0M
Major vascular complications 12/1,051 (1.1%) 34/3,340 (1.0%) 71244 (2.9%) 9/232 (3.9%) 12/724 (1.7%) 4/159 (2.5%) 0.025
Stroke before discharge 20/1,038 (1.9%) 38/3,316 (1.1%) 2/245 (0.8%) 5/227 (2.2%) 20/726 (2.8%) 6/147 (4.1%) 0.025

NICE

Abbreviations: EAR, External Assessment Report; LoHS, Length of Hospital Stay; PG, Pressure Gradient
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Multivariate analysis (1): in-hospital outcomes

The EAG undertook multivariable analyses of TAVI in native aortic valve cohort only due to the limited number of
procedures in the other cohorts. A Binary Logistic Regression (BLR) model was fitted for each in-hospital
outcome trained on a selection of clinically relevant covariates (see Section 4.1.3 of the EAR).

The EAG made the following assumptions:
« Each model was trained on the same people (i.e. only complete datasets across all covariates and outcomes).
« A step-wise methods for variable selection was judged to be inappropriate in this case.

* In each model: observations were independent, there was no multicollinearity, and independent variables were
linearly related to the log-odds of the event.

« Sapien 3 Ultra was used as the reference technology in each model, as the most used device.

EAG assumptions

The TAVI device was associated with in-hospital stroke, aortic regurgitation and permanent pacemaker
implantation (see next slide and Table 20 in the EAR). Some patient characteristics were associated with
increased odds of event (having general anaesthesia and frailty increased the odds of in-hospital death). Others
reduced the odds of an event (male sex was protective against in-hospital stroke).

NICE

Abbreviations: BLR, Binary Logistic Regression; EAG, External Assessment Group, EAR, External Assessment Report 22
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Multivariate analysis (2): in-hospital outcomes

Results of binary logistic modelling of UK TAVI Registry data (TAVI in native aortic valve) for each key in-hospital outcome
(odds ratio [95% confidence interval])

Parameter

Incidence

Sapien 3 Ultra

Sapien 3

ACURATE neo2

Evolut R

Evolut Pro+

Navitor

Death

47 events in
3,917 people

Reference

0.86 (0.25,
2.92)

2.35(0.61,
9.08)

3.1 (0.77,
12.57)

1.11 (0.31, 4.01)

0.97 (0.11, 8.28)

Stroke

61 events
in 3,910 people

Reference

3.26 (1.23,
8.64)*

0.97 (0.13, 7.51)
5.44 (1.49,

19.91)*

5.21(2.02,
13.46)*

5.22 (1.59,
17.15)*

Aortic
regurgitation**

46 events in
3,910 people

Reference

1.58 (0.41, 6.1)
5.60 (1.11,
28.32)*

8.51 (21,
34.47)*

9.78 (3.1,
30.76)*

24.56 (7.04,
85.67)*

Permanent
pacemaker
implantation

270 events in
3,913 people

Reference

0.89 (0.51, 1.55)
0.79 (0.32,
1.92)

2.08 (1.03,
4.18)*

1.89 (1.09,
3.28)*

2.54 (1.24,
5.2)*

Major bleeding

47 events in
3,912 people

Reference

0.97 (0.28,
3.28)

1.77 (0.48, 6.5)

0.77 (0.14, 4.15)

0.41 (0.1, 1.52)

1.07 (0.21, 5.3)

Major vascular
complications

49 events in
3,913 people

Reference

0.60 (0.17, 2.17)

3.10 (0.92,
10.39)

0.66 (0.11,
4.05)

0.73 (0.2, 2.67)

2.54 (0.62,
10.36)

TAVI bailout/
reintervention
before
discharge

23 eventsin
3,915 people

Reference

0.76 (0.11, 5.38)

3.85(0.74,
19.99)

2.28 (0.22, 24)

3.28 (0.68,
15.86)

0 (O, Inf)

SAVR
intervention

7 events in
3,915 people***

Reference

0 (O, Inf)

0 (O, Inf)

0 (O, Inf)

0 (O, Inf)

0 (O, Inf)

*Statistically significant **The EAG identified that missing data had an impact on the aortic regurgitation outcome (see slide 29); this may have influenced the
odds ratios for this outcome ***All interventions done with Sapien 3 Ultra

NICE

Abbreviations: SAVR, Surgical Aortic Valve Replacement
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Multivariate analysis (3): in-hospital outcomes

Death Stroke AR Pacemaker
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
0 5 10 15 O 10 20 0 50 100 O 5
Sapien 3 Ultra N | N | Reference
Sapien3 &— o [ 2 @ —
ACURATE neo2 Ho—— ¢ 0¥ —o—
EvolutR e = —eo* = o X o
Evolut Pro+ +—— —@ * = -0 |—e*—
. * * %
Navitor @—— —@ = —® : ' o
47 events in 3,917 61 events in 3,910 46 events in 3,910 270 events in 3,913
cases, 1.2% cases, 1.6% cases, 1.2% cases, 6.9%

NICE

Abbreviations: AR, Aortic Regurgitation; OR, Odds Ratio; *Statistically significant
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Multivariate analysis (4): in-hospital outcomes

BLR model results

The EAG identified a correlation between TAVI
device and valve size:

Sapien 3 Ultra showed a negative correlation
with large valve size (-0.81) indicating more
frequent use in small and medium valves,
whereas Sapien 3 showed the opposite (0.62)
indicating increased use in large valve sizes.

Evolut Pro+ and Evolut R were positively
correlated with large valve size (0.35 and 0.21
respectively).

Notable correlations were also found between
sex, height, weight, annular diameter and
valve size, all of which were expected.

NICE

Abbreviations: BLR, Binary Logistic Regression; EAG, External Assessment Group

ACURA Neo2
Coronary anatom
Coronary clinical
Non-coronary CC
Non-coronary RF
Renal

Navitor

Age
Male
Calcification

Sapien 3
Evo Pro+
Evolut R
Height
Weight
Frailty

Mean grad
Annular diam
Valve size: S
Valve size: L
Urgency
Symptoms
Anaesthesia
LVEF poor

Sapien 3 Ultra . 0047 0.23 0.21 017 0.02 0.22 0.2 0.14 0.03 0.05 0.39 044 .-um .03 0.04 0.07 0.04 .03 0.02 0.03 0.05 0.04
Sapien 3 018 0.09 0.080.07 0.05 033 034 021 0.01 0.07 82 029 . 002 0 0.03 0.1 0.01003 0 001 0.03-0.06
Evolut Pro + 007007005001 0.2 0.07 004 0.02 0.02 003022 085 0 002 0 003 0.03 0.02 0.01 0.01 0.02 0.01 0.8
Evolut R 003903002 0.04 0.03 0.02 001 0.0 0.07 .1 0:21 0.03 002 0.06 0.04 0.09 0.02 0.03 0.03 0.01 0.02
ACURATE Ne0o?2 002004 0.06 .05 0.02 0.05 0.04 0.07 0.01 0.02 0.05 0.02 0.02 0.01 0.01 0.02|0.02 0.03 0.03 0.01 0.6
NaVitOI’ 0.02 0.06 0.05 0.02 0.01 0.010.01 -0.06 0.01 0.03 0 0 -0.03-0.01 003001 0 001001
Age 0.07 0.13 -0.32 0.06 -0.05 -0.08 0.06 -0.06 -0.06 -0.03 0.08 0.1 0.03 0 -0.05 0.01 0.13 015
Male . 035 0.1 009 B2 GB 038 003 0 002009 0.01 0.11 018 0.07 0.18 0.07 r 0.4
Helg Nt s 0.00 0.05 481 47 083 0.01 002002009 0 006 0.1 0.08 0.12 0.12
Welght 0.05 0.02 0,31 0.26 021 0.02 0.02 0 0.01 0.01 0.01 0.07 0.01 0.18 0.2 L o2
Fra”ty 0 0.03 0.03 0.02 0.07 0.12 0.06 0 .01 0.01 .03 0.07 0.05 0.11
Mean gradient .08 0.08 0.05 0.06 -0.01 0.02 0.15 0.03 -0.07 0.14 0.04 0.06 -0.08
Annular diameter @ @ o 201 o 014 001003 005 0.03 0.06 008
Valve size: small s 001 002001 009 0.02 .05 0.07 0.05 0.11 007
Va|Ve SiZe: |a|‘ge 0.01 0.03 0.02 0.1 0.04 0.03 0.03 0.03 0.06 0.07 r-0.2
Procedural Urgency o2s 0oz 048 0.01 004 003 0.02 0.05 0.04
Severe Symptoms 0.07 0.16 0.03 0.06 0.03 0.03 0.05 0.06
Anaesthesia o oz o 002002 001 0;1
LVEF pOOI‘ 0.03 0.08/0.05 0.02 0.04 0.02
Extensive calcification eos/es o1 e vor 0.8
Coronary anatomical comorbididities o2s 0o 012 001
Coronary clinical comorbidities s 01| e 08
Non-coronary clinical comorbidities a1 ee
Non-coronary risk factors o

r-0.4

Correlation matrix for logistic model parameters for all outcomes




Multivariate analysis (5): long-term outcomes

A Cox Proportional Hazards (CPH) model was fitted for each long-term outcome (see Section 4.1.3 of the EAR).

CPH model covariates

The CPH model included the same covariates used in the BLR models, however, additional variables were
introduced to look at the effect of in-hospital adverse events (during TAVI procedure) on long-term outcomes.
This included in-hospital stroke’s effect on death and subsequent stroke, aortic regurgitation’s effect on re-
admission for heart failure and in-hospital PPI's effect on subsequent pacemaker-related appointments (which
reflected the need for ongoing maintenance and follow up related to the pacemaker).

CPH model results

TAVI device was not associated with any long-term outcomes (see next slide). Certain baseline characteristics
were significantly correlated with differences in long term outcomes (e.g. age at discharge was correlated with
increased risk of death post-discharge; see Table 21 in the EAR).

NICE

Abbreviations: BLR, Binary Logistic Regression; CPH, Cox Proportional Hazards; EAR, External Assessment Report; PPIl, Permanent Pacemaker Implantatior’u'26



Multivariate analysis (6): long-term outcomes

Results of the CPH models of UK TAVI Registry data (TAVI in native aortic valve) for each key outcome occurring post-

discharge (hazard ratio [95% confidence interval]).

Parameter

Incidence

Sapien 3 Ultra
Sapien 3
ACURATE neo2
Evolut R

Evolut Pro+

Navitor

Death

512 events in
3,907 people
Reference
0.81(0.54,1.2)
1.14 (0.68, 1.91)
0.82 (0.47,1.43)
0.82 (0.53, 1.26)
1.68 (0.89, 3.18)

Stroke

124 events in
3,907 people
Reference

1.3 (0.61, 2.77)
0.91 (0.27, 3.01)
0.67 (0.18, 2.45)
1.05 (0.45, 2.42)
0.92 (0.21, 4)

Pacemaker

133 events in
3,907 people
Reference

1.39 (0.67, 2.86)
1.83 (0.69, 4.85)
1.71 (0.66, 4.45)
1.23 (0.55, 2.75)
1.04 (0.24, 4.49)

See next slide for a graphical representation of the results.

NICE

Abbreviations: CPH, Cox Proportional Hazards

Aortic
reintervention
(TAVI or SAVR)

18 events in 3,907

people
Reference
0 (O, Inf)
0 (O, Inf)
0 (O, Inf)
0 (O, Inf)
0 (O, Inf)

Readmission for
heart failure

276 events in
3,880 people

Reference

1.29 (0.79, 2.12)
1.38 (0.68, 2.82)
1.76 (0.87, 3.53)
1.6 (0.93, 2.74)
1.47 (0.58, 3.73)
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Multivariate analysis (7): long-term outcomes

No statistically significant differences in long-term outcomes were observed.

Readmission

Death Stroke Pacemaker for HF
HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
-1 01 2 3 4 -1 0 1 2 3 4 -1 01 2 3 4 5 0 1 2 3 4
Sapien 3 Ultra . » . . Reference
Sapien 3 e ——i [ P —— —_——
ACURATE neo?2 o " ¢ i
Evolut R i = ' T° ! T"°
Evolut Pro+ - T ' N h—
— ‘o
Navitor — 1
512 events in 124 events in 133 events in 276 events in
3,907 cases 3,907 cases 3,907 cases 3,880 cases
NICE

Abbreviations: HF, Heart Failure; HR, Hazard Ratio
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Multivariate analysis (8)

Model performance

Due to the relative low frequency of key outcomes, the confidence intervals for coefficients were often wide showing a
degree of uncertainty in results. There was additional uncertainty stemming from the lower used of some technologies.

The proportions of people treated with Sapien 3 Ultra experiencing aortic regurgitation statistically differed before and
after exclusion of incomplete cases (see Section 5.3.2 of the EAR). As Sapien 3 Ultra was used as the reference, the
odds ratios observed for the other device types may have been influenced by this decrease, although it would not have
influenced the relative differences between other devices.

In the assessment of in-hospital outcomes, the PPl model had a poor ability to discriminate between individuals who do
and who don’t experience an outcome (see Section 4.1.3 in the EAR); all other models were at acceptable levels. In the
assessment of long-term outcomes, the models for death and pacemaker had low concordance (<0.7), which suggested
that their predictive capability was lacking (see Table 21 in the EAR).

Multivariate analysis limitations

The EAG stressed that the multivariate analysis is limited by the availability and quality of the data, and by the
presence of unmeasured potential confounders, such as surgical risk and valve calcification. Therefore, if clinicians
tend to favour one model by default, the people treated with this device may more often have favourable
characteristics or characteristics less likely to affect device choice. EAG highlight

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; PPIl, Permanent Pacemaker Implantation
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Multivariate analysis (9): self-expanding valves only

The EAG fitted the BLR and CPH models to data on the self-expanding devices only. Medtronic Evolut Pro+ was
set as the reference (see Section 5.3.2 and Table 22 in the EAR).

In-hospital outcomes

ACURATE neo2 had statistically increased odds of major vascular complications when compared to Evolut Pro+.
No other statistically significant differences for in-hospital outcomes between self-expanding TAVI devices were
observed.

The EAG stated that this was a further indication that valves with different methods of expansion are used in
different populations. For example, the odds of aortic regurgitation across self-expanding devices were not
significantly different, while in the analysis including all devices the odds ratios of self-expanding valves ranged

from 5 to 24 compared to a balloon-expanding valve. -mm—
U U

Long-term outcomes

The specific TAVI device was not significantly associated with any long-term outcome. Some patient
characteristics and in-hospital outcomes affected long-term outcomes, largely in line with the observations in
the analysis including all devices.

NICE

Abbreviations: BLR, Binary Logistic Regression; CPH, Cox Proportional Hazards; EAG, External Assessment Group, EAR, External Assessment Report 30



Published evidence

Identification

The EAG used published evidence to inform uncertainties in the clinical performance of the technologies in
scope. Published evidence was identified through early scoping searches, targeted literature searches (based on
device nhame) and evidence provided by the companies (see Section 4.1.4 in the EAR).

As data on newer generation devices were lacking, the EAG also considered comparative and long-term
evidence from older generations.

Where there was a lot of evidence for a technology, the EAG prioritised studies in the UK setting, comparative
evidence against devices in scope, longest follow-up data, largest sample size, most device comparisons or
those reporting adverse events. Where no comparative evidence was available for a device (or its predecessor),
non-comparative evidence was also considered.

Selection

The EAG prioritised studies including patient level data from an NHS setting where confounders could be
adjusted for (i.e. systematic reviews with meta-regression, RCTs, observational studies with propensity
matching or case-control studies) as key evidence.

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; RCT, Randomised Controlled Trial
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Key published evidence (1)

Forty-two peer-reviewed publications (including 30 comparative and 12 single arm studies) were considered key
evidence for the 11 TAVI devices in scope (see table below).

Parameter Total number of studies Total number of people Other comment
Myval Octacor 4 studies 576 people Predecessor Myval was used in 5 studies including
419 people
Sapien 3/Sapien 3 Ultra 16 studies 155,054 people Among the total, Sapien 3 Ultra in 5,519 people
Allegra 2 studies 206 people -
ACURATE neo?2 5 studies 3,194 people Predecessor ACURATE neo was used in 8 studies
and 8,192 people
. Among the total, Evolut FX in 681 people, Evolut
Evolut R/Pro+/FX 20 studies 108,538 people Pro+ in 62,966 people
Hydra 1 study 157 people =
Navitor 2 studies 257 people Predecessor Portico in 8 studies including 4,264
people
. Predecessor JenaValve in 2 studies, including 268
Trilogy 1 study 1 person

people

NICE



Key published evidence (2)

Only one study was undertaken exclusively in a UK. Among the remaining the majority were international
multicentre studies (9) or studies conducted exclusively in the USA (8). Seven studies were conducted in
Germany, 4 in multiple centres across Europe, 4 in Italy, 1in the Netherlands and 1 in Switzerland. Two studies
conducted in India and 1 in Brazil were included. Four systematic reviews did not report the locations of each
included study.

Most of the publications were undertaken exclusively in people undergoing TAVI in a native aortic valve (N=26).
Sample sizes ranged from single case reports to 99,725 in a systematic review and network meta-analysis.

Surgical risk was reported in all except 3 publications however, it was evaluated using different methods,
including Society of Thoracic Surgeons (STS) score (N=28), EuroSCORE (N=4), EuroSCORE Il (N=20), or MDT
(N=4); with 12 studies reporting a combination of these. The studies also reported different thresholds to define
surgical risk groups, making it difficult to quantify how many studies were undertaken in low, intermediate and
high surgical risk groups. Nearly half of the studies included symptomatic patients and nearly half included only
people undergoing transfemoral TAVI (see Section 5.4.1in the EAR for further details on the key studies).

NICE

Abbreviations: EAR, External Assessment Report; MDT, Multidisciplinary Team; STS, Society of Thoracic Surgeons
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Key published evidence (3)

Among the 42 key studies, only 15 accounted for population differences between arms within their study design
or subsequent analysis:

« 1 systematic review with a meta-regression and subgroup analysis (Lerman et al. 2023).
« 2 RCTs (Baumbach et al. 2024; Herrmann et al. 2024).

« 10 observational studies with propensity score matching or adjustment (Baggio et al. 2023; Buono et al. 2022;
Costa et al. 2022; Costa et al. 2024; Delgado-Arana et al. 2022; Forrest et al. 2020; Halim et al. 2023; Nazif et
al. 2021; Pellegrini et al. 2023; Rudolph et al. 2024) using between 10 and 28 covariates during matching.

« 2 non-randomised studies reported multivariate analysis (Kim et al. 2022c¢; Tamm et al. 2021).

Critical Appraisal

The EAG critically appraised those 15 studies (see Appendix B2 in the EAR). AiImost all studies were at high risk
of bias, including the systematic review by Lerman et al. (2023) and the RCTs by Baumbach et al. (2024) and
Herrmann et al. (2024).

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; RCT, Randomised Controlled Trial
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Published evidence — multi-device

Author (year); design,
location

Santos-Martinez et al.
(2022)

Retrospective non-
randomised

Europe

Yang et al. (2023)

Systematic review and
network meta-analysis
of 79 studies

Rudolph et al. (2024)

Non-randomised study
with propensity score
weighted analysis

Costa et al. (2022)

Non-randomised study
with propensity score
matching

Italy

Intervention arms

Evolut R or Pro (n=298)
Sapien 3 (n=290)
ACURATE neo (n=180)
Myval (n=135)

Portico (n=125)

Allegra (n=103)
Sapien 3 (n=54,691)

Evolut (n=35,339 including
Evolut R and Evolut Pro)

ACURATE (n=4,634 including
ACURATE and ACURATE neo)

Portico (n=2,001), DFM
(n=450) and Lotus (n=2,610)
Evolut R (n=7,028)

Sapien 3 (n=13,296)
ACURATE neo (n=2,922)
Portico (n=878)

Evolut R (n=1,125)
Evolut Pro (n=337)
Sapien 3 (n=768)
ACURATE neo (n=290)
Portico (n=208)

Summary of key results and limitations

Myval was the reference technology in the analyses in this study. It generally had favourable or non-
inferior outcomes versus the other devices, which were statistically significant in some comparisons.

The EAG noted that the study only reported in-hospital outcomes and did not adjust for
differences in baseline characteristics between devices.

The best performing valve varied by the outcome of interest: procedural mortality (Portico), short-
term mortality and no correct position (Sapien 3), stroke (DFM), PPl (ACURATE), moderate to severe
PVL (Lotus), prothesis patient mismatch and mean aortic valve gradient (Evolut). The authors
acknowledged that the analysis was restricted to short-term outcomes only, and that differences in
patient anatomy between arms may have contributed to heterogeneity. Lack of data limited subgroup
analysis on these factors, which limits generalisability of findings.

Sapien 3 showed statistically significantly better performance in the following outcomes when
compared with the other valves: death (procedural, p=0.03), vascular complications (procedural,
p<0.0001), dilatation (post-procedure, p<0.0001), paravalvular leak — grade Il or higher (discharge,
p<0.0001), transvalvular gradient (discharge, p<0.0001) and new pacemaker/implantable
cardioverter defibrillators (1 year, p<0.0001).

Evolut R showed statistically significantly better performance in the following outcomes when
compared with the other valves (including Evolut Pro): PPI (in-hospital, p=0.002), moderate to severe
paravalvular regurgitation (in-hospital, p<0.01), residual transvalvular gradients (in-hospital, p<0.01),
ICU length of stay (discharge, p<0.001), post-procedural hospital length of stay (discharge, p<0.001)
and PPI (1 year, p<0.01).

Abbreviations: ICU, Intensive Care Unit; PPI, Permanent Pacemaker Implantation; PVL, Paravalvular Leak 35



Published evidence - Myval Octacor

Author (year); design,
location

Baumbach et al. (2024)
Non-inferiority RCT

International (N=16
countries)

Delgado-Arana et al. (2022)
Propensity matched
Europe

Halim et al. (2023)

Retrospective non-
randomized cohort
(propensity matched)

The Netherlands

Moscarella et al. (2024)

Retrospective non-
randomised cohort

Italy

Jose et al. (2023)
Real-world observational

Intervention arms

Myval or Myval
Octacor (n=379)

Contemporary group;
Evolut or Sapien
series (n=377)

Myval (n=103)
Sapien 3 (n=103)

Myval (n=91)

Evolut R or Pro
(n=91)

Evolut R (n=108)
Myval (n=58)

Myval Octacor
(n=123)

Summary of key results and limitations

No statistical difference in the primary endpoint at 30 days or its components. No statistical difference in
technical success, 30-day device success or early safety between arms.

The EAG noted that the intervention arm included different generations of devices (both Myval Octacor
and Myval). The comparator group included different manufacturer devices and generations. Both arms
included crossover of intervention and comparator valves in analysis groups. Therefore, it is difficult to
determine the incremental benefit of Myval Octacor, or generalisability of results from this study.

Statistically significantly better performance of Myval in the following outcomes: new permanent pacemaker
implantation (30 days, p=0.020), peak aortic gradient (30 days, p<0.001), mean aortic gradient (30 days,
p<0.001) and moderate prosthesis-patient mismatch (30 days, p=0.043).

Statistically significantly better performance of Myval on new permanent pacemaker implantation
(30 days, p=0.01): Myval 4%, Evolut R or Pro, 15%.

Statistically significant better performance of Myval in the following outcomes: clinical efficacy (composite
of freedom from all-cause mortality, all-stroke and cardiovascular hospitalisation) (2 years, p=0.006),
cardiac hospitalisations (2 years, p=0.027) and pacemaker implantation (2 years, p=0.024).

The EAG noted that reporting of baseline demographics between arms were lacking, and no
adjustments were made to results to account for any difference in populations

Technical success was 100% and device success rate at 30 days was 98.4%. At 30 days, overall mortality
was 1.6%. AKl occurred in 1.6% of people and there was no incidence of stroke, bleeding (types 3 and 4),
and major vascular complications.

Abbreviations: AKI, Acute Kidney Injury; RCT, Randomised Controlled Trial 36



Published evidence - Sapien 3 /Ultra (1)

Sapien 3

Lerman et al. (2023): systematic review and meta-analysis of 21 studies comparing Sapien 3 (n=19,897) with
Evolut R or Pro (n=15,351). Thirty-day mortality (p<0.001), permanent pacemaker implantation (p<0.001),
bleeding (p=0.02), major vascular complications (p=0.04), moderate or severe aortic regurgitation (p=0.001),
mean and peak transvalvular pressure gradients (p<0.001) were in favour of Sapien 3. No long-term mortality
differences were identified.

Al-abcha et al. (2021): systematic review and meta-analysis of 9 studies comparing Sapien 3 (n=1,866) with
Evolut R (n=1,576). Odds of having a permanent pacemaker (p=0.0007) or moderate to severe paravalvular
regurgitation (p=0.02) lower for Sapien 3. No other outcomes differing.

Sapien 3 Ultra

Costa et al. (2024): non-randomised propensity matched analysis comparing Sapien 3 Ultra (h=587) to Evolut
Pro or Pro+ (n=587). Statistically-significantly better performance of Sapien 3 Ultra for the following outcomes:
permanent pacemaker implantation (in-hospital, p<0.001), new onset LBBB (in-hospital, p<0.001), major bleeding
(in-hospital, p=0.003), effective orifice area, median (30 days, p<0.001), transprosthetic mean gradient, median
(30 days, p<0.001), disabling stroke (in hospital p=0.015). No difference in all-cause mortality.

NICE

Abbreviations: LBBB, Left Bundle Branch Block
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Published evidence - Sapien 3 /Ultra (2)

Sapien 3 Ultra

Pellegrini et al. (2023): non-randomised propensity matched analysis comparing Sapien 3 Ultra (n=472) to
ACURATE neo2 (n=472). Statistically better outcomes for Sapien 3 Ultra: post-dilation (procedural, p<0.001) and
mean gradient (post-procedural, p<0.001). Statistically better outcomes for ACURATE neo2: device success
(procedural, p<0.001) and severe patient-prosthesis mismatch (post-procedural, p<0.001). No difference in all-
cause mortality.

Nazif et al. (2021): non-randomised propensity matched analysis comparing Sapien 3 Ultra (n=1,324) to Sapien 3
(n=1,324). Statistically better performance of Sapien 3 Ultra with regards to the following outcomes only: aortic
valve area, mean (discharge, p<0.01) and paravalvular regurgitation (discharge, p<0.01; 30 days, p=0.02).

Combined Sapien 3/Ultra

Herrmann et al. (2024): RCT comparing Evolut Pro/Pro+/FX (n=355) to Sapien 3/Ultra (n=361) in people with

small annuli. Statistically better performance of Evolut Pro/Pro+/FX for both composite co-primary endpoints,
bioprosthetic-valve dysfunction in women (12 months; p<0.001), mean aortic gradient (12 months; p<0.001),

effective orifice area (12 months; p<0.001), haemodynamic structural valve dysfunction (12 months; p<0.001)
and moderate or severe prosthesis-patient mismatch (30 days; p<0.001).

NICE

Abbreviations: RCT, Randomised Controlled Trial
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Published evidence — ACURATE neo?2

Author (year); design,
location

Baggio et al. (2023)

Retrospective non-
randomised (propensity
matched)

International

Buono et al. (2022a)

Retrospective non-
randomised (with
propensity matching)

Italy
Kim et al. (2022c)

Retrospective non-
randomised

Germany

Kim et al. (2024)

Post-market surveillance
non-comparative study

Intervention arms

Evolut Pro or Pro+
(n=452)

ACURATE neo2 (n=452)

ACURATE neo2 (n=205)
ACURATE neo (n=205)

ACURATE neo2 (n=810)
ACURATE neo (n=2,055)

ACURATE neo2 (n=250)

See also slides 35 and 38.

NICE

Summary of key results and limitations

Outcomes with a statistically-significant difference in favour of ACURATE neo2 included: mean and peak
aortic gradient (discharge, p<0.001 and p=0.008), effective orifice area, mean (procedural, p<0.001),
vascular complications (procedural, p=0.003), cardiac and vascular hospitalisation (30 day, p=0.038 and
p=0.001), new permanent pacemaker implantation (30 day, p<0.001), intervention for cardiac structural
complication (30 day, p=0.041) and AKI stage lll or IV (30 day, p=0.002).

ACURATE neo?2 achieved significantly better performance in the following outcomes: ICU stay, median (in-
hospital, p=0.003) and moderate or severe paravalvular aortic regurgitation (discharge, p<0.001)

ACURATE neo2 performed significantly better on the following outcomes: paravalvular regurgitation
(procedural; p=0.03) and bleeding, type 2 to 4 (procedural; p<0.01).

Longest follow-up data for ACURATE neo2. All-cause mortality was 0.8% at 30 days and 5.1% at 1 year. The
1-year rates for stroke and disabling stroke were 3.0% and 1.3%, respectively. Early haemodynamic
improvements were maintained up to 1 year.

Abbreviations: AKI, Acute Kidney Injury; ICU, Intensive Care Unit
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Published evidence - Evolut R /Pro+/FX

Comparative evidence for Evolut R and Evolut Pro+ against technologies by other manufacturers in scope has
been presented in slides 35, 36, 37, 38 and 39. In addition, the EAG identified the following key studies:

Author (year); design,
location

Merdler et al. (2023)

Retrospective non- Evolut FX (n=100)
randomised cohort Evolut Pro+ (n=100)

usS

Intervention arms

Zaid et al. (2023)

Retrospective non- Evolut FX (n=226)
randomised Evolut Pro+ (n=378)
us

Gozdek et al. (2023)
Systematic review with  Evolut R (n=8,924)

meta-analysis (N=11 Evolut Pro (n=3,439)
observational studies)

Forrest et al. (2020) CoreValve (n=5,514)
Retrospective non- Evolut R (n=11,295)
randomised cohort Evolut Pro (n=2,065)

Summary of key results and limitations

The Evolut FX valve demonstrated a statistically significant advantage in the following 30-day outcomes:
aortic mean gradient (discharge, p=0.006) and aortic peak velocity (discharge, p=0.002). This was the
longest-term evidence available for Evolut FX.

The Evolut FX valve demonstrated a statistically significant advantage in the following in-hospital outcomes:

commissural alignment (p<0.0001), left coronary cusp depth (p<0.001) and device recaptures (p=0.004).

The authors established statistically significant better performance of Evolut Pro in the following outcomes:
more than one valve needed (procedural, p=0.02), moderate to severe PVL (timepoint NR, p=0.002) and
major bleeding (timepoint NR, p=0.03).

Statistically significant lower rates of major bleeding (30 days, p=0.01) and moderate or severe aortic
regurgitation (30 days, p=0.03) for Evolut R.

Abbreviations: EAG, External Assessment Group; PVL, Paravalvular Leak
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Published evidence - Allegra

The longest available evidence for Allegra was reported in the single arm study reporting outcomes for
103 people extracted from the Swiss TAVI Registry from a single centre (Wolfrum et al. 2023).

Kaplan Meier analysis was used to estimate 3-year all-cause mortality (31.4%) and cardiovascular mortality
(18.8%).

Allegra was also included in Santos-Martinez et al. (2022), a large retrospective non-randomised study in Europe
(see slide 35). Allegra and 4 other devices were compared to Myval (reference technology). Allegra was
statistically significantly inferior with regards to the following outcomes: cerebrovascular events (in-hospital),
major vascular complications (in-hospital), left bundle branch block (discharge), new permanent pacemaker
implant (discharge) and mean aortic gradient (discharge). The EAG noted that the study only reported in-hospital

outcomes and did not adjust for differences in baseline characteristics between devices.

NICE

Abbreviations: EAG, External Assessment Group
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Published evidence — Hydra

The EAG did not identify any published comparative evidence for the Hydra TAVI device.

The longest follow-up was from Aidietis et al. (2022) that reported 30-day (n=146) and 1-year (n=114) outcomes
in 157 people in 18 centres across Europe and Asia:

S5 device-related deaths (3.2%; 95% Cl 1.2% to 1.7%) at 30 days.

Moderate or severe paravalvular leak was 5.3%, 6.3% and 6.9% at post-procedure, 30 days and 1-year
timepoints.

Improvements in mean gradient were observed post-procedure (p<0.001), which were sustained at 30 days
(p<0.001) and 1 year (p<0.001).

Improvements in effective orifice area were also observed post-procedure (p<0.001), 30 days (p<0.001) and
sustained at 1 year.

Pacemaker implantation was 10.8% and 11.5% at 30 days and 1 year. At 30 days, major bleeding (4.5%), major
vascular complications (4.5%), stroke (0.6%), acute kidney injury (0.6%) were reported; no increase in these
events was reported at 1 year. No myocardial infarction or transient ischaemic attack events occurred in the
cohort.

NICE

Abbreviations: EAG, External Assessment Group
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Published evidence — Navitor

Comparative evidence for Navitor against other devices in scope was not available. Eckel et al. (2023) compared
Navitor to Abbott’s previous generation device, Portico. The longest follow-up identified for Navitor was 1 year
reporting outcomes for 120 people (Sondergaard et al. 2023), which included 2 UK centres (remaining in the US,
Europe and Australia). The longest follow-up for device family (Portico) was 3 years, which included 803 people
(Giordano et al. 2024). Evidence including Portico was presented in slide 35.

Author (year); design,

location

Eckel et al. (2023)

Retrospective non-
randomised cohort

Germany

Sondergaard et al.
(2023)

Prospective single arm
Multinational

Giordano et al. (2024)

Retrospective non-
randomized cohort

Multinational

Intervention arms

Navitor (n=137)
Portico (n=139)

Navitor (n=120)

Portico (n=803)

Summary of key results and limitations and EAG comment

Navitor was significantly better with regards to the following outcomes: paravalvular leak - greater than
mild or trace or requiring SAVR or valve-in-valve (in-hospital, p=0.041), major vascular complication (in-
hospital, p=0.036) and severe bleeding (in-hospital, p=0.005).

At 30 days, the rate of all-cause mortality was 0%, and no subjects had moderate or greater PVL. The
rate of disabling stroke was 0.8%, life-threatening bleeding was 2.5%, stage 3 acute kidney injury 0%,
major vascular complications 0.8%, and new pacemaker implantation 15.0%. At 1 year, the rates of all-
cause mortality, disabling stroke and moderate PVL were 4.2%, 0.8% and 1.0%, respectively.

The composite of death, stroke, myocardial infarction, and reintervention for valve degeneration
occurred in 37.5% (95% confidence interval: 34.1-40.9%), with all-cause death in 35.1% (31.8-38.4%),
stroke in 3.4% (1.3-3.4%), myocardial infarction in 1.0% (0.3-1.5%), and reintervention for valve
degeneration in 1.1% (0.6-2.1%).
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Published evidence - Trilogy

The EAG identified 1 German case report specific to the Trilogy device (Geyer et al. 2023), reporting outcomes to
1 month.

Comparative evidence was only available for a predecessor device (exclusively in transapical TAVI procedures):

« Seiffert et al. (2015) reported 1-year outcomes of transapical TAVI in people with aortic stenosis using
JenaValve (n=88 people), Engager (Medtronic, n=50), and ACURATE (Symetis, n=62). Fluoroscopy and
procedure time, use of contrast agent, all-cause mortality at 1 year were highest for those receiving
JenaValve.

No between-generation comparative evidence was identified.

The EAG noted that most TAVI procedures in the UK are done via a percutaneous transfemoral delivery
approach and that this is recommended as the default position by GIRFT. Therefore, the EAG considered that
results from the published studies may not be generalisable to an NHS setting.

Clinical experts have advised that JenaValve would not be used in a person with aortic stenosis only and is more
appropriate for use in people with aortic regurgitation.

NICE

Abbreviations: EAG, External Assessment Group, GIRFT, Getting It Right First Time; NHS, National Health Service
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Ongoing studies

Study ID, location Design Intervention arms Comment
NCT0444302 . . . : : :
Randomized controlled trial Myval (including Octacor) and Sapien series -
Denmark
NCT04703699 Observational single-arm .
) Myval valves Meril valves only
International study
NCT05989074 . . Allegra valve compared to balloon-expandable Mixed comparator
Randomized controlled trial ]
Unknown valve systems arm; women only
NCT06049654 . : Allegra valve compared to Sapien 3/Ultra Valve-in-valve
. Randomized controlled trial e . SN N
Spain valves specifically for valve-in-valve indication indication only
NCT02732691 Observational single-arm : Active, but not
. Trilogy valve o
International study recruiting
NCT04415047 Sindl trial Tri | Aortic
USA ingle arm tria rilogy valve regurgitation
NICE
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Other evidence identified by the EAG

Adverse events

The EAG identified 6 publications reporting adverse events not directly captured within the economic modelling
for 2 devices (ACURATE neo2, Evolut Pro+). The EAG acknowledged that capturing adverse events for TAVI
devices is likely to be associated with breadth of use and that systematic searches for all devices in Scope of
this late-stage assessment have not been undertaken. Therefore, the EAG considered these additional
outcomes to be incidental findings relating to adverse events. See Section 5.4.3 in the EAR.

Usability

The EAG identified 2 conference abstracts reporting outcomes from clinician surveys investigating procedural
technique outcomes and feedback with Evolut FX compared with Evolut Pro+. The abstracts overlapped in
authorship, timepoint, setting and figure used. The authors noted that 79% of operators rated the Evolut FX as
having a more predictable deployment than the Evolut Pro+.

NICE

Abbreviations: EAG, External Assessment Group
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Clinical equivalence

The EAG identified extensive published evidence for differences in outcomes between TAVI devices in and out
of scope, however, noted that:

« the quality and length of follow-up were generally low
« the indications for the included devices vary

« clinical experts have advised that patient characteristics inform the choice of which TAVI is most suitable.

The EAG identified published evidence comparing generations of devices from 4 manufacturers (Abbott, Boston
Scientific, Edwards Lifesciences and Medtronic); see Section 5.4.6 in the EAR. Hydra (SMT) and Allegra
(Biosensors) are first generation TAVI devices. No comparisons were identified that compared JenaValve Trilogy
with an earlier JenaValve device, or Myval Octacor with Myval.

The EAG did not assume equivalence in clinical outcomes between the TAVI devices or between generations

of a TAVI device by the same manufacturer. '
EAG assumption

NICE

Abbreviations: EAG, External Assessment Group 47



Summary of the clinical evidence (1)

« The EAG considered the multivariate analysis of linked patient level data from the UK adjusting for recorded
confounders to be the strongest source of evidence available.

The analysis identified statistically significant differences across 6 TAVI devices from 4 manufacturers in in-
hospital stroke, aortic regurgitation and permanent pacemaker implantation outcomes. It did not identify a
statistical difference in long-term outcomes.

« The EAG’s multivariate analysis accounted for recorded confounders but a number of clinically important
variables (such as surgical risk, degree of valve calcification) were not available and could not be
for. Many of them are used in practice to choose a particular TAVI device at the individual patient level.

« The EAG considered that the results may be confounded by the less frequent use of some devices in the
NHS.

Therefore, the EAG emphasized that the clinical significance of the observed differences is uncertain.

NICE

Abbreviations: EAG, External Assessment Group; NHS, National Health Service



Summary of the clinical evidence (2)

The EAG’s assessment identified differences in outcomes between TAVI devices in the published literature, but noted
significant limitations:

« Only 15 studies adjusted for population differences.

* Few included people recruited from a UK setting and there were limitations in length of follow up and reporting.

« Some results were from older trial data (with longer-follow-up) which can be less generalisable.

« Sometimes the differences were restricted to those between valve expansion types or at the manufacturer level only.

« There were methodological issues and conflicts of interest of authors in the studies.

Therefore, the EAG considered the published evidence to be at high risk of bias.

The EAG further noted that:

» Since there were technical differences between different TAVI devices and between generations of a device, clinical
equivalence could not be assumed.

* The results from the multivariate analysis are not fully comparable to the results from the published literature.

« As with the multivariate analysis, the results may be confounded by the less frequent use of some devices in the NHS.

NICE

Abbreviations: EAG, External Assessment Group; NHS, National Health Service
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Economic evaluation

NICE National Institute for
Health and Care Excellence
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Review of the literature and the NG208 economic model

Review of the economic literature

« The EAG reviewed economic evaluations or models published from 01 January 2020 to 28 November 2023.
No economic assessments were identified that compared different TAVI devices.

Review of the NG208 model

« The EAG assessed of the suitability of the NICE Guideline 208 (NG208) economic model. It critically
appraised the model against the CHEERS 2022 checklist (see Appendix F1in the EAR) and assessed the
assumptions from the model to considered their appropriateness within the context of this late-stage
assessment (see Appendix F2 in the EAR).

v" The EAG confirmed that the NG208 economic model remained consistent with other economic evaluations
for TAVI and was a suitable basis for the economic evaluation within this late-stage assessment.

The EAG made adjustments to the model due to some limitations of the NG208 economic model. Among them:
i. The EAG’'s model was adjusted to permitted multi-technology comparisons.
ii. The EAG’'s model added relevant and excluded irrelevant health states.
iii. The EAG broke down the costs obtained from Healthcare Resource Groups.

NICE

Abbreviations: CHEERS, Consolidated Health Economic Evaluation Reporting Standards; EAG, External Assessment Group; NG, NICE Guideline



EAG’s economic model

The EAG’s economic model was an adaptation of the NG208 model to allow comparison of multiple TAVI
devices. It was built in rdecision.

General approach

Discounting and the costing perspective were consistent with the NICE reference case.

The time horizon was 15 years.

Men and women were modelled separately.

The model was probabilistic and was run 500 times for the base case analysis and in each scenario.
Results were presented as Net Monetary Benefit (NMB) to allow comparison and ranking of more than
2 technologies.

The willingness-to-pay (WTP) threshold was £20,000 per QALY.

NMB = QALYs x A — Cost, where A is the chosen willingness to pay (WTP) threshold.

Conversion to SAVR or subsequent SAVR during follow-up was treated as an outcome, and average cost and
utility decrement (disutilities) associated with SAVR adverse events were obtained from the NG208 economic
model output.

NICE

Abbreviations: EAG, External Assessment Group; NG, NICE Guideline; NMB, Net Monetary Benefit; QALY, Quality-Adjusted Life Year; WTP, Willingness-to-pay



Model structure

Modelled health states included:

« Death

» Aortic stenosis resolved by TAVI and
having a stroke [Stroke]

« Aortic stenosis resolved by TAVI and
having major or severe paravalvular leak
[PVL]

» Aortic stenosis resolved by TAVI and
having a pacemaker [Paced]

« Subsequent TAVI procedure
[Reimplantation]

« Aortic stenosis resolved from surgical
aortic valve repair, including bailout
SAVR [SAVR]

« TAVI procedure and no adverse events
[NoComp].

Some health conditions were combined into a single health state. For example, the states stroke + PVL,
stroke + pacemaker and stroke + PVL + pacemaker were combined within the stroke state.

EAG assumption 53



Modelling assumptions

Only TAVI devices for which there are data within the UK TAVI Registry
were included in economic modelling.

The cohort in the model represented the real-life case mix of people at
different surgical risks

Ml or need for renal replacement therapy as acute complications of TAVI
were not included in the model

No modelling of technical success with VARC-3

The proportions of people opting for SAVR because of the TAVI waiting
list applied equally across device arms

The rate of people leaving the Implantation/Reimplantation state was set
to ensure that 95% of people leave (are discharged) within 30 days

The rate at which people leave the stroke state (for the post-stroke
state) was set to ensure that the mean occupancy time is 1 year

The EAG considered it inappropriate to use a combination of real-world
evidence and trial data for the economic evaluation (see Section 6 of the
EAR)

Most people would fall into the high surgical risk category

Current proportion of people in each risk group is not known with certainty
and it would not be feasible to generate a weighted average of risk group
specific utility values

Rarity of events (0.3% and 0.1% respectively from the UK TAVI Registry
and expert advice)

VARC-3 includes freedom of surgery or intervention related to the device
or major vascular or access-related or cardiac structural complication, so
there is risk of double counting

Clinical experts advise that waiting lists are not different between TAVI
devices

Avoidance of use of tunnel states

Avoidance of use of tunnel states

The EAG also considered the appropriateness of the assumptions from the NG208 economic model (see Appendix F1in the EAR).

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; NG, NICE Guideline; VARC, Valve Academic Research Consortium



Model parameters (1)

Transition probabilities

« Transition probabilities between states for men and women separately were computed from transition rates
using the UK TAVI Registry/HES linked dataset (see next slide).

« In the base case the starting population had the average characteristics derived from the UK TAVI Registry:
82 years of age, 57.4% male, undergoing a 70-minute procedure.

« The relative rates of transition to health states are given by the rate of leaving an implantation state multiplied
by the absolute risk of having an event.

Cost parameters

« Cost parameters were updated using the most recent data from sources including NHS Reference Costs, Unit
Costs, costs provided by NHS Supply Chain or by experts (see Table 30 in the EAR).

« Some manufacturers have rebate arrangements with NHS Supply Chain.

Health state utilities
« The utility values for the high surgical risk group in the NG208 model were used in the base case analysis.

« The EAG applied utility values associated with a starting population, increments because of successful TAVI
procedure at 1 year, and decrements associated with adverse events applied in the economic model (see Table
31in the EAR).

Abbreviations: HES, Hospital Episode Statistics; NHS, National Health Service



Model parameters (2)

Predicted event proportions for base case (in hospital outcomes; % [95% CI])

Predicted
outcome

In-hospital
death

In-hospital
stroke

In-hospital AR

In-hospital PPI

In-hospital
major bleeding

In-hospital
vascular comp

NICE

Abbreviations: AR, Aortic Regurgitation; Cl, Confidence Interval; EAR, External Assessment Report; PPI, Permanent Pacemaker Implantation

Sapien3 Sapien 3

(male)

1.22
(0.14,
10)

0.85
(0.12,
5.78)

5.09
(0.48,
37.5)

6.9
(2.7,
16.5)

0.61
(0.08,
5.73)

1.38
(0.13,
13.13)

(female)

1.74
(0.18,
15.01)

1.52
(0.2,
10.79)

6.65
(0.6,
45.62)

5.99
(2.24,
15.03)

2.9
(0.29,
23.56)

3.4
(0.3,
29.05)

Sapien 3
Ultra
(male)

1.42
(0.22,
8.64)

0.26
(0.04,
1.65)

3.29
(0.37,
23.81)

7.71
(3.46,
16.3)

0.63
(0.08,
4.66)

2.28
(0.29,
15.69)

Sapien 3
Ultra
(female)

2.03
(0.27,
13.57)

0.47
(0.07,
3.25)

4.32
(0.44,
31.44)

6.7
(2.78,
15.26)

3
(0.38,
20.08)

5.54
(0.66,
33.95)

ACURAT
E neo2
(male)

3.27
(0.35,
24.65)

0.25
(0.02,
3.65)

16.02
(1.35,
72.62)

6.16
(1.91,
18.13)

1.1
(0.1,
11.03)

6.73
(0.65,
44.21)

ACURAT Evolut R
E neo2

(female) (male)
4.63 4.29
(0.49, (0.45,
32.51) 30.83)
0.46 1.4
(0.03, (0.17,
6.52) 10.9)
20.21 22.46
(1.79, (2.33,
77.9) 77.86)
5.34 14.78
(1.83, (5.6,
16.11) 33.64)
5.17 0.48
(0.52, (0.03,
36.29) 6.49)
15.37 1.51
(1.66, (0.1,
66.16) 19.21)

Evolut R
(female)

6.04
(0.63,
39.52)

2.52
(0.3,
18.29)

27.78
(3.06,
82.44)

12.97
(4.81,
30.53)

2.31
(0.19,
22.86)

3.71
(0.26,
36.18)

Evolut
Pro+
(male)

1.58
(0.18,
12.76)

1.35
(0.19,
8.86)

24.98
(3.14,
77.39)

13.66
(5.63,
29.57)

0.26
(0.02,
2.81)

1.67
(0.15,
16.2)

Evolut
Pro+
(female)

2.25
(0.26,
17.13)

2.42
(0.35,
14.73)

30.66
(4.27,
81.42)

11.97
(4.91,
26.35)

1.24
(0.13,
10.96)

4.1
(0.41,
31.04)

Navitor
(male)

1.38
(0.09,
18.17)

1.35
(0.17,
10.03)

45.54
(7.1,
90.195)

17.48
(6.7,
38.46)

0.67
(0.05,
8.35)

5.59
(0.51,
40.47)

Navitor
(female)

1.97
(0.13,
23.92)

2.42
(0.3,
16.81)

52.61
(9.13,
92.46)

15.4
(5.76,
35.15)

3.19
(0.26,
29.38)

12.97
(1.31,
62.66)



Model parameters (3)

Predicted event proportions for base case (out of hospital outcomes; % [95% CI])

Sapien 3 Sapien 3 ACURAT ACURAT Evolut R Evolut Evolut

Predicted Sapien3 Sapien 3 EvolutR Navitor Navitor
outcome (male) (female) Ultra Ultra E neo2 E neo2 (female) Pro+ Pro+
(male) (female) (male) (female)  (male) (male) (female)  (male) (female)

11.24 10.8 13.73 13.21 15.46 14.88 11.41 10.97 11.34 10.9 21.94 21.16
One-year (3.43, (2.94, (5.75, (4.88, (3.53, (3.33, (2.24, (2.07, (3.22, (3.15, (3.5, (3.36,
death 18.41) 18.03) 21.03) 20.81) 25.92) 25.06) 19.71) 19.06) 18.78) 18.03) 36.86) 35.68)

3.57 2.79 3.07 2.39 2.37 1.84 1.54 1.2 3.48 2.71 3.77 2.94
One-year (0, (0, 6.49) (0, 6.43) (0, 5.27) (0,6.1) (0, 4.82) (0, 4.11) (0, 3.25) (0, 7.91) (0, 6.22) (0, 9.61) (0, 7.58)
stroke 8.03)

4.22 3.78 3.06 2.74 5.55 4.98 5.19 4.65 3.76 3.37 3.18 2.85
Gre e | @ (0,8.77)  (0,6.45) (0, 6.02) (0,13.2)  (0,11.89) (O, (0, (0,8.68) (0,7.77) (0,8.69) (0,7.81)

9.54) 12.39) 11.23)

1.9 1.38 1.47 1.07 2.03 1.47 2.57 1.87 2.34 1.71 2.16 1.57
One—year heart (0.18, (0.06, (0.31, (0.14, 1.99) (0, 4.1) (0, 3.01) (0, 5.15) (0, 3.79) (0.17, (0.13, (0, 4.67) (0, 3.42)
failure 3.59) 2.69) 2.62) 4.47) 3.26)

23.15 22.32 27.83 26.87 31.00 29.96 23.47 22.64 23.34 22.51 42.15 40.85
Two-year (7.49, (6.46, (12.30, (10.52, (7.686, (7.27, (5.00, (4.64, (6.94, (6.82, (7.32, (7.05,
death 36.16) 35.50) 40.62) 40.23) 48.44) 47.09) 38.36) 37.24) 36.86) 35.57) 63.89) 62.36)

Abbreviations: Cl, Confidence Interval; PPIl, Permanent Pacemaker Implantation



Model parameters (4)

Transacted and post-rebate prices of the devices in scope

« Some manufacturers have rebate Transacted
. Manufacturer Valve Pri
arrangements with NHS Supply rice
Chain. Abbott Navitor N N
. Edwards Sapien 3 I I
Edwards S?t%en 3 _ -
Medtronic Evolut R - -
Medtronic Evolut Pro+ - -
Medtronic Evolut FX - -
Boston Scientific ,rA{éDOUZRATE I I
« *Costs of the valves provided for enavale Trilogy* I s
reference even though the
: Myval
technologies have not been sl Octacor* . .
modelled. SMT Hydra* N I
Biosensors Allegra* ] I
NICE

Abbreviations: AR, Aortic Regurgitation; EAR, External Assessment Report; PPI, Permanent Pacemaker Implantation



Deterministic scenario analyses

The EAG explored possible scenarios deterministically:

« Shorter time horizons (2, 5, 10 years).

« Shorter procedure duration (45 minutes).

« Reducing the proportion of procedures involving an anaesthetist (15%).
« Reducing ICU days for people who require an ICU stay (O days).

« Cost of TAVI device
a) transacted price (without ‘added value’)

b) £17,500 based on NG208, where it was noted that 80% of hospitals purchased the TAVI at a discounted
costs of £17,500

c) £15,000 from threshold analysis in NG208.
« Cost of stroke (base case increased by 15%).
« Proportion requiring a conversion to SAVR (0.1%).
« Inclusion of additional cost of a cardiac balloon catheter for balloon dilatation to the TAVI procedure costs.

NICE

Abbreviations: EAG, External Assessment Group; ICU, Intensive Care Unit; NG, NICE Guideline; SAVR, Surgical Aortic Valve Replacement



Clinical scenario analyses

The EAG investigated additional clinical scenarios and comparisons guided by expert input:

« Coronary obstruction (anatomical coronary comorbidity left main stem disease or stenosis of at least 50% in
one vessel).

« Younger age (preservation of coronary access; starting age 70 years).

« Small annular diameter size (<22mm).

« Large annular diameter size (>32mm).

 No severe symptoms.

« Left ventricular ejection fraction less than 30.

« Frail people (based on Katz/CSHA).

« Urgent procedures.

« Extensive calcification of ascending aorta.

All transition probabilities and rates for these scenarios were predicted from the linked UK TAVI Registry and
HES real world datasets. See Table 32 in the EAR for further detail on the scenarios.

NICE

Abbreviations: CSHA, Canadian Study of Health and Aging; EAR, External Assessment Report; HES, Hospital Episode Statistics



Base case results (1)

Net Monetary Benefit (NMB)

Probability of highest NMB

« Sapien 3 had the highest probability of greatest NMB in both males (76%) and females (74%). Across self-
expanding TAVI devices, Evolut R had the highest probability of greatest NMB in both males and females
(16% and 11%, respectively).

« ACURATE neo2 and Navitor had a 0% probability of having the highest NMB for both sexes.

NICE

Abbreviations: EAG, External Assessment Group; NMB, Net Monetary Benefit



Base case results (2)

Probability of highest NMB

—— Sapien 3 Ultra
ACURATE Neo2
Evolut R
= Evolut Pro+

Navitor

—— Sapien 3 Ultra
ACURATE Neo?2

] -—' Evolut R
—— Evolut Pro+

Navitor

0% 50% 100%

NICE

Abbreviations: NMB, Net Monetary Benefit; QALY, Quality-adjusted Life Year; WTP, Willingness-to-pay



Deterministic scenario results (1)

Most of the lifetime costs are incurred during the peri-procedural phase and in the early years post-procedure. So, as the time
horizon was increased from 2 years to 10 years, the NMB of all valves increased the longer the time horizon. Regardless of the
time horizon, Sapien 3 remained the device with the highest NMB.

NICE




Deterministic scenario results (2)

Variable costs

« Variations to the costs of conducting the
procedure made little difference to the total cost
incurred over the time horizon and did not change
the profile of NMB. Neither did setting the price of
all 6 valves to the same value or varying the
percentage of surgeries converted to SAVR.

« Setting the valve price to the transacted price
(that is, not accounting for rebates) led to Evolut R
having the greatest probability of highest NMB in
males (see right). In females, Sapien 3 still had the
greatest probability of the highest NMB, but it was
lower than in the base case.

See Tables 35 and 36 in the EAR for the full
deterministic scenario results.

NICE




Clinical scenario results (1)

Coronary obstruction, younger age, no severe symptoms, LVEF<30, frail people, urgent procedures

« In these scenarios the relative differences between valves were very similar to the base case, but the total costs or
QALYs were lower or higher. For example, in younger people, the accumulated QALYs were higher due to the
difference in the standardized mortality rate of the starting population.

Extensive calcification in the ascending aorta

« The probability of having the highest NMB for Sapien was reduced from 76% in the base case to 61% in males, and
from 74% to 57% in females.

The EAG highlighted how this may reflect clinician choice in practice, in that Sapien 3 may not be used frequently in
this scenario if annular rupture is judged to be a concern and reemphasized that the economic model results are a
consequence of the prevalence of cases in the registry.

Small or large annular diameter size

« These scenarios also presented notable departures from the base case. In the small annular diameter size scenario,
the probability of highest NMB was notably lower for Sapien 3. This was offset by an increase of the probability of
highest NMB for Evolut R in males and Sapien 3 Ultra in females. In the large annular diameter size scenario, the
probability of highest NMB was lower for Sapien 3 in favour of Sapien 3 Ultra.

See next slide and Section 6.3.3 of the EAR for more details.

NICE

Abbreviations: EAG, External Assessment Group; LVEF, Left Ventricular Ejection Fraction; NMB, Net Monetary Benefit; QALY, Quality-Adjusted Life Year



Clinical scenario results (2)

Probability of highest NMB in selected clinical scenarios

0% 25% 50% 75%

Ertensive cacication, [
cutensive cacication, ¢ |

NICE

Abbreviations: NMB, Net Monetary Benefit

100%

B Sapien 3

m Sapien 3 Ultra
ACURATE neo2
Evolut R

m Evolut Pro+
Navitor
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Key limitations

Only TAVI devices for which there are data within the UK TAVI Reqistry were included in economic modelling.

EAG comment: The EAG considered combining real-world and randomised trial data inappropriate, noting that
it was unable to adjust for patient characteristics from the published literature to enable fair comparison.

The EAG did not consider the TAVI-in-TAVI or TAVI-in-SAVR cohorts in the economic evaluation.

EAG comment: Valve-in-valve TAVIs represented a small proportion of the procedures in the linked dataset. In
addition, there were differences in demographics and presentation (when compared with TAVI in native aortic
valve) and not all TAVI devices are explicitly indicated for TAVI-in-TAVI or TAVI-in-SAVR.

The EAG was unable to model several scenarios, such as degenerative surgical bioprosthesis, bicuspid aortic

valves, severe left ventricular outflow, annular calcification and coronary height.

EAG comment: Data were not available in the UK TAVI Registry

The EAG noted concerns regarding the uncertainty of the results.

EAG comment: The 95% confidence intervals did not fully capture the uncertainty because of the number of
assumptions and missing data that led to their calculation. For some devices this may also be related to the
infrequency of use in certain clinical scenarios.

NICE

Abbreviations: EAG, External Assessment Group; HES, Hospital Episode Statistics; PSA Probabilistic Sensitivity Analysis; SAVR, Surgical Aortic Valve Replacement
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Summary of the economic evaluation (1)

The EAG adapted the NG208 economic model to enable comparisons of multiple TAVI devices and assessed the
NMB and the probability of highest NMB for the 6 devices available in the UK TAVI Registry using real-world UK
data.

For the base case and most scenario analyses, Sapien 3 was found to be most likely to provide the highest NMB
at a willingness-to-pay threshold of £20,000/QALY. Evolut R was very often the second most likely to provide
the highest NMB across most scenarios.

« The EAG noted that these results are partially due to Sapien 3 having the lowest mortality at 1 and 5 years in
the economic model when compared with other devices. However, this is also likely a consequence of
Sapien 3 being available in a 29 mm valve size and therefore being used in a higher proportion of males
(who are typically are at lower risk of stroke and major bleeding than females).

« Neither Sapien 3 nor Evolut R are the latest generation devices by the respective manufacturer.

NICE

Abbreviations: EAG, External Assessment Group; NMB, Net Monetary Benefit; QALY, Quality-adjusted Life Year



Summary of the economic evaluation (2)

The EAG noted that Navitor and ACURATE neo2 had the lowest probability of having the highest NMB across
virtually all scenarios.

« However, it advised caution in overinterpreting this finding, as it is likely a consequence of these devices
having the least amount of data from the UK TAVI Registry and therefore having the largest uncertainty
(which translates to having a low probability of highest NMB or a negative NMB in some cases).

As the economic evaluation relied on real-world data for clinical inputs, a significant proportion of the
uncertainty in the results was related to the lack of adjustment for confounders that were not recorded in the
UK TAVI Registry and the variable prevalence of use of each TAVI device in the NHS.

The EAG acknowledged that the results were subject to significant uncertainty but did not exclude the
possibility that they reflect the true performance of the TAVI devices.

The EAG noted as a significant limitation the inability to assess the cost-effectiveness of the devices not
captured in the UK TAVI Registry.

NICE

Abbreviations: EAG, External Assessment Group; NMB, Net Monetary Benefit



Summary of the combined evidence

Heat map presenting EAG’s summary of all evidence for the devices in scope

Device

Myval Octacor

Sapien 3

Sapien 3 Ultra

ACURATE
neo2

Allegra

Evolut FX

Evolut Pro+

EvolutR

Hydra

Navitor

Trilogy

Summary of real-world
evidence

No data in UK TAVI
Registry

Included in multivariate
analysis

Included in multivariate
analysis

Included in multivariate
analysis

No data in UK TAVI
Registry

Only 3 cases in UK TAVI
Registry

Included in multivariate
analysis

Included in multivariate
analysis

No data in UK TAVI
Registry

Included in multivariate
analysis

No data in UK TAVI
Registry

Published evidence

See slides 32, 35 and 36

See slides 32, 35, 36, 37 and 38

See slides 32, 35, 36, 37 and 38

See slides 32, 35, 38 and 39

No comparative evidence with
population matching

See slides 32, 38 and 40

See slides 32 and 35-40

See slides 32 and 35-40

No comparative evidence against

other manufacturers

No comparative evidence against

other manufacturers

No comparative evidence with
population matching

Longest
evidence

30 days

1year

1year

1year

3 years

30 days

3 years

5 years

1year

1 year

30 days

Evidence within TAVI-in-SAVR
or TAVI-in-TAVI

Some published evidence

24 TAVI-in-SAVR, 3 TAVI-in-
TAVI cases in UK TAVI Registry

101 TAVI-in-SAVR, 19 TAVI-in-
TAVI cases in UK TAVI Registry

Contraindicated

Some published evidence

No evidence

51 TAVI-in-SAVR, 2 TAVI-in-
TAVI cases in UK TAVI Registry

79 TAVI-in-SAVR, 3 TAVI-in-
TAVI cases in UK TAVI Registry

Contraindicated

Only 9 cases in cases in UK
TAVI Registry

No evidence

Summary of economic evidence

Not included in economic model

Greatest probability of highest NMB in most
scenarios

Single scenario where device has the
highest NMB

0% probability of highest NMB at £20,000
WTP across majority of analysis

Not included in economic model

Not included in economic model

Greatest probability of highest NMB for self-
expanding valves in some scenarios

Greatest probability of highest NMB in some
scenarios and highest probability of highest
NMB for among self-expanding valves

Not included in economic model

0% probability of highest NMB at £20,000
WTP

Not included in economic model

Abbreviations: NMB, Net Monetary Benefit; WTP, Willingness-to-pay
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User preferences

NICE National Institute for
Health and Care Excellence
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User preferences (1)

Aims
« The purpose of this exercise was to capture the opinion of users to identify which features of a TAVI device
influences their decision on which technology to choose.

Methods

« The exercise utilised the principles of multi-criteria decision analysis (MCDA) to establish:
o the criteria that are important to users when choosing a TAVI valve
o the relative importance of the criteria
o and how the criteria can be measured.

« NICE identified interventional cardiologists as the relevant users. Nine consultant interventional cardiologists
were recruited and took part in the user preference exercise (see the Methods section in the User
Preferences report for further information, including on conflicts of interest).

« The process followed 4 stages:

o Stage 1: identifying and defining criteria o Stage 2: ranking criteria in order of importance
o Stage 3: weighting of criteria o Stage 4: development of performance rules.
NICE

Abbreviations: MCDA, Multi-criteria Decision Analysis

72



User preferences (2)

Results

« In combination with the outcomes presented in the EAG's report, a total of 23 criteria were set and agreed
(see Table 1in the User Preferences report).

- The list was truncated to the top 10 criteria and again to the criteria whose relative weight was above 5%,
resulting in the final list of criteria (see below).

Order of

Weight

importance (%)

1
2

3

7

NICE

27
24

15

12

Criteria

long-term mortality

procedural stroke

severe paravalvular leak

safety and effectiveness in annulus/left
ventricular outflow tract calcium

vascular complications

predicted post-procedural haemodynamics/
risk of patient prothesis mismatch

minimum vessel size for access

Abbreviations: EAG, External Assessment Group

Performance rule

Criterion is captured in model

Criterion is captured in model

Device has moderate to severe paravalvular leak rate of less than
5%, 3%, 1% (note: rate of aortic regurgitation, which includes
paravalvular leak, is captured in the economic model)

Lack of consensus on performance rule
Criterion is captured in model
Lack of consensus on performance rule

Having a minimal vessel size access for smallest device 5 mm,
largest device 5.5 mm
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User preferences (3)

Results (cont.)

« There was no consensus on the performance rules for 2 criteria - safety and effectiveness in annulus/left
ventricular outflow tract calcium and predicted post-procedural haemodynamics/risk of patient prothesis
mismatch (see Appendix A in the User Preferences report).

« From the extended list, 3 criteria were judged to be sub-population criteria, i.e. only relevant to a sub-
population of people treated with TAVI - Safety and effectiveness in bicuspid anatomy, use for TAVI-in-
SAVR and use for TAVI-in-TAVI (see Table 3 in the User Preference report). No consensus was achieved on
the performance rules for these criteria either.

« Of the seven most important criteria, five (including the top three) were captured in the EAG’s assessment.
o Long-term mortality, procedural stroke, severe paravalvular leak (using the broader outcome AR) and
vascular complications were directly covered in the EAG’s health economic model. The EAG used real
world data (see slides 55 to 57) to inform the model where information was available and summarised
the available published evidence where not (see slide 49). The EAG was only able to investigate the
effect of annulus/left ventricular outflow tract calcification in a scenario analysis (see slide 65).

NICE

Abbreviations: AR, Aortic Regurgitation; EAG, External Assessment Group; SAVR, Surgical Valve Replacement 74



User preferences (4)

Results (cont.)

« The only criterion which was not captured in the economic model and had consensus on the performance
rule was minimum vessel size for access, which accounted for 6% of the user preference (see Table 12 in the
User Preferences report).

o The Navitor device was the only one to achieve the minimum vessel size for access for the smallest and
largest available valves as per the performance rule. In total, 5 devices achieved the rule for smallest
valve and 4 for largest valve.

« The EAG’s model captured 87% of the weight of users’ decision making either directly or indirectly.

NICE

Abbreviations: EAG, External Assessment Group
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User preferences (5)

Strengths and limitations
« There were 4 main sources of uncertainty in the user preference assessment: engagement levels, interests
of users, levels of agreement between users and lack of consensus when developing performance rules.

o The level of agreement was generally consistent among the group for both the ranking and weighting
exercises.

o The levels of engagement varied and were lower through the stages of ranking, weighting, and
performance rule setting (6 in stage 2, Sin stage 3, and 7 in stage 4).

o See Appendix A in the User Preferences report for details on the levels of consensus achieved.

- Although consensus was not achieved for all criteria, most were covered within the EAG’s economic
assessment.

« Even within the final list of most important criteria, their relative weight varied significantly.
The top 3 criteria carried 66% of the total weight.

« Seven out of the 9 users had direct financial interests, often with multiple relevant companies.

NICE

Abbreviations: EAG, External Assessment Group
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Equality considerations

Some people may not accept or may have preferences for specific TAVI devices on religious or cultural beliefs
because of the use of bovine or porcine leaflets. People would usually have choice, but long-term durability may
differ between the two materials.

One clinical expert noted that several datasets show disproportionately lower implant rates in females and
speculated that this may related to referral patterns and diagnostic tests. Another clinical expert advised that this
could be due to smaller femoral vessels for access and smaller aortic annuli, leading to TAVI being more challenging
or technically not feasible. There may also be sex-related differences in the prevalence, pathophysiology and
natural history of aortic stenosis.

There are geographical inequalities with regards to access to heart valve clinics.

The EAG noted that all devices included in this assessment contain nickel and are contraindicated in people with
nickel allergy; the prevalence of an allergy or hypersensitivity to nickel is between 8%-19% and disproportionately
affects females. However, four clinical experts noted that screening for nickel allergy is not routinely done, nor does
it influence the choice between TAVI devices or TAVI compared with SAVR.

The prevalence of aortic stenosis rises with age. The associated mortality is also higher in older age groups.

See Section 3.1 of the EAR and NICE’s scoping equality impact assessment.

NICE

Abbreviations: EAG, External Assessment Group; EAR, External Assessment Report; SAVR, Surgical Valve Replacement
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Executive summary

Background: Transcatheter aortic valve implantation (TAVI) is a procedure
used to replace a narrowed aortic valve through a blood vessel in the leg
(transfemoral) or chest. TAVI is now considered standard of care in patients
where open surgery is considered high risk. A total of 11 TAVI devices were
included in the Final Scope by NICE for this late-stage assessment (3 balloon-
expanding: Myval Octacor, Sapien 3, Sapien 3 Ultra; 8 self-expanding:
ACURATE neo2, Allegra. Evolut R, Evolut Pro+, Evolut FX, Hydra, Navitor,
Trilogy), which represented the TAVI devices available on NHS Supply Chain
as of 21 February 2024. The aim of this late-stage assessment is to evaluate
the evidence available for these devices to support procurement and

commissioning decisions.

Clinical and technological evidence: The EAG identified 4 network meta-

analyses comparing multiple TAVI devices. This evidence was limited as it
included devices and generation of devices not listed in Scope, and suffered
from lack of transitivity (that is selection of TAVI devices is driven by patient
and clinical characteristics therefore combining studies does not enable
indirect comparison). The EAG then summarised results from 4 key studies
which both compared more than 2 TAVI devices and adjusted for multiple
confounders (through study methodology or subsequent statistical analysis),
and 3 additional studies which did not adequately adjust for confounders.
None were conducted in a UK setting, outcomes were reported up to 1 year;
therefore, results may not be generalisable to NHS practice or predict longer
term outcomes. Overall, there was a lack of robust published evidence for the
comparative effectiveness between the valves in scope, for all clinical

outcomes simultaneously, to inform the economic model.

Additional evidence was considered by the EAG looking at differences in
outcomes between devices by the same manufacturer and longest available
follow-up. The EAG considered that there was a high risk of bias across the
published evidence, which casts further uncertainty on the robustness of the
conclusions that can be drawn from them. Published comparative evidence

was scarce for Trilogy (JenaValve) and Hydra (SMT), meaning that their



clinical performance when compared with the other TAVI devices available on
NHS Supply Chain remains uncertain. Clinical Experts have advised that

Trilogy is used primarily in aortic regurgitation.

The UK TAVI Registry is a collection of data from all NHS TAVI procedures.
Data were made available for procedures that took place between 01 April
2021 and 31 March 2023. The Registry contained in-hospital data for 11,076
transfemoral TAVI procedures. After excluding procedures inserting a TAVI in
a native aortic valve with only aortic regurgitation (that is, not stenosis or
narrowing), and excluding older generation TAVI devices or TAVI devices that
could not be identified or verified, this included data from 7,119 procedures
where a TAVI device was placed into a native aortic valve, 263 procedures
where the TAVI device was placed into a valve previously inserted surgically
(TAVI-in-SAVR) and 27 procedures where the TAVI device was placed into a
previous TAVI (TAVI-in-TAVI). Data were analysable for the following 6 TAVI
devices in scope for this assessment: ACURATE neo2, Evolut R, Evolut Pro+,
Navitor, Sapien 3, Sapien 3 Ultra (Evolut FX was not included in analysis
comparing different TAVI devices, because it was used in fewer than 5
procedures). Four TAVI devices were added to the NHS Supply Chain after
the collection period and so there was no information on them in the Registry

(Allegra, Hydra, Myval Octacor, Trilogy).

Clinical and in-hospital outcomes from the UK TAVI Registry were linked to
Hospital Episode Statistics (HES) and Civil Registration of Mortality as
provided by the Office of National Statistics (ONS), using hospital, date of
procedure, sex, age, and other patient and procedural characteristics and
comorbidities to enable tracking of longer-term outcomes by device.
Multivariate analysis (accounting for differences in population) of UK TAVI
Registry data linked to HES data for all 6 TAVI provided evidence of
differences in in-hospital outcomes (stroke, pacemaker implantation and aortic
regurgitation, possibly driven by device selection in patients with certain
characteristics), but no evidence of a difference in outcomes after discharge.
The analysis may be influenced by unmeasured confounders that cannot be
adjusted for. Comparing only the 4 self-expanding TAVI devices



demonstrated a difference in 1 in-hospital complication (major vascular
complication). The clinical significance of these differences is uncertain. Some
patient characteristics (such as surgical risk group, calcium burden and
distribution, aortic valve and left ventricular outflow tract) that influence device
selection could not be adjusted for because they are not currently recorded in
the Registry. Only 6,508 of the 7,028 procedures in England, recorded in the
UK TAVI Registry, were successfully linked to a HES record, and of these,
6,270 were undergoing TAVI in a native aortic valve. Only 3,917 (62% of the
6,270) had complete data available and could contribute to the multivariate

analysis.

Economic evidence: The EAG used for its reference an existing economic

model which compared TAVI with open surgery, which informed NICE NG208
(2021). Its design was adapted to address the decision problem of a late-
stage assessment, including comparison of multiple TAVI devices at the same
time. Non-device costs were sourced from, and if appropriate, adjusted using,
publicly available sources, and device costs were provided by NHS Supply
Chain and the Companies. The model parameters were informed by
multivariate analysis of the UK TAVI Registry as described in the previous
sub-section. The model was used to compute the net monetary benefit of
each device for a range of scenarios and sensitivity settings. Probabilistic
sensitivity analysis was used to measure the proportion of times that a
particular device achieved the greatest net monetary benefit in each model

run.

In the base case (82 years at implant, median annular diameter 26 mm for
male, 23 mm for female, severe symptoms of aortic stenosis, no other
complicating factors), and in most scenarios, the Sapien 3 had the highest
proportion with the greatest net monetary benefit among the balloon-
expanding devices for males and females. For self-expanding devices, the
Evolut R had the highest proportion with the greatest net monetary benefit for
both males and females. The EAG note that the results of the economic
modelling were impacted by less frequent use of some devices in the NHS at
the time of the data extract, and that only data from 2 balloon expanding



devices (Sapien 3 and Sapien 3 Ultra) were available during the time period
analysed. This reflects UK practice, where valves more commonly chosen in
clinical situations matching these scenarios are more prevalent in the data,

leading to narrower confidence intervals for the inputs to the economic model.

Increasing the time horizon had little effect on the relative probabilities of net
monetary benefit because most costs are incurred at the time of the
procedure and in the early years, and the mortality in the population is high.
The probability of having the greatest net monetary benefit was highly
sensitive to changes in the price of the TAVI devices, leading to changes in

the device with the highest proportion of highest NMB in some scenarios.

Key points for decision makers: The majority of costs in the economic

modelling arise from the procedure costs and in-hospital events associated
with the initial surgical procedure. The published evidence comparing TAVI
devices is subject to bias and limited by short term follow up, whereas the
analysis of real-world linked data from the UK NHS is limited by data
availability and completeness and subject to different biases, but is still the
best available data for the decision problem. Economic modelling using the
multivariate analysis from the real-world data is therefore subject to the same
limitations. Choice of TAVI valve is dependent upon clinical characteristics;
however, the use of net monetary benefit enables appropriate TAVI devices to
be compared in any given clinical scenario (to the extent to which data are
available). Because of a lack of patient-level data enabling adjustment for
population differences, multivariate analysis and subsequent economic
modelling were not possible for TAVI devices with no data, or minimal data, in
the Registry. This limitation affected those TAVI devices recently added to the
NHS Supply Chain (Allegra, Hydra, Myval Octacor, Trilogy), or used in only a
few cases (Evolut FX); therefore, their incremental value remains uncertain.
The EAG would advise caution in interpreting the economic analyses in
isolation. Although Clinical Experts have suggested that centres may have
one preferred TAVI device they use wherever possible, the UK TAVI Registry
has shown that patient characteristics are significantly different (statistically
and clinically) between devices, meaning that clinical features are contributing



to device choice. As the Registry does not capture sufficient detail of the
clinical characteristics that contribute to device choice, the EAG analysis
needs to be interpreted carefully and draw upon other evidence such as that
generated by a multi-criteria decision analysis exercise to determine whether

pricing variations between devices is justified.



Overview of EAG Key Issues

Key
issue
#

Summary of issue

Report
sections

1.

Different TAVI devices are indicated and used in different patient
groups (for example TAVI placed within a prior failed bioprosthesis) or
subgroups (for example, different surgical risk groups which are
defined using several different methods, different aortic valve
morphologies).

2;
3.1;
Table 2

Some manufacturers have multiple valve models that supersede
previous models; with technological differences aimed at improving
performance. Longitudinal evidence is only available on earlier
generation devices where poorer outcomes are expected. Newer
device models typically phase out earlier models, however device
sizes may vary between models and therefore the populations in
which different generations of valves are used cannot be assumed to
be exactly equivalent.

Table 2;
Table 3;
5.2

The quality of published literature comparing multiple TAVI devices
from a single source was generally poor. Few studies attempted to
control for different population characteristics between devices, few
studies were conducted in a UK setting (therefore likely different
baseline characteristics, care pathways, procedures, and aftercare),
and the majority only reported short-term (in-hospital or 30 day)
outcomes.

5.1;
5.2

Data entry to the UK TAVI Registry is mandatory for all TAVI
procedures conducted in England, Wales and Northern Ireland but it
does not collect all clinical information that may inform decision to
proceed to TAVI, or choice of TAVI device (for example surgical risk,
anatomy, valve morphology). This means that use of real-world
evidence incorporates confounding by indication which cannot be
adjusted for in either the clinical effectiveness or health economic
analysis (see also Key Issue 8).

Table 1;
5.3

Data entered into the UK TAVI Registry is self-reported and
unvalidated. The data quality of TAVI device model recording was
poor within the registry. This required each manufacturer to verify
serial numbers to confirm which device model was used. Outcomes
captured in the registry post-discharge are restricted to quality of life
measures which were almost entirely incomplete in the registry data
received by the EAG. Despite this, data from the Registry represents
the largest in a UK setting, enabling comparison of TAVI devices.

5.3.1;
Appendix
C5

The data cut from the UK TAVI Registry (31 March 2023) was before
5 devices were added to NHS Supply Chain. Therefore, the
incremental clinical and economic value of these devices in an NHS
setting remain uncertain.

Table 2;
5.3

The EAG linked UK TAVI Registry data with Hospital Episode
Statistics (HES) with ONS mortality data to obtain longitudinal
outcomes (reintervention, stroke, death). However multivariate
analysis was only conducted in 3,917 patients (62% of those recorded
as having TAVI in the native valve) due to the need for complete
cases, which may introduce bias and imprecision.

5.4;
55.2

The EAG adapted the economic model from NG208 to permit multi-
way comparisons between TAVI devices, however requires
extrapolation of short-term data and the parameter values in the
economic model do not account for all potential differences in clinical
effectiveness (for example, quality of life)

6.2;
6.4

Abbreviations: EAG, External Assessment Group; ONS, Office for National Statistics; SAVR,
surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation




1 Decision problem

The decision problem for the late-stage assessment on transcatheter aortic
valve implantation (TAVI) was described in the Final Scope, published 11
December 2023. The External Assessment Group (EAG) reviewed and

provided comment on the decision problem are as described in the EAG

protocol.

2 Technologies

Transcatheter aortic valve implantation (TAVI) is a procedure that involves
replacing a heart valve using a narrow flexible tube (catheter) inserted through
a blood vessel in the leg or chest. The procedure is carried out under general
anaesthesia or under local anaesthesia with or without sedation, and is
predominantly undertaken electively with some centres conducting TAVI as a

day-case procedure. TAVI is used to treat people with impaired outflow of

blood from the heart (aortic stenosis), which is a condition that can lead to
heart failure and death. UK prevalence of severe aortic stenosis in people

aged 55 years and older in 2019 was estimated to be 1.48% (Strange et al.

2022). Severe aortic stenosis can be treated with surgical aortic valve
replacement (SAVR), which requires a sternotomy and cardiopulmonary
bypass. TAVI provides a less invasive treatment and is the recommended
option for people considered at high surgical risk or for whom SAVR is
otherwise unsuitable (NG208).

The TAVI valve comprises an expandable metal alloy stent frame,
predominantly either cobalt-chromium, cobalt-nickel, or nickel-titanium
(nitinol); however, all contain nickel. This frame suspends either bovine or

porcine pericardium tissue leaflets (Santangelo et al. 2022) in either a supra-

or intra-annular design (Ali and Blackman, 2019). All currently available TAVI

devices have an outer skirt or pericardial wrap that increases surface area
contact between the device and the valve which reduces leakage around the

valve, also known as paravalvular leak (Chiarito et al. 2022). Aortic

regurgitation includes leakage through the valve (transvalvular) and around

the valve (paravalvular). When positioned in place, some valves are designed


https://www.nice.org.uk/guidance/gid-hte10027/documents/final-scope-2
https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol
https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol
https://www.southtees.nhs.uk/news/world-record-7-of-10-heart-valve-patients-home-the-same-day/
https://pubmed.ncbi.nlm.nih.gov/35082136/
https://pubmed.ncbi.nlm.nih.gov/35082136/
https://www.nice.org.uk/guidance/ng208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837046/
https://citoday.com/articles/2019-mar-apr/tavi-which-valve-for-which-patient
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9369546/

to expand autonomously (self-expanding), others are expanded by inflating a
balloon in the catheter tip (balloon-expanding). A range of valve sizes are
available to meet individual anatomical valve size requirements, currently
ranging from 20 mm to 34 mm (Table 2), with a 35 mm Navitor (Abbott
Medical) valve due for release to the NHS in 2024 (Table 3). The procedure
needs a manufacturer-specific loading system (which compresses the
bioprosthesis into the catheter) and a delivery system (which enables the user
to control deployment) for implantation of the valve, consequently the External
Assessment Group (EAG) used the term ‘TAVI devices’ to encompass the
valve and implantation systems and ‘TAVI’ when referring to the procedure.
Features of the delivery and loading systems include deployment mechanisms
and profile, which can impact the manoeuvrability and ease of use during
TAVI. Features of the TAVI valve also include ability for recapture and
reposition (such as, where the valve has been deployed in a suboptimal
position), anchors which fix onto native valve leaflets to support valve stability,
or locators to support better alignment in the native aortic valve prior to

deployment.

The choice of intervention as well as specific valve is determined by the
multidisciplinary heart team, which includes cardiologists, cardiac and
vascular surgeons, anaesthetists, electrophysiologists, and radiologists
(Archbold et al. 2022). The choice of TAVI device may be driven by clinical

considerations or technical challenges. For example, use of a valve with

supra-annular leaflets may be favourable where there is an existing surgical
bioprosthetic aortic valve in situ, self-expanding valves may reduce risk of
annular rupture in cases with severe left ventricular outflow tract and annular
calcification, or a shorter frame where preservation of coronary access is
important (Ali and Blackman, 2019), Table 1



https://pubmed.ncbi.nlm.nih.gov/35396217/
https://citoday.com/articles/2019-mar-apr/tavi-which-valve-for-which-patient

Table 1: Summary of technical challenges, theoretical considerations for valve

design (extracted and adapted from Ali and Blackman, 2019)

Patient or anatomic
subgroup

Technical challenges

Theoretical consideration for
valve design

Degenerative
surgical
bioprothesis:
“valve-in-valve”

Interaction between
transcatheter and
bioprosthetic valves causes
elevated pressure gradients
after TAVI. Risk of coronary
obstruction.

Supra-annular valves allow a
larger effective orifice,
resulting in a better
haemodynamics (for example,
lower post-TAVI gradient).

Bicuspid aortic
valves

Increased risk of PVL
because of eccentricity,
calcification and large
annulus. Increased risk of
malposition or embolisation
because of distorted root
anatomy. Increased risk of
annular rupture.

Devices with minimal PVL are
preferable. Self-expanding
valves better able to conform
to asymmetric valve orifice
and less likely to cause
annular rupture. Valves with
the ability to be retrieved and
repositioned to reduce risk of
migration/embolisation.

Severe left
ventricular outflow
tract and annular

Increased risk of annular
rupture. Increased risk of
PVL.

Self-expanding valves that
reduce risk of annular rupture.
Effective mitigation of PVL

regurgitation

renders difficulty in
anchoring the device and
increases risk of
malposition, migration or
embolisation.

calcification both to minimise PVL and to
obviate the need for post-
dilatation which may risk
annular rupture.

Pure aortic Absence of calcification Devices with an anchoring

mechanism independent of
calcium. Self-expanding
valves less reliant on
calcification. Valves with the
ability to be retrieved and
repositioned, which reduces
risk of migration/embolisation.

Mitigating coronary
obstruction

Displacement of valve
leaflets can obstruct
coronary ostia.

Patient anatomy is the
dominant consideration, rather
than valve design.

Valve design that actively
controls the deflection of the
native leaflets can mitigate
risk of obstruction. Valves with
the ability to be repositioned in
the event of occlusion are
preferred.

Preservation of
coronary access

Accessing coronary arteries
can be challenging after
TAVI. Should be a specific
consideration in patients
with existing coronary artery
disease and younger

Low frame height to sit below
the coronary ostia. Low-
density mesh with large cells
enables easier access.
Orientation of commissures
can impede coronary access.



https://citoday.com/articles/2019-mar-apr/tavi-which-valve-for-which-patient

Patient or anatomic | Technical challenges Theoretical consideration for
subgroup valve design

patients. Coronary access
should be straight forward
even in non-TAVI centres
and emergency settings (for
example primary
percutaneous coronary

intervention).

Young patients Long-term valve durability is | Evidence of long-term
essential. May require durability. Shorter frame and
subsequent TAVI-in-TAVI. intra-annular leaflets to
More likely to require facilitate TAVI-in-TAVI without
subsequent coronary risk of coronary obstruction;
access. Greater potential low frame height and low-
long-term consequences of | density mesh allowing for
PVL and conduction easier coronary access. Low
abnormalities. incidence of PVL/conduction

abnormalities.

Abbreviations: PVL; paravalvular Leak, TAVI; transcatheter aortic valve implantation

The 2020 American College of Cardiology and American Heart Association
Guideline for the management of patients with valvular heart disease (Otto et
al. 2021) states that “the specific choice of a balloon-expanding valve or self-
expanding valve depends on patient anatomy and other considerations”. The
Clinical Experts have advised that the factors that influence decision-making
for specific TAVI devices are led by anatomical features, such as calcification,
vascular access, surgical risk, and risk of pacemaker implantation, coronary
occlusion or disturbance, future, paravalvular leak (PVL) or valve replacement
(previous or future) (Appendix G). Four Clinical Experts reported that NHS
hospitals routinely have access to at least 1 balloon-expanding and 1 self-
expanding TAVI device. There may also be patient preferences for specific
devices, see Section 3.1.

This late-stage assessment includes 11 TAVI devices from 8 manufacturers
that cover the different expansion methods, different valve materials, and

different indications Table 2.

All 11 TAVI devices had valid CE certification for their Class Ill implantable

valve:


https://pubmed.ncbi.nlm.nih.gov/33342586/
https://pubmed.ncbi.nlm.nih.gov/33342586/

e 4 were certified to the Medical Device Directive (MDD)
|
-. All companies confirmed that they are seeking extension to 31
December 2027 as outlined by MHRA under the revised EU Medical
Device Regulation (MDR) transitional arrangements for Class Il devices
(with the exception of Evolut R where sales are expected to stop at the
end of 2024);

« 7 were certified to the MDR | NN
|
|

The EAG note that the shelf life of the TAVI valves varied:

1 year (Myval Octacor), minimum 1 year (Sapien 3, Sapien 3 Ultra, Hydra),

18 months (Trilogy),

2 years (ACURATE neo2, Evolut R, Evolut Pro+, Evolut FX),

3 years (Allegra, Navitor).

Key features of each TAVI device and differences between TAVI devices
listed in the Scope and their predecessors were directly obtained from the
Company responses to NICE’s standard request for information and
manufacturer websites and summarised in Table 3. The EAG has made no

attempt to verify each manufacturer claim.


https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1172594%2FGuidance_on_registration_of_certain_medical_devices.pdf&data=05%7C02%7Ckim.keltie%40nhs.net%7C71397db5d0fb428014a008dc44dfd655%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638460975379209941%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=LlRsyyw2KBtq%2F8C7SjPQY5rMxVA6H1eoHfAZ7jiZ8Lg%3D&reserved=0

Table 2: TAVI devices included within this late-stage assessment

Indicated for | Indicated Indicated Indicated New to NHS
intermediate | for low for TAVIin | for TAVI in Supply
Surgical Surgical SAVR TAVI Chain
Risk Group | Risk Group Sept 2023
(definition of | (definition [date added]
risk group of risk
where group
reported) where

reported)

e Z:;nciﬂy et

explicitly contraindica explicitly Yes

contraindica ted (limi contraindica | [Sept 2023]

ted cal '!“'ted ted

experience)

Manufacturer | TAVI valve | Expansion Pericardial Predomina | Supra- Valve sizes Delivery Minimum Treatable Indicated
type tissue nt frame or Intra- | (mm) system vessel size [ annulus for high
material alloy annular diameter for access diameter Surgical
material (Fr) (mm) range (mm, | Risk Group
across all (definition
valves) of risk
group
where
reported
Meril UK Mvval Cobalt- 20, 21.5, 23,
dxﬁor Balloon Bovine nickel- Intra 24.5, 26, 27.5, 14 55 18.5t0 32.7
E— chromium 29, 30.5, 32
Edwards . . Cobalt- 20, 23, 26, 5.5,
Lifesciences Sapien 3 Balloon Bovine chromium Intra {29} 16 {6.0} 16 to 28
Edwards Sapiend | gyji50n Bovine Cobalt- 10 | 20,23, 26 14 55 16 to 25
Lifesciences Ultra chromium
Nickel-
Boston ACURATE | ggif Porcine titanium | Supra | 23, 25, 27 14 55 20.5 10 27.0
Scientific neo2 i
(Nitinol)
Biosensors Nickel- (119 6tg t208
International Allegra Self Bovine ?"ilaltrlu:grll; Supra 23, 27, 31 18 6.0 28.0 TAVI-
in-SAVR)
Nickel-
. . o 23, 26, 29, 14, 5.0, 18 to 26,
Medtronic Evolut R Self Porcine tlte!r_uum Supra {34) {16} 6.0} {26 1o 30}
(Nitinol)
Nickel-
. . o 23, 26, 29, 14, 5.0, 18 to 26,
Medtronic Evolut Pro+ | Self Porcine tltgplum Supra {34} {16} (6.0} {26 to 30}
(Nitinol)
Nickel-
. . o 23, 26, 29, 14, 5.0, 18 to 26,
Medtronic Evolut FX Self Porcine t|tqp|um Supra (34} {16} (6.0} {26 to 30}
(Nitinol)
Nickel-
SMT Hydra Self Bovine titanium Supra 22, 26, 18 5.0, 18 to 27
(Nitinol) {30} {5.5}

Not
explicitly

contraindica
ted

Not
explicitly
contraindica
ted

Not
explicitly

contraindica
ted

Not
explicitly
contraindica
ted

Not
explicitly

No
[Dec 2017]

No
[Sept 2019]

No
[June 2023]

contraindica Yes

ted [Sept 2023]

Not

explicitly No

contraindica | [Jun 2020]

ted

Not

contraindica | . N0

ted [Aug 2021]

Not

gggltlr(:ﬂ]ydica Yes
[Dec 2023]

ted

Yes
[Sept 2023]



https://www.merillife.com/medical-devices/vascular-intervention/heart-valves/tavr/myval
https://www.merillife.com/medical-devices/vascular-intervention/heart-valves/tavr/myval
https://www.edwards.com/gb/healthcare-professionals/products-services/transcatheter-heart/transcatheter-sapien-3
https://www.edwards.com/gb/healthcare-professionals/products-services/transcatheter-heart/transcatheter-sapien-3-ultra
https://www.edwards.com/gb/healthcare-professionals/products-services/transcatheter-heart/transcatheter-sapien-3-ultra
https://www.bostonscientific.com/en-EU/products/transcatheter-heart-valve/acurateneo2-tavi-valve-system.html
https://www.bostonscientific.com/en-EU/products/transcatheter-heart-valve/acurateneo2-tavi-valve-system.html
https://www.biosensors.com/intl/allegra-allegra-tavi-system
https://europe.medtronic.com/xd-en/healthcare-professionals/products/cardiovascular/transcatheter-aortic-heart-valves/evolut-r.html
https://europe.medtronic.com/xd-en/healthcare-professionals/products/cardiovascular/transcatheter-aortic-heart-valves/evolut-pro-plus.html?cmpid=PPC_GOOG_TXT__BrandProPlus__Tavi_FY21&gclid=EAIaIQobChMIr_Oanfb_hAMVE49QBh1YAw51EAAYASAAEgIwl_D_BwE
https://europe.medtronic.com/xd-en/c/emea/cardiovascular/tavi-evolut-valve.html?cmpid=PPC:GOOG:EvolutFXGeneral:WE_EN_SH_EvolutFX-WBS1146%7CTX%7CGS%7CDEF_GEN_OCT23&gclid=EAIaIQobChMI-YXgqvb_hAMV_Y5QBh0aoA54EAAYASAAEgJlHPD_BwE
https://smtpl.com/hydra-thv

Manufacturer | TAVI valve | Expansion Pericardial Predomina | Supra- Valve sizes Delivery Minimum Treatable Indicated Indicated for | Indicated Indicated Indicated New to NHS
type tissue nt frame or Intra- | (mm) system vessel size | annulus for high intermediate | for low for TAVI in for TAVI in Supply
material alloy annular diameter for access diameter Surgical Surgical Surgical SAVR TAVI Chain
material (Fr) (mm) range (mm, | Risk Group | Risk Group | Risk Group Sept 2023
across all (definition (definition of | (definition [date added]
valves) of risk risk group of risk
group where group
where reported) where
reported reported)
Not Not Not Not
Nickel- explicitly explicitly explicitly explicitly
ﬁ/l%%?(tzgl UK Navitor Self Bovine titanium Intra {2237 225é} {114 é} {55'05’)} 19 to 27 contraindica | contraindica | contraindica | contraindica [OctN2002 1
(Nitinol) ’ ) ted ted ted (not ted (not
evaluated) evaluated)
Not Not Not Not
JenaValve Nickel- explicitly explicitly explicitly explicitly Yes
Trilogy Self Porcine titanium Supra 23, 25, 27 20 7.0 2110 27 contraindica | contraindica | contraindica | contraindica [Sept 2023]
(Nitinol) ted ted ted (not ted (not
evaluated) evaluated)

Key: *Valve only indicated for this surgical risk groups when used with the Commander delivery system and transfemoral, transseptal, subclavian, axillary access route only; $High and Intermediate risk groups not defined separately;
tassumed indicated as available on NHS Supply Chain; qcalculated by the EAG based on Company-provided information (18 Fr); {denotes the minimum vessel size associated with specific valve size}; Abbreviations: LVEF, left
ventricular ejection fraction; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons operative risk score; TAVI, transcatheter aortic valve implantation



https://www.cardiovascular.abbott/int/en/hcp/products/structural-heart/transcatheter-valve-solutions/navitor-tavi-systems.html
https://jenavalve.com/trilogy-system/

Table 3: Valve characteristics based on Company data

durability. The bovine pericardium is treated to
reduce calcification potential.

Supra-annular valve, which contributes to large
effective orifice area and low mean pressure
gradient. Low frame height supports use in valve-
in-valve procedures.

Can be used in annular diameters as low as

19 mm in native valves and 16.5 mm in surgical
valves.

Manufacturer | Company description of unique technology Technological differences between generations (within Newer
(device) elements from their Request for Information (RFI) | same manufacturer) generations
and company website. expected within
next 6 to 12
months
Meril (Myval | From RFI documentation: Earlier generations: Myval No updated
Octacor) No difference with other technologies stated. versions
From Elkoumy et al. 2023: expected within
From stakeholder consultation: e 2 rows of identical octagonal cells. 6 to 12 month
same conventional sizes as predecessor (20, 23, 26, 29 timeframe.
Device size matrix includes conventional (20, 23, | mm) and additional intermediate sizes (21.5, 24.5, 27.5
26 and 29 mm), intermediate (21.5, 24.5 and 27.5 | mm) and XL sizes (30.5 and 32 mm).
mm) and extra-large (30.5 and 32 mm)
diameters. From stakeholder consultation:
All sizes of Myval Octacor THV are compatible e The Myval Octacor THV retains the similar short,
with 14F Python introducer sheath and that all expanded frame height as that of its predecessor
diameters of undeployed devices can be fully technology (17-21mm)
retrieved using the 14F Python e Myval Octacor THV is manufactured from the same
cobalt alloy (MP35N) as before for optimal radial
Myval Octacor THV is a tri-leaflet valve strength and radiopacity.
manufactured using bovine pericardium tissue
that is decellularized using Meril’s proprietary
AntiCa treatment.
Edwards The only FDA and CE marked balloon- Earlier generations: Sapien and Sapien XT. Sapien 3 Ultra
Lifesciences | expandable valve for the treatment of RESILIA
(Sapien 3, symptomatic severe aortic stenosis of all surgical | From RFI: (3SUR); CE
Sapien 3 risk levels (inoperable, high, intermediate, low e First generation Sapien (CE marked in 2007, sold in marked and
Ultra) risk). the UK until 2016), was available in 2 sizes (23 and 26 | available via
The only valve to have specific approval for TAVI- mm) with 2 different delivery systems (transfemoral NHS Supply
in-TAVI and TAVI-in-mitral valve indications. and transapical) with 22-24 Fr diameter. Chain. This
Delivery system allows for greater steerability to e Second generation Sapien XT (CE marked in 2010, includes
assist implantation in patients with challenging sold in the UK until 2020), available in 3 sizes (23, 26, | advanced anti-
vascular anatomy. 29 mm), delivery system diameter reduced to 16-20 Fr | calcification
diameter. technology on
The delivery system and accessories are e Third generation Sapien 3 (CE marked in 2014), the bovine
intended to facilitate the placement of the available in 4 sizes (20, 23, 26, 29 mm), additional pericardial
bioprosthesis via the transapical and transaortic smaller diameter system (14-16 Fr diameter), an outer | tissue.
access approaches skirt added.
Fourth generation Sapien 3 Ultra (CE marked in 2018),
available in 3 sizes (20, 23, 26 mm), augmented outer
skirt.
Boston Open upper frame with no aortic flare, which Earlier generations: ACURATE neo (no longer available in
Scientific allows for implantation of another intra-annular the UK market), the Company reported a transition to
(ACURATE valve without concerns around future coronary ACURATE neo2 in 2021.
neo2) access. this
Supra-annular leaflets and sealing skirt, resulting | From will include
in lower mean gradients. https://pubmed.ncbi.nIm.nih.gov/36277320/Reardon et | additional valve
Top-down deployment with upper and lower al. (2021): size to treat
crown anchoring to minimise left ventricular “... both the neo and neo2 valves have a pericardial patients with 29
outflow tract protrusion, conduction disturbance sealing skirt to reduce paravalvular leak (PVL), the skirt on | mm annulus
and rate of permanent pacemaker implantation the ACURATE neo?2 is 60% larger, reaching to the waist of | diameter, and
when compared with other self-expanding valves. | the stent. Additionally, the flexible ACURATE neo delivery | new loading
catheter has been upgraded with a new atraumatic tip system to
design, and when coupled with the low-profile expandable | facilitate short
introducer, is able to accommodate a wide range of loading times.
complex patient anatomies. The ACURATE neo2 also
features a new radiopaque positioning marker to enhance
visualization and accuracy. Valve sizing remains the same,
with the largest valve treating up to a 27 mm annulus, and
the addition of a larger valve planned. Valve crimping and
loading remains essentially unchanged in the new system.”
“the enhanced and extended pericardial sealing skirt
features a supra-annular flap that actively seals during
each cardiac cycle.”
From RFI:
e Longer positioning tube to improve accuracy during
delivery (of benefit in smaller patients)
e Shorter insertion aid to make it compatible with the
increased height in the valve outer skirt.
e Modified shape of distal tip (nosecone) to optimise the
stiffness gradient and transition to the guidewire.
Biosensors Uses bovine pericardium for all valve tissues No previous versions.
(Allegra) parts (leaflets and skirts), to support long-term



https://pubmed.ncbi.nlm.nih.gov/37028710/
https://pubmed.ncbi.nlm.nih.gov/36277320/
https://pubmed.ncbi.nlm.nih.gov/36277320/
https://pubmed.ncbi.nlm.nih.gov/36277320/

exact position of the fixation mechanism of the
valve.

Only medical device approved for treatment of
both aortic stenosis and aortic regurgitation.

From JenaValve Trilogy brochure:

¢ Indicated for use in patients with native
symptomatic, severe aortic regurgitation (AR)
or symptomatic, severe aortic stenosis (AS),

e “Alignment — locator technology ensures
proper alignment with native anatomy before
the valve is deployed.

e Anchoring — locators anchor the valve by
attaching to native leaflets for secure
placement and sealing.

e Deployment — commissure-to-commissure
alignment upon deployment is achieved.”

confirmed that the first iteration was the porcine root valve
and transapical delivery system which was available from
2009 to 2013, and the second iteration was the Trilogy
porcine pericardial valve with transfemoral delivery system
available from 2014 to present.

From Zaid et al. (2023):
e Three locators.
e Sealing ring comprises 24 diamond-shaped cells.

Manufacturer | Company description of unique technology Technological differences between generations (within Newer
(device) elements from their Request for Information (RFI) | same manufacturer) generations
and company website. expected within
next 6 to 12
months
Occlusion free deployment technique and permits
repositioning and retrieval before complete
deployment.
Medtronic Valves indicated for all surgical risk groups, for Earlier generations: CoreValve, Evolut Pro
(Evolut R, TAVI-in-SAVR and for use in bicuspid valves.
Evolut Pro+, | Supra-annular design optimises blood through From RFI:
Evolut FX) the valve. e First generation CoreValve (CE marked in 2007, sold
Hour-glass design to reduce thrombosis and in the UK until 2014), available in 4 sizes (23, 26, 29,
stroke rates. 31 mm), anti-calcification treated leaflets, was not
Porcine pericardial tissue is half the thickness of recapturable. Estimated stop
bovine pericardium enabling a low delivery e Second generation Evolut R (CE marked in 2014), of sales of Evolut
profile. available in 4 sizes (23, 26, 29, 34 mm), recapturable. | R end of 2024.
Anti-calcification treatment to mitigate calcification | «  Third generation Evolut Pro (CE marked in 2017, sold
in the wall and leaflets of the valves. in the UK until 2023, replaced by Pro+), available in 3
Can be recaptured up to 3 times up to 80% sizes (23, 26, 29 mm), external pericardial wrap.
deployment. ¢ Fourth generation Evolut Pro+ (CE marked in 2021),
Treats the widest range of annular sizes (18-30 updated Pro+ delivery system reduced profile for
mm) of any commercially available TAVI. 23,26,29 mm and increased profile for 34 mm.
. ) ) o Fifth generation Evolut FX (CE marked in 2023) with
Patient selection and treatment sections of gold markers for visualisation of implant depth and
supplied IFUs refers to transfemoral access, coronary alignment, Evolut FX delivery system with
subclavian access and direct aortic access. improved flexibility.
SMT (Hydra) | Flexible tentacles for easy navigation through the | No previous versions. No updated
aortic arch. versions
Large cell frame size (15 Fr) for easier coronary expected within
access. 6 to 12 month
Non-flared inflow part to reduce conduction timeframe.
abnormalities.
Extended skirt for reduced paravalvular leak.
Recapturable, repositionable, and uses 14 Fr
inline sheath.
Abbott Cuff expands to fill calcification-related gaps Earlier generations: Portico (originally CE marked in 2012, | New generation
Medical between the annulus and valve. sold in the UK until 2022). Navitor including
(Navitor) The only self-expanding valve with intra-annular radiopaque
leaflets. Large cell geometry (valve sizes 23, 25, From Eckel et al. (2023): “a new and especially active PVL | markers and
27, 29 mm) and intra-annular valve design sealing cuff (NaviSeal) that fills and expands during additional valve
preserve coronary access for future intervention. diastole like a parachute.” size (35 mm) is
Anti-calcification technology resists calcification to expected in UK
improve long-term valve performance. From RFI: Technical features that differ to Portico: in 2024. This will
Highly flexible delivery system supporting patients | ¢ Introduction of NaviSeal cuff. be introduced
with small vessel access and tortuous anatomies. | ¢  Proprietary fabric maintains lowest delivery profile through phased
Less than 80% deployment can be re-sheathed indicated for 5 mm and 5.5 mm arteries with small and | transition with
up to a maximum of 2 times and redeployed to large FlexNav delivery system respectively. both
allow for optimal placement. e Curved aortic cells to reduce risk of injury to native technologies
aortic structures. available for a
The FlexNav delivery system facilitates Navitor e Large cell design to minimise coronary obstruction. period.
valve implantation using transfemoral, subclavian, | o  QOptimised radial-force providing consistent and
and axillary access methods. predictable anchoring and sealing across valve sizes. | At stakeholder
consultation,
No changes to the valve leaflets or haemodynamics Abbott confirmed
between Portico and Navitor. that Navitor is
now available in
size 35, with a
treatable
annulus
diameter range
up to 30 mm.
JenaValve Optionally, a transoesophageal echocardiogram Earlier iteration: JenaValve (CE marked in 2011, Treede et | Not reported.
(Trilogy) can be applied during the procedure to check the | al. 2012). At stakeholder consultation the Company

Abbreviations: FDA, Food and Drug Administration; PVL, paravalvular leak; RFI, request for information; TAVI, transcatheter aortic valve implantation



https://pubmed.ncbi.nlm.nih.gov/37373693/
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Usage in the NHS

In terms of TAVI device availability, the NHS Supply Chain Framework was
updated on 18 September 2023, when 4 of 8 manufacturers (Biosensors,
Meril, SMT, JenaValve) were added for the first time. The EAG note that an
additional TAVI device was subsequently added to NHS Supply Chain in
December 2023; Evolut FX (Medtronic), Table 2.

The British Cardiovascular Intervention Society (BCIS) annual audit report for
data from 2021 to 2022, reported that devices from some TAVI manufacturers
are used more widely within the NHS, with over 60% of TAVI procedures
using Edwards Lifesciences devices and 25% using Medtronic devices (BCIS,
2023). Based on NHS reference costs, a total of 5,339 TAVI procedures
(representing a combination of TAVI in native aortic valve, and failure of prior
bioprosthesis), including 4,577 using a transfemoral approach, were
undertaken in the NHS in England between 2021 and 2022. This represented
a procedure cost (excluding the cost of the TAVI valve) of £44,115,770 to the
NHS (NHS England, 2023; Hospital Resource Group [HRG] codes EY20A-B,
EY21A-B). The TAVI valve cost is reimbursed separately under the NHSE

High-Cost Tariff Excluded Devices Programme, now known as the

Specialised Services Devices Programme (SSDP). In NG208 the average
price across TAVI valves was £17,500 (NG208, 2021). As of November 2023,
the EAG calculated the weighted average TAVI valve cost (post Specialised

Services Devices Programme [SSDP] with rebate using market share) is

L}
TAVI-in-SAVR indications

Between 2022 and 2023, 3,623 isolated SAVR procedures were done
(National Adult Cardiac Surgery Audit [NACSA], 2024) using biological heart

valves. Bioprostheses have limited durability and are expected to degenerate

and potentially fail within 10 to 20 years (Dvir et al. 2012); with authors

reporting stenosis (42%), regurgitation (34%) or combined stenosis and
regurgitation (24%) as indications for further valve replacement. Beaver et al.

(2023) reported 99.3% freedom from structural valve deterioration at 7 years
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with a Resilia tissue bioprosthesis (Edwards Lifesciences) from the
COMMENCE trial (NCT01757665).

Currently, 6 of 11 TAVI devices included in this late-stage assessment are
indicated for TAVI-in-SAVR; Sapien 3, Sapien 3 Ultra, Allegra, Evolut R,
Evolut Pro+, Evolut FX, Table 2. The Clinical Experts advised that annulus
size, coronary access or protection, and haemodynamic performance are key
considerations informing the choice of TAVI valve where TAVI-in-SAVR is

indicated, Appendix G.
TAVI-in-TAVI indications

A TAVI valve can also be inserted into another TAVI valve, and this can occur
at different timepoints. For example, TAVI-in-TAVI can be undertaken during
the initial TAVI procedure to resolve acute severe aortic regurgitation or an

unretrievable failed device (Giordano et al. 2024a), known as bailout TAVI-in-

TAVI, but can also be needed longitudinally (after 1 year since discharge from
the initial TAVI) because of valve degradation or deterioration (Capodanno et
al. 2017).

TAVI-in-TAVI procedures represent a small proportion of patients undergoing
TAVI in the UK, with 0.5% between 2022 and 2023 (NICOR, 2024). As

growing numbers of patients undergo TAVI (including patients with lower

surgical risk) longer life expectancy, long-term durability, and ability to receive
secondary TAVI may become increasingly clinically important (Ali and
Blackman, 2019). Landes et al. (2020) reported 212 TAVI-in-TAVI procedures
in 63,876 patients (0.33%) receiving TAVI across registries covering 37

centres in Europe, North America, and the Middle East (including 2 UK
centres) although the time period was not reported. Overall indications for
TAVI-in-TAVI were stenosis (37%), stenosis-regurgitation (33%), and
regurgitation (30%). Reasons for intervention were different depending on
when the procedures were done (35% within 1 year, compared with 65%
beyond 1 year) with higher proportions of stenosis in the latter group (37%
compared with 16%, p=0.028). Currently, Sapien 3 and Sapien 3 Ultra are the
only devices explicitly indicated for TAVI-in-TAVI. When considering the
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separate TAVI-in-TAVI cohort, the EAG will only include devices where this is
not explicitly contraindicated (as stated in the device Instructions for Use).
Recommendation 6.2.4 of the NICE Health Technology Evaluations Manual
(PMG36) enables consideration of evidence for comparator technologies
outside regulatory approval, the EAG note this is only where use is
considered as part of established clinical practice. The extent and quality of
evidence, particularly for safety and efficacy, in this specific emerging
subgroup is lacking. The EAG have, however, considered that use of a
technology may occur outside of CE-mark indications in other areas of TAVI,
such as in a native aortic valve within different surgical risk groups, which

would be consistent with established clinical practice.

Four Clinical Experts advised that the proportion of patients receiving SAVR
after TAVI would be low (1% to 5%) compared with secondary TAVI (95% to
99%), Appendix G, and SAVR following TAVI has been shown to be
independently associated with an increased risk of mortality (Bowdish et al.
2024; Hawkins et al. 2023).

Additional indications

Aortic heart valves typically have 3 leaflets, known as a tricuspid aortic valve,
with all TAVI devices included in this late-stage assessment indicated in this

population. Non-tricuspid leaflet configurations have been considered within

the EAG Protocol (2024). The EAG note that none of the included

technologies are indicated for people with a unicuspid aortic valve

morphology. Biscuspid aortic morphology is explicitly contraindicated for 2
devices (ACURATE neo2, Allegra), and any leaflet configuration other than
tricuspid is explicitly contraindicated for 1 device (Navitor). For the 3 devices
manufactured by Medtronic (Evolut R, Evolut Pro+, Evolut FX) their
instructions for use state that the use in bicuspid aortic valves is explicitly
indicated when the patient is at intermediate or high surgical risk. For the
remaining 5 devices, no explicit indication or contraindication of aortic valve
morphology is listed in the device instructions for use. The systematic review

and meta-analysis by Ueshima et al. (2020) of 11,738 patients reported

outcomes from TAVI in 7,291 patients with tricuspid aortic valves compared
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with 3,741 patients with bicuspid valves. Additionally, authors compared TAVI
outcomes for patients with bicuspid anatomy treated with balloon-expanding
(n=367) or self-expanding (n=339) TAVI devices. Mortality at 30 days and 1
year was not statistically different in either comparison, however patients with
bicuspid anatomy were at a higher risk of adverse events (conversion to
SAVR, bailout TAVI, moderate or severe paravalvular leak, device failure)
than those with a tricuspid anatomy. Balloon-expanding devices were
associated with lower rates of bailout TAVI and new pacemaker implantation
but carried a higher risk of annular rupture. The EAG note that the aortic valve
leaflet configuration is not captured within the UK TAVI Registry therefore are
not able to identify a bicuspid subgroup within the Registry, nor assess
whether devices are used within their indications for this population. However,
the EAG note that this represents a small proportion of patients in the general

population (Hoffman and Kaplan, 2002).

The EAG note that 3 of the 11 TAVI devices included in the late-stage
assessment (Sapien 3, Sapien 3 Ultra, Allegra) are indicated where mitral
valves have also been replaced. The EAG identified two papers which
reported TAVI in patients with prior mitral valve replacement (Rogers and
Thourani 2018; Salaun and Pibarot 2019). While non-aortic valve

replacements are out of Scope of this late-stage assessment (and therefore
have not been explored further by the EAG), the EAG acknowledge that this
may influence TAVI device choice, as an incremental benefit of a technology

and may impact costs.

Five devices were not indicated for use in a low surgical risk group, four were
not indicated for use in an intermediate surgical risk group; however, the EAG
note that the definition of surgical risk varies across devices. Where
contraindications were not explicitly identified within the instructions for use or
from the Company responses, the EAG have assumed that the devices are

indicated.

Three of four Clinical Experts noted that the late-stage assessment should

include all patients with aortic stenosis regardless of the cause, for example


https://pubmed.ncbi.nlm.nih.gov/12084585/
https://pubmed.ncbi.nlm.nih.gov/29102215/
https://pubmed.ncbi.nlm.nih.gov/29102215/
https://pubmed.ncbi.nlm.nih.gov/31292075/

including patients with rheumatic or congenital aortic stenosis, although one
Expert noted that evidence is likely to be lacking and the numbers of patients

may be too small to draw conclusions (Appendix G).

One Expert reported that the Trilogy (JenaValve) would be used where there
is no calcium present on the valve (Appendix G); the EAG note that the device
brochure indicates that Trilogy can be used in the absence of calcium in
patients with aortic regurgitation, however according to the device instructions
for use, received by the EAG on 06 March 2024, patient selection should
include “acceptable calcification as identified per appropriate imaging
modality”. The EAG note from the Trilogy instructions for use that this is the
only TAVI device explicitly indicated for patients with native severe aortic

regurgitation in the absence of aortic stenosis.

3 Clinical context

NICE produced its original Interventional Procedures Guidance (IPG) on
transcatheter aortic valve implantation (TAVI, IPG421) in 2012. TAVl is
currently recommended for people who are at high surgical risk or where
surgical aortic valve replacement (SAVR) is considered unsuitable (NG208,
IPG586). The decision to proceed with intervention, such as the choice
between TAVI and SAVR, is made by a multidisciplinary (MDT) heart team

(Archbold et al. 2022), which includes interventional cardiologists, cardiac

surgeons, imaging healthcare professionals, and electrophysiologists.
Recommendation 1.2 of IPG586 and IPG653 note that details of all TAVI
procedures should be entered into the UK TAVI Registry and that data entry is
mandated (Ali et al. 2023).

While TAVI was determined to be clinically effective in all surgical risk groups,
section 1.5.3 of the NICE Guideline NG208 concluded that “TAVI is not cost-
effective for people at low or intermediate surgical risk at the current list price”.
However, in January 2023 (updated May 2023), NHS England (NHSE)

published a commissioning policy position statement broadening access to

TAVI for eligible patients with intermediate or low SAVR risk to alleviate

pressures on local systems in supporting elective performance. In response to
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this policy change the Society for Cardiothoracic Surgery in Great Britain &
Ireland, The Royal College of Surgeons, submitted a response to the National
Clinical Director for Heart Disease at NHS England, on 28 February 2023.
This response acknowledged the concern for long waiting times following the
pandemic and ongoing staffing shortages but stated the policy change was
contrary to NICE guidance, not clinically appropriate and may increase patient
risks if subsequent surgery was required. Three issues raised by the Society
for Cardiothoracic Surgery in Great Britain and Ireland were summarised in a
Bulletin (August, 2023):

e “A robust, quorate, aortic valve multidisciplinary meeting (MDM), with
all appropriate specialists present, should be employed for patients at
clinical equipoise between TAVI and surgical aortic valve replacement
(SAVR) following the Joint Societies MDM guidance (Attachment 1 —
Getting the best from the Heart Team).

e Clinical decisions made in a patient’s best interest in line with national
guidelines should not be altered solely based on waiting times, given

that in many hospitals waiting times for TAVI are longer than for SAVR.

e The NHSE interim position statement should not be used to
inappropriately redirect patients towards TAVI who would otherwise

have undergone SAVR.”

Four Clinical Experts estimated that most TAVI procedures are in high risk
patients (between 40% to 80%) although 1 Expert noted that equal
proportions of patients would be of intermediate and high surgical risk. The
Clinical Experts estimated that between 0% and 20% of patients classed as
low surgical risk received TAVI in the 12 months prior to the NHSE position
statement, with an increase of between 5% and 20% in the 12 months
following, Appendix G. The Clinical Experts report that the TAVI population
has remained the same in terms of high or intermediate surgical risk patients
taking priority over low risk patients on the TAVI waiting lists, thus low risk

patients may face longer waits for TAVI than for SAVR, some patients may
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opt for reinstatement to surgical lists because of deteriorating symptoms

unless there is very strong patient preference Appendix G.

The Clinical Experts have advised that use of TAVI is also emerging in people
with severe aortic stenosis who present as asymptomatic (Table 1). TAVI is
also recommended with standard arrangements as a less invasive treatment
option to SAVR where a previous bioprosthetic aortic valve has failed
(IPG653), known as valve-in-valve TAVI (for device indications for in-valve
TAVI, see Table 2). Decision-making about the most appropriate intervention

happens at an MDT meeting (NICE Final Scope, 2023). The proportion of

patients undergoing a secondary aortic valve intervention using a TAVI device
is small (between 3% and 5% annually between 2013 to 2022 requiring TAVI

for aortic bioprosthetic valve failure, British Cardiovascular Intervention

Society [BCIS], 2023), the expansion of TAVI use in low and intermediate

surgical risk groups will likely result in an increase in this proportion going

forward.

The Clinical Experts have advised that there may be occasions where only 1
TAVI device is suitable, Appendix G. The Clinical Experts also advised that
while many patients can be treated with any TAVI device, there are some
subgroups, such as those with a small annulus, who may be better suited to a
particular device for its specific features, such as expansion type or intra- or

supra-annular leaflets (Appendix G; Herrmann et al. 2024).

The 2021 Getting It Right First Time (GIRFT) Report for Cardiology

acknowledged high levels of price variation across the specialty. GIRFT

considered efficiency benefits, relating to financial, administrative and
inventory management, of more than £35m to £40m per year could be
achieved by ensuring procurement and NHS Supply Chain activities are
clinically led and product choices are evidence-based with safety and
outcomes unaffected by product change. GIRFT explicitly stated that TAVI
should be done under conscious sedation via a transfemoral route as the

default, enabling 4 straight-forward cases on a full day list.
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3.1 Equality issues
Equality considerations for TAVI were described in [IPG586 and NG208, within

the supporting equality impact assessment scoping document (NICE, 2023)

and within the EAG Protocol (2024) for this late-stage assessment.

Multivariable logistic regression adjusted for age, region and comorbidity
applied to HES data linked to primary care data revealed significant
differences in timely AVR based on sex, black or South Asian ethnicity, and

levels of social deprivation (Rice et al. 2023).

The EAG identified evidence of adverse events (in-stent restenosis, device
syndromes, flow diverter valve deformity also referred to as ‘fish-mouthing’)
from nickel hypersensitivity associated with endovascular coronary and
structural heart procedures, although not specific to TAVI (Guéroult et al.
2022). The EAG note that all TAVI devices included within this assessment

contain nickel and are contraindicated in patients with nickel allergy; the

prevalence of an allergy or hypersensitivity to nickel was estimated to be
between 8% and 19% in 2010 and disproportionately affects females
(Ahlstrom et al. 2019; Schuttelaar et al. 2018). Four Clinical Experts noted

that screening for nickel allergy is not routinely done, nor does it influence the

choice between TAVI devices or TAVI compared with SAVR as an
intervention, Appendix G. The EAG contacted all 8 manufacturers to
determine the proportion of nickel allergy adverse events reported for their
TAVI device, 7 of which responded by 10 May 2024. Biosensors confirmed

that they had no record of nickel allergy adverse events related to their Allegra

TAVI device. Meril reported I
I A\bbott and SMT were not

aware of any available data for the Navitor or Hydra TAVI devices. Edwards
Lifesciences confirmed that no adverse events related to nickel allergy have
been reported to the US Food and Drug Administration Manufacturer and
User Facility Device Experience database between March 2019 and February
2024 related to their Sapien 3 or Sapien 3 Ultra devices. The Company also

noted the poster presentation of a case report by Anderson et al. (2023),

which reported successful implantation of the Edwards Lifesciences Sapien 3

valve without any notable adverse reactions in a patient with documented
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nickel allergy and positive patch test to nickel and cobalt. This study reported
that “according to the Agency for Toxic Substance and Disease Registry, the
daily nickel dose rate from food intake is 170 micrograms per day, which is at
least 10,000 times higher than what was demonstrated to be released from
the CoreValve bioprosthesis during phase Il in-vitro testing”. Medtronic

searched in their complaints database across all Evolut TAVI devices since

2018 [
|
I, S imilarly,

Boston Scientific reviewed their complaints database for the ACURATE neo?2
TAVI device I
|

I Therefore, the EAG did not consider nickel allergy of TAVI devices

as a significant outcome that would contribute to the economic evaluation

within the context of this late-stage assessment.

The EAG consulted with the Clinical Experts who did not report any other
equality considerations for this late-stage assessment. One Clinical Expert
noted that several datasets show disproportionately lower implant rates in
females and speculated that this is likely related to referral patterns and
diagnostic tests (Appendix G). Another Clinical Expert advised that this could
be related to anatomical factors such as small femoral vessels for access and
small aortic annuli where TAVI may be challenging or technically not feasible.

Religion or belief, and sex are protected characteristics under the Equality Act
(2010).

4 Methods

4.1 Clinical and technological evidence
The objective of identifying and selecting the clinical evidence is twofold:

e To provide inputs for the economic model as part of this evaluation.
e To provide evidence for the comparative clinical effectiveness of
transcatheter aortic valve implantation (TAVI) devices in Scope of this

late-stage assessment.


https://www.gov.uk/guidance/equality-act-2010-guidance
https://www.gov.uk/guidance/equality-act-2010-guidance

To search for published and real-world evidence relevant to the decision
problem, the EAG followed the Evidence Synthesis section (section 3) of the

published protocol (EAG Protocol, 2024) for this late stage assessment.

Following the hierarchical approach described in the protocol, the EAG
considered sources of UK real-world data and requested patient-level data
from the national UK TAVI Registry, a mandatory registry which collected
information from all TAVI procedures conducted across England, Wales and
Northern Ireland. These data were linked to longitudinal outcomes from the
Hospital Episodes Statistics (HES) database. Details of the methods are
described in sections 4.1.2, 4.1.3 and 4.1.4.

Following the protocol, the EAG also searched the literature for network meta-
analyses which informed the relative effectiveness of devices and made
targeted searches for studies involving devices where UK real-world data

were lacking. These methods are described in section 4.1.1.

The EAG sent 2 sets of questions to 8 Clinical Experts (Appendix G), and 2
versions of the EAG report were spent to Specialise Committee Members for
comment. Feedback have been summarised in a narrative form within this
report, however no formal elicitation techniques were included in the

development of this EAG assessment report.

4.1.1 Published evidence
The EAG searched for systematic reviews with network meta-analyses where

multiple TAVI devices were compared. Network meta-analysis were critically
appraised using ISPOR guidelines (Appendix B2), and provided a narrative

summary of the key results and limitations.

The EAG noted that 4 of the 8 manufacturers were added to NHS Supply
Chain after June 2023 (Table 2), and therefore did not have data included
within the UK TAVI Registry that could be used to inform economic modelling.
The EAG made targeted searches for other national (non-UK) TAVI registries
and for peer-reviewed published evidence for those devices. These searches
were supplemented by requesting published longest-term evidence and



comparative evidence against other similar TAVI devices directly from the
Companies. The EAG considered the relevance of the published evidence
against current NHS clinical practice and the appropriateness for use within
the economic evaluation. An acknowledged limitation is that this evidence was
not identified from systematic searching across all manufacturers (and is

therefore subject to bias).

The EAG also conducted pragmatic and targeted literature searches (based
on device name) to identify published peer-reviewed comparative evidence to
inform potential uncertainties in clinical performance. The EAG considered
published evidence sources provided by the Companies as part of the
standard NICE request for information and through direct correspondence. All
Companies were requested to provide peer-reviewed published evidence
supporting their longest-term follow-up, comparative evidence against other
TAVI devices in Scope of this assessment and any non-UK registries
capturing evidence on their device. The EAG acknowledge that this approach
was not equivalent to a systematic search for each device, however a
pragmatic approach was taken because of the broad volume of evidence in

TAVI and timescales of this late-stage assessment.

As data on newer generation devices were lacking, the EAG also considered
comparative and long-term evidence from older generations to support
decision-making. This approach is limited as the Companies had stated
technological differences between generations (described in Table 3) and
there is existing evidence suggesting differences in clinical outcomes between
TAVI device generations (EAG Protocol, 2024; section 5.2.6). It was not

feasible for the EAG to systematically search and sift evidence related to all

older generations of TAVI devices for each manufacturer listed in the Final
Scope. Instead, the EAG took a pragmatic approach, reviewing the published
evidence provided by the Companies where more than 2 devices were
compared. This was supplemented by additional focused searches of national
registries identified from scoping (including the Austrian, Belgian, Brazilian,
French, German, Israeli, Italian, the Netherlands, Swiss, US registries), and
selected publications with the greatest number of TAVI devices compared,
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largest sample size or longest follow-up. Evidence comparing different
generations of devices by the same manufacturer listed in the Final Scope
were also considered to determine the generalisability of long-term evidence

of older generations.

The EAG excluded publications that reported in-vitro or lab-based studies, or
where all outcomes were not reported exclusively for interventions in Scope
(unless reporting adverse events that could be applicable to TAVI procedures
in general). Where multiple publications were available for a technology, the
EAG prioritised studies within a UK setting, comparative evidence against the
greatest number of TAVI devices in Scope, longest follow-up data, largest
sample size, or reporting adverse events. Because of the time restrictions for
the late-stage assessment the EAG did not approach corresponding authors
for clarification where the EAG had identified potential cases of overlap of
patient groups between published papers or where information was not
explicitly reported (such as inclusion criteria, proportion of use in specific
subgroups). Where no comparative evidence was available for a TAVI device
in Scope, including for predecessor devices, non-comparative evidence was
also considered and summarised using the same prioritisation methods

applied to the comparative evidence.

Due to time constraints and large volume of evidence for TAVI, the EAG
focused on tabulation of evidence relating to TAVI implantation into the native
aortic valve, which represents the majority of procedures in the UK TAVI
Registry (96%, NICOR, 2024).

The EAG applied the hierarchy of published evidence, prioritising data source
where more than 2 TAVI devices were compared and where confounders
could be adjusted for. As patient characteristics inform the most appropriate
TAVI device to use during the procedure (see Table 1), the EAG only
considered critical appraisal for studies comparing TAVI devices by different
manufacturers where the study design incorporated adjustment for baseline
differences in and in studies comparing devices from the same manufacturer

with the largest sample size. Critical appraisal of the selected studies was
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conducted by the EAG using ISPOR good research practices for network

meta-analysis (Jansen et al. 2011), the Cochrane Collaboration's tool for

assessing risk of bias in randomised trials (Higgins et al. 2011), and the

Joanna Briggs Institute (JBI): Critical Appraisal Checklist for Cohort Studies
(Joanna Briggs Institute, 2017), (Appendix B2). Additional published evidence

identified and considered in Scope but not selected as key evidence is
summarised in Appendix B3. Evidence identified and excluded as out of
Scope of this late-stage assessment has been tabulated in Appendix B4.

The EAG also summarised adverse events, device usability, and additional
subgroup outcomes that were incidentally identified from published evidence

(Sections 5.2.3, 5.2.4, 5.2.5); however, an acknowledged limitation is that

these were not identified from systematic searching across all manufacturers

(and therefore subject to bias).

Where comparative evidence was lacking for a device, the EAG summarised
ongoing studies from the Company completed requests for information. The
EAG did not conduct a comprehensive search of ongoing studies related to
each TAVI device in Scope as this would not have been feasible within the

timescales of this late-stage assessment.

4.1.2 UK TAVI Registry
A request for patient-level and aggregate data from 01 April 2021 onwards

was submitted to NICOR (22 December 2023). The EAG received patient-
level data from the UK TAVI Registry managed by NICOR, on 05 March 2024
for all TAVI procedures undertaken in England, Wales, and Northern Ireland
between 01 April 2021 and 31 March 2023, which represents the latest
validated data in the registry.

Data entry into the UK TAVI Registry is mandated (Ali et al. 2023), but the
BCIS latest audit report for 2021-2022 reported that as of 27 September 2022,

coverage by centre was 88.1% (37 of 42 centres), and coverage by procedure

was 85.8% (6,520 TAVI procedures entered in the registry compared with the
7,601 procedures declared by centres in response to a survey). The data
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entered by sites is self-reported and no external data validation takes place.
Mean data completeness in the latest annual UK TAVI Registry audit for 2022
to 2023 across all data fields is 88.0%, ranging from 65.1% for post-procedure
valve indices (prior to discharge) to 100.0% for date and time of operation
(NICOR, 2024).

Ethics

Data were collected as part of a mandatory UK TAVI audit, and all patient-
identifiable fields were removed by NICOR, with only pseudonymised data
sent to the EAG. As analysis within the context of this late-stage assessment
was considered a national service evaluation, formal ethical approval was not

needed, and national data opt outs were not applied.

Cohort identification
Inclusion:

e All procedures within the UK TAVI Registry with a procedure date between
01 April 2021 and 31 March 2023.

e On inspection of the data, the EAG found that the TAVI device used was
poorly completed and of low quality: 1,056 (7.3%) procedures reported
using TAVI devices that were not available for sale in the UK during the
audit period, 949 (6.7%) procedures were missing device manufacturer
and model, and 71 (0.5%) had invalid combinations of device
manufacturer and model. For context, the Clinical Lead advised that poor
reporting of device model in the registry was likely a consequence of local
reporting systems not updating device model options when uploading to
the national system (as such, earlier generation devices may be selected
even when a later generation device was used). To address this the EAG
extracted the serial numbers reported in the Registry for each
manufacturer (including those with similar pattern) and asked each
manufacturer to verify the device model used in each case. Serial
numbers where the manufacturer was unknown or missing were sent to

each manufacturer. It is important to note that only devices from Abbott,


https://www.nicor.org.uk/publications/ncap/uk-transcatheter-aortic-valve-implantation/2024-8/tavi-final-report-2022-23/?layout=default

Boston Scientific, Edwards Lifesciences and Medtronic were in the
Registry after data cleaning, and that each of these 4 Companies verified
device models by serial number and returned this information to the EAG
(Abbott and Boston Scientific: 23 May, Edwards Lifesciences: 24 May,
Medtronic 05 June). Abbott and Boston Scientific also returned generic
rules that could be applied to their serial numbers such that they could be
cleaned at data entry to the UK TAVI Registry (which the EAG shared with
NICOR to support improvements in data quality). The EAG restricted
detailed analysis to the named devices listed in the Final Scope
representing the latest versions available in the NHS. The EAG ultimately
analysed data from each device separately, rather than combining by
manufacturer, to avoid older devices (likely to have been used more
frequently in the UK TAVI Registry, and likely to have poorer outcomes)
adding extra weight to the analysis. Clinical Experts advised that they
typically choose the newest version of a device, unless the size needed is
not available (for example, Edwards Sapien 3 Ultra is not available in a
29 mm size). The EAG did not compare balloon- and self-expanding TAVI
devices because the Sapien 3 and Sapien 3 Ultra are the only balloon-
expanding TAVI devices available in the Registry, and the 2 expansion
types are used in patients with different characteristics. If the analysis
were to be repeated in the future, when a greater number of TAVI devices
may have data available in the UK TAVI Registry, it is important to note
that Clinical Experts have advised that Trilogy is primarily used in cases of

aortic regurgitation, rather than aortic stenosis.

Exclusion:

Procedures for which the device manufacturer was in Scope, but model

was unknown or not verified by serial number.

Procedures with unknown manufacturer where the model was not verified

by serial number.

Procedures which used a non-transfemoral percutaneous access route

which represented a minority of TAVI procedures (less than 8% between



2021 and 2022 [BCIS 2021-22 report], and less than 5% between 2022
and 2023 [NICOR, 2024]) with known differences in patient outcomes
(univariate analysis in Heathcote et al. 2023). The EAG note that Getting it

Right First Time (GIRFT) recommend that patients being treated under
conscious sedation via the transfemoral route should be the default,

allowing for 4 straightforward cases on a full day list (GIRFT, 2021).

Procedures missing aortic valve pathology, valve mean pressure gradient
(mean difference in pressure between sides of the valve), and aortic valve
area. This would prevent the EAG being able to restrict to a population of
aortic stenosis (when TAVI was implanted in the native aortic valve) using
the definition from the American College of Cardiology/American Heart
Association ACC/AHA 2006.

Procedures with no confirmation of successful or unsuccessful deployment

of valve.

Procedures carried out in a private hospital; not representative of NHS

practice.

Procedures carried out as a proctored case. These supervised cases
could either represent new operators on the initial learning curve receiving
training to achieve competency, or complex cases or anatomy that needs
extensive expertise to ensure positive clinical outcome; not considered

representative of NHS practice.

The EAG restricted to the index procedure (earliest within the study
period) for each patient. Duplicated procedures in the dataset (NICOR
advised that some procedures were included with a procedure start time of
00:00 and included a second entry with the correct start time, and all other

data identical).

The EAG also excluded procedures that used a device which was
explicitly contraindicated for that use (for example ACURATE neo2 used
for TAVI-in-TAVI or TAVI-in-SAVR, see Table 2).
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Details on cohort identification are provided in Appendix C1.

Three Clinical Experts confirmed that the population of patients undergoing
TAVI has remained broadly the same before and after the NHSE position
statement released in January 2023 (Appendix G). This is supported by other
published UK data. A total of 1,063 patients with severe aortic stenosis were
entered into the Mater TAVI database in Ireland (including one private and
one university hospital) which reported no statistical difference in age or
surgical risk (as determined by Society of Thoracic Surgeons (STS) scores
less than 4%, between 4% and 8% and greater than 8%, and EuroSCORE II)
across 5-year tertiles, incorporating TAVI procedural data from 2008 to 2022

(Tanner et al. 2024). As the NHSE position statement was released near the

end of the data extract received by the UK TAVI Registry (data included up to
31 March 2023), the EAG determined changes in patient case-mix by
comparing patient demographics that contribute to the EuroSCORE |II surgical
risk score between financial years (01 April 2021 to 31 March 2022, and 01
April 2022 to 31 March 2023; Appendix C3). The EAG note that pulmonary
hypertension and active endocarditis are two components which contribute to
the EuroSCORE Il which are not recorded in the current UK TAVI Registry
dataset, and that data completeness of each component is variable, thus
preventing robust calculation of the EuroSCORE Il retrospectively. After
accounting for multiple hypothesis testing, there were statistically significant
differences for patient populations between 2021 to 2022 and 2022 to 2023
financial years for 4 components: poor mobility (94.2% compared with 86.9%;
data completeness: 20% so interpreted with caution), previous cardiac
surgery (14.4% compared with 11.6%), poor LVEF (71.8% compared with
75.2%), NYHA class lll or IV (75.6% compared with 72.6%).

The data were split into 3 separate cohorts, with additional criteria that
procedures placing TAVI in a native aortic valve must be in patients with aortic
valve stenosis, identified either by completion of the aortic valve pathology
field (noting that this is multiple choice, and may include regurgitation), or
aortic valve mean gradient greater than 40 mmHg, or valve area less than 1
cm2. For TAVI procedures after previous TAVI or SAVR (that is TAVI-in-TAVI,


https://pubmed.ncbi.nlm.nih.gov/38538065/

or TAVI-in-SAVR), no such restriction was applied, such that aortic
regurgitation without indication of stenosis was a valid valve pathology. For a
procedure to be considered TAVI-in-SAVR, data must have been entered that
the patient had no previous TAVI and that their valve aetiology was
bioprosthetic. Procedures placed into the TAVI-in-TAVI cohort were in
patients either recorded as having had previous TAVI in the relevant field, or
with a date given for previous TAVI. Where a single TAVI device fails and
cannot be retrieved during surgery, or when there are sub-optimal results (for
example acute aortic regurgitation), an additional TAVI device can be inserted

within the same procedural admission (Giordano et al. 2024a). Where a date

of previous TAVI was recorded and this was the same as the date of the
procedure, this was assumed to relate to a bailout procedure and therefore
reassigned as being a TAVI in a native aortic valve, with the bailout procedure

treated as an outcome.

Cleaning

Data fields were formatted against the data fields specification (v4.09)

available on the NICOR website, with data reclassified as missing if they were

outside of the allowed upper and lower limits, Appendix C2. Because some
covariates were potentially associated with one another (for example: sex,
height, valve diameter, valve area, valve size), and the plausibility that data

were missing at random was uncertain (Sterne et al. 2009) multiple imputation

was not used to correct for missing data for each variable in isolation.

The EAG also reviewed the UK TAVI Registry data fields against
standardised endpoint definitions for aortic valve clinical research as defined
by the Valve Academic Research Consortium (VARC-3, 2021), Appendix C4.

The EAG noted that a number of outcomes were missing (for example heart

failure related hospitalisation subsequent to TAVI) or were partially captured
(for example neurological events captured up to discharge did not include
TIA) in the Registry. The extract of data from the UK TAVI Registry also
included a Logistic EuroSCORE data field, which was calculated by NICOR
based on availability of data from other recorded data fields. This data field
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was considered by NICOR as poor quality and therefore not included in
analysis by the EAG because not all parameters that contribute to Logistic
EuroSCORE are available in the Registry (for example endocarditis,
pulmonary hypertension), preventing robust calculation, and there was a large
amount of missing data (64%). As it was unclear whether the data were
missing at random, including this variable in analysis would have introduced
potential bias. Clinical Experts also advised that EuroSCORE is not routinely
captured in clinical practice, and that the EuroSCORE may not directly
translate to TAVI risk because of clinical factors not included in the tool such
as frailty, porcelain aorta, and previous chest radiation, with further specific
issues in elderly patients (SEC Working Group for the 2017 ESC/EACTS

Guidelines for the Management of Valvular Heart Disease, 2018).

In cases where data were available and valid, the EAG calculated body mass
index (BMI, from height and weight data fields), creatinine clearance (from
creatinine, weight, age, and sex), and length of hospital stay (from admission

and discharge dates).
Analysis

Because the patient and procedural characteristics differ between TAVI in
native aortic valve, TAVI-in-TAVI and TAVI-in-SAVR, these were treated as
separate cohorts in the analysis. Data were treated in the aggregated form
(TAVI in native aortic valve, TAVI-in-TAVI and TAVI-in-SAVR combined) to
enable comparison with the NICOR annual report as part of data validation.
Data from the Registry were expressed as mean (95% CI), mean (SD),
median (first quartile, third quartile), median (range), percentage or
distributions (ordinal or categorical factors), where appropriate. The cleaned
data fields described previously were used to tabulate the patient
characteristics, procedural characteristics, and in-hospital outcomes of
interest (noting that post-discharge outcomes are sparse in the Registry). The
EAG reported the aggregate total number of hospitals using each TAVI device
and reported the mean TAVI centre volume, however the EAG did not name

specific hospitals to protect this commercially sensitive information.
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Differences between cohorts (native aortic valve, TAVI-in-TAVI, TAVI-in-
SAVR) were tested using chi-square test, Fishers exact test (using a
simulated p-value from Monte Carlo simulation) or Kruskal-Wallis where
appropriate. Holm-Bonferroni correction was applied to adjust the significance
level (p=0.05) to account for multiple hypothesis testing in univariate analysis.
Scripts for applying eligibility criteria, data cleaning, processing and statistical

analysis were written using statistical programming language R.

4.1.3 Hospital Episode Statistics (HES)
The EAG noted that long-term evidence for TAVI was lacking within NG208

and that the UK TAVI Registry data focuses on in-hospital outcomes only.
Because of this the EAG identified a cohort of TAVI patients in England from
the Hospital Episode Statistics (HES) database using clinical codes. Linkage
of HES and UK TAVI Registry data was completed to identify longer-term

outcomes beyond discharge to inform the economic modelling.

An aggregated TAVI cohort (across all TAVI devices) of procedures
undertaken in NHS hospitals across England were identified and followed in
the Hospital Episode Statistics (HES) Admitted Patient Care dataset, linked to
the Civil Registrations of Deaths as provided by the Office of National

Statistics). The aim of this analysis was to provide an average that
represented current TAVI care in the NHS, which could be used to determine
the coverage and representativeness of the UK TAVI Registry and determine
longer-term outcomes that were not captured in the Registry that could be
extrapolated for subsequent use in an economic evaluation. For a high-level

summary of the 2 real-world evidence sources, see Table 4.

Ethics
Data were available as pseudonymised data extracts supplied under the Data
Access Request Service agreement (DARS-NIC-170211-Z1B4J) to the

Newcastle EAG; therefore, formal ethical opinion was not sought.

Cohort identification


https://digital.nhs.uk/services/data-access-request-service-dars/dars-products-and-services/data-set-catalogue/civil-registrations-of-death

The initial cohort was identified from the HES Admitted Patient Care (APC)
dataset with admission dates between 01 April 2021 and 31 October 2023

(latest data available) using procedure and diagnosis codes (see Appendix

D1). Episodes of care including TAVI were aggregated into spells (or
admissions) and each patient longitudinally followed in APC, Critical Care,
and Civil Registration of Mortality (formerly Office for National Statistics, ONS)
until 31 October 2023. Each patient was also retrospectively followed in APC
as far back as 01 April 2007 to identify prior cardiac surgery and prior

diagnoses.
Cleaning

Data fields were formatted against the NHS Data Dictionary available on the

NHS Digital website. Additional cleaning rules were applied (see Appendix
D1). The EAG also reviewed the data fields from HES APC against
standardised endpoints defined by VARC-3 (2021), Appendix D2.

Analysis

Patient demographics (age, sex, presence of diabetes, prior diagnoses of
myocardial infarction [MI], stroke or transient ischaemic attack [TIA] and
conduction abnormalities or arrhythmia, prior coronary artery bypass grafting
[CABG], prior percutaneous coronary intervention [PCI] or prior dialysis), in-
hospital outcomes (length of hospital stay, length of intensive care unit [ICU]
stay, pacemaker implantation, vascular complications, bleeding, stroke,
death) and longitudinal outcomes occurring within 30 days, 1 year and 2 years
of discharge (subsequent aortic valve intervention, pacemaker implantation,
stroke, death) were reported for the extracted cohort (see Appendix D3).
When reporting demographics and outcomes in tables, it was assumed that
full details of diagnoses and procedures were available. For other data items,
the number of patients for which data was available (that is, not missing) is
reported. Data items captured by the 2 real-world evidence sources were
summarised, and patient demographics, administrative data (admission date,
length of stay, admission method) and in-hospital outcomes were compared

descriptively, for the same period, as part of data validation checks.


https://digital.nhs.uk/services/data-access-request-service-dars/dars-products-and-services/data-set-catalogue/hospital-episode-statistics
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Analysis was undertaken in line with that reported for the UK TAVI Registry

(see Section 4.1.2) except for between-TAVI device comparisons because

this information is not captured in HES, and separate cohorts because historic

procedures before 2007 would not be captured.

Kaplan-Meier analysis was also undertaken to report longer-term outcomes at
30 days, 1 year and 2 years, accounting for variable patient follow-up
(including number of events and number at risk at these timepoints), which
could be extrapolated for use in long term economic modelling. Patients were
followed from the date of discharge after their TAVI procedure until the date of
the event of interest or death (whichever was earlier). All-cause mortality was
reported for deaths during the TAVI procedural admission or within 30 days of
discharge. In line with standardised VARC-3 endpoints, the main cause of
death reported in the Civil Registration of Mortality was dichotomised into
major cardiovascular causes and other causes, including non-major

cardiovascular causes (using ICD10 codes reported by Joshy et al. 2015).

The type of cerebrovascular event was categorised (haemorrhagic,

ischaemic, TIA) by diagnosis code (Appendix D1).
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Table 4: Real-world evidence sources of clinical and technological evidence used to inform the economic modelling

Study name, design
and location

UK TAVI Registry
(patient-level data;
received 05 March
2024).

NHS hospitals in
England, Wales and
Northern Ireland.

Intervention(s) and
comparator

Manufacturers listed in NICE
Final Scope included,
however quality and
completeness of device
model was poorly reported
therefore serial numbers
sent to Companies to verify
device model used:

o Edwards Lifesciences
(Sapien 3, Sapien 3
Ultra), in Scope for all
cohorts

e Abbott Medical
(Navitor), in Scope for
all cohorts

e Boston Scientific
(ACURATE neo2), in
Scope for TAVI in native
aortic valve only

e Medtronic (Evolut R,
Evolut Pro+), in Scope
for all cohorts

Participants and setting
length of follow-up

Cohort identification 01
April 2021 to 31 March
2023 (latest validated
data).

Three cohorts

identified:

e TAVlin native
aortic valve

e TAVI-in-SAVR

e TAVI-in-TAVI

Relevant outcomes

In-hospital outcomes: Total length of
hospital stay, pacemaker implantation,
vascular complications, bleeding, stroke,
new renal replacement therapy,
reintervention, death.

Out-of-hospital outcomes: New York
Heart Association (NYHA) dyspnoea and
Canadian Cardiovascular Society (CCS)
angina status at 1 and 3 years recorded
in the Registry but poorly reported.

Limitations

UK TAVI Registry captured in-
hospital outcomes only.
Surgical risk not recorded in
the Registry (unable to
conduct subgroup analysis).
Aortic valve jet velocity not
recorded in the registry
(definition of aortic stenosis
based on recorded pathology,
mean gradient >40 mmHg, or
aortic valve area <1 cm2).
Data poorly reported for some
fields, invalid data included
outside of allowed limits, and
invalid combinations of TAVI
device manufacturer and
device model included. Issue
known to NICOR where some
procedures have 2 records, 1
with a procedure time of 00:00
and another with the correct
time, some records from
different patients have the
same pseudonymised NHS
number, and in cases where
this is missing, all procedures
from the same hospital have
the same ID.



Study name, design Intervention(s) and

and location comparator
Hospital Episode All TAVI devices used in
Statistics (HES): NHS hospitals included

Admitted Patient Care (unable to differentiate in
linked to Critical Care ~ HES data, devices not
and Civil Registration of ~captured)

Mortality formerly

obtained from Office of

National Statistics);

patient level data;

extracted 13 February

2024.

NHS hospitals in
England only.

Participants and setting
length of follow-up

Cohort identification 01
April 2021 to 31
October 2023 (latest
data available).

History of patients
dating back to 01 April
2007.

Relevant outcomes

In-hospital outcomes: Total length of
hospital stay, length of intensive care unit
(ICU) stay, pacemaker implantation,
vascular complications, bleeding, stroke,
death.

Out-of-hospital outcomes: aortic
reintervention, pacemaker implantation,
stroke, readmission with primary reason
of heart failure, death.

Limitations

Cannot differentiate TAVI
device make and model from
HES data. No clinical detail to
quantify severity of disease,
medications, or quality of life.
Data from 2023 to 2024
financial year represents a
partial year (01 April 2023 to
31 October 2023); which is the
latest data available.

Abbreviations: CCS, Canadian Cardiovascular Society; HES, Hospital Episode Statistics; ICU, Intensive care unit; NICE, National Institute for Health and
Care Excellence; NICOR, National Institute for Cardiovascular Outcomes Research; NYHA, New York Heart Association; SAVR, Surgical aortic valve

replacement; TAVI, Transcatheter aortic valve implantation



4.1.4 Linkage of UK TAVI Registry and HES
To combine the clinically rich data from the UK TAVI Registry with the

comprehensive coverage and longitudinal outcomes of HES, the EAG carried
out anonymous linkage of the two datasets (restricted to procedures
conducted in NHS hospitals in England) using programming language R

(Keltie et al. 2021). Procedures in each dataset were allocated a unique ID to

facilitate identification of unique matches. Firstly, the EAG replaced the
hospital codes in the UK TAVI Registry with the NHS Trust code used in the
HES dataset (NHS Digital Organisation Data Service Portal). The two cleaned

datasets were merged using this code, and patient sex, therefore creating a
linked dataset where each row corresponded to a unique match on both
fields. At each subsequent step, rules were applied to pull out rows containing
potential matches, to be assessed further. For example, the first main
matching step required age, plus admission, procedure, and discharge dates
to be exact matches between the Registry and HES datasets. For the
extracted records meeting these criteria, any unique matches (that is, where
the Registry ID and matched HES ID each appear only once in the extracted
data) are considered true matches, added to a list of matched IDs, and
removed from the linked dataset for subsequent steps. Some potential
matches were identified as not being unique, that is, 1 Registry ID had
multiple potential HES matches, or 1 HES ID had multiple potential Registry
matches. In these cases, every unique combination of patient characteristics
available in both datasets (diabetes, whether the procedure was non-elective,
previous MI, previous stroke) were added in a stepwise fashion to make
further unique matches. As before, once a match was established, these were
added to a list of matched IDs, and removed from the linked dataset for
further matching. These steps were followed for further matches, using the
criteria described in Appendix E1, which become less strict as fewer records
remain available for matching. This allows age to differ, for example, where it
may have been calculated differently between the two datasets and a birthday
occurred around the time of the procedure. Dates may differ, for example,
where a patient was transferred from another Trust for their procedure, or
transferred to another Trust after their procedure, and this information was
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missed when inputting data to the Registry. Because data is entered

manually, and not verified, small discrepancies such as these are likely.

Where sex was missing from either dataset and records could not be matched
as described above, a separate linked dataset was created using only NHS
Trust code, and records were matched only on exact age and procedure date,
with further characteristics added, as needed, to maximise unique 1:1

matching.

After all possible matches had been identified, the data were split into the
cohorts (TAVI in native aortic valve, TAVI-in-TAVI, TAVI-in-SAVR) assigned
using the aortic valve aetiology and previous TAVI or valve surgery as
recorded for each patient in the UK TAVI Registry. To check the
generalisability of results from the matched cohort, the patient and procedural
characteristics (UK TAVI Registry clinical data) of the matched cases were
compared with the unmatched cases. As a validation step for the matched
procedures, frequencies of in-hospital deaths and strokes, non-elective
procedures, and lengths of stay were compared between the Registry and
HES datasets. Within the linked dataset, admission type (elective or non-
elective) was taken from the UK TAVI Registry, as were all in-hospital
outcomes, except death, for which the HES ONS record was considered to be

most accurate.

The EAG undertook multivariable analyses only for the TAVI in native aortic
valve cohort due to the limited data for other cohorts, which represented most

of the cases (96%), as also reported in a recent report by NICOR, 2024.

Univariable tests were used to explore the relationship between covariates
and TAVI device manufacturer in the Registry; with cases with missing data
omitted, creating a complete case analysis. Quantile-quantile (Q-Q) plots
were inspected to check for normality. These offer advantages over formal
statistical tests (for example Kolmogorov-Smirnov) as they are insensitive to
sample size. For large sample sizes (such as those in the UK TAVI registry,
with populations of almost 4,000) small deviations from the expected normal
can lead to rejection of the null hypothesis (of normality), whereas Q-Q plots

are less sensitive to outliers. After inspection, log transformations were


https://www.nicor.org.uk/publications/ncap/uk-transcatheter-aortic-valve-implantation/2024-8/tavi-final-report-2022-23/?layout=default

applied to those variables that were found to be from a non-Gaussian
distribution (valve area, annular diameter, creatinine clearance). Analysis of
variance (ANOVA) testing was used for patient age, height, weight, pulmonary
artery systolic pressure, aortic valve mean gradient, aortic valve peak
gradient, and log transformed valve area, annular diameter, and creatinine
clearance. All other variables were categorical, therefore chi-squared tests
were used. For the main cohort (TAVI in native aortic valve; where data from
4 TAVI valve manufacturers were included), and the TAVI-in-SAVR cohort
(where data from 2 TAVI valve manufacturers were included), Student’s t-test
was used for continuous variables. For all other characteristics, chi-squared
tests were used. Holm-Bonferroni correction was applied to adjust the

significance level (p=0.05) to account for multiple hypothesis testing.

For multivariable analysis, the EAG first considered a Poisson regression
model of the number of observed counts of patients for each combination of
factor levels. This approach requires categorisation/dichotomisation of
continuous variables, for example, above or below median, which carries
risks, reduced precision and power, assumes linear relationships between
predictor and response, and potential influence of the choice of cut-off points;
Bennette et al. 2012; Royton et al. 2006). Further, due to the number of

outcomes of interest (10) and other covariates (at least 8), the resulting

contingency table would have at least two to the power of 18 cells, many of
which would be empty because there are approximately 5000 patients with
incomplete data. This is impractical and the model is unlikely to converge,
therefore the EAG decided to create a Binary Logistic Regression (BLR)
model for each outcome. It was decided that each model should be trained on
the same patients because of the simultaneous use of the regression model
predictions in the economic model (that is, only complete datasets with all
covariates and outcomes). The EAG chose to adjust for covariates rather than
using propensity score techniques as it has been shown to perform as well as,
or better than, propensity score methods in observational studies (Elze et al.
2017). Additionally, adjusting for covariates preserves the ability to identify
which covariates are driving the model, which is lost in propensity score

techniques. Moreover, it has been demonstrated that propensity score
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methods risk the introduction of bias and diminished statistical power in

studies with rare outcomes (Wilkinson et al. 2022).

The following assumptions apply to each model:
1. Observations are independent.
2. No multicollinearity (that is, independent variables are not
correlated with one another).
3. Independent variables are linearly related to the log-odds of the

event.

Each model was trained on a subset of clinically relevant covariates from the
UK TAVI registry. The subset of covariates was informed by discussion with
the UK TAVI Registry Clinical Lead. Covariates included single patient
characteristics (for example, age), and composition of multiple characteristics
(see Appendix C2). To aid the interpretation of each model the EAG looked at
main effects only (no interactions between covariates), TAVI device name
was incorporated as a factor to determine whether valve model was a
significant contributor to outcomes when accounting for other variables, using
the most used device as the model reference for contrasts. The same
covariates were included in each model (that is all models were trained on the
same data). Stepwise methods for variable selection were avoided as this
would likely select different covariates for each model, which would yield
different datasets. Additionally, stepwise methods are known to under-
estimate standard errors of regression coefficients, produce p-values that are
too small, and are susceptible to residual confounding. Continuous variables
were median adjusted (centred around the median), and height (collected in
metres) was adjusted to units of 10 cm, to allow a more meaningful
interpretation of odds ratio (which represent a difference in odds per unit).
Setting all continuous variables to the median at the intercept provides an
interpretable reference point (within the ranges of the observed data) making
it easier to understand the impact of other variables in the logistic model
(Appendix C2).
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A BLR model will estimate the probability of an outcome occurring, that is, it
will produce a real number between zero and one. The receiver operating
characteristic (ROC) curve describes a model’s ability to discriminate between
individuals who experience an outcome and those who don’t. The ROC curve
plots the probability of detecting a true and false signal for various cut-off
points for the probability estimated by the model (below the cut-off point
model predicts no event, above the cut-off point model predicts occurrence of
event). The area under the ROC curve (AUC) ranges from 0.5 to 1.0 and
quantifies the predictive ability of the model. There is no universally agreed
upon threshold for AUC estimate; only guidelines which the EAG used in their

interpretation of each model (Hosmer, 2013):

AUC equal to 0.5: No better at discriminating than a coin toss.

e AUC greater than 0.5 and less than 0.7: Poor, not much better than a coin

toss.

e AUC greater than or equal to 0.7 but less than 0.8: Acceptable fit, able to

discriminate between an event and non-event well.
e AUC greater than or equal to 0.8: Excellent discrimination.

The odds ratio for each covariate represents the risk of the outcome for that
covariate relative to the reference case (odds greater than 1.0 indicated
increased risk, lower than 1.0 indicated decreased risk), the null and residual
deviance, AUC, and Akaike information criterion (AIC) are reported for each
BLR model. The log-odds were plotted against the continuous variables to
check for the assumption that log-odds were linearly related to predictors
using a locally weighted scatterplot smoothing function; an approximate
monotonic line should be observed. Covariance amongst covariates was

inspected to verify independence.

All patients were followed in HES until 31 October 2023, and a Cox
proportional hazard (CPH) model was completed for each long-term outcome

(death, stroke, permanent pacemaker implantation [PPI], aortic valve



reintervention, admission for heart failure). Patients were censored in each

model as follows:

e Death model: censored if alive at the end of follow-up OR if they had a

reintervention (censored at date of reintervention)

e Stroke model: censored if no stroke at the end of follow-up OR if they
died in follow-up (including in-hospital death censored at date of death)

OR if they had a reintervention (censored at date of reintervention)

e PPl model: censored if no PPI at end of follow-up OR if they died in
follow-up (including in-hospital death censored at date of death) OR if

they had a reintervention (censored at date of reintervention)

¢ Reintervention model: censored if no reintervention at end of follow-up
OR if they died in follow-up (including in-hospital death censored at
date of death).

e Heart failure model: censored if no readmission for heart failure at the
end of follow-up OR died in follow-up (including in-hospital death

censored at death date).

In addition to the key covariates included in all BLR models, the EAG explored
the effects of certain in-hospital outcomes on long-term outcomes (also
reflected in the economic modelling). Both the long-term death and stroke
CPH models included in-hospital stroke during TAVI admission and the heart-
failure model included in-hospital aortic regurgitation during TAVI admission.
The EAG note that the PPl model included in-hospital PPI during TAVI
admission, and results of this analysis reflected the need for ongoing
maintenance and follow up related to the pacemaker which are not directly
relevant to the decision problem. Other clinically relevant short-term outcomes
captured in the registry could be incorporated in the future analysis of specific
long-term outcomes. For each CPH model, the number of events, model

concordance and 1 year estimated event rate are reported.



4.2 Economic evidence
4.2.1 Published evidence
To assess the suitability of the economic model from NG208 for use in this

assessment, the EAG undertook early scoping literature searches (EAG
Protocol 2024) to identify current evidence reporting economic evaluations of
TAVI. This included a search within MEDLINE ALL for systematic reviews of
economic evaluations or models published from 01 January 2020 to 28
November 2023 on 29 November 2023 (2 search filters, developed by the
Canadian Agency for Drugs and Technologies in Health (CADTH), were

applied to: 1) identify systematic reviews, meta-analyses, health technology

assessments and indirect treatment comparisons (CADTH, 2021); and 2)

identify economic evaluations and models (CADTH, 2016). This work

confirmed that the economic modelling developed for NG208 remains
consistent with other economic evaluations for TAVI (including structure and
cost-drivers) published post-guidance, therefore the EAG did not conduct any

further systematic searches for economic evidence relating to TAVI.

4.2.2 Included and excluded studies
From early scoping searches (EAG Protocol 2024), the EAG identified 6

systematic reviews (Chotnoppharatphatthara et al. 2023; Heathcote et al.
2023; Ruggeri et al. 2022; Edlinger et al. 2021; Tam et al. 2021b; Azraai et al.

2020) focusing on economic evaluations or cost-effectiveness of TAVI, which

included a total of 55 publications, of which 49 were relevant to the decision
problem (Appendix B5). The EAG identified 11 studies (Gilard et al. 2021;
Haute Autorite de Sante (HAS) 2021a; Haute Autorite de Sante (HAS) 2021b;
Himmels et al. 2021; Lorenzoni et al. 2021; Pinar et al. 2021; Tam et al.
2021a; Zhou et al. 2021; Health Technology Wales, 2020; Inoue et al. 2020;

Kuntjoro et al. 2020) with associated economic models published after 2020

included within the 6 systematic reviews.


https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol
https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol
https://searchfilters.cadth.ca/link/33
https://searchfilters.cadth.ca/link/16
https://www.nice.org.uk/guidance/gid-hte10027/documents/final-protocol
https://pubmed.ncbi.nlm.nih.gov/35708785/
https://pubmed.ncbi.nlm.nih.gov/37337594/
https://pubmed.ncbi.nlm.nih.gov/37337594/
https://pubmed.ncbi.nlm.nih.gov/35321767/
https://pubmed.ncbi.nlm.nih.gov/32491292/
https://pubmed.ncbi.nlm.nih.gov/33940193/
https://pubmed.ncbi.nlm.nih.gov/31980399/
https://pubmed.ncbi.nlm.nih.gov/31980399/
https://pubmed.ncbi.nlm.nih.gov/35365304/
https://www.has-sante.fr/jcms/p_3244168/fr/sapien-3-modele-9600-tfx-bioprothese-valvulaire-aortique-avec-systeme-de-mise-en-place-edwards-commander
https://www.has-sante.fr/jcms/p_3238891/fr/corevalve-evolut-pro
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2021/tavi-vs-savr-for-patients-with-severe-aortic-stenosis-and-low-surgical-risk-and-across-surgical-risk-groups-hta-report-2021.pdf
http://pubmed.ncbi.nlm.nih.gov/34019220/
https://pubmed.ncbi.nlm.nih.gov/34016548/
https://academic.oup.com/ehjqcco/article/7/6/556/5869438
https://academic.oup.com/ehjqcco/article/7/6/556/5869438
https://pubmed.ncbi.nlm.nih.gov/33189571/
https://www.healthtechnology.wales/wp-content/uploads/2020/07/EAR024-Transcatheter-Aortic-Valve-implantation-1.pdf
https://pubmed.ncbi.nlm.nih.gov/31670112/
https://pubmed.ncbi.nlm.nih.gov/33000105/
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5.1

Results

Network meta-analyses

The EAG identified a total of 4 published network meta-analyses (NMA) which
compared TAVI devices, Table 5 (critical appraisal summary in Appendix B2). Of

these 3 included devices which have been withdrawn from market (Lotus and Direct
Flow Medical TAVI devices).

Yang et al. (2023) was the largest systematic review with network meta-

analysis, which included 79 studies (including 5 RCTs and 74 observational
studies of which 19 were propensity matched observational studies) and
compared Sapien 3 (n=54,691 patients), Evolut (n=35,339 including Evolut R
and Evolut Pro), ACURATE (n=4,634 including ACURATE and ACURATE
neo), Portico (n=2,001), DFM (n=450) and Lotus (n=2,610) TAVI devices. It is
unclear whether any corrections have been applied to account for RCTs and
observational studies being included. The best performing valve varied by the
outcome of interest: procedural mortality (Portico), short-term mortality and no
correct position (Sapien 3), stroke (DFM), PPI (ACURATE), moderate to severe
PVL (Lotus), prothesis patient mismatch and mean aortic valve gradient
(Evolut). The authors acknowledged that the analysis was restricted to short-
term outcomes only, and that differences in aortic valve area, annulus diameter,
annulus perimeter, annulus area, aortic angle and extent of aortic valve
calcification between arms may have contributed to heterogeneity. Lack of data
limited subgroup analysis on these factors, which limits generalisability of

findings.

Dogosh et al. 2022 included 12 RCT and 13 propensity matched studies in

Bayesian network meta-analysis comparing TAVI with SAVR, comprising a total
of 42,105 patients and mean follow-up of 2 years. It is unclear how RCT and
observational studies were combined. This included 27,134 patient who had
undergone TAVI with Sapien or Sapien XT, Sapien 3, CoreValve, Evolut R or
Evolut Pro, ACURATE neo or Portico devices. The study reported that newer
generation devices (Sapien 3, Evolut R, Evolut Pro) were associated with

improved outcomes when compared to SAVR and older generation TAVI


https://pubmed.ncbi.nlm.nih.gov/37161443/
https://pubmed.ncbi.nlm.nih.gov/36142947/

devices. This study reported that when limiting analysis to RCTs that no
statistical difference was observed in all-cause mortality, stroke or aortic
regurgitation between TAVI devices and SAVR. The authors acknowledged that
there could be additional confounders that may impact results that were not
reported, and state that different criteria and inconsistent reporting prevented
additional subgroup and outcome analysis (such as valve thrombosis, valve

gradient, valve area, patient-prosthesis mismatch, paravalvular regurgitation).

e Takagqi et al. (2019) combined 29 studies (including 1 RCT; minimal information

reported on statistical analysis process) which compared 4 new generation
TAVI valves (ACURATE, Evolut R, Lotus, and Sapien 3) and an earlier
generation reference (CoreValve), comprising a total of 17,817 patients. The
best performing TAVI device varied by outcome. Sapien 3 had the lowest
mortality, Lotus had the lowest proportion with moderate or severe aortic
regurgitation but the highest for pacemaker implantation. ACURATE had the
lowest pacemaker implantation. The authors acknowledged that the indirect

comparisons may incur bias due to confounding.

e The pre-print by Hiltner et al. (2022) was the only study which included RCTs

exclusively (12 RCTs, including a total of 10,307 patients) comparing balloon-
expanding devices by Edwards Lifesciences (Sapien, Sapien XT, Sapien 3),
self-expanding devices by Medtronic (CoreValve, Evolut R, Evolut Pro), self-
expanding devices by Boston Scientific (ACURATE neo) and mechanically
expanding valve by Boston Scientific (Lotus). ACURATE neo was associated
with higher odds of mortality and moderate or severe aortic regurgitation at 30
days when compared to balloon-expanding devices by Edwards Lifesciences,
but no difference in either outcome was observed at 1 year. Self-expanding
valves by Medtronic were at higher odds of pacemaker implantation at 30 days
and 1 year, and higher odds of implantation of multiples valves when compared
to balloon expanding devices by Edwards Lifesciences. No difference across
valves was observed for Stroke at 30 days and 1 year.

Only two of the NMA published results from the individual contributing studies

(Takagi et al. 2019; Yang et al. 2023), which demonstrated large variation in patient


https://pubmed.ncbi.nlm.nih.gov/31144096/
https://www.medrxiv.org/content/10.1101/2022.10.16.22281140v1

characteristics between studies. For example, across the 79 studies included in the

NMA by Yang et al. 2023, where each clinical characteristic was recorded:

e The median/mean ages ranged between 78 and 87 years.

The proportion male sex was between 0% and 94.5%.

Left ventricular ejection fraction less than 30% up to 69%.

A transfemoral delivery approach was used between 44% and 100%.

General anaesthesia used between 0% and 100%.

Additionally, there were a number of missing values across the outcomes. These
large differences in clinical characteristics across included studies demonstrate a
potential lack of transitivity between studies (transitivity is the requirement that all
participants could have been randomized to any arm of any study), meaning that the
results from indirect comparisons of TAVI devices being compared may not be
related solely to the treatment effects, but could be related to other factors. However,
the authors do provide a quantitative assessment of transitivity, which showed
significant differences between direct and indirect comparison. This is a threat to the
internal validity of the analysis. The authors do not appear to have explored this
further or attempted to correct for this. Only reported, qualitatively, that the
distribution of potential effect modifiers were balanced across most of the treatment

comparisons.

Three of the four NMAs combine evidence from RCT and observational studies in
the same analysis. Evidence from observational studies are more likely to be biased

if confounding has not been adequately addressed (Efthimiou et al. 2017), which can

lead to disagreements between the randomised and non-randomised evidence.
None of the reviews appear to have addressed this directly, however, one review did
conduct a sensitivity analysis to show that the RCT evidence alone presented the

same direction of effect (Dogosh et al. 2022); although the effect did become non-

statistically significant and potentially suggests differences in the randomised and
non-randomised evidence. This could be due to imprecision, however, it could also
be due to other unknown factors (for example less studies in analysis)._The other two


https://pubmed.ncbi.nlm.nih.gov/28083901/
https://pubmed.ncbi.nlm.nih.gov/36142947/

studies included minimal RCT evidence compared to observational evidence. Finally,
an additional general limitation of NMA is that it can highly rank interventions

supported by small, low-quality trials that report large effects (Phillips et al. 2022).



https://www.nature.com/articles/s41433-022-01943-5

Table 5: Summary of 4 network meta-analyses comparing TAVI devices

Study (year)

Total studies
(n=number of

Population

Interventions included [Comparator]

Key findings

Limitations

patients)

Dogosh et al. (2022) 12 RCT, 13 Severe aortic [SAVR (n=14,971)] Sapien 3 was ranked as having the best probability for being the | Authors acknowledge changes in valve design over time may influence
Propensity stenosis Sapien and Sapien XT (n=15,345) most effective valve in reduction of all-cause mortality, results, and follow-up was up to 2 years. Differences in outcomes
matched Sapien 3 (n=2,987) cardiovascular mortality, stroke, bleeding. Evolut R/Pro was definition precluded additional subgroups (valve thrombosis, valve
(n=42,105) _ ranked together with Sapien 3 with regards to AF, gradient, valve area, patient-prothesis mismatch, paravalvular

CoreValve (n=5,898) rehospitalisation and AKI. SAVR and Sapien 3 were ranked regurgitation).
Evolut and Evolut Pro (n=1,447) highest for decreased incidence of pacemaker implantation, and
ACURATE neo (n=1,076) decreased risk of AR.
Portico (n=381) Limiting to RCTs demonstrated no statistically significant
difference in all-cause mortality, stroke, AR between devices and
SAVR.
Hiltner et al. (2022) 12 RCT Patients with [SAVR] CoreValve was associated with higher risk of pacemaker Excluded transapical to try and preserve transitivity.
[pre-print] (n=10,307) aortic stenosis Sapien/Sapien XT/Sapien 3 implantation and use of more than 1 valve. ACURATE was Limited number of studies, more than one iteration of valves unable to
CoreValve/Evolut R/Evolut Pro associated with high risk of moder.ate/severe AR and death. conduct all comparisons.
ACURATE neo Lotus was associated with lower risk of moderate/severe AR but
higher risk of pacemaker at 30 days. CoreValve and Lotus were
LOTUS associated with higher pacemaker rates compared with balloon
at 1 year. No difference across valves in stroke at 30 days or 1
year.
Takagi et al. (2019) 29 studies Not reported [CoreValve (n=8,272)] SAPIEN 3 patients had the lowest risk of early postprocedural Only RCT and a few matched observational studies were included and
(n=17,817) Evolut R (n=5,032) all-cause death and the second lowest risk of Zmoderate AR and | there were non-negligible dissimilarities between patient baseline
Sapien 3 (n=2,776) PMI. Lotus patients had the lowest risk of Zmoderate AR, but the | characteristics.
_ i highest risk of PMI and second highest risk of all cause death.
Lotus (n=1,285) ACURATE patients are at the lowest risk of pacemaker
ACURATE (n=452) implantation | and second lowest risk of all cause death.

Yang et al. (2023) 5RCT and 74 Patients Sapien 3 (n=54,691) Sapien 3 had the lowest short-term mortality and stroke rates Acknowledged that differences of aortic valve area, annulus diameter,
observational undergoing TAVI | Evolut/Evolut R/Pro (n=35,339) (after excluding DFM). Lotus had the lowest paravalvular leak. annulus perimeter, annulus area, aortic angle and the extent of aortic
studies; which for aortic stenosis | ACURATE neo/neo2 (n=4,634) Evolut had the lowest major and life-threatening bleed and mean | Vvalve calcification among individual patients and surgeon experience
included 19 o ’ aortic valve gradients. ACURATE neo/neo2 had the lowest might explain the moderate amounts of heterogeneity in some
propensity Portico (n=2,001) permanent pacemaker implantation. Portico had the lowest AKI. | analyses such as permanent pacemaker implantation, major vascular
matched studies Lotus complications, major or life-threatening bleeding, and patient-

DFM prosthesis mismatch. Only investigated the device related factors

contributing to the different findings; however, patient-related factors
and operators learning curve are also potential contributors for the
results. Study only investigated the short-term clinical outcomes

of the new-generation devices.




5.2 Key primary evidence
Due to lack of transitivity between studies, as identified in the network meta-analysis

described in section 5.1, the EAG prioritised clinical evidence that compared multiple
TAVI devices (thus enabling direct comparison of TAVI devices from a single
source). There were 4 studies (Baumbach et al. 2024; Costa et al. 2022; Rudolph et
al. 2024; Voigtlander et al. 2021) which compared multiple TAVI devices which
adjusted for confounders, Table 6 (critical appraisal in Appendix B2). Of these:

3 were conducted exclusively in patients undergoing TAVI in native aortic

valve (1 did not report aortic valve aetiology),

e 2 were conducted exclusively in symptomatic patients and 1 reported the
proportion of patients with NYHA status greater than class Il (slight limitation
of ordinary physical activity) which was between 69.5% and 76.3% across the

different devices, 1 did not report symptom status,

e the maijority of patients underwent transfemoral TAVI procedures in all 3
studies (ranged between 91.4% and 100%),

e surgical risk was reported using the Society of Thoracic Surgeons (STS)
score (N=3), and EuroSCORE II (N=1). For context, the Clinical Experts have
advised that most of the TAVI procedures in the NHS continue to be

conducted in high-risk patient group (Appendix G).

The international (N=16 countries) non-inferiority RCT by Baumbach et al. (2024)

compared Myval (n=384 randomised, 381 ITT at 30 days; combination of Myval and
Myval Octacor, including 15 crossover and Portico=1) with a contemporary TAVI
group (n= 384, 381 ITT at 30 days; including combination of Sapien 3, Sapien 3
Ultra, Evolut R, Evolut Pro, Evolut Pro+, Evolut FX, and 5 patients having Myval
implanted). This study demonstrated no statistical difference in the primary endpoint
at 30 days or its components. No statistical difference was observed in technical
success, 30-day device success or early safety between arms. However, the EAG
note that the intervention arm included different generations of devices (both Myval
Octacor and Myval). The comparator group included an aggregation of different

manufacturer devices and their generations. Both arms included crossover of


https://pubmed.ncbi.nlm.nih.gov/38795719/

intervention and comparator valves in analysis groups, and combined balloon- and
self-expanding TAVI valves. Patients with aortic annulus mean diameters greater
than 29 mm were excluded from the trial (included in a nested registry). Therefore, it

is difficult to determine the generalisability of results from this study.

The prospective non-randomised study by Costa et al. 2022 conducted in ltaly (28

centres) incorporated inverse probability treatment weighting-based multiple
adjustment to produce 5 treatment groups with homogeneous baseline
characteristics across separate Evolut R, Evolut Pro, Sapien 3, ACURATE neo and
Portico groups. This study reported statistical differences in in-hospital outcomes
(pacemaker implantation, moderate to severe paravalvular regurgitation, residual
transvalvular gradients, length of ICU and hospital stay) and 1 year pacemaker
outcome. No statistical differences were observed for all-cause mortality (at 30 days,
1 year), stroke (in-hospital, 1 year), heart failure rehospitalisation (1 year), bleeding

(in-hospital), vascular complication (in-hospital), AKI (in-hospital), or MI (1 year).

The multicentre retrospective non-randomised study by Rudolph et al. (2024)

conducted in Germany included propensity adjusted logistic regression analysis on
age, sex, STS score and left ventricular function to compare Sapien 3, Evolut R,
ACURATE neo, Portico (using ACURATE neo as the reference). This study reported
statistical differences in in-hospital outcomes (death, vascular complications,
paravalvular leak, transvalvular gradient at discharge) and new pacemaker or

implantable cardiovertor defibrillators at 1 year.

The multicentre retrospective non-randomised study by Voigtlander et al. (2021)

conducted in Germany included multivariable logistic regression analysis for patient-
prosthesis mismatch outcome which compared Sapien 3 (n=288), Evolut or Evolut R
or Evolut Pro (n=179), ACURATE neo (n=428), Portico (n=110) and Lotus (n=64) in
patients with a small aortic annulus (defined as annulus area less than 400 mm2 on
MDCT). This study reported that higher age, self-expanding valves (Evolut,
ACURATE neo and Portico), post-dilatation were associated with fewer instances of

moderate or severe patient-prosthesis mismatch.

An additional 3 studies compared multiple TAVI devices, but with additional

limitations:


https://pubmed.ncbi.nlm.nih.gov/36484239/
https://pubmed.ncbi.nlm.nih.gov/37462856/
https://pubmed.ncbi.nlm.nih.gov/34387736/

Santos-Martinez et al. (2022); the European multicentre retrospective non-

randomised study which compared Evolut R or Pro (n=298), Sapien 3
(n=290), ACURATE neo (n=180), Portico (n=125), Allegra (n=103) all to Myval
(n=135) as the reference. However, this study only reported in-hospital
outcomes and did not adjust for differences in baseline characteristics

between devices.

Brown et al. 2023; single centre retrospective non-randomised study
conducted in the US compared Evolut Pro+ (n=278), Sapien 3 Ultra (n=176)

and Portico (n=106). This study conducted multivariable mixed effects

modelling for one outcome (mean transvalvular pressure gradient measured
at days 0,1, and 30 post-TAVI) treating TAVI device as a fixed effect (Evolut
Pro+ as the reference) including timepoint (random effect) but adjusted only
for aortic annular. The clinical impact of the haemodynamic findings was

unknown.

Seiffert et al. (2015); single centre retrospective non-randomised study

conducted in Germany reported 1-year outcomes of transapical TAVI in
patients with aortic stenosis using JenaValve (n=88), ACURATE (Symetis,
n=62, which the EAG assumes is a predecessor to the ACURATE neo
devices) and Engager (Medtronic, n=50, which the EAG assumes is a
predecessor to the Evolut series). Fluoroscopy and procedure time and use of
contrast agent were highest in those receiving JenaValve; (p<0.001, p=0.004,
p<0.001 respectively). All-cause mortality at 1 year was also highest for those
receiving JenaValve (32.1%, compared with 29.8% Engager and 12.4%
ACURATE; p=0.047).


https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/37722201/
https://pubmed.ncbi.nlm.nih.gov/24578405/

Table 6: Key comparative evidence compared with other devices in Scope

location

Author (year); design,

Intervention arms (number of

patients); demographic
descriptors

Individual outcomes with statistically
significant differences reported between
comparator(s); ordered best to worst
performance
(at specified timepoint)

Outcomes where no
statistically significant
differences were found
between comparator(s)
(at specified timepoint)

Prospective non-
randomised (with
propensity matching)

ltaly (N=28)

age, year: 83.0
male: 47.4%
EuroSCORE II: 5.0

Evolut Pro (n=337)
age, year: 83.1
male: 41.9%
EuroSCORE II: 5.2

Sapien 3 (n=768)
age, year: 83.0
male: 48.0%
EuroSCORE II: 4.8

ACURATE neo (n=290)
age, year: 83.0

male: 42.9%
EuroSCORE II: 5.1

Portico (n=208)
age, year: 83.0
male: 40.9%
EuroSCORE II: 5.1

(in-hospital, p=0.002)

- Sapien 3: 9.6%

-  ACURATE neo: 9.6%
-  Evolut R: 16.0%

- Evolut Pro: 17.4%

- Portico: 18.2%

Moderate to severe paravalvular
regurgitation

(in-hospital, p<0.01)

- Sapien 3: 2.1%

- Evolut Pro: 4.9%

- Evolut R: 10.0%

- Portico: 10.7%

- ACURATE neo: 11.4%

Residual transvalvular gradients
(in-hospital, p<0.01)

- Evolut Pro: 6 mmHg

- Evolut R: 7 mmHg

- ACURATE neo: 7 mmHg

- Portico: 8 mmHg

- Sapien 3: 10 mmHg

ICU length of stay

(dlscharge p<0.001)
Portico: 0 days

- Evolut R: 1 day

- Evolut Pro: 1 day

- ACURATE neo: 1 day

- Sapien 3: 1 day

Post-procedural hospital length of stay
(dlscharge p<0.001)
Sapien 3: 5 days
- ACURATE neo: 5 days
- Evolut R: 6 days
- Evolut Pro: 6 days
- Portico: 6 days

PPI
(1 year, p<0.01)

Sapien 3: 12.5% from KM analysis
- ACURATE neo: 14.7%
- Evolut Pro: 19.3%
- Evolut R: 19.9%

Portico: 22.1%
HR (Evolut R compared with Sapien 3):
1.67 [1.44 to 1.94]
HR (Evolut R compared with ACURATE
neo): 1.42 [1.23 to 1.64]
HR (Evolut Pro compared with Sapien 3):
1.61[1.38 to 1.88]
HR (Evolut Pro compared with ACURATE
neo): 1.37 [1.18 to 1.59]
HR (Evolut Pro compared with Portico):
0.86 [0.75 to 0.98]

Baumbach et al. Myval or Myval Octacor None All-cause mortality, all stroke,
(2024) (n=384) bleeding types 2 to 4, AKI
RCT non-inferiority age: 80.0 years stages 3 or 4, major vascular
male: 50% complications, moderate or
International (N=16 STS: 2.6% (76% low risk, severe valve regurgitation, and
countries) 20% intermediate, 4% conduction system disturbances
high) resulting in permanent
pacemaker implantation,
Contemporary group; technical success, devices
Evolut or Sapien series success (30-days)
(n=384)
age: 80.4 years
male: 54%
STS: 2.6% (75% low risk,
20% intermediate, 4%
high)
Costa et al. 2022; Evolut R (n=1,125) PPI Neurological events, bleeding,

AKI, vascular complication (in-
hospital)

All-cause mortality (30 days)

All-cause death, stroke, heart
failure rehospitalisation, M,
composite outcome (all-cause
death, stroke and heart failure
rehospitalisation) (1 year)



https://pubmed.ncbi.nlm.nih.gov/38795719/
https://pubmed.ncbi.nlm.nih.gov/38795719/
https://pubmed.ncbi.nlm.nih.gov/36484239/

Author (year); design,
location

Intervention arms (number of

patients); demographic
descriptors

Individual outcomes with statistically
significant differences reported between
comparator(s); ordered best to worst
performance
(at specified timepoint)

Outcomes where no
statistically significant
differences were found
between comparator(s)

(at specified timepoint)

Rudolph et al. (2024)
Retrospective non-
randomised
(propensity matched
adjusted logistic
regression analysis
based on: age, sex,
STS score and LV
function; ACURATE
neo used as
reference)

Germany

Sapien 3 (n=13,296)
age: 80.4 years
male: 37.2%

STS: 5.19

Evolut R (n=7,028)
age: 80.3 years
male: 37.0%
STS:5.22

ACURATE neo (n=2,922)
age: 80.3 years

male: 37.1%

STS: 5.23

Portico (n=878)
age: 80.4 years
male: 36.9%
STS: 5.20

Death

(procedural, p=0.03)

- ACURATE neo: 0.1%
-  Evolut R: 0.2%

- Sapien 3: 0.2%

- Portico: 0.4%

Vascular complications
(procedural, p<0.0001)

- Sapien 3: 2.0%

- ACURATE neo: 3.7%
-  Evolut R: 3.9%

- Portico: 4.6%

Dilatation

(post-procedure, p<0.0001)
- Sapien 3: 13.7%

- EvolutR: 27.7%

-  ACURATE neo: 36.8%
- Portico: 38.0%

Paravalvular leak — grade Il or higher
(discharge, p<0.0001)

- Sapien 3: 1.2%

Evolut R: 2.0%

ACURATE neo: 2.1%

Portico: 3.1%

Transvalvular gradient, mean (SD)
(discharge, p<0.0001)

- ACURATE neo: 8.60 (0.09) mmHg
Evolut R 8.80: (0.09) mmHg
Portico: 9.27 (0.09) mmHg

Sapien 3: 12.11 (0.09) mmHg

New pacemaker / implantable cardioverter
defibrillators

(1 year, p<0.0001)

- ACURATE neo: 13.0%

- Sapien 3: 16.5%

- Portico: 21.6%

-  Evolut R: 21.9%

Conversion to surgery, coronary
obstruction, bailout valve-in-
valve, stroke, MI, procedural
success (procedural).

Paravalvular leak — grade IlI
(discharge).

Overall survival (at 30 day and
1 year).

NYHA, M, Stroke, TIA, PCI,
further hospitalisation, further
hospitalisation due to
complication related to the
aortic valve intervention,
reintervention (1 year).

Voigtlander et al.
(2021)

Retrospective non-
randomised (with
multivariable analysis)

Germany (N=4)

Sapien 3 (n=288)
age: 82.8 years
male: 8.3%

STS: 4.5%
Evolut/Evolut R/Evolut
Pro (n=179)

age: 83.0 years
male: 6.1%

STS: 4.7%
ACURATE neo (n=428)
age: 82.4 years
male: 7.0%

STS: 4.4%
Portico (n=110)
age: 83.3 years
male: 3.6%

STS: 4.9%

Lotus (n=64)
age: 83.0 years
male: 9.4%

STS: 4.0%

Patient-prosthesis mismatch
(post-procedural; compared to Sapien 3 as
the reference) OR (95% CI)

- Evolut/Evolut R/Evolut Pro:

0.341 (0.193, 0.591); p<0.001

- ACURATE neo:

0.436 (0.301, 0.629); p<0.001

- Portico:

0.291 (0.164, 0.502); p<0.001
- Lotus:

0.527 (0.26, 1.046); p=0.070
- Age:

0.968 (0.943, 0.992); p=0.011
- Post-dilatation of TAVI:
0.648 (0.449, 0.928); p=0.019

Abbreviations: AF, Atrial fibrillation; AKI, Acute kidney injury; LVEF, Left ventricular ejection fraction; MI, Myocardial infarct; NYHA, New York Heart

Association; PPI, Permanent pacemaker implantation, RBBB, Right bundle branch block; RCT, Randomised controlled trial; TIA, Transient ischaemic attack;

STS, The Society of Thoracic Surgeons



https://pubmed.ncbi.nlm.nih.gov/37462856/
https://pubmed.ncbi.nlm.nih.gov/34387736/
https://pubmed.ncbi.nlm.nih.gov/34387736/

5.2.1 Balloon-expanding

Myval Octacor (Meri)
The EAG note that the Myval Octacor is the newer generation of the Myval TAVI

device. Published evidence for Myval Octacor is limited at present therefore studies

of the previous generation (Myval) have been included.

Single arm studies were identified which reported the use of Myval Octacor (study
characteristics described in Table 7). These included studies in multiple centres in

India (Jose et al. 2024, Elkoumy et al. 2023) with overlap in centres and recruitment

periods, 1 retrospective cohort of 68 patients with bicuspid aortic stenosis (Elkoumy

et al. 2022) and 1 Italian case study (lelasi et al. 2024 ) which reported in-hospital or
30-day outcomes (including commissural alignment, pacemaker implantation, AKI,

mortality, paravalvular leak, haemodynamic performance and complication).

The longest follow-up for Myval (earlier generation) was 2 years reported by

Moscarella et al. (2024) that retrospectively compared 108 patients treated with

Evolut R with 58 patients treated with Myval. However, the EAG note that reporting
of baseline demographics between arms were lacking, and no adjustment were
made to results to account for any difference in populations. The longest follow-up
specific to the Myval Octacor valve was 30 days reported by the single arm cohort by

Jose et al. (2024) that included 123 patients with severe aortic stenosis recruited

from 16 centres in India.

The Company reported that there are two ongoing studies. One directly compares
Myval (including Octacor) to the Sapien series in Denmark (NCT04443023) with an

estimated recruitment of 1,062 patients. The EAG note that recruitment was

completed (November 2023), however the Company advised that the trial would
compare outcomes at 30 days, 1, 5, and 10 years follow up. The other is a
retrospective multicentre (N=8; Estonia, Italy, the Netherlands, Poland, Slovenia,
Spain, Turkey) observational single-arm study with an estimated enrolment of 200
consecutive participants with native severe aortic valve stenosis (Myval-3;
NCT04703699). The primary completion date was 30 May 2024, with a primary
combined safety and efficacy endpoint at 30 days; full study completion is due in

2028 (for long-term outcomes).


https://pubmed.ncbi.nlm.nih.gov/38423848/
https://pubmed.ncbi.nlm.nih.gov/37028710/
https://pubmed.ncbi.nlm.nih.gov/35054137/
https://pubmed.ncbi.nlm.nih.gov/35054137/
https://pubmed.ncbi.nlm.nih.gov/38199746/
https://pubmed.ncbi.nlm.nih.gov/38168557/
https://pubmed.ncbi.nlm.nih.gov/38423848/
https://clinicaltrials.gov/study/NCT04443023?tab=table
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fclinicaltrials.gov%2Fstudy%2FNCT04703699&data=05%7C02%7Ckim.keltie%40nhs.net%7C2be8f22070064496b16708dc894d5d9f%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638536212569882052%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=JnrN0e4pkkS0JOn4Wz5xknuVvXiLmUaO6sHxP%2BRBC4U%3D&reserved=0

Table 7: Key studies for Myval Octacor (N=6 studies)

Total no.

ACURATE

(N=1)

: Myval Sapien 3 Sapien 3 Ultra Navitor Allegra ; Evolut Evolut
Author (year) oty Study design DU @ 2l Ocilacor (Edr\)/vards (FI)Edwards (Abbott (Biose?\sors E?eoz Tnl\c;g?/ R Pro+ :\Eﬂvomt FX Hy'\%?
(N centres) follow-up patients (Meril)  Lifesciences) Lifesciences) Medical) Int) S(cigﬁtioﬁrc]:) (CRENET) (Medtronic) (Medtronic) (WiEeriEmE) | - (i)
Baumbach et al. International RCT (non-inferiority) 30 days 762 381 108 87 - - - - 7 116 5 -
(2024) (N=16 [ITT] {included [combined [combined [combined [combined  [combined
countries) Myval comparator comparator comparator comparator comparator
n=336, group] group] group] group] group]
Octacor {included
n=32} Evolut Pro
n=106}
Santos-Martinez et al. Europe Retrospective non- Hospital 1131 135 290 - 125 103 180 - - 298 - -
(2022)1 (N=9) randomised discharge {Myval} {Portico} {ACURATE {combined
neo} comparator
group, Evolut
R/Pro}
Jose et al. (2024 India Retrospective single arm 30 days 123 123 - - - - - - - - - -
(N=16)
Elkoumy et al. (2023) India Retrospective single arm Post- 103 103 - - - - - - - - - -
(N=18) procedure
Elkoumy et al. (2022) India, Retrospective single arm 30 days 68 68 - - - - - - - - - -
Denmark, {Myval}
Italy, Croatia
lelasi et al. (2024 Italy Case report Peri-procedure 1 1 - - - - - - - - - -

Abbreviations: ITT, intention to treat; PM, propensity matched; RCT, randomised controlled trial



https://pubmed.ncbi.nlm.nih.gov/38795719/
https://pubmed.ncbi.nlm.nih.gov/38795719/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/38423848/
https://pubmed.ncbi.nlm.nih.gov/37028710/
https://pubmed.ncbi.nlm.nih.gov/35054137/
https://pubmed.ncbi.nlm.nih.gov/38199746/

Sapien 3, Sapien 3 Ultra (Edwards Lifesciences)
The Sapien 3 and Sapien 3 Ultra devices are the third and fourth generations of

TAVI devices from Edwards Lifesciences; earlier generations include Sapien and
Sapien XT. Increasing evidence for these valves is available, but interpretation
needs caution because of the variation in comparators for each study. Specific
outcome ranking is different for each valve type with no single device showing
complete superiority. Evidence that compared generations of Sapien devices was

also identified Table 8, Table 9), including:

e Nazif et al. (2021); non-randomised propensity matched analysis comparing
Sapien 3 Ultra (n=1,287) with Sapien 3 (n=1,287) with 30 days follow-up.

e Cannata et al. (2023); non-randomised propensity matched analysis comparing

Sapien 3 Ultra (n=496) with Sapien 3 (n=496) at 1 year follow-up.

e Abdelfattah et al. (2022); meta-analysis (N=7 observational studies) comparing
Sapien 3 Ultra (n=1,996 patients) with Sapien 3 (n=2,111).

e Russo et al. (2019); retrospective non-randomised analysis of learning curve and

volume outcome relationship data from the STS/ACC TVT Registry which
compared Sapien 3 (n=28,229) with Sapien (n=18,195) and Sapien XT
(n=15,532).

The longest follow-up identified for the Sapien series was 12 years (median [Q1,Q3]

7.0 [5.5,8.7] years) as reported by Ali et al. (2023) which summarised outcomes from

the UK TAVI Registry and included 40 Sapien and 27 Sapien XT devices compared
with 143 CoreValve (Evolut R predecessor, Medtronic) TAVI devices. Severe
structural valve deterioration was seen more frequently with Sapien devices (11.9%
compared with 3.5% CoreValve, p=0.02), however it was noted that more patients
were treated with small valves in the Sapien arm (28.6% compared with 3.0%,

p<0.01) which may confound results.


https://pubmed.ncbi.nlm.nih.gov/34433290/
https://pubmed.ncbi.nlm.nih.gov/36880333/
https://pubmed.ncbi.nlm.nih.gov/35067349/
https://pubmed.ncbi.nlm.nih.gov/30704575/
https://pubmed.ncbi.nlm.nih.gov/36924015/

Table 8: Key studies for Sapien 3 and Sapien 3 Ultra (N=9)

Country _ Duration T(;)taatli ::t'SOf Myval Sapien 3 Sapien 3 Ultra Navitor Allegra ACrl]"eF;gTE Trilogy Evolut Evolut Evolut FX Hydra Other
Author (year) N i Study design of follow- £t Octacor (Edwards (Edwards (Abbott (Biosensors (Boston (Jenavaive) R Pro+ (Medtronic)  (SMT) valves (out
(N centres) up [n.a er (Meril) Lifesciences) Lifesciences) Medical) Int) e (Medtronic) (Medtronic) of scope)
matching] Scientific)
lYang et al. (2023 International ~ Systematic review with ~ Short term 99,725 - 54,691 - 2,001 - 4,634 - - 35,339 - - DFM
network meta-analysis  (timepoint {Portico} {included {included Lotus
(N=79 studies, including 5 NR) ACURATE Evolut,
RCTs, 19 propensity and Evolut R,
matched) ACURATE Evolut Pro}
neo}
Rudolph et al. (2024) Germany Retrospective non- 1 year 24,124 - 13,296 - 878 - 2,922 - 7,028 - - - -
(N=NR, randomised (propensity- {Portico} {ACURATE
multicentre)  score weighted analysis) neo}
Costa et al. (2022) Italy Prospective non- 1 year 2,728 - 768 - 208 - 290 - 1,125 337 - - -
(N=28 randomised study (inverse {Portico} {ACURATE {Evolut Pro}
centres) propensity of treatment neo}
weighting)
Santos-Martinez et al. Europe Retrospective non- Hospital 1,131 135 290 - 125 103 180 - - 298 - - -
(2022)1 (N=9) randomised discharge {Myval} {Portico} {ACURATE {combined
neo} comparator
group, Evolut
R/Pro}
Brown et al. (2023) us Retrospective non- 30 days 560 - - 176 106 - - - - 278 - - -
(N=1) randomised {Portico}
Ali et al. (2023 UK Retrospective non- Median: 7 214 - 67 - 4 - - - 143 - - - -
(N=11) randomised years (up to {included {Portico} {Corevalve}
12 years) Sapien n=40,
Sapien XT
n=27}
Nazif et al. (2021 us Retrospective non- 30 days 34,306 - 32,982 1,324 - - - - - - - - -
(N=NR, randomised (propensity [2,648 PM]
multicentre) score matched)
Cannata et al. (2023) Italy, the Retrospective non- 1 year 1,692 - 1,173 519 - - - - - - - - -
Netherlands, randomised (propensity [992 PM]
Portugal, score matched)
Span (N=12)
IAbdelfattah et al. NR Systematic review and NR 4,107 - 2,111 1,996 - - - - - - - - -
(2022); meta-analysis (N=7
observational)
Russo et al. (2019) us Retrospective non- 30 days 61,949 - 28,227 - - - - - - - - - -
(N=450) randomised {Compared
with Sapien XT
n=15,530 and
Sapien
n=18,192}

Abbreviations: NR, Not reported; PM, propensity matched; RCT, randomised controlled trial



https://pubmed.ncbi.nlm.nih.gov/37161443/
https://pubmed.ncbi.nlm.nih.gov/37462856/
https://pubmed.ncbi.nlm.nih.gov/36484239/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/37722201/
https://pubmed.ncbi.nlm.nih.gov/36924015/
https://pubmed.ncbi.nlm.nih.gov/34433290/
https://pubmed.ncbi.nlm.nih.gov/36880333/
https://pubmed.ncbi.nlm.nih.gov/35067349/
https://pubmed.ncbi.nlm.nih.gov/35067349/
https://pubmed.ncbi.nlm.nih.gov/30704575/

Table 9: Key clinical evidence for Sapien 3 and Sapien 3 Ultra (Edwards Lifesciences) compared with other devices in Scope

Author (year);
design, location

Intervention arms (number of
patients); demographic
descriptors

Individual outcomes with statistically
significant differences reported between
comparator(s); ordered best to worst
performance
(at specified timepoint)

Outcomes where no
statistically significant
differences were found
between comparator(s)
(at specified timepoint)

Nazif et al. (2021)
Retrospective non-
randomised cohort
from STS/ACC TVT
Registry (propensity
matched on 27
covariates)

us

- Sapien 3 Ultra (n=1,324)

age, mean: 79.5 years
male: 44.2%
STS, mean: 4.3%

- Sapien 3 (n=1,324)

age, mean: 79.9 years
male: 44.0%
STS, mean: 4.4%

Aortic valve area, mean
(discharge, p<0.01)

- Sapien 3 Ultra: 1.90 cm2
- Sapien 3: 1.79 cm2

Paravalvular regurgitation

(discharge, p<0.01)

- Sapien 3 Ultra: None (90.9%), mild
(9.0%), moderate or severe: 0.1%

- Sapien 3: None (85.7%), mild (13.9%),
moderate or severe: 0.4%

(30 days, p=0.02)

- Sapien 3 Ultra: None (85.7%), mild
(13.8%), moderate or severe: 0.6%

- Sapien 3: None (77.0%), mild (21.6%),
moderate or severe: 1.4%

Device success, conversion to
open-heart surgery, annulus
rupture, annular dissection,
aortic dissection, coronary
compression or obstruction,
device embolization aorta,
device embolization left
ventricle, perforation with or
without tamponade (procedural)

ICU stay in hours, proportion
with no ICU stay, hospital stay in
days, discharge location, all-
cause mortality, cardiac death,
stroke, aortic valve
reintervention, life-threatening
bleed, major vascular
complications, new need for
dialysis, new pacemaker, mean
aortic gradient (discharge)

All-cause mortality, cardiac
death, stroke, aortic valve
reintervention, life-threatening
bleed, major vascular
complications, new need for
dialysis, new pacemaker, any
readmission, NYHA class Il or
IV, KCCQ, mean aortic gradient,
LVEF (30 days)

Abdelfattah et al.
(2022)
Meta-analysis
observational
studies (N=7)

- Sapien 3 Ultra (n=1,996)

age, mean: 79.8 years
males: 47.2%
STS, mean: 4.2%

- Sapien 3 (n=2,111)

age, mean: 80.1 years
male: 48.7%
STS, mean: 4.5%

Moderate or severe paravalvular leak
(timepoint NR)

- Sapien 3 Ultra: 0.71%

- Sapien 3: 1.71%

- OR:0.42[0.21 to 0.85]

Mild paravalvular leak
(timepoint NR)

- Sapien 3 Ultra: 13.4%
- Sapien 3: 28.4%

- OR:0.29[0.19to0 0.45]

All-cause mortality, stroke,
major bleeding, permanent
pacemaker (timepoint NR)

Abbreviations: AF, Arterial fibrillation; AKI, Acute kidney injury; HR, Hazard ratio; ICU, Intensive care unit; iEOA, indexed effective orifice area; KCCQ, Kansas
City Cardiomyopathy Questionnaire; LBBB, Left bundle branch block; LVEF, Left ventricular ejection fraction; MI, Myocardial infarction; NR, Not reported;
NYHA, New York heart Association; PCI, Percutaneous coronary intervention; PPIl, Permanent pacemaker implantation; PVL, Paravalvular leak; STS, Society
of Thoracic Surgeons; SUCRA, Surface under the cumulative ranking curve, TAVI, transcatheter aortic valve implantation; TIA, Transient ischaemic attack;
VARC-3, Valve Academic Research Consortium-3


https://pubmed.ncbi.nlm.nih.gov/34433290/
https://pubmed.ncbi.nlm.nih.gov/35067349/
https://pubmed.ncbi.nlm.nih.gov/35067349/

5.2.2 Self-expanding
ACURATE neoZ2 (Boston Scientific)
The ACURATE neo2 is a subsequent generation of the ACURATE neo TAVI device.

Evidence was also identified that compared generation of devices (Table 10, Table
11):

e Buono et al. 2022; retrospective non-randomised with propensity matching
comparing ACURATE neo2 (n=205) with ACURATE neo (n=205)

e Kim et al. 2022c; retrospective non-randomised comparing ACURATE neo2
(n=810) with ACURATE neo (n=2,055)

e Scotti et al. 2022; retrospective non-randomised (overlap with Baggio et al.
2023) comparing ACURATE neo2 (n=763) with ACURATE neo (n=1,263).

This study reported fewer and less severe paravalvular regurgitation,

vascular complications, and bleeding complications at discharge with
ACURATE neo2 than its predecessor. ACURATE neo2 was associated with
a statistically worse mean aortic gradient at 30 days, however the clinical

significance of the difference is unclear.

A median follow-up of 3 years (maximum of 7 years) was reported in a non-

comparative cohort of 104 patients treated with ACURATE neo (Siqueira et al.

2021). The longest follow-up specific to ACURATE neo2 was 1 year, reported in the

post-market surveillance non-comparative study of 250 patients by Kim et al. (2024).



https://pubmed.ncbi.nlm.nih.gov/35595675/
https://pubmed.ncbi.nlm.nih.gov/36269158/
https://pubmed.ncbi.nlm.nih.gov/35678222/
https://pubmed.ncbi.nlm.nih.gov/36093795/
https://pubmed.ncbi.nlm.nih.gov/36093795/
https://pubmed.ncbi.nlm.nih.gov/32445607/
https://pubmed.ncbi.nlm.nih.gov/32445607/
https://pubmed.ncbi.nlm.nih.gov/37982152/#:~:text=All%2Dcause%20mortality%20was%200.8,of%20patients%20at%201%20year.

Table 10: Key studies for ACURATE neo2 (N=9)

. Total no. of . . . ACURATE Earlier
Duration : Myval Sapien 3 Sapien 3 Ultra Navitor Allegra ] Evolut Evolut .
Author (year) Ceurily Study design of follow- patients Ocilacor (Edr\)/vards (FI)Edwards (Abbott (Biose?\sors E?eoz Tr'l\(;g?' R Pro+ :\EAVOIUt 2 Hy'\%_a genlerat'.o n
(N centres) up nE:;:;:ﬁ;] (Meril) Lifesciences) Lifesciences) Medical) Int) S(cigﬁtioﬁrc]:) (HonetiEie) (Medtronic) (Medtronic) (Ltzeliente) AN vaS;/:dsyln
lYang et al. (2023 International ~ Systematic review with ~ Short term 99,725 - 54,691 - 2,001 - 4,634 - - 35,339 - - DFM
network meta-analysis  (timepoint {Portico} {included {included Lotus
(N=79 studies, including 5 NR) ACURATE Evolut,
RCTs, 19 propensity and Evolut R,
matched) ACURATE Evolut Pro}
neo}
Costa et al. (2022) Italy Prospective non- 1 year 2,728 - 768 - 208 - 290 - 1,125 337 - - -
(N=28 randomised study (inverse {Portico} {ACURATE {Evolut Pro}
centres) propensity of treatment neo}
weighting)
Rudolph et al. (2024) Germany Retrospective non- 1 year 24,124 - 13,296 - 878 - 2,922 - 7,028 - - - -
(N=NR, randomised (propensity- {Portico} {ACURATE
multicentre) ~score weighted analysis) neo}
Santos-Martinez et al. Europe Retrospective non- Hospital 1,131 135 290 - 125 103 180 - - 298 - - -
(2022)F (N=9) randomised discharge {Myval} {Portico} {ACURATE {combined
neo} comparator
group, Evolut
R/Pro}
Seiffert et al. (2015) Germany Retrospective non- 1 year 200 - - - - - 62 88 - - - - Engager
(N:1 ) randomised {ACURATE} {JenaVaIve}
Kim et al. (2022c Germany Retrospective non- Procedural 2,865 - - - - - 810 - - - - - -
(N=2) randomised (30 day [compared
mortality) with
ACURATE
neo n=2,055]
Scotti et al. (2022) International Retrospective non- 30 days 2,026 - - - - - 763 - - - - - -
(N=29 randomised [compared
centres) with
ACURATE
neo n=1,263]
Kim et al. (2024)t International Prospective post-market 1 year 250 - - - - - 250 - - - - - -
(N=NR, surveillance single arm
multicentre)
Siqueira et al. (2021) Brazil Prospective single arm Median 3 104 - - - - - 104 - - - - -
(N=1 ) years {ACUR?TE
neo

Abbreviations: NR, Not reported; PM, propensity matched



https://pubmed.ncbi.nlm.nih.gov/37161443/
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Table 11: Key clinical evidence for ACURATE neo2 and ACURATE neo (Boston Scientific) compared with other devices in Scope

Author (year); design,
location

Intervention arms (number
of patients); demographic
descriptors

Individual outcomes with statistically
significant differences reported between
comparator(s); ordered best to worst
performance
(at specified timepoint)

Outcomes where no
statistically significant
differences were found
between comparator(s)

(at specified timepoint)

Buono et al. (2022a)
Retrospective non-
randomised (with
propensity matching)

Italy (N=13)

ACURATE neo2 (n=205)
age, median: 83 years
male 32.2%
EuroSCORE Il, median:
3.01%

STS, median: 3.40%

ACURATE neo (n=205)
age, median: 84 years
male: 33.2%
EuroSCORE I, median:
3.07%

STS, median: 3.33%

ICU stay, median

(in-hospital, p=0.003)

- ACURATE neo2: 1.00 days
- ACURATE neo: 1.50 days

Moderate or severe paravalvular aortic
regurgitation

(discharge, p<0.001)

- ACURATE neo2: 3.5%

- ACURATE neo: 11.2%

All-cause mortality, cardiovascular
death, procedural death, PPI,
cerebral ischaemic event,
bleeding, vascular complication,
coronary occlusion, cardiac
tamponade, AKI, technical
success (VARC-3), hospital length
of stay (in-hospital)

LVEF, mean transvalvular
gradient, peak transvalvular
gradient, aortic valve area,
prosthesis-patient mismatch
(discharge)

Kim et al. (2022c¢)
Retrospective non-
randomised

Germany (N=2)

ACURATE neo2 (n=810)
age, median: 82.0 years
male 37.4%
EuroSCORE Il, median:
3.3%

ACURATE neo (n=2,055)
age, median: 82.0 years
male: 37.5%
EuroSCORE IlI, median:
3.4%

Paravalvular regurgitation
(procedural; p=0.03)

- ACURATE neo2: 2.7%
- ACURATE neo: 4.5%

Bleeding, type 2 to 4
(procedural; p<0.01)

-  ACURATE neo2: 14.8%
- ACURATE neo: 19.8%

Paravalvular leak — moderate or
greater, annular rupture,
conversion to sternotomy, multiple
valve implantation, device
embolization, major vascular
complication, any stroke, AKI —
stage 2 to 4, pacemaker
implantation (procedural)

All-cause mortality (30 days)

Scotti et al. (2022)
Retrospective non-
randomised

[Overlap with Baggqio et al.
2023]

International (N=29
centres)

ACURATE neo2 (n=763)
age, mean: 82 years
male: 33%

EuroSCORE Il, median:
3.1%

STS, median: 3.5%

ACURATE neo (n=1,263)
age, mean: 82 years
male: 35%

EuroSCORE II, median:
4.4%

STS, median: 4.1%

Paravalvular aortic regurgitation

(discharge, p<0.01)

- ACURATE neo2: none: 59%, mild: 39%,
moderate: 2%, severe: 0%

- ACURATE neo: none: 38%, mild: 57%,
moderate: 5%, severe: 0.1%

Vascular complications

(30 days, p<0.001)

- ACURATE neo2: none: 94%, minor: 2%,
major: 3%

- ACURATE neo: none: 83%, minor: 11%,
major: 6%

Bleeding complications

(30 days, p=0.02)

- ACURATE neo2: none: 88%, type 1: 6%,
type 2: 3%, type 3: 2%, type 4: 0.3%

- ACURATE neo: none: 85%, type 1: 6%,
type 2: 5%, type 3: 5%, type 4: 0%

Mean aortic gradient,

(30 days, p<0.001)

- ACURATE neo: 8.0 mmHg

- ACURATE neo2: 8.9 mmHg

Moderate or severe paravalvular aortic
regurgitation

(30 days, p<0.001)

- ACURATE neo2: 2%

- ACURATE neo: 5%

Mortality, valve embolization,
second valve implanted, annular
rupture, pericardial tamponade,
aortic dissection, coronary
occlusion, conversion to open
heart surgery (procedural)

All-cause mortality, technical
success (VARC-3), device
success (VARC-3), pacemaker
implantation, AKI (stage 2 or 3),
aortic valve area, indexed aortic
valve area (30 days)

All-cause mortality (1 year)

Abbreviations: AKI, Acute kidney injury; ICU, Intensive care unit; iEOA, indexed effective orifice area; LVEF, Left ventricular ejection fraction; Ml, Myocardial
infarct; NYHA, New York Heart Association; THV, transcatheter heart valve; TIA, Transient ischaemic attack; STS, Society of Thoracic Surgeons; VARC-3,
Valve Academic Research Consortium-3


https://pubmed.ncbi.nlm.nih.gov/35595675/
https://pubmed.ncbi.nlm.nih.gov/36269158/
https://pubmed.ncbi.nlm.nih.gov/35678222/
https://pubmed.ncbi.nlm.nih.gov/36093795/
https://pubmed.ncbi.nlm.nih.gov/36093795/

Allegra (Biosensors)
The Company confirmed that there are no previous versions of the technology.

The longest available evidence for the Allegra device was reported in the single arm
study reporting outcomes for 103 patients extracted from the Swiss TAVI Registry

from a single centre (Wolfrum et al. 2023). All-cause mortality and cardiovascular

mortality from Kaplan-Meier analysis of 31.4% and 18.8% respectively (no
confidence intervals were reported) to 3 years, with other clinical outcomes reported

to 1 year.

The Company advised that there are 2 ongoing RCTs involving the Allegra TAVI
device. One RCT (NCT05989074) aims to recruit 130 women only, randomised to

Allegra or any balloon-expanding TAVI device, for severe native aortic stenosis. The

study has an estimated start date of February 2024 (recruitment status at 11 June
2024: not yet recruiting) and end date of August 2025. The VIVALL 2 study
(NCT06049654) is a single site (Spain) RCT comparing supra-annular self-

expanding Allegra device with intra-annular balloon-expanding Edwards Sapien 3 or
Sapien 3 Ultra valves specifically for valve-in-valve indication. The study aims to
recruit 104 patients, with study start date of February 2024 (currently recruiting) and
end date of November 2025. The primary outcome measure of both trials is
transaortic mean gradient after the procedure as measured by echocardiography at
30 days.


https://pubmed.ncbi.nlm.nih.gov/38108869/
https://classic.clinicaltrials.gov/ct2/show/NCT05989074
https://classic.clinicaltrials.gov/ct2/show/NCT06049654

Evolut R, Evolut Pro+, Evolut FX (Medtronic)
Evolut R, (Evolut Pro out of Scope), Evolut Pro+, and Evolut FX are later generations

of the CoreValve TAVI device, with Evolut FX being added to NHS Supply Chain

procurement framework from December 2023.

Comparative between-generation evidence was available for all 3 Medtronic devices
in Scope (Table 12, Table 13):

e Merdler et al. (2023) comparing Evolut FX (n=100) with Evolut Pro+ (n=100).

e Zaid et al. 2023b comparing Evolut FX (n=226) and Evolut Pro+ (n=378) but
reported on fewer outcomes.

e Tang et al. (2021): data from the STS/ACC TVT Registry but only comparing

prosthesis-patient mismatch outcome at 1 year between Evolut Pro and Pro+

combined (n=18,141 patients; none: 83.1%, moderate: 12.5%, severe: 4.4%)
and Evolut R (n=14,401 patients; none: 79.4%, moderate: 14.4%, severe:
6.3%), p<0.001.

e Gozdek et al. (2023): systematic review and meta-analysis of 11

observational studies comparing Evolut Pro (n=3,439) with Evolut R
(n=8,924). However, the authors acknowledged statistically different age, sex,
STS risk score and prothesis valve size (likely linked with Evolut R being
available in 34 mm valve size and the largest Evolut Pro available being
29mm).

e Forrest et al. (2020): comparing 3 generations of Medtronic TAVI valves
(CoreValve n=5,514 patients, Evolut R n=11,295, Evolut Pro n=2,065) using
the STS/ACC TVT Registry data, including 30-day outcomes from 1,500
propensity matched patients from each using Evolut Pro as a common

reference point.

Longest available data identified for Evolut R was 5 years (Tamm et al. 2021), Evolut

Pro or Pro+ was 3 years (Wyler von Ballmoos et al. 2021) and Evolut FX was 30
days (Merdler et al. 2023; Zaid et al. 2023b).

Ali et al. (2023) reported outcomes from the UK TAVI Registry up to 12 years which

included 143 patients (67%) receiving CoreValve, reported previously.


https://pubmed.ncbi.nlm.nih.gov/37453813/
https://pubmed.ncbi.nlm.nih.gov/37438029/
https://pubmed.ncbi.nlm.nih.gov/33958170/
https://pubmed.ncbi.nlm.nih.gov/36834131/
https://pubmed.ncbi.nlm.nih.gov/31973793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8303957/#:~:text=There%20was%20no%20difference%20in,%25%2C%20p%20%3D%200.088).
https://pubmed.ncbi.nlm.nih.gov/33199247/
https://pubmed.ncbi.nlm.nih.gov/37453813/
https://pubmed.ncbi.nlm.nih.gov/37438029/
https://pubmed.ncbi.nlm.nih.gov/36924015/

Table 12: Key studies for Evolut R, Evolut Pro+ and Evolut FX (N=13)

Country _ Duration T(;)taatli ::t'SOf Myval Sapien 3 Sapien 3 Ultra Navitor Allegra ACrl]"eF;gTE Trilogy Evolut Evolut Evolut FX Hydra Other
Author (year) N i Study design of follow- £t Octacor (Edwards (Edwards (Abbott (Biosensors (Boston (Jenavaive) R Pro+ (Medtronic)  (SMT) valves (out
(N centres) up [n.a er (Meril) Lifesciences) Lifesciences) Medical) Int) e (Medtronic) (Medtronic) of scope)
matching] Scientific)
lYang et al. (2023 International ~ Systematic review with ~ Short term 99,725 - 54,691 - 2,001 - 4,634 - - 35,339 - - DFM
network meta-analysis  (timepoint {Portico} {included {included Lotus
(N=79 studies, including 5 NR) ACURATE, Evolut,
RCTs, 19 propensity ACURATE Evolut R,
matched) neo} Evolut Pro}
Costa et al. (2022) Italy Prospective non- 1 year 2,728 - 768 - 208 - 290 - 1,125 337 - - -
(N=28 randomised study (inverse {Portico} {ACURATE {Evolut Pro}
centres) propensity of treatment neo}
weighting)
Rudolph et al. (2024) Germany Retrospective non- 1 year 24,124 - 13,296 - 878 - 2,922 - 7,028 - - - -
(N=NR, randomised (propensity- {Portico} {ACURATE
multicentre) ~ score weighted analysis) neo}
Santos-Martinez et al. Europe Retrospective non- Hospital 1,131 135 290 - 125 103 180 - - 298 - - -
(2022)F (N=9) randomised discharge {Myval} {Portico} {ACURATE {combined
neo} comparator
group, Evolut
R, Evolut Pro}
Brown et al. (2023) us Retrospective non- 30 days 560 - - 176 106 - - - - 278 - - -
(N=1) randomised {Portico}
Gozdek et al. (2023) NR Systematic review and  Procedural, 12,363 - - - - - - - 8,924 3,429 - - -
meta-analysis (N=11 other short {Evolut Pro}
observational studies) term
(timepoint
NR), 30 day
mortality
Forrest et al. (2020) us Retrospective non- 30 days 18,874 - - - - - - - 11,295, 2,065 - - -
(N=381) randomised [4,500] 5,514 {Evolut Pro}
(propensity score {Evolut R,
matched) {CoreValve}
Tang et al. (2021 us Retrospective non- 1 year 32,542 - - - - - - - 14,401 18,141 - - -
(N=NR, randomised {Evolut Pro}
multicentre)
Tamm et al. (2021) Germany Retrospective non- 3 years 359 - 215 - - - - - 144 - - - -
(N=1) randomised
Ali et al. (2023 UK Retrospective non- Median: 7 214 - 67 - 4 - - - 143 - - - -
(N=11) randomised years (up to {included {Portico} {Corevalve}
12 years) Sapien n=40,
Sapien XT
n=27}
Zaid et al. (2023b) us Retrospective non- 30 days 604 - - - - - - - - 378 226 - -
(N=9 Evolut randomised
FX, N=1
Evolut Pro+)
Merdler et al. (2023) us Retrospective non- 30 days 200 - - - - - - - - 100 100 - -
(N=1) randomised
\Wyler von Ballmoos et us Prospective single arm 3 years 60 - - - - - - - - 60 - - -
al. (2021 (N=8) {Evolut Pro}

Abbreviations: NR, Not reported;



https://pubmed.ncbi.nlm.nih.gov/37161443/
https://pubmed.ncbi.nlm.nih.gov/36484239/
https://pubmed.ncbi.nlm.nih.gov/37462856/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/37722201/
https://pubmed.ncbi.nlm.nih.gov/36834131/
https://pubmed.ncbi.nlm.nih.gov/31973793/
https://pubmed.ncbi.nlm.nih.gov/33958170/#:~:text=Conclusions%3A%20Severe%20PPM%20after%20supra,PPM%20predict%20long%2Dterm%20outcomes.
https://pubmed.ncbi.nlm.nih.gov/34300268/
https://pubmed.ncbi.nlm.nih.gov/36924015/
https://pubmed.ncbi.nlm.nih.gov/37438029/
https://pubmed.ncbi.nlm.nih.gov/37453813/
https://pubmed.ncbi.nlm.nih.gov/33199247/
https://pubmed.ncbi.nlm.nih.gov/33199247/

Table 13: Comparative clinical evidence for Evolut R, Evolut Pro+, Evolut FX (Medtronic) compared with other devices in Scope;

latest version in bold)

Author (year);
design, location

Intervention arms (number of
patients); demographic
descriptors

Individual outcomes with statistically
significant differences reported between
comparator(s); ordered best to worst
performance
(at specified timepoint)

Outcomes where no
statistically significant
differences were found
between comparator(s)
(at specified timepoint)

Merdler et al. (2023)
Retrospective non-
randomised cohort

us

- Evolut FX (n=100)
age, mean: 79.6 years
male: 52.0%

STS, mean: 3.4%

- Evolut Pro+ (n=100)
age, mean: 78.7 years
male: 51.0%

STS, mean: 3.4%

Aortic mean gradient
(discharge, p=0.006)
- Evolut Pro+: 6.5 mmHg
- Evolut FX: 8.1 mmHg

Aortic peak velocity
(discharge, p=0.002)

- Evolut Pro+: 1.7 m/s
- Evolut FX: 2.1 m/s

Device malfunction, access-site
complications, tamponade,
severe aortic regurgitation,
ventricular tachycardiac or
fibrillation, valve embolization,
valve migration, complete
atrioventricular block,
hypotension, coronary
obstruction, unplanned
conversion to surgery,
haemoglobin drop, stroke
(procedural)

Permanent pacemaker
implantation, mortality,
moderate or severe paravalvular
leak (in-hospital)

Technical success (VARC-3),
device success (VARC-3), early
safety (VARC-3), permanent
pacemaker implantation,
mortality, NYHA Il or IV, stroke
(CVA or TIA), aortic mean
gradient, moderate or severe
aortic regurgitation (30 days)

Zaid et al. 2023b
Retrospective non-
randomised

us

- Evolut FX (n=226)
age, years: 80.0 years
male: 48.2%

STS: 3.5%

- Evolut Pro+ (n=378)
Demographics of
comparator arm not
reported.

Commissural alignment
(in-hospital, p<0.0001)
- Evolut FX: 96.5%
- Evolut Pro+: 80.2%

Left coronary cusp depth
(in-hospital, p<0.001)

- Evolut FX: 4.5 mm

- Evolut Pro+: 5.9 mm

Device recaptures
(in-hospital, p=0.004)

- Evolut FX: 26.1%
- Evolut Pro+: 39.5%

Gozdek et al. (2023)
Systematic review
with meta-analysis
(N=11 observational
studies)

- Evolut R (n=8,924)
- Evolut Pro (n=3,439)

More than one valve needed
(procedural, p=0.02)

- Evolut Pro: 0.87%

- Evolut R: 1.18%

- RR:0.52[0.30 to 0.89]

Moderate to severe PVL
(timepoint NR, p=0.002)

- Evolut Pro: 2.4%

- Evolut R: 3.0%

- RR:0.66[0.52 to 0.86]

Major bleeding

(timepoint NR, p=0.03)

- Evolut Pro: 2.63%

- Evolut R: 5.02%

- RR:0.63[0.41 to 0.96]

Device-related complications, Ml
(procedural)

Mild PVL, mean aortic gradient,
prosthesis patient mismatch
(moderate or greater), major
vascular complications, PPI
(timepoint NR)

Mortality (30 days)

Forrest et al. (2020)
Retrospective non-
randomised cohort

us

- CoreValve (n=5,514)
- Evolut R (n=11,295)
- Evolut Pro (n=2,065)

Major bleeding

(30 days, p=0.01)

- Evolut Pro: 0.2%
- Evolut R: 0.9%

- Corevalve: 0.6%

Moderate or severe aortic regurgitation
(30 days, p=0.03):

- Evolut Pro: 3.4%

- EvolutR: 5.4%

- Corevalve: 8.3%

All-cause mortality, stroke, PPI,
valve-related readmission, PCl,
valve thrombosis, aortic valve
reintervention, vascular
complications, Ml (30 days)

Abbreviations: AKI, Acute kidney injury; CVA, cerebrovascular accident; HR, Hazard ratio; ICU, Intensive care unit; NYHA, New York Heart Association; MI,
Myocardial infarct; PCI, Percutaneous coronary intervention; PPI, Permanent pacemaker implantation; PVL, Paravalvular leak; RR, Risk ratio; STS, The
Society of Thoracic Surgeons; TIA, Transient ischaemic attack; VARC-3, Valve Academic Research Consortium


https://pubmed.ncbi.nlm.nih.gov/37453813/
https://pubmed.ncbi.nlm.nih.gov/37438029/
https://pubmed.ncbi.nlm.nih.gov/36834131/
https://pubmed.ncbi.nlm.nih.gov/31973793/

Hydra (SMT)
The EAG did not identify any published comparative evidence for the Hydra TAVI

device. The Company confirmed that there are no previous versions of the Hydra
TAVI device.

The longest follow-up was from Aidietis et al. (2022) that reported 30-day (n=146)

and 1-year (n=114) outcomes in 157 patients in 18 centres across Europe and Asia

(Greece, Hong Kong, India, Kazakhstan, Lithuania, New Zealand, Poland, Thailand).
The authors reported 5 device-related deaths (3.2%; 95% Cl 1.2% to 1.7%) at 30
days. Moderate or severe paravalvular leak was 5.3%, 6.3% and 6.9% at post-
procedure, 30 days and 1-year timepoints. Improvements in mean gradient were
observed post-procedure (mean [SD] baseline 49.5 [18.5] mmHg to 9.2 [4.5] post-
procedure, p<0.001), which were sustained at 30 days (8.1 [3.7], p<0.001) and 1
year (8.8 [4.7], p<0.001). Improvements in effective orifice area (baseline 0.7 [0.2]
cm2) were also observed post -procedure (p<0.001), 30 days (p<0.001) and
sustained at 1 year (p<0.001): 1.9 [0.6] cm2, 1.9 [0.6] cm2 and 1.7 [0.5] cm2
respectively. Pacemaker implantation was 10.8% and 11.5% at 30 days and 1 year.
At 30 days follow up, major bleeding (4.5%), major vascular complications (4.5%),
stroke (0.6%), AKI (0.6%) were reported; no increase in these events was reported

at 1 year. No myocardial infarction or TIA events occurred in the cohort.

The Company did not report any ongoing studies in their standard Request for

Information documentation.

Navitor (Abbott Medical)
The largest comparative evidence for TAVI devices in Scope of this late-stage

assessment was not available specifically for Navitor, however was available for the
predecessor device, Portico (Table 14). Comparison of Navitor and Portico (Eckel et
al. 2023) is described in Table 15.

The longest follow-up identified for Navitor was 1 year reporting outcomes for 120
patients (Sondergaard et al. 2023), which included 2 UK centres (remaining US,

European, Australia). The longest follow-up for device family (Portico) was 3 years,
which included 803 patients (Giordano et al. 2024Db).



https://pubmed.ncbi.nlm.nih.gov/34991828/
https://pubmed.ncbi.nlm.nih.gov/37373693/
https://pubmed.ncbi.nlm.nih.gov/37373693/
https://pubmed.ncbi.nlm.nih.gov/36895190/
https://pubmed.ncbi.nlm.nih.gov/37391628/

Table 14: Key studies for Navitor (N=9)

Country _ Duration T(;)taatli ::t'SOf Myval Sapien 3 Sapien 3 Ultra Navitor Allegra ACrl]"eF;'gTE Trilogy Evolut Evolut Evolut FX Hydra Other
Author (year) N i Study design of follow- £t Octacor (Edwards (Edwards (Abbott (Biosensors (Boston (Jenavaive) R Pro+ (Medtronic)  (SMT) valves (out
(N centres) up [n.a _er (Meril) Lifesciences) Lifesciences) Medical) Int) R (Medtronic) (Medtronic) of scope)
matching] Scientific)
lYang et al. (2023 International ~ Systematic review with ~ Short term 99,725 - 54,691 - 2,001 - 4,634 - - 35,339 - - DFM
network meta-analysis  (timepoint {Portico} {included {included Lotus
(N=79 studies, including 5 NR) ACURATE, Evolut,
RCTs, 19 propensity ACURATE Evolut R,
matched) neo} Evolut Pro}
Rudolph et al. (2024) Germany Retrospective non- 1 year 24,124 - 13,296 - 878 - 2,922 - 7,028 - - - -
(N=NR, randomised (propensity- {Portico} {ACURATE
multicentre) score weighted analysis) neo}
Santos-Martinez et al. Europe Retrospective non- Hospital 1,131 135 290 - 125 103 180 - - 298 - - -
(2022)1 (N=9) randomised discharge {Myval} {Portico} {ACURATE {included
neo} Evolut R,
Evolut Pro}
Costa et al. (2022) Italy Prospective non- 1 year 2,728 - 768 - 208 - 290 - 1,125 337 - - -
(N=28 randomised study (inverse {Portico} {ACURATE {Evolut Pro}
centres) propensity of treatment neo}
weighting)
Brown et al. (2023) us Retrospective non- 30 days 560 - - 176 106 - - - - 278 - - -
(N=1) randomised {Portico}
Eckel et al. (2023) Germany Retrospective non- 30 days 276 - - - 137 - - - - - - -
(N=2) randomised compared
with
139
{Portico}
Ali et al. (2023 UK Retrospective non- Median: 7 214 - 67 - 4 - - - 143 - - - -
(N=11) randomised years (up to {included {Portico} {Corevalve}
12 years) Sapien n=40,
Sapien XT
n=27}
Giordano et al. 2024b Europe Retrospective single arm 3 years 803 - - - 803 - - - - - - -
(N=7) {Portico}
Sondergaard et al. International  Prospective single arm 1 year 120 - - - 120 - - - - - - - -
(2023) (N=19)

Abbreviations: NR, Not reported;

Table 15: Comparative clinical evidence for Navitor or predecessor Portico (Abbott Medical) compared with other devices in Scope; latest version in bold

Author (year); design, location

Intervention arms (number
of patients); demographic
descriptors

Individual outcomes with statistically significant differences reported between comparator(s);
ordered best to worst performance
(at specified timepoint)

Outcomes where no statistically
significant differences were found
between comparator(s)

(at specified timepoint)

Eckel et al. (2023)

cohort

Germany

Retrospective non-randomised

- Navitor (n=137)
age: 83.0 years
male: 38.7%
EuroSCORE II: 3.6%

- Portico (n=139)
age: 82.7 years
male: 38.8%
EuroSCORE II: 3.7

Paravalvular leak - greater than mild or requiring SAVR or valve-in-valve (in-hospital, p=0.041)
- Navitor 1.5%
- Portico 7.2%

Major vascular complication
(in-hospital, p=0.036)

- Navitor 0.7%

- Portico 5.8%

Severe bleeding — type 2 to 4
(in-hospital, p=0.005)

- Navitor 13.1%

- Portico 27.3%

Technical success, post-dilatation,
death, conversion to sternotomy,
multiple valves, device migration or
embolisation, all stroke, major
cardiac structural complication, AKI
type 2 to 4, new permanent

pacemaker implantation (in-hospital).

Early safety, device success, death
(30-days).

Abbreviations: AKI, Acute kidney injury; SAVR, Surgical aortic valve replacement



https://pubmed.ncbi.nlm.nih.gov/37373693/#:~:text=Conclusions%3A%20The%20NAVITOR%20demonstrated%20favorable,and%20preserved%20favorable%20hemodynamic%20outcomes.
https://pubmed.ncbi.nlm.nih.gov/37161443/
https://pubmed.ncbi.nlm.nih.gov/37462856/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/34979152/
https://pubmed.ncbi.nlm.nih.gov/36484239/
https://pubmed.ncbi.nlm.nih.gov/37722201/
https://pubmed.ncbi.nlm.nih.gov/37373693/#:~:text=Conclusions%3A%20The%20NAVITOR%20demonstrated%20favorable,and%20preserved%20favorable%20hemodynamic%20outcomes.
https://pubmed.ncbi.nlm.nih.gov/36924015/
https://pubmed.ncbi.nlm.nih.gov/37391628/
https://pubmed.ncbi.nlm.nih.gov/36895190/
https://pubmed.ncbi.nlm.nih.gov/36895190/

Trilogy (JenaValve)
The EAG identified predecessor versions of the Trilogy TAVI device (referred to as

JenaValve) through targeted searches. Only 1 German case report specific to the

Trilogy device was identified by the EAG (Geyer et al. 2023) reporting outcomes to 1

month. Comparative evidence was only available for a predecessor device
(exclusively in transapical TAVI procedures). No between-generation comparative

evidence was identified.

The EAG also identified a non-comparative multicentre (Germany N=12, the
Netherlands N=1, Switzerland N=1, UK N=1, NCT01598844) post-market registry for
JenaValve which reported 1-year outcomes in 180 patients with aortic stenosis
undergoing transapical TAVI (Silaschi et al. 2016). The EAG note that most of TAVI
procedures in the UK are undertaken via percutaneous transfemoral delivery
approach (96% in 2022/23 as stated in NICOR 2024 report); and that transfemoral is
recommended as the default position by GIRFT in its 2021 cardiology report. As a

result, transapical approach was reported in 0.5% (73 of 14,401) and 1.4% (162 of
11,681) of TAVI procedures recorded in UK TAVI Registry and HES respectively.
Therefore, the EAG considers that results from the published studies may not be
generalisable to a UK NHS setting. No evidence was identified comparing between
generations of JenaValve devices, therefore it is unclear whether results are

generalisable to the Trilogy device.

Clinical Experts have advised that JenaValve would not be used in a patient with

aortic stenosis and is more appropriate for use in patients with aortic regurgitation.

The Company advised that there are two ongoing studies using JenaValve valve.
The ALIGN-AS (NCT02732691) multi-centre (N=13; Germany, the Netherlands, New

Zealand, US) single-arm study aimed to recruit 68 participants with severe native

aortic stenosis to TAVI with the JenaValve device. The study status was classed as
active not recruiting (on 11 June 2024) despite an estimated completion date of April
2024. The primary outcome measure was all-cause mortality at 30 days. The ALIGN-
AR multicentre (N=30; US) study (NCT04415047) including a total of 180
participants with severe native aortic regurgitation considered to be high risk for open

surgical valve replacement treated with the JenaValve Trilogy device. However, the


https://pubmed.ncbi.nlm.nih.gov/38204548/
https://www.clinicaltrials.gov/study/NCT01598844
https://pubmed.ncbi.nlm.nih.gov/27242354/
https://www.nicor.org.uk/publications/ncap/uk-transcatheter-aortic-valve-implantation/2024-8/tavi-final-report-2022-23?layout=default
https://www.gettingitrightfirsttime.co.uk/wp-content/uploads/2021/09/Cardiology-Jul21k-NEW.pdf
https://clinicaltrials.gov/study/NCT02732691

EAG notes that this population is out of scope for this late-stage assessment and

that results are unlikely to be generalisable to a population with aortic stenosis.

5.2.3 Adverse events
During the targeted searches, the EAG identified 6 publications reporting adverse

events not directly captured within the economic modelling for 2 devices (ACURATE

neo2, Evolut Pro+) in Scope of this late-stage assessment (Appendix B3). The EAG

acknowledge that capturing adverse events for TAVI devices is likely to be
associated with breadth of use and that systematic searches for all devices in Scope
of this late-stage assessment have not been undertaken. Therefore, the EAG
consider these additional outcomes to be incidental findings relating to adverse

events.

ACURATE neo2 (Boston Scientific)

Kim et al. (2022a) reported 68 of 448 (15.2%) cases experienced valve micro-

dislodgement (VMD), which is associated with procedure technical failure, with
transfemoral TAVI using ACURATE neo2 in a single German centre. VMD was
defined as displacement of 2 mm or greater between the initial and valve release
positions as measured on fluoroscopy. The rate of valve malposition was higher in
the group with VMD than those without (4.4% compared with 0.8%, p=0.048),
resulting in lower rates of technical success (p=0.026). VMD was associated with
longer procedural and fluoroscopy time, more frequent device embolisation and
multiple valve implantations (bailout TAVI). Additionally, transprosthetic mean
gradients were lower in those with VMD than without (89.7% compared with 96.1%,
p<0.001). From multi-variable logistic regression modelling, the authors reported that
greater extent of oversizing (larger cover index), a higher position of the radiopaque
marker band, partial detachment of the lower crown, and severe parallax prior to
deployment were independent predictors of VMD. The position of the delivery

system within the outer curvature was protective of VMD.

Trebacz et al. (2023) reported a single case of high-grade valve under-expansion in

a 77-year-old female with an existing permanent pacemaker in a Polish setting,
preventing safe removal of the delivery system. Insertion of a parallel guidewire
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enabled post-dilatation with a balloon, and optimal valve position and function with

limited PVL. An additional single case report by Pellicano et al. (2021) reported a

rare adverse event of iatrogenic ventricular septal defect 3 days following TAVI using
an ACURATE neo2 device in a 90-year-old female patient in an Italian setting.
Following TAVI, new onset left bundle branch block and mild-to-moderate PVL was
observed. A peri-membranous ventricular septal defect (VSD) was observed on
transoesophageal echocardiogram, confirmed as an iatrogenic VSD by CT and MRI
imaging. Surgical repair of the VSD was deemed unsuitable therefore a
percutaneous closure was carried out with arterial and venous access. A permanent
pacemaker was implanted, and pre-discharge echocardiogram confirmed a

moderate PVL with the patient being discharged after 1 week in a stable condition.
Evolut Pro+ (Medtronic)

The EAG also identified 2 publications reporting valve frame infolding with the Evolut

Pro+ (Rao et al. 2023; Yashige et al. 2022). Valve frame infolding is a rare

occurrence during deployment, which results in distortion and malfunction of the
prosthesis and typically occurs with self-expanding TAVI valves (Karrowni et al.
2020). Rao et al. (2023) reported 4 of 10 patients receiving the 34 mm Evolut Pro+

valve experienced valve frame infolding between June and October 2022 in a single

Australian setting. Authors noted that while the total calcium volume between those
with and without infolding was not significantly different, the distribution of calcium in
the non-coronary cusp was higher in those experiencing infolding (52% compared
with 37%), in the left coronary cusp was lower in those experiencing infolding (20%
compared with 33%), and similar in the right coronary cusp (27% compared with
30%). The mean ellipticity index was also higher in those with infolding than without
(0.22 compared with 0.14). However, no statistical analysis was reported. Yashige et
al. (2022) also reported a single case of valve frame infolding with a 26 mm Evolut
Pro+ in a 91-year-old female with severe aortic stenosis in a Japanese setting.
Authors described procedural bailout because of infolding using balloon aortic

valvuloplasty.

The EAG also identified a case report detailing surgical recovery of an Evolut Pro+

valve, which had migrated within 3 days post-discharge resulting in PVL requiring
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ICU admission and surgical intervention for a 74-year-old male in a single setting in

Puerto Rico (Gonzalez-Bravo et al. 2022).

5.2.4 Usability
The EAG also identified 2 conference abstracts reporting outcomes from clinician

surveys investigating procedural technique outcomes and feedback with Evolut FX
compared with Evolut Pro+ (Bajwa et al. 2023; Chetcuti et al. 2023, Appendix B3).

The abstracts overlap in authorship, timepoint (June to August or September 2022),

US setting and figure used. No outcomes in Scope of this late-stage assessment
were reported, however authors noted that 79% of operators rated the Evolut FX as

having a more predictable deployment than the Evolut Pro+.

The EAG identified a case report describing Allegra in a failed ACURATE neo which
had been put into a failed Perimount valve, that is a valve-in-valve-in-valve

procedure (Miura et al. 2019).

5.2.5 Other
The EAG note previously available TAVI devices have been subject to a global

voluntary recall, such as the Lotus Edge (Boston Scientific).

The EAG identified a publication that reported successful implantation of the Allegra
device in 8 patients with a prior mitral valve prosthesis in situ from a single Spanish
centre with no significant changes in mitral function or haemodynamics observed at
30 days, (Tébar Marquez et al. 2022). The non-inferiority RCT by Herrmann et al.

2024 (NCT04722250) compared TAVI with Evolut (R/Pro/Pro+/FX) with Sapien (3/3

Ultra) in patients with small annuli (defined as aortic annulus area of 430 mm2 or

less).

5.2.6 Assessment of clinical equivalence
The EAG recognise extensive published evidence for differences in outcomes

between TAVI devices in and out of Scope of this late-stage assessment, (EAG

Protocol, 2024), however the quality and length of follow-up for studies comparing

TAVI devices are generally low. The EAG also note that the indications for the
included devices vary, such as by surgical risk group, anatomical features and
clinical history. The Clinical Experts have advised that patient characteristics inform
the choice of which TAVI is most suitable (Appendix G), therefore definition of what
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is considered to be clinically equivalent in outcomes may differ at a patient level.
Because of this, the EAG have not sought to define equivalence, nor assumed
equivalence in clinical outcomes between the Class Ill implantable TAVI devices.
Instead, the EAG considered using real-world data from an NHS setting (UK TAVI
Registry, supplemented by HES data for longitudinal outcomes) to compare
individual TAVI devices in Scope of this late-stage assessment using multivariate
analysis when accounting for recorded confounders. Whilst long-term data is
available for TAVI manufacturers (Edwards Lifesciences and Medtronic) up to 12

years, long-term data on the specific devices listed in the scope are limited.

The EAG also recognise published evidence comparing generations of devices for 4
manufacturers in Scope of this late-stage assessment (Abbott, Boston Scientific,
Edwards Lifesciences, and Medtronic), noting that between-generation comparisons
for Hydra (SMT) and Allegra (Biosensors) are not applicable, as these represent first
generation TAVI devices. No comparisons were identified that compared JenaValve
Trilogy with an earlier JenaValve device, Myval Octacor with Myval. Largely,
publications focused on differences in rates of paravalvular leak (PVL), which can
lead to reintervention, bailout TAVI, or conversion to SAVR (Grubb et al. 2024).

Reductions in moderate or greater PVL have been observed for newer TAVI models

when compared with older models by the same manufacturers:

e Sapien 3 Ultra compared with Sapien 3 (Abdelfattah et al. 2022; Nazif et al.
2021),

e ACURATE neo2 compared with ACURATE neo (Scotti et al. 2022; Buono et
al. 2022a; Kim et al. 2022c),

e Evolut FX compared with Evolut Pro+ (Merdler et al. 2023), Evolut Pro
compared with R (Gozdek et al. 2023, Forrest et al. 2020), Evolut R compared
with CoreValve (Forrest et al. 2020),

Navitor compared with Portico (Eckel et al. 2023).

Conversely, some publications have reported poorer outcomes with newer
devices, such as Evolut FX having higher rates of VARC-3 early safety and
pacemaker implantation (in-hospital and at 30 days) when compared with Evolut


https://pubmed.ncbi.nlm.nih.gov/38573257/

Pro+ (Merdler et al. 2023). Furthermore, most publications included short follow-
up periods up to 30 days; some differences may be reported later, such as higher
reintervention rates for Evolut R compared with Evolut Pro and Evolut R or Pro
compared with SAVR at 1 and 5 years post-procedure respectively (Grubb et al.
2024). Therefore, the EAG has not assumed equivalence between TAVI devices

by the same manufacturer.



5.3 UK TAVI Registry

5.3.1 Quality appraisal
The EAG highlight that analysis of observed real-world data from the UK TAVI

Registry includes tests for associations between recorded variables but does not

establish causality.

The EAG (single reviewer) completed formal critical appraisal of the UK TAVI Registry
using the Data Suitability Assessment Tool (DataSAT), Appendix C5. The UK TAVI
Registry data provided to the EAG represents the latest validated data of TAVI
procedures undertaken between 01 April 2021 to 31 March 2023 in England, Wales,
and Northern Ireland. Data from 3 private hospitals were included in the Registry but
excluded from the analysis to ensure generalisability to the NHS. Results from UK
TAVI Registry are self-reported (risk of under-reporting) and not validated (risk of
publication bias). There is a reliance on local data entry and clinical staff to ensure
data accuracy, although NICOR may contact the submitting centre to encourage

resubmission of corrected values.

Because of poor quality and completeness of TAVI device model in the registry
(invalid combinations of TAVI manufacturer and model were identified, and older
models not available within the time period were selected within the Registry) the EAG
undertook additional cleaning and aggregated procedures in the Registry by
manufacturer. However, Myval Octacor (Meril), Hydra (SMT), Allegra (Biosensors)
and Trilogy (JenaValve) TAVI devices listed in the NICE Final Scope were only
available to the NHS Supply Chain framework from 18 September 2023 and therefore
were not available in the UK TAVI Registry extract received by the EAG. The EAG
note that 3 procedures reported use of a JenaValve device (no mention of “Trilogy”)

within the UK TAVI Registry extract, however 1 was used for aortic regurgitation (no
mention of aortic stenosis), and 2 were used in proctored cases, and therefore all 3

were excluded from analysis.
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NICOR acknowledged that there were some duplicated rows in the dataset (based on
procedure start time), which were excluded by the EAG where this was obviously the
case. Other duplicates may remain where the EAG was unable to identify the correct
row (such as where there were data entry errors that were not apparent during
cleaning). Data completeness varied by data field, and continuous variables included
data outside of the limits defined in the data specification (v4.09) which were
subsequently treated as missing by the EAG in its analysis. Also treated as missing

were any fields left blank, or with the “Unknown” option selected.

There is a lack of direct alignment of outcomes recorded in the UK TAVI Registry with

the Valve Academic Research Consortium-3 (VARC-3) consensus document (2021);

however the EAG have tried to align these where possible (see Appendix C4). The
EAG restricted analysis to patients with severe aortic stenosis, defined as aortic valve

mean gradient greater than 40 mmHg, aortic valve area (AVA) less than 1 cm2 or

peak aortic jet velocity greater than 4.0 m/s (ACC/AHA, 2006); however aortic jet
velocity is not recorded in the Registry. This may mean some patients were not
included in the analysis who would have met the eligibility criteria if this information

was available.

The EAG was aware of potential confounders which are not captured currently within
the UK TAVI Registry, and therefore could not be adjusted for in the analysis. For

example:

surgical risk group (not routinely recorded by interventional cardiologists

conducting the procedure),

e patient anatomy characteristics informing device choice (for example,
challenging vascular access, tortuosity, aortic valve and left ventricular outflow
tract calcium burden and distribution),

e medication prior to procedure,
e operator learning curve with new valve, or level of experience.

Pre-procedural symptom scores are captured in the Registry, including Canadian

Cardiovascular Society (CCS) angina status, New York Heart Association (NYHA)
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dyspnoea status, Canadian Study of Health and Aging (CSHA) Frailty score, and Katz
Index of Independence in Activities of Daily Living. However, only NYHA and CCS are
recorded at follow-up (1 year, 3 years), with poor data completeness (less than 10%).
No standardised measures of quality of life are recorded in the Registry (for example:
Minnesota Living with Heart Failure Questionnaire MLHFQ, Kansas City
Cardiomyopathy Questionnaire KCCQ, EQ-5D, SF health questionnaires). Therefore,
the EAG was unable to determine changes in quality of life over time from the

Registry.

Monitoring data quality for example missing values, flagging outliers, estimating
measurement errors and sharing this information with TAVI centres could improve
data completeness and accuracy, further increasing the benefit of the dataset for

ongoing monitoring of TAVI valve performance in the NHS (Pongiglione et al. 2021).

5.3.2 Cohort identification

From the UK TAVI Registry, a total of 14,401 TAVI procedures were undertaken
between 01 April 2021 to 31 March 2023 in England, Wales and Northern Ireland.
This is broadly consistent with the figures reported in the recent NICOR report (2024)
(7,669 from 01 April 2022 to 31 March 2023, 6,738 from 01 April 2021 to 31 March
2022; total of 14,407). The EAG applied cleaning rules to narrow to the population in

scope, and to ensure generalisability of results. The top three reasons for exclusion
were:

e missing valve pathology, mean flow gradient and valve area, such that it was not
possible to confirm an aortic stenosis population (n=1,368, 9%),

e missing valve manufacturer, model, and serial number such that it was not
possible to determine the device used (n=619, 4%),

e restricting to transfemoral delivery approach as per GIRFT recommendations
thus excluding evidence where a non-transfemoral approach was taken (n=671,
5.0%) or where the delivery approach was not reported (n=166, 1%).

Following exclusions, 3 cohorts were identified: 10,613 TAVI in native aortic valve
procedures (95.8 %), 419 TAVI-in-SAVR procedures (3.8%) and 44 TAVI-in-TAVI
procedures (0.4%), Figure 1. NICOR reports that approximately 3% of people
undergoing TAVI between 2022 and 2023 had a previous surgical bioprosthetic valve
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(TAVI-in-SAVR), and that approximately 0.5% of procedures were TAVI-in-TAVI,
which is consistent with EAG’s findings. Following verification of the TAVI device using
serial numbers, the EAG applied further exclusions, removing 3,667 procedures
where device model could not be verified, or it was verified that an older version not in
scope was used; 33%. A total of 7,409 procedures remained for analysis, comprising
7,119 native aortic valve (96.1%), 263 TAVI-in-SAVR (3.5%), and 27 TAVI-in-TAVI
(0.4%).

Figure 1: Data flow diagram for UK TAVI Registry
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Of the 7,119 procedures in native aortic valve:
e Sapien 3 Ultra was used in 3,919 (55%),



e Sapien 3in 1,229 (17%),

e Evolut Pro+in 987 (14%),

e EvolutRin 374 (5%),

e ACURATE neo2 in 347 (5%),
e Nawvitor in 260 (4%) and

e Evolut FXin 3 (0.04%).

Of the 263 TAVI-in-SAVR procedures:
e Sapien 3 Ultra was used in 101 (38%),
e EvolutRin 79 (30%),
e Evolut Pro+in 51 (19%),
e Sapien 3 in 24 (9%) and
e Navitor in 8 (3%).

Of the 27 TAVI-in-TAVI procedures:
e Sapien 3 Ultra was used in 19 (70%),
e EvolutRin 3 (11%),
e Evolut Pro+in 2 (7%),
e Sapien 3in 2 (7%) and
e Navitorin 1 (4%).

After cleaning, there were 3 procedures in the UK TAVI Registry that used
Medtronic’s Evolut FX; all were in the TAVI in native aortic valve cohort. Because
this was too few for meaningful statistical analysis, these procedures are not
included in any tables or analyses where different models of valve are considered
separately. The EAG note that 2 valve-in-valve procedures used ACURATE neo2 (1
in TAVI-in-SAVR, 1 in TAVI-in-TAVI) which is considered off-label use as this device
is explicitly contraindicated in this group (likely related to clinical situation). A total of
12 hospitals used TAVI devices manufactured by Abbott Medical, 9 by Boston
Scientific, 30 by Edwards Lifesciences and 23 by Medtronic. Three hospitals
reported using devices from 1 manufacturer, 21 hospitals used devices from 2
manufacturers, 3 hospitals used devices from 3 manufacturers, and 5 hospitals used
devices from all 4 manufacturers. Most (90.6%) had access to at least 1 balloon-



expanding and 1 self-expanding TAVI device. After cleaning and exclusions, the
EAG found the centre volume (for the 32 NHS hospitals that submitted data to the
UK TAVI Registry) ranged from 1 to 379 in 2022 to 2023, compared with a range of
21 to 461 reported for NHS providers in the NICOR report (2024).

The median age across all cohorts combined was 82 [IQR: 77 to 86] years;
consistent with the recent NICOR report (2024). The EAG found 17.6% of

procedures were in patients aged 75 years or under in 2022 to 2023, compared with

17.2% reported by NICOR for the same period. Other comparable patient
characteristics and procedural data between EAG analysis (all cohorts after
cleaning) and the report by NICOR (2024), respectively, for 2022 to 2023 were the

proportion of urgent, emergent or salvage procedures (24.1% versus 25.4%), the

proportion of procedures in female patients (42.4% versus 42.5%), the proportion of
procedures in patients with previous CABG (7.9% versus 7.3%) or valve surgery
(3.9% versus 4.2%), the proportion of procedures using conscious sedation (98.3%
versus 93.9%), and proportion of procedures using cerebral embolic protection
(11.6% versus 10.4%). The EAG summarised some additional patient characteristics
that were deemed to be clinically important, aggregated across all TAVI cohorts
combined including: 220 procedures with a patient body weight less than 50kg (3.1%
of the 6,996 procedures with weight recorded), 688 (9.8%) greater than 100kg, and
338 with pulmonary artery systolic pressure greater than 50 (14.5% of the 2,331

procedures with this data field recorded).

Comparable outcomes between the EAG analysis (all cohorts) and NICOR report

(2024), respectively, for 2022 to 2023, were median length of stay for elective
procedures (3 days, both EAG and NICOR analysis), length of stay for urgent
procedures (16 days versus 15 days), in hospital mortality (1.0% versus 2.1%), in
hospital stroke (1.4%, both EAG and NICOR analysis), major bleeding (0.9% versus
1.0%), major vascular access complications (1.3% versus 1.4%), moderate or
severe aortic regurgitation (1.8%, both EAG and NICOR analysis), and pacemaker

implantation during or after procedure (6.7% versus 6.3%).

The patient and procedural characteristics of the 3 cohorts (TAVI in native aortic
valve, TAVI-in-SAVR, and TAVI-in-TAVI) with TAVI undertaken between 01 April
2021 and 31 March 2023 are reported separately (Appendix C6). Differences
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between cohorts were seen for age in years, the proportion aged over 90 years,
mean aortic pressure gradient (mmHg), peak pressure gradient (mmHg), valve area
(cm2), annular diameter (mm), critical status pre-procedure, marked limitation of
physical activity or symptoms at rest using the NYHA dyspnoea scale, or CCS
Angina Score, categorical valve size (small, medium, large), non-elective procedure,
planned use of general anaesthesia, previous CABG, and any cardiac or coronary
comorbidity. These population differences further justify analysing these cohorts

separately.

For the TAVI-in-TAVI group, 21 of 27 (77%) procedures reported a date of previous
TAVI; with a median of 1,750 days (4.8 years) between TAVI procedures (range 7 to
3,913 days [10.7 years]), Figure 2. There were 2 repeated TAVI procedures within
30 days of the first, 2 occurring between 30 days and 1 year, and most (n=17)
occurred more than 1 year after the first. From the data available in the UK TAVI
Registry, it was not possible to calculate the time between SAVR and TAVI for the
TAVI-in-SAVR group.

Figure 2: Time between TAVI procedures for the TAVI-in-TAVI cohort
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5.3.3 Univariate analysis
Patient and procedural characteristics for the patients undergoing TAVI in native

aortic valve for aortic stenosis (the largest cohort) were tabulated by device
manufacturer, Table 16. Univariate analysis of a number of patient and procedural
characteristics showed statistical differences between TAVI devices, including: age,
sex, height, weight, pulmonary artery systolic pressure, aortic valve mean gradient
and peak gradient, valve area, annular diameter, extensive calcification of ascending
aorta pre-procedure, severe symptoms (by NYHA dyspnoea or CCS angina status),
poor left ventricular ejection fraction (LVEF), history of smoking, presence of more
than 50% stenosis in at least one coronary vessel, calculated creatinine clearance,
extracardiac arteriopathy, size of TAVI device implanted, and use of cerebral

protection.

Univariate analysis also highlighted statistical differences across a number of in-
hospital outcomes between devices, Table 17, including: procedure duration, length
of hospital stay, peak and mean pressure gradients post-procedure, valve area,
presence of moderate to severe aortic regurgitation post-procedure, malposition of
valve, major vascular complications, stroke before discharge, prescription of non-
vitamin-K oral anticoagulants (NOACs), prescription of other anti-thrombotics,
technical success (VARC-3). However, these results should be considered with
caution because they may be influenced by the differences in characteristics

between patients receiving different TAVI devices described previously.



Table 16: Summary of patient and procedural characteristics from UK TAVI Registry for TAVI in native aortic valve between 01 April
2021 and 31 March 2023, unadjusted

Patient and procedural
characteristics

Age, years: median [Q1,Q3]

Age (90+ years)
Male sex

Height, m: median [Q1,Q3]

Weight, kg: median [Q1,Q3]

BMI, kg/m2: median [Q1,Q3]

Underweight (BMI under
17.5)

Obese (BMI 30 or above)

Pulmonary artery systolic
pressure, mmHg: median
[Q1,Q3]

Mean pressure gradient,
mmHg: median [Q1,Q3]

Peak pressure gradient,
mmHg: median [Q1,Q3]

Valve area, cm2: median
[Q1,Q3]

Annular diameter, mm:
median [Q1,Q3]

Extensive calcification of
ascending aorta

Critical status pre-procedure

CCS Angina Status (any
limitation of physical activity)

CCS Angina Status
(symptoms at rest)

NYHA dyspnoea status
(marked limitation of physical
activity, or symptoms at rest
or minimal activity)

NYHA dyspnoea status
(symptoms at rest)

Severe symptoms
(symptoms at rest measured
by CCS Angina Status or
NYHA dyspnoea status)

CSHA Clinical Frailty Score
(moderately or severely frail)

Katz Index less than 3
Katz Index less than 6

Frailty composite
(moderately or severely frail
on CSHA, or Katz Index less
than 6)

Poor LV function
(LVEF<30%)

Diabetes

Ever smoked (current and ex
smokers)

Edwards
Sapien 3
(n=1,229)

81.0[77.0to

85.0] (n=1,229)

59/1,229 (4.8%)

1,121/1,227
(91.4%)

1.7 [1.7 to 1.8]
(n=1,153)

84.0 [74.0 to

95.2] (n=1,158)

27.7 [24.7 to

31.6] (n=1,149)

13/1,149 (1.1%)

388/1,149
(33.8%)

32.0[25.0 to
44.0] (n=364)

42.0 [33.0 to

52.0] (n=1,155)

66.0 [50.0 to

81.0] (n=1,150)

0.8 [0.6 t0 0.9]
(n=1,115)

27.5[26.7 to

29.0] (n=1,004)
30/1,140 (2.6%)

26/1,192 (2.2%)

254/1,188
(21.4%)

13/1,188 (1.1%)

901/1,201
(75.0%)

141/1,201
(11.7%)

149/1,207
(12.3%)

93/1,158 (8.0%)

39/1,128 (3.5%)

153/1,128
(13.6%)

217/1,169
(18.6%)

173/1,181
(14.6%)

307/1,196
(25.7%)

540/988
(54.7%)

Edwards
Sapien 3
Ultra
(n=3,919)

82.0 [78.0
to 86.0]
(n=3,919)

354/3,919
(9.0%)

1,984/3,912
(50.7%)

1.6[1.6 to
1.7]
(n=3,669)

74.0 [64.0
to 85.5]
(n=3,684)

27.0[23.9
to 30.9]
(n=3653)

67/3,653
(1.8%)

1,108/3,653
(30.3%)

33.0 [23.0
to 43.0]

(n=1,191)
44.0 [36.0
to 55.0]

(n=3,700)
71.0[60.0

to 87.0]
(n=3,623)

0.7 [0.6 to
0.8]
(n=3,526)
24.0 [22.4
to 25.3]
(n=3,117)
98/3,687
(2.7%)
31/3,810
(0.8%)
879/3,821
(23.0%)

29/3,821
(0.8%)

2867/3844
(74.6%)

372/3,844
(9.7%)

387/3,866
(10.0%)

275/3,706
(7.4%)

113/3,553
(3.2%)
462/3,553
(13.0%)

655/3,739
(17.5%)

242/3,786
(6.4%)

995/3,825
(26.0%)

1,447/3,094
(46.8%)

Boston
Scientific

ACURATE Medtronic

neo2
(n=347)
83.0[79.0
to 86.0]
(n=347)
25/347
(7.2%)

125/346
(36.1%)

1.6[1.6t0
1.7]
(n=300)
71.0 [63.0
to 86.5]
(n=293)
27.4[24.2
to 31.2]
(n=292)
71292
(2.4%)
98/292
(33.6%)

38.0[31.0
to 46.0]
(n=69)
43.0 [35.0
to 52.0]
(n=333)
70.0 [59.0
to 85.0]
(n=332)
0.7 [0.6 to
0.9]
(n=312)
23.2[22.0
to 25.0]
(n=191)
11/254
(4.3%)
1/324
(0.3%)
61/320
(19.1%)

5/320
(1.6%)

233/332
(70.2%)

50/332
(15.1%)

53/333
(15.9%)

19/287
(6.6%)

5/279
(1.8%)
38/279
(13.6%)

50/292
(17.1%)

18/312
(5.8%)

86/325
(26.5%)

134/288
(46.5%)

Evolut R
(n=374)
81.0[76.0 to
85.0]
(n=374)
23/374
(6.1%)

242/373
(64.9%)

1.7[16to
1.8] (n=366)

77.0 [65.6 to
90.0]
(n=368)
26.8 [23.8 to
31.6]
(n=366)
7/366 (1.9%)

122/366
(33.3%)

40.0 [35.0 to
48.5]
(n=172)
43.0[37.5t0
55.0]
(n=351)
71.0 [60.0 to
87.0]
(n=339)
0.7[0.51t0
0.8] (n=325)

25.5[22.8 to
27.0]
(n=316)

28/365
(7.7%)

4/370 (1.1%)

95/369
(25.7%)

3/369 (0.8%)

285/369
(77.2%)

63/369
(17.1%)

65/371
(17.5%)

22/368
(6.0%)

2/358 (0.6%)

36/358
(10.1%)

46/373
(12.3%)

45/364
(12.4%)

104/372
(28.0%)

166/319
(52.0%)

Medtronic
Evolut Pro+
(n=987)
82.0[77.0 to
86.0]
(n=987)
95/987
(9.6%)

553/986
(56.1%)

1.7[1.6to
1.7] (n=964)

74.0 [64.0 to
86.0]
(n=968)
27.2[23.8 10
30.9]
(n=964)
24/964
(2.5%)
302/964
(31.3%)

37.0[30.0 to
49.5]
(n=283)
45.0 [37.0 to
57.0]
(n=915)
72.0[62.0 to
88.0]
(n=911)

0.7 [0.6 to
0.8] (n=834)

24.2 [22.8 to
26.0]
(n=804)
56/950
(5.9%)
11/967
(1.1%)
194/943
(20.6%)

10/943
(1.1%)

660/940
(70.2%)

148/940
(15.7%)

154/949
(16.2%)

75/911
(8.2%)

22/875
(2.5%)
142/875
(16.2%)

191/975
(19.6%)

66/967
(6.8%)

240/976
(24.6%)

370/822
(45.0%)

Abbott Navitor
(n=260)

83.0 [79.0 to
86.0] (n=260)
23/260 (8.8%)
124/259
(47.9%)
1.6[1.6t0 1.7]
(n=241)

74.0[63.7 to
83.4] (n=243)

27.2[23.8 to
30.4] (n=240)

2/240 (0.8%)
69/240 (28.8%)

32.0[30.0 to
40.0] (n=111)

42.0[35.0 to
52.0] (n=248)

72.0 [60.0 to
89.0] (n=235)

0.7 [0.6 to 0.8]
(n=226)

24.4[23.0 to
25.6] (n=204)

11/247 (4.5%)
3/254 (1.2%)
66/249 (26.5%)
2/249 (0.8%)

153/251 (61%)

34/251 (13.5%)

36/255 (14.1%)

11/248 (4.4%)
11/240 (4.6%)
40/240 (16.7%)

46/249 (18.5%)

18/251 (7.2%)
61/258 (23.6%)

81/227 (35.7%)

p-value
(comparison
across 6
valves;
unadjusted)

0.0000000
0.0004998
0.0004998

0.0000000

0.0000000

0.0076485

0.1809095
0.2198901

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0004998
0.0064968
0.0679660
0.5687156

0.0004998

0.0004998

0.0004998

0.3043478
0.0114943
0.0389805

0.0479760

0.0004998
0.7661169

0.0004998

p-value
(comparison
across 6
valves;
adjusted)

<0.0001*

0.021*
0.021*

<0.0001*

<0.0001*

0.168

<0.0001*

<0.0001*

<0.0001*

<0.0001*

<0.0001*

0.021*
0.149

0.975

0.021*

0.021*

0.021*

0.241
0.703

0.768

0.021*

0.021*




Patient and procedural
characteristics

Dialysis

Presence of left main stem
disease

Presence of >50% stenosis
in at least one coronary
vessel, excluding left main
stem disease

Valve size, mm: median
[Q1,Q3]

Valve size (categorical:
small, medium, large)

Non-elective procedure

Procedure urgency (non-
elective procedure, or critical
status pre-procedure)

Planned use of general
anaesthesia

Previous balloon aortic
valvuloplasty

Use of cardiopulmonary
bypass

Use of cerebral circulation
protection device(s)

Creatinine clearance,
mL/min: median [Q1,Q3]

Creatinine clearance less
than 30 mL/min

Previous MI (ever)

Previous MI (within previous
90 days)

Previous PCI
Previous CABG
Previous stroke or TIA

Presence of extracardiac
arteriopathy

Any cardiac or coronary
comorbidity (previous M,
PCI, or CABG, presence of
extracardiac arteriopathy or
Extensive calcification of
ascending aorta, symptoms
at rest on NYHA or CCS,
poor LV function, left main
stem disease or stenosis of
at least 50% in one vessel)

Anatomical coronary
comorbidity (left main stem
disease, or stenosis of at
least 50% in one vessel)

Clinical coronary comorbidity
(previous MI, PCl or CABG)

Any non-cardiac or non-
coronary comorbidity
(previous stroke or TIA,
diabetes, current or former
smoker, extracardiac
arteriopathy, current dialysis
or creatinine clearance less
than 30)

Non-cardiac non-coronary
other comorbidity (previous

Edwards
Sapien 3
(n=1,229)

18/1,191 (1.5%)

30/1,095 (2.7%)

314/1,092
(28.8%)

290.0[29.0to

29.0] (n=1,229)

S: 52/1,229
(4.2%);
M: 72/1,229
(5.9%);

L: 1,105/1,229

(89.9%)

316/1,225
(25.8%)

319/1,229
(26%)

17/1,217 (1.4%)
29/1,216 (2.4%)

10/1,216 (0.8%)

160/1,221
(13.1%)

64.1[48.5t0

81.0] (n=1,117)

63/1,117 (5.6%)

154/1,218
(12.6%)

26/1,218 (2.1%)

162/1,208
(13.4%)

107/1,182
(9.1%)
131/1,209
(10.8%)
117/1,199
(9.8%)

640/1,226
(52.2%)

317/1,115
(28.4%)

296/1,222
(24.2%)

797/1,221
(65.3%)

229/1,216
(18.8%)

Edwards
Sapien 3
Ultra
(n=3,919)

72/3,814
(1.9%)
78/3,377
(2.3%)
840/3,340
(25.1%)

26.0 [23.0
to 26.0]
(n=3,919)
S:
1,830/3,919
(46.7%);

M:
2,089/3,919
(53.3%);

L: 0/3,919
(0%)
922/3,904
(23.6%)

930/3,919
(23.7%)

28/3,893
(0.7%)
119/3,869
(3.1%)
9/3,878
(0.2%)
376/3,892
(9.7%)
54.6 [40.4

to 71.1]
(n=3,488)

336/3,488
(9.6%)
458/3,865
(11.8%)
80/3,865
(2.1%)
501/3,855
(13.0%)
305/3,800
(8.0%)
450/3,837
(11.7%)
273/3,808
(7.2%)

1748/3,907
(44.7%)

847/3,422
(24.8%)

862/3,888
(22.2%)

2397/3,886
(61.7%)

657/3,867
(17.0%)

Boston
Scientific
ACURATE
neo2
(n=347)
2/334
(0.6%)

4/249
(1.6%)
68/248
(27.4%)

25.0[23.0
to 27.0]
(n=347)
S:
106/347
(30.5%);
M:
141/347
(40.6%);
L: 100/347
(28.8%)
63/347
(18.2%)

63/347
(18.2%)

1/347
(0.3%)
8/336
(2.4%)
1/339
(0.3%)
63/347
(18.2%)

51.6 [39.2
to 66.8]
(n=277)
271277
(9.7%)

36/334
(10.8%)
2/334
(0.6%)
40/335
(11.9%)
20/323
(9.0%)
48/335
(14.3%)
34/312
(10.9%)

147/345
(42.6%)

70/264
(26.5%)

74/340
(21.8%)

219/339
(64.6%)

75/336
(22.3%)

Medtronic
Evolut R
(n=374)

4/369 (1.1%)
8/325 (2.5%)

95/325
(29.2%)

34.0[29.0 to
34.0]
(n=374)

S: 20/374
(5.3%);

M: 68/374
(18.2%);

L: 286/374
(76.5%)

112/374
(29.9%)

113/374
(30.2%)

6/374 (1.6%)
8/370 (2.2%)
1/369 (0.3%)

40/370
(10.8%)

55.1 [41.3 to
73.5]
(n=359)
28/359
(7.8%)
65/372
(17.5%)

12/372
(3.2%)
67/370
(18.1%)
39/370
(10.5%)
46/369
(12.5%)
63/371
(17.0%)

213/374
(57.0%)

96/328
(29.3%)

108/373
(29.0%)

246/373
(66.0%)

92/373
(24.7%)

Medtronic
Evolut Pro+
(n=987)
16/977
(1.6%)
27/860
(3.1%)
184/871
(21.1%)

29.0[26.0 to
29.0]
(n=987)

S: 29/987
(2.9%);

M: 248/987
(25.1%);

L: 710/987
(71.9%)

253/986
(25.7%)

255/987
(25.8%)

11/980
(1.1%)

32/975
(3.3%)

4/961 (0.4%)

132/977
(13.5%)

53.8 [39.6 to
69.9]
(n=942)
98/942
(10.4%)

109/979
(11.1%)
21/979
(2.1%)
123/976
(12.6%)
64/973
(6.6%)
107/973
(11.0%)
125/973
(12.8%)

462/987
(46.8%)

185/878
(21.1%)

209/981
(21.3%)

623/983
(63.4%)

213/979
(21.8%)

Abbott Navitor

(n=260)
41233 (1.7%)

9/222 (4.1%)

60/216 (27.8%)

27.0[25.0to

29.0] (n=260)

S: 18/260
(6.9%);

M: 162/260
(62.3%);

L: 80/260
(30.8%)

67/260 (25.8%)

68/260 (26.2%)

3/260 (1.2%)
7/260 (2.7%)

2/255 (0.8%)

171258 (6.6%)

52.0 [39.0 to

66.9] (n=214)
19/214 (8.9%)

29/259 (11.2%)

7/259 (2.7%)

29/259 (11.2%)
28/235 (11.9%)
24/258 (9.3%)

40/251 (15.9%)

124/260
(47.7%)

62/222 (27.9%)

63/260 (24.2%)

150/260
(57.7%)

58/259 (22.4%)

p-value
(comparison
across 6
valves;
unadjusted)
0.5422289
0.3808096

0.0034983

0.0000000

0.0004998

0.0019990

0.0054973

0.0929535
0.7191404
0.0689655
0.0004998

0.0000000

0.0014993
0.0414793
0.2028986
0.1094453
0.0369815
0.4082959
0.0004998

0.0004998

0.0029985

0.0294853

0.0649675

0.0004998

p-value
(comparison
across 6
valves;
adjusted)

1

0.087

<0.0001*

0.021*

0.054

0.132

0.975
0.021*

<0.0001*

0.042*

0.705

0.703

0.021*

0.021*

0.078

0.59

0.975

0.021*




Boston p-value p-value

Edwards Scientific (comparison  (comparison

Edwards Sapien 3 ACURATE Medtronic Medtronic across 6 across 6
Patient and procedural Sapien 3 Ultra neo2 Evolut R Evolut Pro+  Abbott Navitor  valves; valves;
characteristics (n=1,229) (n=3,919) (n=347) (n=374) (n=987) (n=260) unadjusted) adjusted)
stroke or extracardiac
arteriopathy)
Non-cardiac non-coronary 692/1,206 2,022/3,865 185/337 219/372 504/978 117/259 0.0004998 0.021*
risk factor (current or former  (57.4%) (52.3%) (54.9%) (58.9%) (51.5%) (45.2%)
smoker, or diabetes)
Renal comorbidity (current 67/1,205 (5.6%) 365/3,849 28/335 28/373 100/980 20/248 (8.1%) 0.0004998 0.021*
dialysis or creatinine (9.5%) (8.4%) (7.5%) (10.2%)

clearance less than 30)

Key: Significance of adjusted p-values (using Holm-Bonferroni correction) denoted by: *** < 0.001, ** <0.01, * < 0.05
Abbreviations: CABG, Coronary artery bypass grafting; CCS, Canadian Cardiovascular Society; CSHA, Canadian Study of Health and Aging; LVEF, Left
ventricular ejection fraction; MI, myocardial infarction NYHA, New York Heart Association; PCI, Percutaneous coronary intervention; TIA, Transient ischaemic

attack




Table 17: Summary of results from UK TAVI Registry for TAVI in native aortic valve (01 April 2021 to 31 March 2023), unadjusted

Boston p-value p-value
Edwards Scientific (comparison (comparison
Sapien 3 ACURATE Medtronic Medtronic across 6 across 6
Edwards Sapien 3 Ultra neo2 EvolutR  Evolut Pro+ Abbott Navitor values; valves;
In-hospital outcome (n=1,229) (n=3,919) (n=347) (n=374) (n=987) (n=260) unadjusted) adjusted)
Length of procedure, 61.0 [55.0 to 80.0] 60.0 [55.0 80.0[64.5 80.0 75.0 [60.0 to 71.5[60.0 to 0.0000000 <0.0001*
minutes: median [Q1,Q3] (n=1,080) to 75.0] to 102.0] [65.0 to 92.0] (n=821) 90.0] (n=230)
(n=3,280) (n=331) 108.0]
(n=351)
Length of hospital stay, 3.0[2.0t0 8.2] 3.0[2.0to 3.0[20to 4.0[2.0 40[2.0t013.0] 3.0[2.0t0 11.0] 0.0000000 <0.0001*
overnight stays: median (n=1,008) 9.0] 5.0] to 11.0] (n=905) (n=189)
[Q1,Q3] (n=3,064) (n=305) (n=365)
Peak pressure gradient, 12.0[9.0 to 18.0] 15.0 [10.0 16.0[11.1 12.0[8.0 13.0[9.0to 14.0[10.0 to 0.0000000 <0.0001*
mmHg: median [Q1,Q3] (n=812) to 22.0] to 22.0] to 17.0] 18.0] (n=605) 20.0] (n=168)
(n=2,649) (n=258) (n=269)
Mean pressure gradient, 6.0 [5.0 to 10.0] 8.0[5.0to 8.0[6.0to 7.0[4.0 6.0[40t09.00 7.0[5.0t010.0] 0.0000000 <0.0001*
mmHg: median [Q1,Q3] (n=849) 12.0] 11.0] to 11.0] (n=672) (n=195)
(n=2,799) (n=273) (n=296)
Valve area, cm2: median 2.0 [1.6 to 2.4] 1.8[1.510 18[14to 19[1.6 1.7[1.510 2.0] 1.8 [1.51t0 2.1] 0.0000000 <0.0001*
[Q1,Q3] (n=558) 2.1] 2.0] to 2.0] (n=458) (n=101)
(n=1,829) (n=202) (n=215)
Aortic regurgitation 11/1,183 (0.9%) 38/3,760 10/309 15/365 42/966 (4.3%) 6/250 (2.4%) 0.0004998 0.011*
(1.0%) (3.2%) (4.1%)
Valve failure 3/1,219 (0.2%) 7/3,896 1/345 1/371 3/980 (0.3%) 0/256 (0%) 0.7881059 1
(0.2%) (0.3%) (0.3%)
Unsuccessful valve 16/1,229 (1.3%) 74/3,919 1/347 8/374 30/987 (3.0%) 2/260 (0.8%) 0.0039980 0.052
deployment (1.9%) (0.3%) (2.1%)
Malposition of valve 4/1,185 (0.3%) 16/3,758 6/345 8/362 11/885 (1.2%) 5/257 (1.9%) 0.0004998 0.011*
(0.4%) (1.7%) (2.2%)
Use of post implantation  56/1,181 (4.7%) 225/3,743 31/343 58/361 150/875 54/253 (21.3%) 0.0004998 0.011*
balloon dilatation (6.0%) (9.0%) (16.1%) (17.1%)
Need for permanent 87/1,162 (7.5%) 229/3,681 15/305 33/358 108/875 40/253 (15.8%) 0.0004998 0.011*
pacing (6.2%) (4.9%) (9.2%) (12.3%)
Conversion to 1/1,220 (0.1%) 3/3,892 1/341 1/368 2/972 (0.2%) 0/258 (0%) 0.3073463 1
sternotomy for valve (0.1%) (0.3%) (0.3%)
surgery
Valve reintervention 3/1,215 (0.2%) 13/3,883 1/344 5/361 7/960 (0.7%) 1/257 (0.4%) 0.0579710 0.464
before discharge (0.3%) (0.3%) (1.4%)
Failure of percutaneous 21/1,161 (1.8%) 43/3,658 4/287 9/357 13/853 (1.5%) 31247 (1.2%) 0.2603698 1
closure device (1.2%) (1.4%) (2.5%)
Need for bailout PCI 3/1,215 (0.2%) 16/3,890 0/341 1/365 0/965 (0%) 0/257 (0%) 0.3148426 1
(0.4%) (0%) (0.3%)
Need for bailout TAVI-in-  4/1,188 (0.3%) 15/3,765 3/346 7/362 9/895 (1%) 0/257 (0%) 0.0029985 0.042*
TAVI (0.4%) (0.9%) (1.9%)
MI within 72 hours of 1/1,174 (0.1%) 11/3,677 2/296 1/361 1/917 (0.1%) 0/240 (0%) 0.3613193 1
procedure (0.3%) (0.7%) (0.3%)
Major, life threateningor  15/1,157 (1.3%) 29/3,664 8/285 6/351 9/842 (1.1%) 3/243 (1.2%) 0.0254873 0.255
disabling bleeding (0.8%) (2.8%) (1.7%)
Major vascular 12/1,152 (1.0%) 36/3,647 9/288 11/357 13/850 (1.5%) 6/244 (2.5%) 0.0009995 0.018*
complications (1.0%) (3.1%) (3.1%)
Tamponade during or 11/1,196 (0.9%) 35/3,851 2/325 0/370 4/976 (0.4%) 0/256 (0%) 0.1489255 1
after procedure (0.9%) (0.6%) (0%)
Stroke before discharge  23/1,140 (2.0%) 43/3,618 2/289 6/349 25/850 (2.9%) 8/230 (3.5%) 0.0019990 0.03*
(1.2%) (0.7%) (1.7%)
Modified Rankin score of 1/152 (0.7%) 3/448 1/41 0/8 (0%)  2/15(13.3%) 2/43 (4.7%) 0.0054973 0.066
4 or above (0.7%) (2.4%)
Need for renal 0/1,155 (0%) 5/3,638 0/286 2/352 1/835 (0.1%) 0/242 (0%) 0.2353823 1
replacement therapy (0.1%) (0%) (0.6%)
Deaths 14/1,221 (1.1%) 39/3,899 6/343 8/372 15/972 (1.5%) 7/255 (2.7%) 0.0474763 0.427
(1.0%) (1.7%) (2.2%)
Prescribed NOACs 371/1,126 (32.9%)  916/3,556 78/300 128/350 238/919 57/229 (24.9%) 0.0004998 0.011*
(25.8%) (26.0%) (36.6%) (25.9%)
Prescribed other anti- 131/1,126 (11.6%)  314/3,556 40/300 27/350 85/919 (9.2%) 10/229 (4.4%) 0.0014993 0.024*
thrombotics (8.8%) (13.3%) (7.7%)
Prescribed antiplatelets 676/1,109 (61.0%)  2,309/3,482 195/302 224/355 617/925 153/219 0.0124938 0.137
(66.3%) (64.6%) (63.1%) (66.7%) (69.9%)
Technical success 1,129/1,168 3,579/3,730 319/334 326/350 805/864 238/251 0.0009995 0.018*
(VARC-3) (96.7%) (96.0%) (95.5%) (93.1%) (93.2%) (94.8%)

Key: Significance of adjusted p-values (using Holm-Bonferroni correction) denoted by: *** < 0.001, ** <0.01, * < 0.05
Abbreviations: MI, Myocardial infarction; NOAC, Non-vitamin K oral anticoagulants; PCI, Percutaneous coronary intervention; TAVI, transcatheter aortic valve
implantation,



5.4 Hospital Episode Statistics (HES)
5.4.1 Quality appraisal
The EAG highlight that analysis of observed real-world data from Hospital

Episode Statistics (HES) includes tests for associations between recorded

variables but does not establish causality.

The EAG (single reviewer) completed formal critical appraisal of Hospital
Episode Statistics using the Data Suitability Assessment Tool (DataSAT),
Appendix D4. Data from the HES Admitted Patient Care (APC) dataset (which
includes day cases) in this report includes NHS activity between 01 April 2021
and 31 October 2023 across all hospitals in England. Activity from private
hospitals was excluded to ensure generalisability to the NHS. A key limitation
is that HES source does not record device manufacturer or model. Results
may include devices used outside of their indications for use (considered off-
label) and potentially older devices no longer available from NHS Supply
Chain. As such, HES cannot be used in isolation to determine longitudinal
outcomes for the TAVI devices listed in the Final Scope. While NHS Digital
previously produced data quality reports on HES data commenting on activity
levels and data completeness compared with the prior month or year (no
longer available), the EAG was unable to determine an estimate of overall
data quality, accuracy or completeness of clinical coding when compared with

patient records.

HES is an administrative database managed by NHS Digital (part of NHS
England from February 2023), which is used for activity monitoring for
reimbursement purposes in England. Because of this it includes routine
information on length of hospital and intensive care unit stay. Linkage of HES
to Civil Registration of Mortality (formerly ONS) enables longitudinal tracking
of patients across England, including the date and cause of death (where
applicable). A key limitation of HES is that the data source lacks clinical detail
relevant to this late-stage assessment, including surgical risk, degree of
calcification, haemodynamic performance (aortic valve gradients, aortic valve
area), medication and quality of life measures. This results in poor translation

to VARC-3 outcomes, see Appendix D2. HES does not record information on


https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics/the-processing-cycle-and-hes-data-quality

patient mobility, prior medication, severity of complications, or operator
learning curve, which may confound outcomes. HES does permit
comprehensive follow-up across all hospitals in England enabling robust
estimates of subsequent stroke and pacemaker implantation events, however
the EAG acknowledges that late events may not be directly attributable to
TAVI. Clinical coding practice varies across the NHS, which may introduce
bias into both cohort identification and subsequent analysis. However,
analysis of common data fields that exist in both HES and the UK TAVI
Registry (for example mortality, stroke) enables some data validation of in-

hospital outcomes.

5.4.2 Cohort identification
A total of 17,433 index spells (admissions) from 17,433 patients having TAVI

procedures were identified in HES, with 215 excluded because their
procedure used a transapical (rather than transfemoral) approach, Figure 3.
This resulted in a total of 17,218 remaining for analysis. The EAG note that
determining surgical history of each patient back to 2007 should capture most
TAVI procedures, however it may not be sufficient to capture all prior SAVR
procedures, which can occur 20 years before TAVI. Therefore, to avoid
introducing bias, the procedures identified in HES were not assigned to
cohorts before linkage to the UK TAVI Registry (that is, the data contained in
the Registry was assumed to accurately record all prior TAVI and SAVR

procedures).



Figure 3: Data flow diagram for Hospital Episode Statistics (HES)
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5.4.3 Univariate analysis
The patient and procedural characteristics of 17,218 patients undergoing TAVI

between 01 April 2021 and 31 October 2023 (latest data available) across 32
hospital providers (median [Q1,Q3] hospital volume of 209 [110,268] procedures
annually) are presented in Table 18. A total of 19.4% were admitted as an
emergency. Considering patient pathway, a total of 2,100 patients (12.2%) were
admitted from another hospital but not as an emergency. A total of 234 (1.4%) had
documented cerebral protection during their TAVI procedure, which is substantially
lower than the proportion reported in the UK TAVI Registry (11.2% of TAVI

procedures in native aortic valves used cerebral circulation protection).

Clinical outcomes for the TAVI cohort between 01 April 2021 and 31 October 2023,
are reported in Table 19. The EAG note a total of 14.8% of patients (2,550 of 17,218)
needed a critical care admission, with median [Q1,Q3] duration in critical care being
2 [1,4] nights (time calculated from admission to critical care, to discharge from
critical care) during the TAVI procedural admission. Whilst in critical care 740
patients needed advanced cardiovascular support, 1,590 basic cardiovascular
support, 595 advanced respiratory support, 760 basic respiratory support, 238
neurological support, and 295 required renal support. A total of 249 in-hospital
deaths occurred during the TAVI procedural admission. Most patients were
discharged to their usual place of residence (94.5%, n=16,262 patients), 494 patients
(2.9%) were discharged to another hospital provider, and 47 (0.3%) to a care or

nursing home.

A total of 1,884 deaths occurred after discharge, 203 within 30 days. A total of 1,681
deaths occurred after 30 days follow-up, 592 (32.4%) were because of major
cardiovascular disease (Appendix D3). A total of 359 patients (2.1%) had a stroke or

TIA during the TAVI procedural admission (of which 36 died in hospital). An
additional 1.4% (95% CIl 1.2 to 1.5%) experienced a stroke or TIA after discharge but
within 30 days of the procedure. Of the total 624 patients who experienced a stroke
after discharge, 217 died during follow-up, 48 were readmitted with heart failure, 28
needed a pacemaker, 5 needed TAVI reintervention, and 1 needed an SAVR during
follow-up. However, it is important to note that these are crude event counts and that

length of follow-up varied across patients.



Table 18: Summary of patient and procedural characteristics from HES, unadjusted

Parameter

HES: all TAVI procedures between 01
April 2021 and 31 October 2023
(n=17,218)

Age, years; median [Q1,Q3]

Male sex, % [95%CI]

Diabetes, % [95%ClI]

Emergency admission, (%)

Previous CABG, % [95%CI]

Previous PCI, % [95%CI]

Previous dialysis, % [95%CI]

History of stroke or TIA, % [95%CI]

History of myocardial infarction, % [95%CI]

[95%Cl]

History of conduction abnormalities/arrhythmia, %

82.0 [77.0 to 86.0] (n=17,218)
57.7 [57.0 to 58.5] (n=9,937)
26.4 [25.7 to 27.1] (n=4,546)
19.4 [18.8 to 20.0] (n=3,344)
6.5[6.2 to 6.9] (n=1,126)

11.8 [11.4 to 12.3] (n=2,039)
1.5[1.3 to 1.7] (n=261)

7.9 [7.5 to 8.4] (n=1,368)
11.6 [11.1 to 12.1] (n=1,997)
50.7 [49.9 to 51.4] (n=8,722)

Abbreviations: CABG, Coronary artery bypass grafting; Cl, Confidence interval; PCI, Percutaneous
coronary intervention; TAVI, transcatheter aortic valve implantation; TIA, transient ischaemic attack

Table 19: Summary of outcomes from HES, unadjusted [Note: complications not

mutually exclusive, longitudinal events included until time to first event]

Outcome

HES: TAVI (in native aortic valve)
01 April 2021 to
31 October 2023
(n=17,218)

Length of hospital stay, nights; median
[Q1,Q3]

Length of intensive care unit stay, nights;
median [Q1,Q3]

In-hospital pacemaker implantation, %
[95%CI]

In-hospital vascular complications, %
[95%CI]

In-hospital bleeding, % [95%Cl]

In-hospital stroke or TIA, % [95%Cl]
In-hospital stroke, % [95%Cl]
In-hospital TIA, % [95%CI]
In-hospital death, % [95%CI]

3.0 [2.0 to 8.0] (n=17,217)
2.0 [1.0 to 4.0] (n=2,398)
9.1[8.7 to 9.5] (n=1,568)
0.2 [0.1 to 0.3] (n=32)

9.7 [9.2 to 10.1] (n=1,664)
2.1 1.9 to 2.3] (n=359)
1.9 [1.7 to 2.2] (n=335)
0.1[0.1 to 0.2] (n=24)

1.4 [1.3 to 1.6] (n=249)

Median [Q1,Q3] length of follow-up from
discharge until the earliest of death or 31
October 2023, days

385.0 [179.0 to 629.0]

Death, patients
30 days, % [95%CI]

1 year, % [95%Cl]
2 years, % [95%Cl]

1,884
0.9 [0.8 to 1.1] (n=16,382)

9.2 [8.7 to 9.7] (n=8,872)
18.1 [17.2 to 19.0] (n=2,844)

Aortic valve reintervention, patients

30 days, % [95%CI]
1 year, % [95%ClI]

110

0.2 [0.1 to 0.2] (n=16,356)
0.6 [0.5 to 0.8] (n=8,814)




Outcome

HES: TAVI (in native aortic valve)
01 April 2021 to
31 October 2023
(n=17,218)

2 years, % [95%Cl]

1.0 [0.8 to 1.2] (n=2,814)

30 days, % [95%CI]
1 year, % [95%Cl]
2 years, % [95%Cl]

Subsequent TAVI, patients 87

30 days, % [95%CI] 0.1[0.1t0 0.2] (n=16,361)

1 year, % [95%Cl] 0.5[0.4 to 0.6] (n=8,829)

2 years, % [95%Cl] 0.7 [0.5 to 0.9] (n=2,823)
Subsequent SAVR, patients 27

30 days, % [95%CI] 0.0 [0.0 to 0.1] (n=16,377)

1 year, % [95%Cl] 0.2 [0.1 to 0.2] (n=8,857)

2 years, % [95%CI] 0.3[0.2 to 0.4] (n=2,835)
Pacemaker implantation, patients 577

30 days, % [95%CI] 1.2[1.0to 1.4] (n=16,184)

1 year, % [95%Cl] 3.3 [3.0 to 3.6] (n=8,599)

2 years, % [95%CI] 4.9 [4.4 10 5.3] (n=2,695)
Stroke or TIA, patients 624

30 days, % [95%CI] 1.4 [1.2to 1.5] (n=16,180)

1 year, % [95%CI] 3.4 [3.1 t0 3.7] (n=8,639)

2 years, % [95%Cl] 5.4 [4.9 t0 5.9] (n=2,742)
Stroke, patients 524

30 days, % [95%CI] 1.2[1.0 to 1.3] (n=16,210)

1 year, % [95%Cl] 2.8 [2.6 to 3.1] (n=8,692)

2 years, % [95%Cl] 4.5[4.1 t0 5.0] (n=2,767)
Heart failure, patients 975

1.5[1.3 to 1.6] (n=16,160)
5.6 [5.2 to 6.0] (n=8,475)
8.4 [7.9 to 9.0] (n=2,663)

Abbreviations: Cl, Confidence interval; HES, Hospital Episode Statistics; TAVI, Transcatheter aortic

valve implantation; TIA, Transient ischaemic attack




5.5 Linkage of UK TAVI Registry and HES
Data linkage between UK TAVI Registry and HES was only possible for 7,028 of

7,409 procedures in the Registry, which were conducted in England (the
geographical coverage of HES). In total, 6,508 out of 7,028 procedures in the UK
TAVI Registry (92.6%) were successfully and uniquely matched to one of the 17,218
procedures in HES, Figure 4. (breakdown of matching steps described in Appendix
E1).

A match was found for 92.8% of UK TAVI Registry procedures allocated to the TAVI
in native aortic valve cohort, 87.8% for the TAVI-in-SAVR cohort, and 88.5% for the
TAVI-in-TAVI cohort. To ensure generalisability of the matched procedures, the

characteristics of the matched and unmatched procedures were compared for each

cohort (Appendix E2); no statistical differences were identified.

To make meaningful comparisons between TAVI devices (in line with the decision
problem) all subsequent analysis has been restricted to TAVI procedures in native

aortic valve which represented the largest cohort.



Figure 4: Summary of data linkage data flow
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5.5.1 Univariate analysis
The patient and procedural characteristics across devices were tabulated (Table 20) highlighting several statistically significant

differences between valves. These differences reflect the different populations treated using different valves however the clinical

impact of these univariate findings remain uncertain. Key clinical differences included:

¢ Annular diameter: smallest with ACURATE neo2 (23.0 mm), largest with Sapien 3 (29.0 mm), which is, understandably,
related to the range of valves and sizes available (that is, the ACURATE neo2 is not available in a size above 27.0 mm, so
could not be used in an annular diameter of 29.0 mm).

e Male sex: highest proportion with Sapien 3 (92%), lowest with ACURATE neo2 (35.3%). As sex is associated with height,
weight, age, this may explain differences in those patient characteristics across devices where different valve sizes (with
different range of treatable annulus diameters) are available. One Clinical Expert also advised that this finding reflects their
clinical experience, in that that female patients tend to have smaller annuli and are therefore more likely to receive a self-
expanding TAVI device.

e Extensive calcification of the ascending aorta: highest proportion with Evolut R (7.9%), lowest with Sapien 3 Ultra (2.6%). If
calcification of the ascending aorta was considered as a surrogate marker of calcification of the aortic valve and left
ventricular outflow tract, these findings would support that self-expanding TAVI devices are used more frequently in calcified
valves which reflects clinical experience (in line with Table 1).

e Poor LVEF: highest with Sapien 3 (14.3%), lowest with ACURATE neo2 (5.6%).

e Presence of extracardiac arteriopathy: highest with Evolut R (15.5%) and lowest with Sapien 3 Ultra (7.1%).

e Use of cerebral circulation protection devices: highest with ACURATE neo2 (18.2%), lowest with Navitor (6.6%). There is
currently an ongoing RCT across 31 sites in the UK investigating whether cerebral circulation protection reduces stroke in
TAVI patients (British Heart Foundation PROTECT-TAVI, ISRCTN16665769; Kharbanda et al. 2023). Therefore, differences

in stroke outcomes may be confounded by this additional treatment. One Clinical Expert advised that use of cerebral

circulation protection was likely related to the trial and was unlikely to be directly associated with choice of TAVI device.

Although statistically significant differences were found for mean and peak flow gradients, and valve area, these have not been
outlined above, as a Clinical Expert stated that these would be used to define aortic stenosis only, and not to inform choice of TAVI

device.


https://www.isrctn.com/ISRCTN16665769
https://pubmed.ncbi.nlm.nih.gov/36706009/

Differences in short-term in-hospital outcomes (Table 21) were also identified between devices, but should be interpreted with
caution because they may be influenced by differences in the characteristics of patients receiving different TAVI devices, and not
directly linked to the TAVI device itself:

e Procedure duration: longest with Evolut R (median 93 minutes), shortest with Sapien 3 and Sapien 3 Ultra (median 60
minutes), which one Clinical Expert advised reflected their clinical experience.

e Peak pressure gradient at end of procedure: highest with ACURATE neo2 (median [Q1,Q3]: 16 [11,22] mmHg) and lowest
with Evolut Pro+, Evolut R, and Sapien 3 (12 [8,17] mmHg, 12 [8,19] mmHg, 12 [9,18] mmHg respectively).One Clinical
Expert has advised that trial data suggest that self-expanding devices may have better haemodynamics, but this is not yet
linked to clinical outcomes.

e Aortic regurgitation at end of procedure: highest with Evolut R (5.0%), lowest with Sapien 3 and Sapien 3 Ultra (1.0%),

¢ Need for permanent pacemaker implantation (PPI): highest with Navitor (15.8%), lowest with ACURATE neo2 (5.9%), which
one Clinical Expert advised reflected their clinical experience.

e Use of a post implantation balloon dilatation: highest with Navitor (25.8%), lowest with Sapien 3 (4.8%),

e Major vascular complications: highest with Evolut R (3.9%), lowest with Sapien 3 Ultra (1.0%),

e Stroke before discharge: highest with Navitor (4.0%), lowest with ACURATE neo2 (0.8%).

Although length of hospital stay was statistically significantly different between devices, one Clinical Expert advised that this may
relate to hospital policies, rather than the device itself. Another Clinical Expert stressed that the numerical difference between
length of stay for different devices was not clinically significant. One Clinical Expert also advised that patients treated with self-
expanding devices may be monitored for longer (due to increased likelihood of pacemaker implantation). One Clinical Expert

advised that prescription of anti-thrombotics at discharge was unlikely to be related to device choice.

No statistically significant differences were identified between TAVI devices across any of the long-term outcomes considered, and

the 95% confidence intervals overlapped for different devices (



Table 22, Figure 5 to Figure 9).

The EAG note that a number of patients experienced multiple adverse events during

follow-up. Of the 108 patients in total with recorded aortic regurgitation at discharge:
¢ 3 died within 30 days, 13 within 1 year, 18 within 2 years.

¢ 5 had a recorded readmission with heart failure within 30 days, 8 within 1 year,

11 within 2 years.

Of the 91 patients who suffered an in-hospital stroke, 2 died within 30 days, 10 died
within 1 year, 15 within 2 years. The EAG advise caution in interpreting these results
as length of follow-up varied across patients, and therefore true event rates (if data

were available to follow up all patients for 2 years) may be higher.



Table 20: Summary of patient and procedural characteristics from UK TAVI Registry for TAVI in native aortic valve between 01 April

2021 and 31 March 2023, only for procedures linked to a procedure in HES

Patient and procedural
characteristics

Age, years: median
[Q1,Q3]

Age (90+ years)
Male sex

Height, m: median
[Q1,Q3]

Weight, kg: median
[Q1,Q3]

BMI, kg/m2: median
[Q1,Q3]

Underweight (BMI under
17.5)

Obese (BMI 30 or
above)

Pulmonary artery systolic

pressure, mmHg:
median [Q1,Q3]

Mean pressure gradient,
mmHg: median [Q1,Q3]

Peak pressure gradient,
mmHg: median [Q1,Q3]

Valve area, cm2: median
[Q1,Q3]

Annular diameter, mm:
median [Q1,Q3]

Extensive calcification of
ascending aorta

Critical status pre-
procedure

CCS Angina Status (any
limitation of physical
activity)

CCS Angina Status
(symptoms at rest)

NYHA dyspnoea status
(marked limitation of
physical activity, or
symptoms at rest or
minimal activity)

NYHA dyspnoea status
(symptoms at rest)

Severe symptoms
(symptoms at rest
measured by CCS
Angina Status or NYHA
dyspnoea status)

CSHA Clinical Frailty
Score (moderately or
severely frail)

Katz Index less than 3
Katz Index less than 6

Frailty composite
(moderately or severely
frail on CSHA, or Katz
Index less than 6)

Poor LV function
(LVEF<30%)

Diabetes

Edwards
Sapien 3
(n=1,121)
81.0[77.0to
85.0] (n=1,121)

52/1,121
(4.6%)

1,030/1,120
(92.0%)

1.8[1.7 to 1.8]
(n=1,049)

84.0 [74.0 to
95.7] (n=1,054)

27.7 [24.7 to
31.6] (n=1,045)

13/1,045
(1.2%)

354/1,045
(33.9%)

32.0[24.0 to
43.0] (n=314)

42.0[33.0to
52.0] (n=1,052)

67.0 [51.0 to
81.0] (n=1,045)

0.8[0.6 t0 0.9]
(n=1,014)

27.5[26.7 to
29.0] (n=910)

30/1,041
(2.9%)

25/1,084
(2.3%)

235/1,083
(21.7%)

13/1,083 (1.2%)

820/1,095
(74.9%)

130/1,095
(11.9%)

138/1,100
(12.5%)

85/1,053
(8.1%)

33/1,024
(3.2%)

133/1,024
(13.0%)

194/1,063
(18.3%)

154/1,074
(14.3%)

277/1,092
(25.4%)

Edwards
Sapien 3
Ultra
(n=3,589)

82.0 [78.0
to 86.0]
(n=3,589)

330/3,589
(9.2%)

1,818/3,584
(50.7%)

1.6 [1.6 to
1.7]
(n=3,360)

74.0 [64.0
to 85.5]
(n=3,374)

27.0[23.9
to 30.9]
(n=3,344)
61/3,344
(1.8%)
1,001/3,344
(29.9%)

32.0 [24.0
to 43.0]

(n=1,049)
44.0 [36.0
to 55.0]

(n=3,389)
71.0 [60.0

to 87.0]
(n=3,316)

0.7 [0.6 to
0.8]
(n=3,229)
24.0 [22.4
to 25.3]
(n=2,831)
89/3,362
(2.6%)
29/3,484
(0.8%)
813/3496
(23.3,%)

26/3,496
(0.7%)

2,615/3,518
(74.3%)

333/3,518
(9.5%)

345/3,539
(9.7%)

254/3,383
(7.5%)

104/3,243
(3.2%)

420/3,243
(13.0%)

602/3,415
(17.6%)

220/3,458
(6.4%)

931/3,504
(26.6%)

Boston
Scientific

ACURATE Medtronic

neo2
(n=295)
83.0[79.0
to 86.0]
(n=295)
21/295
(7.1%)

104/295
(35.3%)

1.6[1.6to
1.7]
(n=248)
72.2 [63.6
to 86.8]
(n=241)
27.6 [24.2
to 31.6]
(n=240)
7/240
(2.9%)
86/240
(35.8%)

37.0 [32.0
to 46.0]
(n=45)
43.0[35.0
to 53.0]
(n=281)
70.0 [57.0
to 86.2]
(n=280)
0.7[0.6to
0.9]
(n=263)
23.0[22.0
to 25.0]
(n=153)
10/211
(4.7%)
1/272
(0.4%)
45/268
(16.8%)

4/268
(1.5%)

204/280
(72.9%)

40/280
(14.3%)

42/281
(14.9%)

17/237
(7.2%)

3/229
(1.3%)

33/229
(14.4%)

45/241
(18.7%)

17/261
(6.5%)

76/276
(27.5%)

Evolut R
(n=247)

81.0 [76.0 to
85.0] (n=247)

15/247
(6.1%)

172/246
(69.9%)

1.7[1.6to
1.8] (n=240)

80.0 [67.0 to
92.0] (n=241)

28.0 [24.1 to
32.4] (n=240)

6/240 (2.5%)

93/240
(38.8%)

39.0 [32.0 to
55.2] (n=64)

44.0[37.0 to
58.0] (n=225)

71.0 [58.0 to
87.0] (n=213)

0.7[0.5t0
0.8] (n=201)

26.0 [23.0 to
27.4] (n=194)

19/239
(7.9%)

31244 (1.2%)

64/244
(26.2%)

31244 (1.2%)

181/243
(74.5%)

41/243
(16.9%)

43/245
(17.6%)

15/242
(6.2%)

1/233 (0.4%)

28/233
(12.0%)

36/246
(14.6%)

33/237
(13.9%)

70/245
(28.6%)

Medtronic
Evolut Pro+
(n=845)
82.0[77.0 to
86.0] (n=845)

82/845
(9.7%)

467/844
(55.3%)

1.7[1.6to
1.7] (n=823)

74.0 [64.2 to
86.0] (n=827)

27.3[24.2 to
30.9] (n=823)

17/823
(2.1%)

260/823
(31.6%)

37.0[30.0 to
50.0] (n=210)

44.0[37.0 to
56.0] (n=779)

71.0[60.2 to
87.0] (n=774)

0.7 [0.6 to
0.8] (n=700)

24.0 [22.6 to
26.0] (n=675)

47/812
(5.8%)

10/829
(1.2%)

170/805
(21.1%)

10/805
(1.2%)

580/803
(72.2%)

123/803
(15.3%)

129/811
(15.9%)

62/774
(8.0%)

18/741
(2.4%)

115/741
(15.5%)

156/833
(18.7%)

61/827
(7.4%)

214/835
(25.6%)

Abbott

Navitor
(n=170)

83.0 [78.0 to
86.0] (n=170)
17170
(10.0%)

72/169
(42.6%)
1.6[1.6t0 1.7]
(n=152)

75.0 [64.5 to
83.7] (n=154)

27.9[24.4 to
31] (n=151)

1/151 (0.7%)
48/151
(31.8%)
32.0[27.8 to
45.2] (n=40)

41.0[33.0to
50.0] (n=158)

71.0[57.0 to
85.0] (n=145)

0.8[0.6 to 0.9]
(n=137)

24.3[22.9 to
26.0] (n=117)

3/158 (1.9%)
3/164 (1.8%)

58/159
(36.5%)

2/159 (1.3%)

119/161
(73.9%)

21/161 (13.0%)

23/165 (13.9%)

11/159 (6.9%)

11/152 (7.2%)
20/152 (13.2%)

26/160 (16.2%)

9/161 (5.6%)

46/169
(27.2%)

p-value
(comparison
across 6
valves;
unadjusted)

0.0000015

0.0004998
0.0004998

0.0000000

0.0000000

0.0020147

0.3273363
0.0174913

0.0000000

0.0000000

0.0000000

0.0000000

0.0000000

0.0004998
0.0039980

0.0004998

0.3318341

0.8185907

0.0004998

0.0004998

0.9365317

0.0024988
0.5422289

0.7601199

0.0004998

0.8645677

p-value
(comparison
across 6 valves;
adjusted)

<0.0001*

0.021*
0.021*

<0.0001*

<0.0001*

0.058

0.367

<0.0001*

<0.0001*

<0.0001*

<0.0001*

<0.0001*

0.021*
0.108

0.021*

0.021*

0.021*

0.07

0.021*




Patient and procedural
characteristics

Ever smoked (current
and ex smokers)

Dialysis

Presence of left main
stem disease

Presence of >50%
stenosis in at least one
coronary vessel,
excluding left main stem
disease

Valve size, mm: median
[Q1,Q3]

Valve size (categorical:
small, medium, large)

Non-elective procedure

Procedure urgency (non-
elective procedure, or
critical status pre-
procedure)

Planned use of general
anaesthesia

Previous balloon aortic
valvuloplasty

Use of cardiopulmonary
bypass

Use of cerebral
circulation protection
device(s)

Creatinine clearance,
mL/min: median [Q1,Q3]

Creatinine clearance
less than 30 mL/min

Previous MI (ever)

Previous MI (within
previous 90 days)

Previous PCI
Previous CABG
Previous stroke or TIA

Presence of extracardiac
arteriopathy

Any cardiac or coronary
comorbidity (previous M,
PCI, or CABG, presence
of extracardiac
arteriopathy or extensive
calcification of ascending
aorta symptoms at rest
on NYHA or CCS, poor
LV function, left main
stem disease or stenosis
of at least 50% in one
vessel)

Anatomical coronary
comorbidity (left main
stem disease, or
stenosis of at least 50%
in one vessel)

Clinical coronary
comorbidity (previous M,
PCIl or CABG)

Any non-cardiac or non-
coronary comorbidity

Edwards
Sapien 3
(n=1,121)
494/899
(54.9%)
15/1,085
(1.4%)

26/995 (2.6%)

286/993
(28.8%)

29.0 [29.0 to
29.0] (n=1,121)

S:41/1,121
(3.7%);

M: 60/1,121
(5.4%);

L: 1,020/1,121
(91.0%)

282/1,118
(25.2%)

285/1,121
(25.4%)

17/1,113
(1.5%)

25/1,108
(2.3%)

9/1,111 (0.8%)

154/1,115
(13.8%)

64.9 [48.8 to
81.3] (n=1,013)

54/1,013 (5.3%)

135/1,110
(12.2%)

22/1,110
(2.0%)

145/1,104
(13.1%)

89/1075 (8.3%)

121/1,102
(11.0%)

105/1,093
(9.6%)

580/1,118
(51.9%)

289/1,015
(28.5%)

256/1,114
(23.0%)

719/1,113
(64.6%)

Edwards
Sapien 3
Ultra
(n=3,589)
1,332/2,845
(46.8%)

64/3,490
(1.8%)
73/3,080
(2.4%)
770/3,039
(25.3%)

26.0[23.0
to 26.0]
(n=3,589)
S:
1,677/3,589
(46.7%);

M:
1,912/3,589
(53.3%);

L: 0/3,589
(0%)
837/3,576
(23.4%)

845/3,589
(23.5%)

25/3,567
(0.7%)
109/3,542
(3.1%)
713,551
(0.2%)

349/3,566
(9.8%)

54.5 [40.4
to 71.2]
(n=3,183)

312/3,183
(9.8%)
423/3,537
(12.0%)
723,537
(2.0%)
452/3,529
(12.8%)
289/3476
(8.3%)
407/3,514
(11.6%)
249/3,485
(7.1%)

1,587/3,577
(44.4%)

776/3,118
(24.9%)

792/3,560
(22.2%)

2,211/3,558
(62.1%)

Boston
Scientific
ACURATE
neo2
(n=295)
117/242
(48.3%)

2/282
(0.7%)

3/201
(1.5%)
58/203
(28.6%)

25.0[23.0
to 27.0]
(n=295)
S: 96/295
(32.5%);
M:
116/295
(39.3%);
L: 83/295
(28.1%)

50/295
(16.9%)

50/295
(16.9%)

1/295
(0.3%)
6/284
(2.1%)
0/289
(0%)
54/295
(18.3%)

51.7 [39.6
to 66.4]
(n=226)
21/226
(9.3%)
33/282
(11.7%)

2/282
(0.7%)
32/283
(11.3%)
25/271
(9.2%)
41/283
(14.5%)
27/260
(10.4%)

124/293
(42.3%)

59/215
(27.4%)

64/288
(22.2%)

187/287
(65.2%)

Medtronic
Evolut R
(n=247)

103/199
(51.8%)

41242 (1.7%)
5/202 (2.5%)

55/202
(27.2%)

34.0 [29.0 to
34.0] (n=247)

S: 12/247
(4.9%); M:
35/247
(14.2%); L:
200/247
(81.0%)

72/247
(29.1%)

73/247
(29.6%)

6/247 (2.4%)
6/243 (2.5%)
1/242 (0.4%)

27/243
(11.1%)

57.0 [40.6 to
75.9] (n=232)

19/232
(8.2%)

36/245
(14.7%)

9/245 (3.7%)

38/244
(15.6%)

27/244
(11.1%)
24/243
(9.9%)
38/245
(15.5%)

132/247
(53.4%)

56/204
(27.5%)

65/246
(26.4%)

159/246
(64.6%)

Medtronic
Evolut Pro+
(n=845)
319/693
(46.0%)
14/837
(1.7%)
20/728
(2.7%)
155/737
(21.0%)

29.0 [26.0 to
29.0] (n=845)

S: 24/845
(2.8%);

M: 214/845
(25.3%);

L: 607/845
(71.8%)

210/844
(24.9%)

212/845
(25.1%)

10/840
(1.2%)

28/835
(3.4%)

3/820 (0.4%)

123/837
(14.7%)

53.8 [39.5 to
70.4] (n=804)

82/804
(10.2%)

98/839
(11.7%)
17/839
(2.0%)
104/835
(12.5%)
53/834
(6.4%)
95/833
(11.4%)
100/834
(12.0%)

394/845
(46.6%)

156/743
(21.0%)

178/840
(21.2%)

541/841
(64.3%)

Abbott

Navitor
(n=170)

64/137
(46.7%)

2/144 (1.4%)
4/133 (3.0%)

40/128
(31.2%)

27.0 [25.0 to
29.0] (n=170)

S:17/170
(10.0%);
M: 105/170
(61.8%);

L: 48/170
(28.2%)

40/170
(23.5%)

41/170 (24.1%)

2/170 (1.2%)
1/170 (0.6%)
0/165 (0%)

17/168
(10.1%)

53.4 [39 to
73.8] (n=127)

12/127 (9.4%)
21/169
(12.4%)

5/169 (3.0%)
13/169 (7.7%)
14/147 (9.5%)
21/168
(12.5%)
16/161 (9.9%)

77/170 (45.3%)

42/133 (31.6%)

35/170 (20.6%)

109/170
(64.1%)

p-value
(comparison
across 6
valves;
unadjusted)
0.0009995
0.8001000
0.9145427

0.0039980

0.0000000

0.0004998

0.0199900

0.0104948

0.0149925
0.2688656
0.0664668

0.0004998

0.0000000

0.0004998
0.8680660
0.2468766
0.2568716
0.1809095
0.6036982
0.0004998

0.0004998

0.0049975

0.6086957

0.5757121

p-value
(comparison
across 6 valves;
adjusted)

0.031*

0.108

<0.0001*

0.021*

0.4

0.241

0.33

0.021*

<0.0001*

0.021*

0.021*

0.021*

0.125

1

1




Boston p-value

Edwards Scientific (comparison p-value
Edwards Sapien 3 ACURATE Medtronic Medtronic Abbott across 6 (comparison
Patient and procedural Sapien 3 Ultra neo2 Evolut R Evolut Pro+ Navitor valves; across 6 valves;
characteristics (n=1,121) (n=3,589) (n=295) (n=247) (n=845) (n=170) unadjusted) adjusted)
(previous stroke or TIA,
diabetes, current or
former smoker,
extracardiac
arteriopathy, current
dialysis or creatinine
clearance less than 30)
Non-cardiac non- 208/1,109 594/3,540 63/284 54/246 178/839 34/169 (20.1%) 0.0064968 0.156
coronary other (18.8%) (16.8%) (22.2%) (22.0%) (21.2%)
comorbidity (previous
stroke or extracardiac
arteriopathy)
Non-cardiac non- 628/1,102 1,872/3,541 161/286 142/245 442/837 92/169 (54.4%) 0.1284358 1
coronary risk factor (57.0%) (52.9%) (56.3%) (58%) (52.8%)
(current or former
smoker, or diabetes)
Renal comorbidity 57/1,097 (5.2%) 339/3,525 22/283 19/246 84/839 13/159 (8.2%)  0.0009995 0.031*
(current dialysis or (9.6%) (7.8%) (7.7%) (10.0%)
creatinine clearance less
than 30)

Key: Significance of adjusted p-values (using Holm-Bonferroni correction) denoted by: *** < 0.001, ** <0.01, * < 0.05. Abbreviations: CABG, Coronary artery
bypass grafting; CCS, Canadian Cardiovascular Society; CSHA, Canadian Study of Health and Aging; LVEF, Left ventricular ejection fraction; MI, Myocardial
infarction; NYHA, New York Heart Association; PCI, Percutaneous coronary intervention; TIA, Transient ischaemic attack



Table 21: Summary of in-hospital outcomes from linked dataset (UK TAVI Registry linked to HES) for TAVI in native aortic valve (01

April 2021 to 31 March 2023).

[Note: Incident rates represent raw numbers before adjusting for differences in recorded patient characteristics between devices]

In-hospital
outcome

Length of
procedure,
minutes:
median
[Q1,Q3]

Length of
hospital stay,
nights:
median
[Q1,Q3]

Peak
pressure
gradient,
mmHg:
median
[Q1,Q3]

Mean
pressure
gradient,
mmHg:
median
[Q1,Q3]

Valve area,
cm2: median
[Q1,Q3]

Aortic
regurgitation
at end of
procedure by
echo or angio

Valve failure

Unsuccessful
valve
deployment

Malposition
of valve

Use of post
implantation
balloon
dilatation

Need for
permanent
pacing

Conversion
to sternotomy
for valve
surgery
Valve
reintervention
before
discharge

Failure of
percutaneous
closure
device

Need for
bailout PCI

Need for
bailout TAVI-
in-TAVI

MI within 72
hours of
procedure

Maijor, life
threatening
or disabling
bleeding

Major
vascular
complications

Edwards
Sapien 3
(n=1,121)

60.0 [55.0 to
80.0] (n=985)

3.0 [2.0 to 8.0]
(n=917)

12.0 [9.0 to 18.0]
(n=760)

6.5 5.0 to 10.0]
(n=786)

2.0[1.6 t0 2.5]
(n=510)

11/1,077 (1.0%)

3/1,111 (0.3%)

15/1,121 (1.3%)

4/1,082 (0.4%)

52/1,078 (4.8%)

79/1,061 (7.4%)

11,114 (0.1%)

3/1,109 (0.3%)

19/1,060 (1.8%)

3/1,108 (0.3%)

4/1,085 (0.4%)

1/1,071 (0.1%)

14/1,056 (1.3%)

12/1,051 (1.1%)

Edwards

Sapien 3 Ultra
(n=3,589)

60.0 [55.0 to
75.0] (n=2,999)

3.0 [2.0 t0 9.0]
(n=2,799)

15.0 [10.0 to
22.0] (n=2,450)

8.0 [5.0 to 12.0]
(n=2,577)

1.8[1.5t0 2.1]
(n=1,669)

33/3,442 (1.0%)

6/3,569 (0.2%)

67/3,589 (1.9%)

14/3,446 (0.4%)

203/3,431

(5.9%)

202/3,371

(6.0%)

2/3,564 (0.1%)

10/3,557 (0.3%)

36/3,352 (1.1%)

14/3,562 (0.4%)

13/3,452 (0.4%)

11/3,360 (0.3%)

27/3,355 (0.8%)

34/3,340 (1.0%)

Boston
Scientific
ACURATE
neo2 (n=295)

80.0 [63.0 to
105.0]
(n=280)

3.0[2.0 to
5.0] (n=263)

16.0 [11.0 to
22.0] (n=223)

8.0[5.0 to
11.0] (n=233)

1.8[1.5to
2.0] (n=169)

8/257 (3.1%)

0/293 (0%)

1/295 (0.3%)

41293 (1.4%)

26/292

(8.9%)

15/256

(5.9%)

0/291 (0%)

1/293 (0.3%)

41243 (1.6%)

0/291 (0%)

3/294 (1.0%)

0/250 (0%)

6/241 (2.5%)

71244 (2.9%)

Medtronic
Evolut R
(n=247)

93.0[69.0 to
120.0]
(n=225)

4.0[2.0to
13.0] (n=238)

12.0[8.0 to
19.0] (n=167)

7.0 [4.0 to
11.0] (n=179)

1.7[1.5t0
2.1] (n=103)

12/239
(5.0%)

1/245 (0.4%)
6/247 (2.4%)

5/237 (2.1%)
39/236
(16.5%)
25/233
(10.7%)

1/242 (0.4%)

4/237 (1.7%)

8/233 (3.4%)

0/239 (0%)

4/238 (1.7%)

1/236 (0.4%)

5/227 (2.2%)

9/232 (3.9%)

Medtronic
Evolut Pro+
(n=845)

75.0 [60.0 to
95.0] (n=693)

4.0[2.0to
11.0] (n=790)

12.0 [8.0 to
17.0] (n=507)

6.0 [4.0 to
9.0] (n=566)

1.7[1.5t0
2.0] (n=368)

38/827
(4.6%)

2/840 (0.2%)
21/845
(2.5%)
9/753 (1.2%)

128/744
(17.2%)
95/746

(12.7%)

2/834 (0.2%)

4/821 (0.5%)

9/729 (1.2%)

0/828 (0%)

9/763 (1.2%)

1/787 (0.1%)

9/721 (1.2%)

12/724
(1.7%)

Abbott

Navitor (n=170)
69.0 [60.0 to 90.0]

(n=141)

3.0 [2.0 to 10.0]

(n=124)

13.0 [9.0 to 18.0]

(n=104)

7.0 [4.0 t0 9.0]
(n=128)

2.0[1.8to 2.4]
(n=42)

6/162 (3.7%)

0/166 (0%)
2/170 (1.2%)

3/167 (1.8%)

42/163 (25.8%)

26/165 (15.8%)

0/168 (0%)

1/168 (0.6%)

2/161 (1.2%)

0/167 (0%)

0/167 (0%)

0/155 (0%)

2/159 (1.3%)

4/159 (2.5%)

p-value
(comparison
across 6
valves;
unadjusted)

0.0000000

0.0000004

0.0000000

0.0000000

0.0000000

0.0004998

0.7051474

0.1249375

0.0009995

0.0004998

0.0004998

0.2313843

0.0544728

0.0534733

0.4892554

0.0119940

0.6556722

0.0429785

0.0014993

p-value
(comparison
across 6
valves;
adjusted)

<0.0001*

<0.0001*

<0.0001*

<0.0001*

<0.0001*

0.011*

0.756

0.018*

0.011*

0.011*

0.481

0.481

0.156

0.43

0.025*




In-hospital
outcome

Tamponade
during or
after
procedure

Stroke before
discharge

Modified
Rankin score
of 4 or above

Need for
renal
replacement
therapy

Deaths

Prescribed
NOACs

Prescribed
other anti-
thrombotics

Prescribed
antiplatelets

Technical
success
(VARC-3)

Edwards
Sapien 3
(n=1,121)

11/1,093 (1.0%)

20/1,038 (1.9%)

1/142 (0.7%)

0/1,053 (0%)

15/1,121 (1.3%)

336/1,032
(32.6%)

126/1,032
(12.2%)

622/1,019
(61.0%)

1,030/1,067
(96.5%)

Edwards

Sapien 3 Ultra
(n=3,589)

30/3,526 (0.9%)

38/3,316 (1.1%)

3/423 (0.7%)

4/3,334 (0.1%)

36/3,589 (1.0%)

835/3,265
(25.6%)

293/3,265
(9.0%)

2,114/3,197
(66.1%)

3,285/3,422
(96.0%)

Boston
Scientific
ACURATE
neo2 (n=295)

1/274 (0.4%)

2/245 (0.8%)

1/37 (2.7%)

0/246 (0%)

5/295 (1.7%)

61/254
(24.0%)

40/254
(15.7%)

162/255
(63.5%)

2771289
(95.8%)

Medtronic
Evolut R
(n=247)

0/243 (0%)

5/227 (2.2%)

0/6 (0%)

2/229 (0.9%)

8/247 (3.2%)

89/232
(38.4%)

21/232
(9.1%)

140/232
(60.3%)

210/228
(92.1%)

Medtronic
Evolut Pro+
(n=845)

4/837 (0.5%)

20/726
(2.8%)

117 (14.3%)

1/715 (0.1%)

15/845
(1.8%)

204/795
(25.7%)

77/795
(9.7%)

534/800
(66.8%)

690/735
(93.9%)

Abbott
Navitor (n=170)
0/166 (0%)

6/147 (4.1%)

2/39 (6.1%)

0/159 (0%)

6/170 (3.5%)

38/159 (23.9%)

7/159 (4.4%)

106/151 (70.2%)

158/167 (94.6%)

p-value
(comparison
across 6
valves;
unadjusted)

0.4887556

0.0014993

0.0179910

0.1079460

0.0069965

0.0004998

0.0004998

0.0209895

0.0099950

p-value
(comparison
across 6
valves;
adjusted)

1

0.025*

0.216

0.756

0.105

0.011*

0.011*

0.231

0.14

Key: Significance of adjusted p-values (using Holm-Bonferroni correction) denoted by: *** < 0.001, ** <0.01, * < 0.05. Abbreviations: MI, Myocardial infarction;
NOAC, Non-vitamin K oral anticoagulants; PCI, Percutaneous coronary intervention; TAVI, transcatheter aortic valve implantation; VARC-3, Valve Academic
Research Consortium-3




Table 22: Summary of longitudinal unadjusted outcomes for patients from linked dataset (UK TAVI Registry linked to HES) for TAVI

in native aortic valve follow-up to up 31 October 2023. Reported as % [95%CI] (h=number of patients) unless explicitly reported

otherwise.

[Note: Incident rates represent raw numbers before adjusting for differences in recorded patient characteristics between devices]

Edwards Edwards Boston Scientific Medtronic Medtronic Abbott

Sapien 3 Sapien 3 Ultra ACURATE neo2  EvolutR Evolut Pro+ Navitor
Parameter (n=1,121) (n=3,589) (n=295) (n=247) (n=845) (n=170)
Median [Q1,Q3] length  521.5[354,0, 725.3] 502.0 [354.0,705.0]  403.0 [275.0, 730.0 [529.5, 832.5] 417.0[292.0, 558.0] 343.0[279.0,
of follow-up, days 634.0] 443.3]

Death (total=827)

30 days 0.4 [0.0to 0.7] 0.7 [0.4 t0 0.9] 0.7 [0.0 to 1.6] 0.0[0.0to 0.0] 0.8[0.2to 1.5] 1.2[0.0 to 2.9]
6 months 3.9[2.7 to 5.0] 3.6 [3.0t04.2] 4.5[2.1 t0 6.0] 46[1.9t07.2] 5.5[4.0to 7.1] 6.1[2.4 t0 9.7]
12 months 8.1[6.4 t0 9.7] 7.7 [6.8 to 8.6] 7.8[4.510 11.0] 8.0[4.51t0 11.4] 9.3[7.2t0 11.3] 7.3[3.21t0 11.2]
18 months 12.7 [10.5 to 14.8] 11.8 [10.6 to 13.0] 9.2[5.4t0 12.8] 14.5[9.8 to 19.0] 13.4[10.5 to 16.2] 10.1 [3.2 to 16.6]
24 months 16.9 [14.1 to 19.6] 16.9 [15.2 to 18.5] 11.4[6.7t0o 16.0]  18.5[13.1 to 23.6] 16.0 [11.8 to 19.9] -

Stroke (total=267) - - - - - -
30 days 1.2 [0.5 to 1.8] 1.2[0.9 to 1.6] 1.7[0.2t0 3.2] 0.4[0.0t0 1.2] 1.7 [0.8 to 2.6] 1.2[0.0 to 2.9]
6 months 3.3[2.2t04.4] 2.3[1.8t0 2.8] 3.1[1.1to 5.1] 0.8[0.0to 2.0] 2.6 [1.5t0 3.6] 1.8 [0.0 to 3.9]
12 months 4.5[3.3t05.8] 3.2[2.6to 3.8] 45[2.0t07.0] 0.8[0.0to 2.0] 3.1[1.9t0 4.3] 2.9[0.0 to 5.8]
18 months 5.7[4.1t0 7.1] 4.4[3.6t05.1] 45[2.0t07.0] 4.0[1.2 t0 6.6] 4.8 [3.0 to 6.6] 2.9[0.0 to 5.8]
24 months 6.7 [4.9 to 8.5] 5.7 [4.7106.7] 45[2.0t07.0] 4.0[1.2t0 6.6] 4.8 [3.0 to 6.6] -

Aortic reintervention;
TAVI or SAVR (total
=28)

30 days

6 months
12 months
18 months
24 months

0.0 [0.0 to 0.0]
0.1[0.0 to 0.3]
0.1[0.0 to 0.3]
0.1[0.0 to 0.3]
0.1[0.0 to 0.3]

0.1[0.0 to 0.1]
0.1[0.0t0 0.2]
0.4[0.2100.7]
0.6 [0.3t0 0.9]
0.6 [0.3t0 0.9]

0.0[0.0to 0.0]
0.0[0.0to 0.0]
0.0[0.0to 0.0]
0.0[0.0to 0.0]
0.0[0.0to 0.0]

0.0[0.0t0 0.0]
0.8[0.0to 2.0]
0.8[0.0to 2.0]
0.8[0.0to 2.0]
0.8[0.0to 2.0]

0.4 [0.0 to 0.8]
0.7 [0.1 to 1.3]
0.7 [0.1 to 1.3]
1.1[0.2 to 2.1]
1.1[0.2 to 2.1]

0.0[0.0 to 0.0]
0.0 [0.0 to 0.0]
0.0 [0.0 to 0.0]
0.0[0.0 to 0.0]

Readmission with
heart failure (total=427)

30 days 1.5[0.8 to 2.3] 1.2[0.9 to 1.6] 1.7[0.2 t0 3.2] 3.3[1.0t0 5.6] 2.7 [1.6t03.7] 1.2[0.0 to 2.9]
6 months 4.7 [3.4105.9] 3.6 [2.9t04.2] 4.5[2.110 6.9] 5.9 [2.9 to 8.8] 4.9[3.4 10 6.3] 5.0 [1.6 to 8.4]
12 months 6.9 [5.4 to 8.4] 5.2 [4.5 t0 6.0] 5.8 [3.0 to 8.6] 6.3 [3.2t0 9.4] 6.8 [5.0 to 8.6] 7.3[3.0to 11.5]
18 months 8.7 [6.9 to 10.5] 6.6 [5.7 to 7.5] 5.8 [3.0 to 8.6] 7.3[3.9t0 10.6] 9.4 [6.9 to 11.8] 13.2 [5.2 to 20.6]
24 months 10.4 [8.1 to 12.5] 7.5[6.5 to 8.6] 8.6[3.8t013.1]  8.5[4.7 to 12.1] 122[7.2t016.9] -

PPI (total=225) - - - - - -
30 days 1.5[0.8 to 2.3] 1.1[0.8 to 1.5] 1.0[0.0 to 2.2] 0.4[0.0to 1.2] 1.0[0.3 to 1.6] 1.2[0.0 to 2.9]
6 months 2.5[1.5 to 3.4] 2.0 [1.6 to 2.5] 2.4[0.6 to0 4.2] 2.5[0.5 to 4.5] 2.2[1.2t03.2] 1.80.0 to 3.9]
12 months 3.6 [2.5t0 4.8] 3.0 [2.4 to 3.6] 2.4[0.6 to0 4.2] 3.0 [0.8 t0 5.2] 3.1[1.9t04.3] 3.7 0.3 t0 7.0]
18 months 4.7 [3.3106.1] 3.7[3.0t0 4.4] 2.4[0.6 t0 4.2] 4.5[1.7 to 7.3] 4.0 [2.4 to 5.5] 3.7 0.3 t0 7.0]
24 months 5.6 [3.9to 7.3] 4.1[3.3 10 4.8] 3.6 [0.7 t0 6.3] 4.5[1.7 to 7.3] 5.1[2.3t07.8] -

Abbreviations: PPI, Permanent pacemaker implantation; SAVR, Surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation




Figure 5: Kaplan-Meier for mortality (n=827 events): UK TAVI Registry linked to HES
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Figure 6: Kaplan-Meier for stroke (n=267 events): UK TAVI Registry linked to HES
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Figure 7: Kaplan-Meier for aortic valve reintervention (n=28): UK TAVI Registry linked
to HES
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Figure 8: Kaplan-Meier for readmission with heart failure (n=427): UK TAVI Registry
linked to HES
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Figure 9: Kaplan-Meier for permanent pacemaker implantation (n=225): UK TAVI
Registry linked to HES
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5.5.2 Multivariate analysis

Preparation
Of the 6,270 patients undergoing TAVI in native aortic valve, a total of 3,917 patients

(62.0%) had complete information across the covariates and outcomes which were
to be used in multivariate analysis. As some covariates were potentially associated
(for example: sex, height, annular diameter, valve area, size of TAVI device),
multiple imputation was not used to correct for missing data for each variable in
isolation. In initial univariate exploration of patient characteristics, the EAG found that
no covariate differed significantly (p<0.05) between patients who died in-hospital and

those who did not (Appendix E3). However, in complete case analysis (all patients

with any missing data excluded), there was a statistically significant difference for
frailty between groups, indicating that exclusion of missing data altered the patient
populations. For the in-hospital stroke outcome, there were statistically significant
differences in age and presence of renal comorbidity between those having a stroke
and those not; although only difference in age remained statistically significant in
complete case analysis. For the aortic regurgitation at discharge outcome, there
were statistically significant differences in mean aortic valve gradient pre-procedure
and size of TAVI device between those with and without aortic regurgitation before
complete case analysis, with only size of TAVI device remaining statistically
significant after. For the pacemaker outcome, sex and size of TAVI device were
significantly different between those who did and did not need a permanent
pacemaker before complete case analysis, with only size of TAVI device remaining
statistically significant after. Complete case analysis had little impact on similar
analysis undertaken for major bleeding, major vascular complications, bailout TAVI-
in-TAVI, and conversion to SAVR outcomes. Furthermore, the EAG did initially
construct separate multivariate models for each outcome optimising the covariates,
however the significance of results was unchanged. The EAG acknowledges that
limiting the model data sets to complete cases (with no missing data for any outcome
or any key covariate) may have introduced a degree of bias to the analysis.
However, the alternative approach of using different covariate sets for each
outcome, to optimise data usage in each case, did not lend itself to using all BLR
and CPH models as simultaneous inputs to the economic model. Because the EAG

had ruled out the alternative approach of using Poisson or negative binomial models,



as described earlier, the EAG felt that overall, its approach minimised limitations.

Improved data completeness in the Registry would improve future analyses.

Within multivariate analysis, BLR models were built for each in-hospital outcome of
interest, all results are presented as odds ratios when compared with the ‘reference
patient’ (classed as those who received an Edwards Lifesciences Sapien 3 Ultra

device, representing most of the cases, 65.1%), where all binary covariates are set

to zero (representing ‘FALSE’) and continuous covariates are at the median.

In-hospital outcomes
Only complete cases (across all key covariates and outcomes) were included in the

analysis. If patients died in hospital before experiencing outcomes they were
considered ‘complete’; however, this causes a small variation in the number of
patients included in each model (between 3,910 and 3,917). For example, if a patient
died as consequence of a fatal stroke, they would have complete data for the stroke
and death outcomes, but it is not known if they would have also experienced another

outcome.

The EAG noted correlation between TAVI device and size of TAVI device, namely
Sapien 3 Ultra showing a negative correlation with large valve size (-0.81) indicating
that they are more frequently used in small and medium valves, whereas Sapien 3
showed the opposite (0.62) indicating increased usage in large valve sizes. One
Clinical Expert noted that this finding reflected that Sapien 3 is available in 29 mm
valve size, whereas the largest valve size for Sapien 3 Ultra is 26 mm. Evolut Pro +
and Evolut R were positively correlated with large valve size (0.35 and 0.21
respectively). Notable correlations were also found between sex, height, weight,
annular diameter, and size of TAVI device all of which were expected. No other
significant correlations between covariates were identified (Figure 10).

The key covariates for in-hospital outcomes and their associated odds ratio (95%Cl)
are presented in Table 23. TAVI device was not associated with in-hospital death,
major bleeding, major vascular complications, TAVI reintervention or SAVR
intervention outcomes; however, the EAG note that the number of events in the latter

2 outcomes were small. Some patient characteristics were associated with an



increased odds of event (for example general anaesthesia and frailty increased the

odds of in-hospital death), and others reduced the odds of an event (for example

male sex was protective against in-hospital stroke). Increased weight (per kg) was

found to be weakly associated with reduced rates of aortic-regurgitation and major

vascular complication, likely reflecting an increased risk of these outcomes in

patients with low body weight (50kg or less). One Clinical Expert advised that this

result was plausible because female patients, with typically lower body weight,

smaller annuli, smaller peripheral vessels, and increased risk of vascular injury, are

more likely to receive a self-expanding TAVI device, which have higher risk of aortic

regurgitation. The EAG investigated the possibility of applying transformations (for

example log, polynomial) to the weight covariate but in all cases the association

remained (to help with interpretability no transformations were applied in the final

model).

TAVI device was associated with:

in-hospital stroke: Sapien 3, Evolut R, Evolut Pro+, and Navitor were found to
have significantly increased odds of in-hospital stroke relative to Sapien 3
Ultra. Conversely, ACURATE neo2 was not associated with increased odds of
stroke in-hospital, relative to Sapien 3 Ultra. After adjusting for recorded
covariates (including annular diameter, valve size), age, non-coronary clinical
comorbidities, and non-coronary renal comorbidities were found to be
associated with significantly increased odds of in-hospital stroke, and male
sex with decreased odds. One Clinical Expert advised that this finding is
consistent with published literature, reporting women undergoing TAVI have
increased risk of stroke when compared with men.

in-hospital aortic regurgitation: Evolut R, Evolut Pro+, ACURATE neo2, and
Navitor were all found to have increased odds relative to Sapien 3 Ultra.
Extensive calcification of ascending aorta (which may be considered as a
surrogate marker of aortic valve calcification), patient height, and mean valve
gradient were associated with increased odds. Weight was associated with
decreased odds. One Clinical Expert advised that this finding is consistent
with published literature, reporting increased risk of aortic regurgitation in
people treated with self-expanding valves, compared with balloon-expanding



valves. The EAG did not analyse data comparing all self-expanding, with all
balloon-expanding valves directly, so as not to weight the results on the older
generations of devices, which understandably, may be associated with poorer
outcomes.
¢ in-hospital permanent pacemaker implantation: Evolut R, Evolut Pro+, and
Navitor were all found to have increased odds relative to Sapien 3 Ultra.
ACURATE neo2 was therefore the only self-expanding valve not associated
with increased odds of permanent pacemaker implantation, relative to Sapien
3 Ultra. No other recorded patient or clinical characteristics were found to be
associated with this outcome. One Clinical Expert advised that pre-existing
right bundle branch block may influence choice of device to one with reduced
likelihood of pacemaker implantation.
Two Clinical Experts advised that statistical differences in in-hospital outcomes are
likely related to unmeasured confounders. One explained that in their centre, the
Sapien devices are the first line choice for straightforward anatomies, and that Evolut
devices would be used for more complex cases; which may explain the higher stroke
and AR rates. The other confirmed that major confounders, mostly anatomical or

patient characteristics, that affect decision making, are not captured in the Registry.

The TAVI device used was not associated with major bleeding, which one Clinical
Expert advised seemed clinically plausible, because major bleeding is more likely
related to patient characteristics than the device itself. Male sex, small annular
diameter and small valve size were associated with decreased odds of major
bleeding. One Clinical Expert advised that the published literature has shown
increased bleeding and vascular complications in female patients, who typically have
smaller annuli. It is therefore difficult to explain the findings of the Registry analysis,
in terms of annular diameter. Annular diameter was found to be associated with
decreased odds as the diameter increased, which contradicts the coefficient for
valve size (valve size is a categorical variable which should be proportional to
annular diameter; that is, a large valve size for a large annular diameter). This is
likely a consequence of the categorisation of a continuous variable. The EAG also
explored transformations of the annular diameter (fractional, square-root, log,

polynomial) and the association remained or became insignificant.



Due to the relative low frequency of almost all key outcomes in the final data used to
train each model, the confidence intervals for coefficients are often wide, showing a
degree of uncertainty in results. Under the thresholds used by the EAG the PPI
model was the only model deemed to be poor at being able to discriminate between
outcomes, all other models were at acceptable levels (AUC>0.7). Some confidence
intervals extend infinitely due to the absence of data for categorical covariates for the
outcome, for example no patients that suffered major life-threatening bleeding were
recorded as having extensive calcification or anaesthesia, which causes a
separation of data and so the model is unable to estimate a coefficient for the
covariate. This is the case in the modelling of in-hospital SAVR intervention, where
there were no recorded cases for ACURATE neo2 or Navitor therefore the model
was unable to estimate the coefficient for TAVI device. One Clinical Expert confirmed
that bailout SAVR is rare, and that it would be difficult to demonstrate differences

between valves for this specific outcome.

To assess the impact of missing data on each outcome across TAVI devices the
EAG performed chi-squared test on the proportion of patients that experienced each
outcome per TAVI device type before and after exclusions. For example, the EAG
tested if the proportion of patients that had Sapien 3 and died in-hospital was
different to the proportion that died in-hospital after excluding incomplete cases.
There was no evidence for an effect of missingness on any of the outcomes
considered, except one. The exclusion of incomplete cases had a significant impact
on the proportion of Sapien 3 Ultra patients that experience aortic regurgitation
(p=0.029), before exclusions there were 33 patients out of 3396 (0.97%) whereas
after exclusions there were 10 out of 2342 patients (0.42%). There was no evidence
that the proportion of patients with aortic regurgitation with other valve types was
influenced by missingness. Therefore, the exclusion of incomplete cases
disproportionately affected Sapien 3 Ultra compared with other device types and
caused a decrease in the proportion of patients that suffered aortic regurgitation. As
Sapien 3 Ultra was used as the reference, the odds ratios observed for the other
device types may be influenced by this significant decrease, although it will not
influence relative differences between other devices. There was no further evidence

of a significant difference in proportions across any other outcomes for all TAVI



device types, suggesting that exclusion of incomplete cases had no discernible

impact on the final estimates.

The multivariate analysis accounts for patient characteristics that are known and
measured risk factors. It is limited by the availability and quality of the data, and by
the presence of unmeasured potential confounders. For example, if the more
frequent use of Sapien 3 Ultra observed in the UK TAVI Registry is because
clinicians choose that by default, and only select a different TAVI device if the patient
has characteristics that need it, there may be a greater proportion of uncomplicated
patients being treated with that device. One Clinical Expert advised that this reflected
clinical practice where many units would have a default valve and use others in
specific clinical situations and patient anatomies. They noted that it would be rare for
valves to be used interchangeably by all operators in all units. Whilst the multivariate
analysis can control for those characteristics that are included in the model, it cannot

control for unmeasured variables.



Table 23: Results of binary logistic modelling (adjusted) of UK TAVI Registry data (TAVI in native aortic valve) for each key in-hospital outcome

[Note: Values are odds ratios (confidence intervals), representing the risk each outcome relative to the ‘reference patient’ that is, one that received Edwards Lifesciences Sapien 3 Ultra TAVI device,

with binomial covariates set to zero and continuous variables (1) set to the median. Red indicates increased odds, green decreased odds (protective)]. In each model only main effects (i.e. no

interactions) were investigated.]

ascending aorta

Coronary anatomical
comorbidities

Coronary clinical
comorbidities

Frailty

Height (per 10cm)

LVEF poor

Male

Aortic valve mean gradient

(per mmHg) T

Non-coronary clinical
comorbidities

Non-coronary risk factors
Non-coronary renal
Procedural urgency
Severe symptoms

Valve size: small

Valve size: large

Weight (per kg) T

1.02 (0.51, 2.07)

0.91 (0.43, 1.93)

1.28 (0.83, 1.96)

0.97 (0.35, 2.7)
0.57 (0.23, 1.38)
0.99 (0.97, 1.01)

1.19 (0.59, 2.41)

1(0.54, 1.85)
1.61 (0.7, 3.71)
1.39 (0.72, 2.68)
1.37 (0.64, 2.96)
1.09 (0.44, 2.7)
1.17 (0.37, 3.69)
0.99 (0.97, 1.01)

1.45 (0.8, 2.61)

1.07 (0.57, 2.03)

1.05 (0.72, 1.54)
1.23 (0.49, 3.1)
0.4 (0.18, 0.91)*
1(0.98, 1.01)

| 0.82 (0.48, 1.41)

1.49 (0.83, 2.67)
0.89 (0.4, 1.98)
1.61(0.71, 3.61)
0.75 (0.3, 1.85)
1(0.99, 1.02)

0.99 (0.48, 2.05)
1.07 (0.5, 2.28)

0.97 (0.44, 2.14)

1.12 (0.35, 3.57)
0.83 (0.33, 2.08)

‘037 (0.14, 1)
|

1.5 (0.79, 2.85)
1.18 (0.43, 3.22)
1.08 (0.54, 2.13)
0.7 (0.25, 1.97)
1.7 (0.59, 4.91)
1.3 (0.48, 3.58)
0.96 (0.94, 0.98)*

1.17 (0.88, 1.57)
1.26 (0.94, 1.7)

1.11 (0.8, 1.55)

0.95 (0.79, 1.15)
0.86 (0.52, 1.42)
1.22 (0.82, 1.8)

1(0.99, 1.01)

0.9 (0.65, 1.25)

0.98
1.07

0.76, 1.28)
0.7, 1.65)
0.82 (0.6, 1.12)
1.24 (0.85, 1.81)
0.79 (0.52, 1.22)
1.5 (0.89, 2.53)
1(0.99, 1.01)

—_~ o~ o~ o~

1.21(0.61, 2.41)
1.11 (0.54, 2.31)

1.9 (0.98, 3.67)
1.1(0.71,1.7)

0.23 (0.03, 1.75)
0.4 (0.17, 0.96)*
1.01(0.99, 1.02)

1.11 (0.53, 2.31)

0.98 (0.53, 1.81)
1.19 (0.44, 3.22)
1.35 (0.68, 2.66)
0.75 (0.28, 2.02)
0.17 (0.06, 0.49)*

0.99 (0.97, 1.01)

1.06 (0.54, 2.11)
1.25 (0.62, 2.54)

1.26 (0.64, 2.51)
1.32(0.86, 2.03)

0.52 (0.12, 2.3)
0.57 (0.24, 1.35)
1.02 (1, 1.03)

1.22 (0.61, 2.46)

1.36 (0.74, 2.51)
1.37 (0.58, 3.28)
1.28 (0.66, 2.47)
0.69 (0.26, 1.87)
0.81(0.31, 2.13)

0.97 (0.95, 0.99)*

Parameter Death Stroke Aortic regurgitation | Pacemaker Major bleeding Major vascular TAVI SAVR intervention
(1.2%); (1.6%); (1.2%); (6.9%); (1.2%); 47 events in | complication bailout/reintervention | (0.2%); 7 events in
47 events in 3,917 61 events 46 events in 3,910 270 events in 3,913 | 3,912 (1.2%); before discharge 3,915 patients
patients in 3,910 patients patients patients 49 events in 3,913 (0.6%); 23 events in

patients 3,915 patients

Intercept 0.02 (0, 0.09)* 0.01 (0, 0.03)* 0.05 (0.01, 0.38)* 0.06 (0.03, 0.13)* 0.03 (0, 0.16)* 0.06 (0.01, 0.39)* 0.02 (0, 0.25)* 0 (0, 0.05)*

Sapien 3 Ultra Reference Reference Reference Reference Reference Reference Reference Reference

Sapien 3 0.86 (0.25, 2.92) IEEEEESEE I 1 5c (0.41,6.1) 0.89 (0.51, 1.55) 0.97 (0.28, 3.28) 0.60 (0.17, 2.17) 0.76 (0.11, 5.38) 0(0, Inf)

ACURATE neo2 2.35 (0.61, 9.08) | 0.97 (0.13, 7.51) SO o.70 032, 1.92) 1.77 (0.48, 6.5) 3.10 (0.92, 10.39) 3.85 (0.74, 19.99) 0 (0, Inf)

Evolut R 3.11(0.77, 12.57) | 5.44 (1.49,19.91) | 8.51(2.1,3447)*  |2.08(1.03,4.18)  0.77 (0.14, 4.15) 0.66 (0.11, 4.05) 2.28 (0.22, 24) 0(0, Inf)

Evolut Pro + 1.11(0.31, 4.01) | 521 (2.02,13.46)* | 9.78(3.11,30.76)* | 1.89(1.09,3.28)*  0.41(0.11,1.52) 0.73 (0.2, 2.67) 3.28 (0.68, 15.86) 0 (0, Inf)

Navitor 0.97 (0.11, 8.28) | 5.22(1.59,17.15) | 24.56 (7.04,85.67)* | 2.54 (1.24,52)*  1.07 (0.21, 5.3) 2.54 (0.62, 10.36) | 0 (0, Inf) 0(0, Inf)

Age (per year) T 0.99 (0.95, 1.04) _ 0.97 (0.93, 1.01) 1.01 (0.99, 1.03) 0.98 (0.94, 1.03) 1(0.95, 1.04) 1.05 (0.97, 1.14) 1.06 (0.93, 1.21)

Anaesthesia S o . Inf) 1.32(0.14,12.82) | 1.09(0.32,3.68) | 0(0, Inf) 2.02(0.24,16.71) | 0(0, Inf) | 33.9(2.95,390.17)

Annular diameter (per mm) T | 1.04 (0.92, 1.18) 1.08 (0.97, 1.19) 1.02 (0.88, 1.18) 1(0.94, 1.07) 0.81 (0.68, 0.95)* 0.93 (0.78, 1.12) 0.95 (0.74, 1.22) 1.02 (0.67, 1.56)

Extensive calcification of 0.53 (0.06, 4.35) 0.92 (0.21, 4.01) 0.82 (0.37, 1.83) 0 (0, Inf) 0 (0, Inf) 0 (0, Inf) 0 (0, Inf)

1.39 (0.54, 3.57)
0.99 (0.36, 2.73)

0.23 (0.03, 1.71)
0.99 (0.53, 1.85)
2.25 (0.59, 8.63)
1.23 (0.35, 4.31)
0.98 (0.95, 1.01)

1.04 (0.35, 3.15)

0.99 (0.41, 2.37)
0 (0, Inf)
1.17 (0.41, 3.32)
0 (0, Inf)
1.03 (0.27, 3.86)

o CRCICREREY)

0.98 (0.95, 1.02)

0.35 (0.04, 3.57)
3.9 (0.68, 22.47)

1.21(0.13, 11.39)
3.09 (0.94, 10.14)
0 (0, Inf)

0.27 (0.02, 4.14)
1.02 (0.98, 1.06)

0.74 (0.08, 6.57)

2.12(0.38, 11.95)

0 (0, Inf)

0.48 (0.05, 4.55)

0 (0, Inf)

0 (0, Inf)
24839152.21 (0, Inf)
1.02 (0.97, 1.07)

Null deviance [degrees of
freedom]

Residual deviance [degrees of
freedom]

509.35 [3,914]

481.55 [3,890]

628.61 [3,909]

575.45 [3,885]

500.18 [3,909]

416.58 [3,885]

1,964.69 [3,912]

1,891.55 [3,888]

509.07 [3,911]

468.66 [3,887]

526.64 [3,912]

491.12 [3,888]

282.17 [3,914]

250.23 [3,890]

102.56 [3,914]

76.24 [3,890]




AUC \ 0.713[0.639, 0.788] \ 0.758 [0.693, 0.823] \ 0.844 [0.785, 0.904] \ 0.647 [0.612, 0.681] \ 0.746 [0.679, 0.814] \ 0.737 [0.667, 0.809] \ 0.828 [0.773, 0.884] \ 0.903 [0.896, 1.00]
AIC \ 531.55 \ 625.45 \ 466.16 \ 1,943.55 \ 518.66 \ 541.12 \ 300.23 \ 126.24

Abbreviations: AIC, Akaike information criterion; AUC, Area under the curve; LVEF, Left ventricular ejection fraction;



Figure 10: Correlation matrix for logistic model parameters for all outcomes (all
trained on same data)

[Note that the ‘correlation’ between TAVI device is a consequence of converting
categorical variables to ‘dummy’ variables, which induces a linear relationship
between dummy variables, this should be ignored]
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Outcomes occurring after discharge
Key covariates for late outcomes occurring post-discharge are presented in Table

24, which includes hazard ratios and 95% confidence intervals. TAVI device was not
associated with any long-term outcomes. In addition to the covariates used in the in-
hospital outcome models, additional variables were introduced to look at the effect of
in-hospital adverse events (during TAVI procedure) on long-term outcomes, this
includes in-hospital stroke on death and subsequent stroke, aortic-regurgitation on

re-admission for heart failure and PPI on subsequent PPI (because this finding relied



on identification of pacemaker codes in the follow up period in HES, it simply
highlights that patients who need a permanent pacemaker as a result of their TAVI
procedure need ongoing pacemaker maintenance during long-term follow up, and is
to be expected). Age at discharge, frailty, non-coronary renal comorbidities, and non-
coronary risk-factors, procedural urgency, severe symptoms all increased the hazard
of death post-discharge. Age, non-coronary clinical comorbidities, and stroke during
TAVI admission increased hazard of stroke post-discharge. Procedural urgency
increased the hazard of PPI post-discharge. Frailty, non-coronary clinical
comorbidities, non-coronary risk factors, procedural urgency, and small valve size all
increased odds of re-admission for heart failure. Mean aortic gradient measured pre-
procedure was found to decrease odds of death and re-admission for heart failure.
The 1-year estimated event rate predicted more than 1 in 10 [0.12, (0.07, 0.16)] will
die within a year of discharge. However, the death model has the lowest
concordance (0.663), which suggests that whilst the model has some predictive
capability, it is lacking. Further modelling would look to include more patients and
include a richer dataset which may include variables that the EAG was unable to
obtain from the UK TAVI Registry.



Table 24: Results of Cox proportional hazard modelling (adjusted) of UK TAVI Registry data (TAVI in native aortic valve) for each

key outcome occurring post-discharge

[Note Values are hazard ratios, representing risk relative to the ‘reference patient’ that is one that received Edwards Lifesciences
Sapien 3 Ultra TAVI device, with binomial covariates set to zero and continuous variables set to the median]. In each model only

main effects (i.e. no interactions) were investigated.]

Parameter Death; Stroke; Pacemaker; Aortic Readmission for
512 events in 124 events in 133 events in reintervention | heart failure;
3,907 patients 3,907 patients | 3,907 patients (TAVI or 276 events in
SAVR); 3,880 patients
18 events in
3,907
Sapien 3 Ultra Reference Reference Reference Reference Reference
Sapien 3 0.81(0.54,1.2) | 1.3(0.61,2.77) | 1.39(0.67,2.86) | 0 (0, Inf) 1.29 (0.79, 2.12)
ACURATE neo2 1.14 (0.68, 1.91) \ 0.91 (0.27, 3.01) \ 1.83(0.69, 4.85) \ 0 (0, Inf) \ 1.38 (0.68, 2.82)
Evolut R 0.82(0.47,1.43) | 0.67 (0.18,2.45) | 1.71(0.66, 4.45) | 0 (0, Inf) | 1.76 (0.87, 3.53)
Evolut Pro+ 0.82 (0.53, 1.26) | 1.05 (0.45, 2.42) | 1.23 (0.55, 2.75) | 0 (0, Inf) 1.6 (0.93, 2.74)
Navitor 1.68 (0.89, 3.18) | 0.92 (0.21, 4) 1.04 (0.24, 4.49) | 0 (0, Inf) 1.47 (0.58, 3.73)

Age, median adjusted 1.02 (0.99, 1.05) | 0.96 (0.9, 1.02) | 1.02 (1, 1.04)

Anaesthesia 1.39(0.65,2.98) | 0.96 (0.13,7.04) | 0.8 (0.11,5.85) | 0 (0, Inf) 1.93(0.78, 4.78)
Annular, diameter median adjusted | 1,01 (0.96, 1.06) | 1.02 (0.93, 1.13) | 1.07 (0.99, 1.16) | 1.07 (0.86, 1.33) | 1.03 (0.97, 1.1)
Ex:fnsive calcification of ascending | 0.77 (0.42, 1.42) | 1.4(0.51,3.87) | 1.33(0.48,3.68) | 0 (0, Inf) 1(0.49, 2.06)
aorta

Coronary anatomical comorbidities | 1.11 (0.91,1.36) | 0.7 (0.44, 1.11) | 0.67 (0.43, 1.04) | 0.83(0.23, 3.02) | 1.17 (0.89, 1.53)
Coronary clinical comorbidities 0.93 (0.75, 1.15) | 0.84 (0.53, 1.34) | 1.29 (0.86, 1.94) | 0.69 (0.18, 2.56) | 1.18 (0.9, 1.56)
Frailty ISSEEE 52 (0.99,2.34) | 0.72(0.43,12) | 0.32(0.04,2.53) [HEGGERICD
Height (per 10 cm), median adjusted | 1.11 (0.97, 1.26) | 1.15(0.88, 1.5) | 1.11(0.86, 1.44) | 1.36 (0.68, 2.71) | 0.99 (0.82, 1.18)
LVEF poor 1.15(0.86, 1.54) | 1.28 (0.67,2.42) | 1.4 (0.82, 2.4) 0.67 (0.08,5.7) | 1.28 (0.89, 1.84)
Male sex 1.01 (0.77,1.34) | 1.03 (0.58, 1.83) | 0.83 (0.48, 1.44) | 0.67 (0.16, 2.73) | 1.07 (0.73, 1.56)
Mean aortic valve gradient 0.99 (0.98, 0.99)*  0.99 (0.98, 1) 0.98 (0.97, 1) 0.98 (0.95, 1.01) | 0.97 (0.96, 0.97)*

(measured pre-procedure) median
adjusted

Non-coronary clinical comorbidities | 1.22 (0.99, 1.51) _ 0.84 (0.52, 1.35) | 0.61 (0.14, 2.72) _

Non-coronary renal 1.06 (0.73, 1.55) | 0.81 (0.57, 1.16) | 0.99 (0.38, 2.59) | 1.27 (0.98, 1.65)
0.82 (0.46, 1.48) | 0.88 (0.46, 1.67) | 0.75 (0.1, 5.91)

0.81 (0.51, 1.27) _ 0.42 (0.09, 1.92)

1.16 (0.66, 2.04) | 1.27 (0.77,2.09) | 1.23 (0.27, 5.66) | 1.17 (0.84, 1.62)

Non-coronary risk factors
Procedural urgency

Severe symptoms

—_~ o~ o~ o~ o~

Valve size: small 0.99 (0.74, 1.32) | 1.26 (0.71,2.23) | 1.24 (0.71,2.16) | 2.84 (0.63,
12.77)
Valve size: large 1.3(0.88,1.93) | 0.82(0.38,1.75) | 0.95 (0.46, 1.97) | 55870994.26 (0, | 0.92 (0.56, 1.52)
Inf)
Weight, median adjusted 0.99 (0.99, 1) 0.99 (0.98, 1) 1 (0.99, 1.01) 0.99 (0.96, 1.02) | 1.01 (1, 1.02)
In-hospital stroke 1.36 (0.73, 2.56) - - - -
PPI at discharge (post-TAVI) - - _ § -
AR at discharge (post-TAVI) - - - - 1.21 (0.38, 3.87)
Concordance 0.663 0.717 0.655 0.798 0.716
1 year event rate, 95% (Cl) 0.12 (0.07,0.16) | 0.03 (0.01, 0.06) | 0.03 (0.006, 0.005 (0.004, 0.066 (0.03, 0.10)
0.06) 0.014)

Abbreviations: AR, Aortic Regurgitation; TAVI, transcatheter aortic valve implantation



Device subgroups
To further explore differences between manufacturers, the EAG repeated modelling

for self-expanding valves only. To do this all valves manufactured by Edwards
Lifesciences were excluded, and Medtronic Evolut Pro+ was set as the reference as
the most frequently used self-expanding TAVI device, to which other self-expanding
devices were compared, Table 25 (in-hospital outcomes) and Table 26 (post-

discharge outcomes).

Within this analysis no statistical difference between self-expanding TAVI devices
was observed for any of the in-hospital outcomes, with the exception of major
vascular complications where ACURATE neo2 had statistically increased odds when
compared with Evolut Pro+. This may be a consequence of higher proportion of
female patients being treated with ACURATE neo2, with smaller vessels and
therefore increased risk of vascular complications. These results in comparison with
the previous analysis comparing all 6 devices with each other (combining balloon-
and self-expanding valves) further confirms that different patient populations are
being treated with the different expansion types; noting that the Clinical Experts have
stressed that specific anatomies inform device choice. Subgroup analysis accounts
for any measured differences between those that have balloon- and self-expanding
valves, however, it further reduces data from over 3000 patients in the main analysis
to around 800. Consequently, events become even rarer which reduces statistical
power and the increases the risk of overfitting the data, decreasing the

generalisability of the results to the broader population.

Other contributory factors included:

Annular diameter increased odds of stroke, but decreased odds of major
bleeding and vascular complication.

e Coronary clinical comorbidities increased odds of major vascular

complications.
e Poor LVEF increased odds of TAVI bailout or reintervention before discharge.

e Non-coronary clinical comorbidities increased odds of stroke, but decreased

risk of aortic regurgitation.



e Procedural urgency increased odds of death.

e Large valve size increased odds of major bleeding and major vascular

complications.
e Weight decreased odds of in-hospital aortic regurgitation.

The model for in-hospital SAVR conversion failed to converge, likely due to the
extreme rarity of events (n=2). Modelling relies on sufficient data to make estimates
of the likelihood of an event occurring. With only 2 events the data is too sparse to
be able to make accurate inferences, which can lead to large uncertainty in
estimates and the model being unable to estimate optimal parameters and thus

failing to converge.

As was the case in the main analysis, TAVI device was not significantly associated
with any long-term outcomes. Males had an increased hazard of death after
discharge (not found in overall analysis) and as found in the main analysis renal
comorbidities were associated with an increased hazard of death. In-hospital stroke
(during TAVI admission) increased the hazard of a subsequent stroke after
discharge and age, male sex, and procedural urgency all increased the hazard of
future re-admission with heart failure. Mirroring observations from the main analysis,
mean aortic pressure gradient was associated with a decreased hazard of death and

re-admission with heart failure.

There was no significant difference in the odds of aortic regurgitation across self-
expanding devices, which is surprising when one considers the differences between
TAVI devices in the main analysis (self-expanding devices increased odds between
5 and 24 times when compared to balloon-expanding). This could be because of
excluded missing data or be a further indication of difference in patient populations
between the two expansion types. The EAG compared the proportion of patients with
calcification (shown to increase odds of aortic regurgitation) between balloon- and
self-expanding valves (chi-squared test) and found there was evidence to suggest
that the proportion of patients reported to have extensive calcification differed
significantly (p<0.05) between groups (2.1% in balloon- compared with 4.9% in self-
expanding valves). The EAG investigated the effect of an interaction term between



TAVI devices and extensive calcification. None of the interaction terms were
significant and all TAVI device types remained with an increased the odds of aortic
regurgitation, so for simplicity the EAG did not include the interaction term in the final
model. However, the quality and completeness of the extensive calcification variable
is lacking. Additionally it is a dichotomisation of a continuous outcome, which
reduces its statistical power and is subject to an arbitrary threshold which, if

changed, will likely lead to different results.



Table 25: Odds ratios from binary logistic modelling (that is, adjusted by multivariate analysis) of UK TAVI Registry data (TAVI in native aortic valve) for all self-expanding valves for each key in-

hospital outcome

Frailty

LVEF poor
Male sex

Non-coronary renal
Procedural urgency
Severe symptoms
Valve size: small
Valve size: large
Weight (per kg) T

Coronary anatomical comorbidities
Coronary clinical comorbidities

Height (per 10 cm increase) t

Mean, gradient (per mmHg) t

Non-coronary clinical comorbidities

Non-coronary risk factors

0.92 (0.26, 3.18
1.52 (0.46, 4.98
1.15 (0.31, 4.21

1.09 (0.46, 2.59
2.12 (0.5, 9.07)

1.53 (0.24, 9.53)
1(0.96, 1.03)
2.28 (0.69, 7.6)
1.45 (0.44, 4.8)

\ 2.84 (0.65, 12.55)

~— ~— ~— ~— ~— ~—

1.81 (0.69, 4.78)
1.15(0.41, 3.17)
0.34 (0.09, 1.25)

(
(
(
(
0.88 (0.47, 1.65)
0.49 (0.06, 4.23)
(
(

0.31(0.09, 1.12)
0.99 (0.96, 1.02)

1.14 (0.47, 2.76)
2 (0.58, 6.89)

\ 1.35 (0.36, 5.04)
1.03 (0.09, 11.87)
0.41(0.08, 2.11)
1 (0.96, 1.04)

0.72
1.52

0.19, 2.73)
0.27, 8.58)
0.74 (0.22, 2.47)
1.01 (0.98, 1.04)

L~ o~~~

0.87 (0.34, 2.23)
0.71 (0.26, 1.95)
1.09 (0.42, 2.86)

1.6 (0.9, 2.82)
1.35 (0.33, 5.6)

1.26 (0.43, 3.74)
1.02 (1, 1.04)

1.76 (0.77, 4.01)

1.59 (0.48, 5.23)
1.75 (0.79, 3.92)
0.42 (0.1, 1.65)
0 (0, Inf)

1.01 (0.34, 2.99)
0.95 (0.92, 0.98)*

0.98 (0.58, 1.64)
1.27 (0.76, 2.12)
1(0.57, 1.76)

1.18 (0.85, 1.63)
0.94 (0.42, 2.14)

1.05 (0.55, 2.02)
0.99 (0.98, 1.01)
0.64 (0.35, 1.17)
0.86 (0.55, 1.34)

0.68 (0.3, 1.54)
1.47 (0.9, 2.38)
1.47 (0.82, 2.64)
0.79 (0.24, 2.55)
1.39 (0.72, 2.69)
0.99 (0.97, 1)

1.84 (0.58, 5.83)
2.17 (0.66, 7.15)
1.65 (0.48, 5.66)

0.77 (0.35, 1.7)
0.62 (0.06, 6.57)

0.52 (0.1, 2.41)
0.98 (0.94, 1.02)
0.84 (0.24, 3.01)
2.09 (0.57, 7.75)

0.65 (0.07, 5.87)
1.6 (0.48, 5.35)

2.77 (0.79, 9.73)
0.19 (0.02, 2.01)

1.01 (0.98, 1.05)

Parameter Death (1.8%); Stroke (3.0%); AR (3.8%); PPI (12.3%); Major Bleeding Major Vascular TAVI Bailout/Reintervention

15 events in 812 24 events in 810 31 events in 812 100 events in 810 (2.1%); Complication (1.1%)

patients patients patients 17 events in 809 (2.3%);

19 events in 810

Intercept 0 (0, 0.09)* 0.01 (0, 0.17)* 0.73 (0.06, 8.47) 0.27 (0.07, 1.04) 0 (0, 0.01)* 0.01 (0, 0.16)* 0.4 (0, 34.29)
Evolut Pro+ ‘ Reference ‘ Reference ‘ Reference ‘ Reference ‘ Reference ‘ Reference ‘ Reference
ACURATE neo2 1.86 (0.34, 10.11) 0.21 (0.02, 1.79) 0.78 (0.16, 3.68) 0.44 (0.18, 1.09) 4.41 (0.98, 19.82) 2.02 (0.31, 13.3)
Evolut R 2.76 (0.7, 10.9) 0.96 (0.29, 3.16) 0.99 (0.31, 3.1) 0.99 (0.54, 1.8) 1.84 (0.37, 9.08) ‘ 0.85 (0.16, 4.45) ‘ 0.85 (0.08, 8.49)
Navitor 0.49 (0.04, 5.99) 0.79 (0.2, 3.11) 2.63 (0.8, 8.59) 1.25 (0.58, 2.67) 3.34 (0.58, 19.19) 4.3 (0.93, 19.88) 0 (0, Inf)
Age (per year) t 1.01 (0.93, 1.1) 1.05 (0.97, 1.13) 0.99 (0.94, 1.04) 1.01 (0.98, 1.05) 0.96 (0.89, 1.04) 1.01 (0.94, 1.09) 1.07 (0.93, 1.23)
Anaesthesia 0 (0, Inf) 0 (0, Inf) 3.17 (0.24, 42.51) 0.73 (0.08, 6.46) 0 (0, Inf) 6.81 (0.56, 82.53) 0 (0, Inf)
Annular, diameter (per mm) 1.13 (0.89, 1.42 _ 0.99 (0.82, 1.18) 1.03 (0.94, 1.14) 0.6 (0.46, 0.77)* 0.74 (0.57, 0.95)* 0.85 (0.58, 1.25)
Extensive calcification of ascending aorta | 0.84 (0.09, 8.21 0.72 (0.08, 6.34) 3.02 (0.74, 12.28) 1.26 (0.46, 3.48) 0 (0, Inf) 0 (0, Inf) 0 (0, Inf)

1.02 (0.34, 3.04)

0.97 (0.31, 3.02)
(

1.07 (0.51, 2.28)
0.71 (0.07, 6.69)

0.4 (0.11, 1.53)
1.01(0.98, 1.04)
1.04 (0.33, 3.25)
1.09 (0.39, 3.05)
(
(

0.82 (0.16, 4.27)
1.16 (0.36, 3.73)
1.53 (0.43, 5.46)
0.25 (0.02, 2.56)

S 0 005 54)

0.99 (0.96, 1.03)

ISR 0 00+ 356)

0.52 (0.05, 5.08)

0 (0, Inf)
1.4 (0.48, 4.09)

2.45 (0.22, 26.88)
1.01 (0.98, 1.05)
0 (0, Inf)

1.4 (0.32, 6.14)

0 (0, Inf)
0.84 (0.15, 4.82)
0 (0, Inf)
0 (0, Inf)

0.96 (0.9, 1.02)

AUC
AIC

Null deviance [degrees of freedom]
Residual deviance [degrees of freedom]

149.46 [811]
124.92 [789]

0.808 [0.690, 0.926]
170.929

216.19 [809]
192.19 [787]

0.773 [0.682, 0.863]
238.19

263.26 [811]
227.13 [789]

0.789 [0.712, 0.867]
273.13

605.48 [809]
578.70 [787]

0.663 [0.610, 0.715]
624.70

164.96 [808]
127.34 [786]

0.870 [0.797, 0.943]
173.34

180.14 [809]
156.43 [787]

0.810 [0.730, 0.891]
202.43

98.94 [811]
71.49 [789]

0.908 [0.843, 0.973]
117.49

Key: tmedian adjusted. Abbreviations: AIC, Akaike information criterion; AUC, Area under the curve; LVEF, Left ventricular ejection fraction



Table 26: Results of cox proportional hazard modelling (adjusted) of UK TAVI Registry data (TAVI in native aortic valve) for each
key outcomes occurring post-discharge, for all self-expanding valves

[Parameters included in final model and associated hazard ratio — in relation to the ‘reference patient’ that is one that received

Evolut Pro+ device, and binomial variables are set to zero and continuous variables are set to the median.]

Valve size: large

0.89 (0.51, 1.57)

0.89 (0.25, 3.13)

0.48 (0.15, 1.47)

Parameter Death; Stroke; Pacemaker; Aortic Readmission for
102 events in 21 events in 31 events in 809 | reintervention | heart failure;
809 patients 809 patients patients (TAVI or 63 events in 809
SAVR); patients
5 events in 809
patients
Evolut Pro+ Reference Reference Reference Reference Reference
Evolut R 1.3(0.74,2.29) | 0.74 (0.18, 3) 1.78 (0.7,4.54) | 2.32(0.3,17.93) | 1.02 (0.51, 2.04)
ACURATE neo2 1.62 (0.9, 2.92) 1.01(0.24, 4.22) | 1.46 (0.49, 4.37) | 0 (0, Inf) 0.74 (0.32, 1.7)
Navitor 1.79 (0.88,3.62) | 0.83(0.15,4.7) | 0.83(0.17,3.99) | 0 (0, Inf) 0.83 (0.3, 2.31)
Age, median adjusted 1.03 (1, 1.07) 1.03(0.94,1.12) | 1.04(0.98,1.1) | 1.01(0.86, 1.18) |OCINOMNROS N
Anaesthesia 1.06 (0.13,8.31) | 0 (0, Inf) 0 (0, Inf) 0 (0, Inf) 3.06 (0.39, 24.11)
Annular diameter, median adjusted | 1.01 (0.92, 1.11) | 0.89 (0.71, 1.12) | 1.02(0.85, 1.22) | 1.08 (0.75, 1.56) | 1.05 (0.92, 1.19)
Extensive calcification of ascending | 0.41 (0.1,1.73) | 0(0, Inf) 0 (0, Inf) 0 (0, Inf) 1.19 (0.35, 4.06)
aorta
Coronary anatomical comorbidities | 1.38 (0.88, 2.18) | 0.21 (0.04, 1.11) | 1.11 (0.49, 2.52) | 1.96 (0.26, 0.75(0.41, 1.37)
14.68)
Coronary clinical comorbidities 0.83 (0.52, 1.33) | 0.47 (0.12, 1.84) | 1.96 (0.88, 4.33) | 2.09 (0.27, 1.45 (0.83, 2.53)
15.91)
Frailty 1.52 (0.96, 2.42) | 1.99 (0.63, 6.27) | 0.32 (0.07, 1.38) | 0 (0, Inf) 1.48 (0.81, 2.72)
Height (per 10cm), median adjusted | 0.99 (0.73, 1.35) | 1.82(0.87,3.8) | 1.04 (0.6, 1.81) | 0.85(0.19, 3.94) | 1.07 (0.73, 1.56)
LVEF poor 1.19(0.58,2.42) | 3.6 (0.85,15.19) | 0.9 (0.25,3.24) | 1.98(0.12, 1.03 (0.43, 2.47)
33.47)
Male IEEAEESE 13 (0.26,4.9) | 2.19(0.69,7.01) | 0.3(0.02 4.31) |[ERGEGNCIN
Aortic valve mean gradient, median | 0.98 (0.97, 0.99)* | 0.99 (0.96, 1.02) | 0.98 (0.96, 1.01) | 0.99 (0.95, 1.05) | 0.96 (0.95, 0.98)*
adjusted
Non-coronary clinical comorbidities | 1.21 (0.76, 1.94) | 1.68 (0.6, 4.71) | 0.49 (0.16, 1.47) | 1.31(0.11, 1.51 (0.85, 2.7)
15.12)
Non-coronary risk factors 0.91 (0.6, 1.38) | 0.86 (0.33,2.25) | 1.58 (0.72, 3.45) | 3.02 (0.32, 1.15 (0.67, 1.99)
28.27)
Non-coronary renal _ 1.04 (0.26, 4.21) | 1.1(0.3,4.02) | 0 (0, Inf) 0.3 (0.09, 1.01)
Procedural urgency 1.45(0.91,2.3) | 0.78 (0.25, 2.44) | 1.42 (0.62, 3.27) | 0.58 (0.04, 7.73) _
Severe symptoms 1.03 (0.58, 1.83) | 0.75(0.15, 3.84) | 1.75 (0.66, 4.62) | 1.47 (0.11, 1.58 (0.83, 3.01)
19.29)
Valve size: small 0.6 (0.24, 1.53) | 0.89 (0.16, 5.13) | 0.59 (0.11, 3.13) | 1.44 (O, Inf) 1.97 (0.72, 5.4)

486922464.68
(0, Inf)

0.63 (0.29, 1.39)

1 year event rate, 95% (ClI)

Weight, median adjusted 0.98 (0.97, 1) 0.96 (0.92, 1) 1(0.98, 1.03) 0.99 (0.93, 1.06) | 0.99 (0.97, 1.01)
In-hospital stroke 1.62 (0.5, 5.3) - - - -

In-hospital PPI - - 1.82 (0.76, 4.36) | - -

In hospital AR - - - - 0.49 (0.06, 3.79)
Concordance 0.717 0.876 0.779 0.915 0.737

Abbreviations: AR, Aortic Regurgitation; TAVI, transcatheter aortic valve implantation



5.6 Strengths and limitations of the clinical evidence
The published literature has identified differences in outcomes between TAVI

devices (expansion types, manufacturers and models) including those directly in
scope for this late-stage assessment, however few adjusted for population
differences, and few included patients recruited from a UK setting. One Clinical
Expert advised that the pace of change in transcatheter therapy for heart valve
disease is rapid and acknowledged that using results from older trial data (with
longer-follow-up) were less generalisable. Because of limitations in length of follow
up and reporting, and technical differences between different generations of TAVI
device from the same manufacturer, no equivalence has been assumed. The EAG
considers the multivariate analysis of linked patient level data from the UK (linking in-
hospital outcomes from the UK TAVI Registry and out of hospital outcomes up to 31
months from HES) adjusting for recorded confounders, to be the strongest source of
clinical evidence available. This analysis demonstrated statistically significant
differences in in-hospital outcomes (stroke, moderate or severe aortic regurgitation,
pacemaker implantation) between 6 TAVI devices, but no statistical difference in out-
of-hospital outcomes, at 1 year. Given lack of comparability (population, pathway,
adjustment for confounding, intervention compared, time points and definition of
outcomes), the EAG have not presented a comparison of the results of these with

the results of the literature.

The UK TAVI Registry represents data which are most generalisable to a UK NHS

setting, however these results have significant limitations that need consideration:

e Data are self-reported (with only a small proportion of data fields being
validated through data linkage to HES).

e Reporting of the device manufacturer and model was poor; 4% of the
procedures have no information to identify the device used. Of the serial
numbers provided to Companies, 26% were unverified and excluded from
analysis, and complete case analysis conducted by the EAG confirmed that

removal of missing data may bias results.

¢ Immediate procedural outcomes may be recorded in the Registry

contemporaneously, however outcomes happening later in the hospital visit



(for example, bleeding) may not be recorded robustly in the Registry. Linkage
to HES can only help to validate clinical complications recorded in the UK
TAVI Registry where specific diagnosis (ICD-10), and procedural (OPCS)

codes exist and are defined the same as in the Registry.

e Several clinically important variables which determine choice of TAVI device
are not recorded in the Registry and cannot be adjusted for in multivariate
analysis (for example bicuspid valves, severe left ventricular outflow tract and
annular calcification, potential coronary obstruction because of patient

anatomy (see Table 1).

e The main analysis did not include 5 devices listed in the Final Scope, which
were added to the NHS Supply Chain framework after 31 March 2023, the
latest UK TAVI Registry data released by NICOR.

As indicated by the exploratory analyses conducted by the EAG, there is
evidence to suggest that differences in outcomes between TAVI devices may be
a consequence of different patient populations or being treated with different
manufacturer TAVI devices. Therefore, the clinical evidence, including the
analysis of short-term (in-hospital only) and medium-term (up to 31 month)
outcomes from this real-world data which can only adjust for recorded
confounders, and review of published evidence which does not adjust for
population differences, should be interpreted with caution during the decision-
making process. The EAG cannot rule out important differences that could favour
specific TAVI device(s). It remains unclear whether specific TAVI device design
features drive differences in clinical outcomes between TAVI devices. This could
be addressed by adding additional data fields in the UK TAVI Registry.



6 Economic evaluation

6.1 Quality appraisal of economic evidence
The economic model and summary used within NG208 which considered the cost-

effectiveness of TAVI when compared with SAVR (described in the Economic
analysis report, NG208) was reviewed by the EAG and critically appraised against
the CHEERS 2022 checklist (Appendix F1). The EAG tabulated the assumptions

from the NG208 economic report and considered their appropriateness within the

context of this late-stage assessment. The EAG also identified additional
assumptions incorporated into the economic model which were identified when the

EAG replicated it in rdecision (Appendix F2). Clinical Experts informing this late-

stage assessment were also consulted about the appropriateness of prior

assumptions.

The EAG considered several key limitations of the NG208 model, which included but

are not limited to:

e The model structure only permitted pairwise comparisons. While this is a
standard approach in HTA when considering cost-effectiveness against a
reference case, this structure required modification to permit clinically relevant
multi-way comparisons incorporating probabilistic sensitivity analysis to be

conducted.

e The model structure included decision trees nested within health states
representing re-intervention to account for adverse events during repeated
TAVI interventions and included two Markov models per arm (one for those
whose most recent intervention was TAVI and one for those whose most
recent intervention was SAVR, to account for those having both treatments at
different times). This was not clear from the model description within NG208

and only became apparent when the EAG attempted replication.

¢ Inclusion of standardized mortality because of an ageing population was
correctly applied in the model, but excess hazards associated with TAVI and

SAVR were applied in a complex manner.


https://www.nice.org.uk/guidance/ng208/evidence/mitraclip-economic-analysis-pdf-10890775261
https://www.nice.org.uk/guidance/ng208/evidence/mitraclip-economic-analysis-pdf-10890775261
https://www.equator-network.org/reporting-guidelines/cheers/
https://cran.r-project.org/web/packages/rdecision/index.html

The model structure did not allow modelling of multiple adverse events. The
model also did not account for short-term complications impacting risk of long-
term complications (for example paravalvular leak at discharge did not adjust
subsequent risks of rehospitalization for heart failure or need for further aortic
valve intervention). One Clinical Expert advised that rehospitalisation for heart
failure is likely reflective of patient characteristics, rather than attributable to

heart failure secondary to functionally significant regurgitation at discharge.

Bailout TAVI, bailout SAVR, and aortic reintervention prior to discharge were
not captured in the decision tree costs. While these events are rare, they have
considerable costs. However, 1 Clinical Expert has advised that these events
may reflect early experience, and that bailout interventions are less common

now in established TAVI practice.

Within NG208 (2021) the Committee considered additional outcomes such as
patient prothesis mismatch and atrial fibrillation. However, there was
uncertainty regarding their inclusion. The NG208 Committee concluded that
atrial fibrillation developing during the intervention was a peri-procedural
outcome only, unlikely to have a long-term impact, and likely captured within
NHS reference costs for the procedure (NG208 Economic Analysis Report,
2021). The EAG note that the late valve failure data field in the UK TAVI

Registry was only completed for 2.3% of procedures, and that no cases of

prosthesis-patient size mismatch were reported.

The model included mild paravalvular leak and dialysis as in-hospital
outcomes. The Clinical Experts advised that these are not key clinical

considerations in directing choice of TAVI valve.

Only acute complications following reintervention were considered in the
Markov model during the long-term follow-up. The EAG has identified late
events (post discharge) which appear to differ between TAVI valves, and

which may have an economic impact.


https://www.nice.org.uk/guidance/ng208/evidence/tavi-economic-analysis-pdf-10890776557
https://www.nice.org.uk/guidance/ng208/evidence/tavi-economic-analysis-pdf-10890776557

The model did not consider additional requirements for diagnostic tests (for
example for those with paravalvular leak) or quality of life differences between

TAVI devices. This is likely related to lack of data.

Transition probabilities, p, between each pair of states were calculated from
the formula p = exp(-rt), where r is the transition rate and t is the cycle time.
However, as Welton and Ades (2005) have shown, this only holds for a two-
state model and is an approximation in more complex models, and when
there would be multiple transitions per cycle. This is likely to be the case in

NG208 which had a cycle length of 1 year.

While TAVI-in-TAVI currently represents a small proportion of patients,
because of the expansion of TAVI in low and intermediate surgical risk
patients the uptake of TAVI-in-TAVI is likely to increase. Two devices are
explicitly contraindicated for valve-in-valve procedures (ACURATE neo2,

Hydra; see Table 2).

Costs associated with TAVI were appropriately obtained from the Healthcare
Resource Groups (HRGs: EY21A, EY21B). However, the use of this
aggregated cost did not enable modelling of procedure durations, in-hospital

complications, or length of stay which may differ between TAVI devices.

To enable comparison with the economic model used within NG208, the EAG
reviewed and summarised the 11 studies with associated economic models which
were published after 2020 (identified from 6 systematic reviews), which included 7
peer-reviewed papers and 4 health technology assessment reports, 2 of which were
in the French language) (Appendix B6). All the economic models, including the one
used within NG208, reported the key parameters such as intervention and
comparators, modelling approach, cost and outcomes, perspective, time horizon,
and discounting:

Seven were set in Europe (N=3 France, N=1 Spain, N=1 Italy, N=1 Norway,
N=1 UK), 2 were set in Asia (N=1 Singapore, N=1 Japan), 1 was set in
Canada, 1 was set in Australia. A total of 8 compared TAVI to SAVR, 3 to



medical management and for 2 the comparator was unknown (not reported in
English).

The time horizon across the included studies ranged from 5 years to the

estimated patient lifetime.

All studies included subgroups by surgical risk, with some including multiple

subgroups (N=4 inoperable, N=1 high, N=2 intermediate, N=6 low).

Four economic evaluation studies (Inoue et al. 2020, Kuntjoro et al. 2020,

Gilard et al. 2022, Haute Autorite de Sante 2021a) used a combination of a

decision tree model and a Markov model, while the remaining 7 studies used
a Markov model only. In the economic evaluations using the decision tree
models, the decision tree model was run for the first 30 days, with exception

to Inoue et al. 2020 which ran it for the first 2 years. Almost all the Markov

models used a 30-day cycle length except Inoue et al. 2020 and Kuntjoro et

al. 2020 which used 1-year cycles. It should be noted that the economic

model used within NG208 (Economic analysis report, NG208) also used a

decision tree model for the first 30 days, thereafter using a Markov model
(with nested decision trees in health states identified at replication) with
annual cycles. All 11 economic evaluation studies used 2 (Inoue et al. 2020),
3 (Himmels 2021, Health Technology Wales, 2020), 4 (Zhou et al. 2021,
Gilard et al. 2022, Haute Autorite de Sante 2021a, Haute Autorite de Sante
2021b) or 5 (Kuntjoro et al. 2020, Tam et al. 2021a) health states in their

Markov model except Pinar 2022 and Lorenzoni et al. 2021 which both used 9

mutually exclusive health states primarily defined by the 4 levels of functional
state based on the New York Heart Association (NYHA) classification and the

occurrence of stroke along with risk of death at the end of each monthly cycle.

All studies reported the utility values used in their model and provided
references to their sources (note that utility values from 2 HTA reports (Haute
Autorite de Sante 2021a, Haute Autorite de Sante 2021b) were reported in

French).



https://pubmed.ncbi.nlm.nih.gov/31670112/
https://pubmed.ncbi.nlm.nih.gov/33000105/
https://pubmed.ncbi.nlm.nih.gov/35365304/
https://www.has-sante.fr/jcms/p_3244168/fr/sapien-3-modele-9600-tfx-bioprothese-valvulaire-aortique-avec-systeme-de-mise-en-place-edwards-commander
https://pubmed.ncbi.nlm.nih.gov/31670112/
https://pubmed.ncbi.nlm.nih.gov/31670112/
https://pubmed.ncbi.nlm.nih.gov/33000105/
https://pubmed.ncbi.nlm.nih.gov/33000105/
https://www.nice.org.uk/guidance/ng208/evidence/mitraclip-economic-analysis-pdf-10890775261
https://pubmed.ncbi.nlm.nih.gov/31670112/
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2021/tavi-vs-savr-for-patients-with-severe-aortic-stenosis-and-low-surgical-risk-and-across-surgical-risk-groups-hta-report-2021.pdf
https://www.healthtechnology.wales/wp-content/uploads/2020/07/EAR024-Transcatheter-Aortic-Valve-implantation-1.pdf
https://pubmed.ncbi.nlm.nih.gov/33189571/
https://pubmed.ncbi.nlm.nih.gov/35365304/
https://www.has-sante.fr/jcms/p_3244168/fr/sapien-3-modele-9600-tfx-bioprothese-valvulaire-aortique-avec-systeme-de-mise-en-place-edwards-commander
https://www.has-sante.fr/jcms/p_3238891/fr/corevalve-evolut-pro
https://www.has-sante.fr/jcms/p_3238891/fr/corevalve-evolut-pro
https://pubmed.ncbi.nlm.nih.gov/33000105/
https://pubmed.ncbi.nlm.nih.gov/32645146/
https://pubmed.ncbi.nlm.nih.gov/34016548/
http://pubmed.ncbi.nlm.nih.gov/34019220/
https://www.has-sante.fr/jcms/p_3244168/fr/sapien-3-modele-9600-tfx-bioprothese-valvulaire-aortique-avec-systeme-de-mise-en-place-edwards-commander
https://www.has-sante.fr/jcms/p_3244168/fr/sapien-3-modele-9600-tfx-bioprothese-valvulaire-aortique-avec-systeme-de-mise-en-place-edwards-commander
https://www.has-sante.fr/jcms/p_3238891/fr/corevalve-evolut-pro

The EAG considered the largest systematic review of economic evaluations of TAVI
by Heathcote et al. (2023) which included the largest number of studies (N=42
studies which reported 65 unique analyses, Appendix B5); most used Edwards

balloon-expanding valves (82%) and the remaining used Medtronic self-expanding
valves (18%). From multivariate analysis of the probability that TAVI is cost-effective
conducted by Heathcote et al. (2023), the generation of the device and the surgical
risk group were the most important factors. Access route was not found to be a
contributory factor. However, a strong correlation was seen between access route
and risk group (p=0.02), device type (p<0.01) and time horizon used in the economic
model (p<0.01). The use of TAVI resulted in more QALYs on average than its
comparator in 90% of analyses. The largest health benefits were observed in the
inoperable risk group (where the comparator was medical management) and
increased with the proportion conducted via transfemoral access route. No notable
difference in QALY's was observed between device generations; however, the latest

generation balloon-expanding TAVI device had the largest average QALY gain.

Because of similarities with the published literature, the EAG confirmed that the
economic model structure used within NG208 was a suitable basis for economic
evaluation within the context of this late-stage assessment. The EAG reproduced the
economic model used within NG208 using rdecision in R, and replicated its base

case ICER results within a 2% margin of error.

6.2 Economic model
The EAG adapted the NG208 economic model, building it in rdecision to enable

comparison of multiple TAVI devices, using outcomes derived from those recorded in
the UK TAVI Registry. The updated economic model incorporated feedback from
Clinical Experts who were consulted during the development of the model, including
the ability for patients to experience multiple adverse events.

As with the original economic model used in NG208, a cost-utility analysis was
undertaken. The patient group adopted for this late-stage assessment was adults
with aortic stenosis requiring intervention with TAVI. In line with the NICE reference
case (PMG36), both costs and outcomes were discounted at the 3.5% annual
discount rate, with costs and outcomes considered from a UK NHS and personal

social services perspective. The EAG applied a base case time horizon of 15 years,


https://pubmed.ncbi.nlm.nih.gov/37337594/
https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation

in line with NG208, with most parameters informed by UK real world evidence
(Hospital Episode Statistics outcomes up to 30 months; 2.5 years, which would be
categorised as ‘intermediate’ time horizon using the definition outlined by the
systematic review of economic evaluations by Heathcote et al. 2023). The model can
be modified in future to account for events beyond two years, as data become
available. Additional time horizons were considered in sensitivity analysis, but these

also needed extrapolation of results from the real-world evidence.

Because of the decision problem of this late-stage assessment, the EAG focused on
comparison of TAVI devices as deemed clinically appropriate by Clinical Experts,
using the most frequently used TAVI device as the reference case within each
scenario. Conversion to SAVR or subsequent SAVR during follow-up was treated as
an outcome, and average cost and utility decrement (disutilities) associated with

SAVR adverse events were obtained from the NG208 economic model output.

The economic model was run to estimate both the costs and the outcomes for each
TAVI device. Due to the potential for more than 2 alternative TAVI devices being

compared, the EAG reported the net monetary benefit (NMB) for each TAVI device

when compared with a suitable reference rather than focusing on the more
commonly presented incremental cost effectiveness ratios (ICERs). This is because
ICERSs are more difficult to interpret for comparisons of multiple alternatives. The
decision rule for NMB is the alternative with the highest NMB when the NMB is
calculated at a specified threshold value for a QALY is the most cost-effective option.
The primary benefit of NMB is that it also allows all alternative devices to be ranked
and considered against both a common comparator and against each other. For
example if one TAVI device was not considered to be clinically relevant to a
particular clinical scenario, its results could be discarded and the probability of the
remaining TAVI devices could be ranked and considered against each other.
Whereas for ICERSs, technologies are ordered in terms of cost and the next most
costly option is compared to the least costly option. If that next most costly option is
both more effective and more costly then an ICER is calculated. It this is the case
then the third most costly option can now be compared to the second most costly
option and it that third option is more effective than the second then a further ICER is

calculated. If however the second most costly option is more costly but less effective


https://www.nice.org.uk/glossary?letter=n#:~:text=Net%20monetary%20benefit

than the least costly option, then it is considered dominated by the least costly
option. Here the third mostly costly option is compared to the least costly option and
so long as that third most costly option is not dominated an ICERs is calculated.
When considering several mutually exclusive option (i.e. we can only chose one out
of several options) then the NMB allows a simpler presentation of results that more
easily facilitates comparison between all options by providing information on the
relative cost-effectiveness between alternatives capturing the magnitude of how
much more or less cost-effective one alternative is compared with another (Paulden
et al. 2020). In this clinical context when not all clinical devices are suitable for all
people then so long as parameter values or model structure does not change then
the NMB would allow the decision maker to readily compare any given set of
devices. The NMB was calculated for each TAVI device as an absolute value (rather
than an incremental value through comparison with another device) and presented
for willingness to pay (WTP) thresholds of £20,000 per QALY using the following
formula: NMB = QALY's x A — Cost, where A is the chosen WTP threshold. The
probability of each device having the highest NMB at the WTP thresholds is also
presented. Where comparisons are appropriate devices can be compared by simply
looking at the difference between the NMB of the devices. The procedure with the
highest NMB is the most effective and the difference in NMB is the gain to the NHS
and personal social services from adopting that device over the alternative. The 95%
confidence interval for the probability of having the highest NMB was estimated from
500 simulation runs using the Dirichlet distribution function from the gfools package
in R.

6.2.1 Model structure
The EAG modified the economic model structure such that both short-term and long-

term outcomes were modelled transparently within a single cohort Markov model
(Figure 11). Whilst appearing complex, the EAG would consider that the model
structure shown is similar to that modelled within NG208 but without hidden nested
decision trees; where the allowed transitions reflect the complexity of patient
journeys. Each Markov state is intended to represent a health state, as experienced
by a patient. Each transition is intended to represent an event which causes patients
to change health states. The starting point is a hypothetical cohort of 1,000 patients
with stenosis of the native aortic valve. The costs and QALY are calculated as


https://pubmed.ncbi.nlm.nih.gov/32390066/
https://pubmed.ncbi.nlm.nih.gov/32390066/
https://cran.r-project.org/web/packages/gtools/index.html

patients enter and leave the post-procedural health states (up to discharge as
obtained from the UK TAVI Registry) and longitudinal states (as obtained from HES
linked to the TAVI registry). All patients start in the ‘TAVI Implantation’ state
(representing the peri-procedural phase) and move to one of the other states after
their TAVI procedure. The Clinical Experts have advised that there is no difference in
waiting times between TAVI devices; this model structure does permit a waiting list
to be modelled by modifying the transition rate from the implantation and
reimplantation states; which may be considered in future economic evaluations of
TAVI. Only TAVI devices for which there are data within the UK TAVI Registry were

included in economic modelling.

In contrast to the model used for NG208, the peri-procedural outcomes are modelled
as transitions from implantation states to stable states, rather than as a decision tree.
The modelling framework permits a cost to be assigned to making a transition. As in
in the model used for NG208, the EAG have not considered atrial fibrillation as a
complication, because its outcomes and costs are likely to be short term, and costs
are expected to be captured by the HRG costs used for the base case. Utility
decrements associated with the states are similarly applied. Modelled health states

included:

e Death, as an absorbing state. Transition to death is possible from each

state.

e Stroke represents aortic stenosis resolved by TAVI and having a stroke at
or after the implantation phase. The model permits multiple adverse
events, such that patients may also require a pacemaker, or have a
paravalvular leak. The stroke state enables higher costs to be applied to
the first year when compared with ongoing costs in subsequent years
which are applied for the lifetime of the patient. Patients who have had a
stroke are not considered eligible for a reintervention with TAVI, as per the
assumption of NG208. Because the cycle duration is less than 1 year, the
stroke state is not considered a tunnel state, but the transition rates to the
post-stroke state are arranged such that the mean occupancy time is 1

year.



Major or severe paravalvular leak, (PVL) repres