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Abstract
Cost-effectiveness of transcatheter aortic valve implantation
(TAVI) for aortic stenosis in patients who are high risk
or contraindicated for surgery: a model-based
economic evaluation
R Orlando,1 M Pennant,2 S Rooney,3 S Khogali,4 S Bayliss,2 A Hassan,2

D Moore2 and P Barton1*

1Unit of Health Economics, University of Birmingham, Birmingham, UK
2Unit of Public Health, Epidemiology and Biostatistics, University of Birmingham, Birmingham, UK
3Department of Cardiac Surgery, Queen Elizabeth Hospital, Birmingham, UK
4Heart and Lung Centre, New Cross Hospital, Wolverhampton, UK

*Corresponding author

Background: Calcific aortic stenosis (AS) is a common valvular heart disease. Patients with severe
symptomatic AS typically survive less than 3 years. In such patients, intervention with surgical aortic valve
replacement (SAVR) may increase survival. However, in some patients SAVR is associated with a high
operative risk and medical management is considered appropriate. Transcatheter aortic valve implantation
(TAVI) is a relatively recent technique to avoid the invasiveness of open surgery. This procedure has been used
for the treatment of patients with severe AS who are unsuitable for SAVR (because it is too high risk and/or
for other reasons such as suffering from porcelain aorta) and is increasingly being considered for
other patients.

Objectives: To determine the cost-effectiveness of TAVI being made available for patients who are high risk
or contraindicated for SAVR through a review of existing economic evaluations and development of a model.

Data sources and review methods: Bibliographic databases [MEDLINE, EMBASE, The Cochrane Library,
Health Technology Assessment (HTA), Database of Abstracts of Reviews of Effects (DARE) and NHS Economic
Evaluation Database (EED), Centre for Reviews and Dissemination HTA, DARE and NHS EED], guideline
resources, current trials registers, websites/grey literature and manufacturers' websites, and consultation
with clinical experts were used to identify studies for the review and information for the model. Databases
were searched from 2007 to November 2010. A model was built to assess the cost-effectiveness of TAVI
separately in patients suitable and unsuitable for SAVR, together with overall results for the effect of making
TAVI available. Substantial deterministic sensitivity analysis was carried out together with probabilistic
sensitivity analysis.

Results: No fully published cost-effectiveness studies were found. Modelling patients not suitable for SAVR,
the base-case results show TAVI as more costly but more effective than medical management, with an
incremental cost-effectiveness ratio (ICER) of £12,900 per quality-adjusted life-year (QALY). The ICER was
below £20,000 per QALY for over 99% of model runs in the probabilistic sensitivity analysis. For patients
suitable for SAVR, the comparator with TAVI is a mixture of SAVR and medical management. TAVI is both
more costly and less effective than this comparator assuming that most patients would receive SAVR in the
absence of TAVI. This is robust to a number of assumption changes about the effects of treatment, but
sensitive to assumptions about the proportion of patients receiving SAVR in the comparator. If the use of
v
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vi
TAVI is extended to include more patients suitable for SAVR, the overall results from the model become less
favourable for TAVI.

Limitations: The modelling involves extrapolation of short-term data and the comparison between TAVI and
SAVR is not based on randomised data. More trial data on the latter have been published since the modelling
was undertaken.

Conclusions: The results for TAVI compared with medical management in patients unsuitable for surgery are
reasonably robust and suggest that TAVI is likely to be cost-effective. For patients suitable for SAVR, TAVI
could be both more costly and less effective than SAVR. The overall results suggest that, if a very substantial
majority of TAVI patients are those unsuitable for SAVR, the cost-effectiveness of a broad policy of
introducing TAVI may fall below £20,000 per QALY. Future work required includes the incorporation of new
data made available after completion of this work.

Funding: The National Institute for Health Research Health Technology Assessment programme.
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Scientific summary
Background

Calcific aortic stenosis (AS) is a degenerative disease in which narrowing of the aortic valve causes
obstruction of left ventricular outflow. AS is the most common valvular heart disease in Western countries,
affecting approximately 2% of people over the age of 65 years. In patients with severe symptomatic AS, the
risk of death is approximately 2% per month, and typical survival is <2 to 3 years. Intervention in the form of
surgical aortic valve replacement (SAVR) in such patients can effectively improve rates of survival, often
reaching rates similar to those of an age-matched population without AS. However, in some patients with
severe AS, age or comorbidities mean that SAVR is associated with a high risk of operative mortality or
morbidity. For these patients, although medical management is considered to be largely ineffective, it has
been considered appropriate because the risks associated with SAVR in these patients are too high.

Transcatheter aortic valve implantation (TAVI) is a relatively recent technique (first used in 2002) used for
the implantation of replacement aortic valves without the invasiveness of open surgery. TAVI involves
catheter-guided transport of a new aortic valve that displaces the old diseased valve and is expanded in
place. This procedure has been used for the treatment of patients with severe AS who are unsuitable for
SAVR (because the risk is too high and/or for other reasons such as they suffer from porcelain aorta) and, in
such patients, TAVI is associated with better outcomes than medical management. TAVI is also
increasingly being considered for patients in whom the risk associated with SAVR would be high but not
high enough for it to be completely contraindicated.

Guidelines recommend that TAVI may be used in patients in whom SAVR is contraindicated or associated
with high risk. Patients are to be assessed by multidisciplinary teams comprising cardiac surgeons,
cardiologists and anaesthesiologists, and subsequently referred for SAVR, TAVI or medical management.
There are a number of factors that influence the treatment decision, including the assessed patient risk score,
pre-existing comorbidities, associated procedures, age, patient preference and the referral process itself.
There is no clear distinction of the exact group of patients in whom TAVI is likely to be beneficial, and no fully
published cost-effectiveness analysis to evaluate the value of TAVI in practice has been found.
Objective

The objective of this work was to determine the cost-effectiveness of TAVI being available compared with not
being available for patients who are high risk or in whom SAVR is contraindicated. The work aimed to
conduct a literature review of cost-effectiveness studies and to build a model to analyse the
cost-effectiveness of the use of TAVI in practice.
Methods

Comprehensive searches of bibliographic databases [MEDLINE, EMBASE, The Cochrane Library, Health
Technology Assessment (HTA), Database of Abstracts of Reviews of Effects (DARE) and NHS Electronic
Evaluation Database (EED), Centre for Reviews and Dissemination HTA, DARE and NHS EED], guideline
resources, current trials registers, websites/grey literature and manufacturers' websites, and consultation
with clinical experts were used to identify studies for the review of cost-effectiveness and studies containing
information relevant to the cost-effectiveness model [costs, quality of life (QoL), long-term outcomes and
other parameters]. As a recent systematic review (Bazian. Percutaneous aortic valve replacement for severe
aortic stenosis. Part A: Technology assessment and impact model for East Midlands Specialist Commissioning
xi
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SCIENTIFIC SUMMARY

xii
Group. Bazian Ltd; 2008) has examined the literature to 2007, searches were conducted to cover the period
2007 to November 2010, and were combined with previous findings. No fully published cost-effectiveness
studies were found. Parameters for the cost-effectiveness model were selected on the basis of their
applicability to the patient group under consideration and their representativeness in terms of the wider body
of evidence.
Cost-effectiveness model

A model was built to assess the cost-effectiveness of TAVI separately in patients suitable and unsuitable for
SAVR, together with overall results for the effect of making TAVI available. Substantial deterministic
sensitivity analysis was carried out together with probabilistic sensitivity analysis.

Dealing first with the patients not suitable for SAVR, the comparison in this case is simply between TAVI and
medical management. The base-case results show that TAVI is more costly but more effective than the
comparator, with an incremental cost-effectiveness ratio (ICER) of £12,900 per quality-adjusted life-year
(QALY). This result was robust to a number of changes in the model. In the deterministic sensitivity
analysis, the only case in which the ICER exceeded £20,000 per QALY was when the QoL scores were taken
to an extremely low value. The ICER was below £20,000 per QALY for over 99% of model runs in the
probabilistic sensitivity analysis.

On the other hand, for patients suitable for SAVR, the comparator with TAVI is a mixture of SAVR and
medical management. In this case, TAVI is both more costly and less effective (in terms of QALYs) than the
comparator in the base-case analysis, which assumes that the vast majority of patients in this group would
receive SAVR in the absence of TAVI. The base-case result is robust to a number of changes in the
assumptions about the effects of treatment, but highly sensitive to assumptions about the proportion of
patients receiving SAVR in the comparator arm of the model.

Overall results in the base-case analysis are close to the results for patients not suitable for SAVR, as would be
expected given that these patients are assumed to form the majority of the modelled population. When the
use of TAVI is extended to include a larger number of patients suitable for SAVR, the overall results from the
model become less favourable for TAVI.
Conclusions

The results given here for TAVI compared with medical management in patients unsuitable for surgery
are reasonably robust and suggest that TAVI is likely to be cost-effective in these patients. On the other hand,
for patients who could have surgery as an alternative, the model results suggest that TAVI could be both
more costly and less effective than SAVR. However, these results are not based on randomised data and
could easily be upset by the results of trials reporting after this work was carried out.

The overall results suggest that the total effect of introducing TAVI falls within conventional standards of
cost-effectiveness. It should be stressed that this depends on the assumption that a very substantial majority
of TAVI patients will be those who are unsuitable for surgery. From a decision-theoretic point of view,
the overall results should not be used to guide any decision, but the decision to allow TAVI for different
patient groups should be taken separately for each group based on the results for that patient group alone.
However, in practice a decision to allow TAVI for patients deemed unsuitable for surgery is likely to lead to
TAVI being offered to some higher-risk patients who would have received surgery in the absence of TAVI. It
is helpful to quantify the importance of this possibility.
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Implications for health care

The results in this report suggest that TAVI is a cost-effective treatment when the comparator is medical
management. However, the modelling in this report does not suggest that TAVI should be widely used as an
alternative to SAVR.
Recommendations for future research

The various initial models, including those produced for manufacturers and the Scottish Health
Technologies Group, need to be reconciled with each other and with the model introduced in this report.
The sensitivity analysis from each of these models should give an indication of the importance of the various
features of an agreed model.

The data being generated while this report was under construction should be included where appropriate in
any revised analysis based on an agreed model structure.

Future data collection, including any future trials, should be designed with economic evaluation in mind.
In particular, once a set of relevant health states for future modelling is agreed, every effort should be
made to obtain realistic and reasonable QoL scores for those health states.
Funding

The National Institute for Health Research Health Technology Assessment programme.
xiii
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Chapter 1 Introduction
Aortic stenosis

Aetiology

Aortic stenosis (AS) is a condition in which the aortic valve becomes progressively narrowed, leading to
gradual obstruction of left ventricular outflow. The most common form, occurring in about 80% of cases, is
degenerative.1 This primarily presents as calcific AS2 and shares a similar developmental process and risk
factors to atherosclerosis.2–4 Risk factors for the development of AS include male sex, hypertension, elevated
low-density lipoproteins, diabetes, cholesterol, smoking and a family history of heart disease.1,5 Patients with
chronic AS may remain asymptomatic for many years but, in most patients, symptoms of disease eventually
develop. AS is usually considered in terms of its haemodynamic and symptomatic disease severity.

Haemodynamic diagnosis and severity measurement can be conducted using echocardiography, Doppler
studies and cardiac catheterisation.2,5 Severity can be assessed in terms of the aortic valve area (AVA),
peak aortic jet velocity (Vmax) and transaortic valve gradient, severe AS being defined as AVA <1cm2,
Vmax >4m/second and mean transaortic valve gradient >40mmHg.6

Clinical symptoms of AS include chest pain or breathlessness on exertion, angina, dizziness and syncope, and
patients may suffer sudden death.2,5 The New York Heart Association (NYHA) heart failure classification is
used to classify the severity of symptoms, ranging from class I, in which the patient has no limitation in daily
physical activity, to class IV, in which the patient is breathless at rest. Of patients with valvular heart disease,
∼30% are in each of the classes I, II and III and ∼10% are in class IV.1 Most patients with severe AS display
symptoms of disease. However, this is not always the case and some patients with haemodynamically severe
AS are asymptomatic.7
Epidemiology

Aortic stenosis is the most common valvular heart disease in Western countries.2,3,5 The majority of people
treated for AS are >60 years of age1 and the prevalence of AS has been found to be 2% in those ≥65 years,
3% in those ≥75 years8 and 4% in those ≥85 years.9 The prevalence of valve disease is strongly linked to
population ageing10 and the prevalence of AS is therefore likely to increase in developed countries such as
the UK because of the increasing proportion of elderly people in those populations.
Natural history

The progression of AS is very variable, with some patients living a long time with stable, asymptomatic
disease. However, once symptoms develop, risk of death is high.2,11 Symptoms may develop in patients of any
age but most commonly present in patients in their 60s.11

In patients with severe symptomatic AS, in the absence of treatment, survival rates have been shown to
display a sharp decrease, independent of age at symptom onset.11 Mortality risk is about 2% per month4 and
typical survival is <2 to 3 years.5,12 Two-year mortality is approximately 50%13 and 3-year mortality
approximately 75%.4 In a trial which enrolled patients unsuitable for surgical intervention, the 1-year
mortality under standard therapy was approximately 50%.14 This higher mortality is not unexpected given
the patient group involved.

In asymptomatic patients, sudden death is rare2 but there is a small risk that symptoms will develop very
rapidly and the patient will die suddenly or even that death will occur suddenly without the onset of clinical
symptoms. The risk of sudden death in asymptomatic patients has been estimated to be around 1%
per year.2,7
1
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2

Treatment of severe aortic stenosis

Surgical aortic valve replacement

Patients

Surgical aortic valve replacement (SAVR) is considered the treatment of choice for patients with severe
symptomatic AS and is recommended in all patients who are candidates for surgery.2 Some researchers
argue that asymptomatic patients should also be considered for surgical intervention.4,7 However, the
disease-related risk of sudden death (∼1%7) may be low compared with the risks associated with surgery4

and, as it is often difficult to accurately standardise haemodynamic measures of severity,4 it may be
difficult to identify particularly severe asymptomatic patients in whom surgery would be indicated. In the UK,
SAVR has increased from 1900 cases per annum in 1999 to 4250 cases in 2008.15 The mean age of
patients undergoing SAVR has risen from 68 years in 1994 to 73.5 years in 2008.15 Since 1999, the
percentage of patients >80 years of age undergoing SAVR has more than doubled from 6% to 13%.15
Procedure

Surgical aortic valve replacement is a major surgical procedure. It involves division of the sternum to achieve
adequate exposure of the heart and aorta for the procedure. During SAVR, cardiopulmonary bypass is used
to maintain the circulation and blood oxygenation. The approach to the diseased valve is via the ascending
aorta and the valve is replaced with a prosthetic valve. Following closure of the aorta, coronary artery
perfusion is re-established. Cardiopulmonary bypass support is then gradually withdrawn and the patient's
heart resumes control of the circulation.

Mechanical or biological prosthesis can be used for SAVR. Historically, approximately half of patients
undergoing SAVR for AS received mechanical and half received biological valves.1 However, there has been
an increasing trend towards the use of biological valves. In 2004, 60% of SAVRs used biological valves; in
2008 this had risen to 73%.15 This reflects not only an increase in mean age of this group of patients, but
also that data have shown better longevity for the modern generation of biological valves.15 Mechanical
valves may be more durable, but they require lifelong anticoagulation therapy with monitoring and are
usually more appropriate for younger patients, whereas biological valves may be more appropriate in older
patients with shorter anticipated lifespans. Some guidelines have suggested a threshold of 65 years of age
for choosing a biological rather than mechanical valve, but in the UK and mainland Europe the trend has
been towards a threshold of 70 or 75 years of age.1
Outcomes

Early studies (pre 1966) of patients undergoing SAVR give rates of procedural mortality of around 4–20%.11

However, the risks associated with surgical intervention have decreased and, more recently, operative
mortality of isolated SAVR is typically around 2–5%.1,5,13,15 Operative mortality may be around 5–15% in
older patients.2,16

With surgical intervention, overall patient survival is prolonged. In a meta-analysis of SAVR studies,
postprocedural mortality risk was estimated as 4.3% per year.17 Postsurgical projections have been shown to
track healthy life expectancy11 and, where SAVR is successful, rates of long-term survival may be similar to
those of age-matched populations without AS.2,4,5

The success of SAVR in elderly patients may be anticipated to be lower than in younger patients as
age-associated comorbidities have a large impact on procedural and long-term risks.18 However, studies
restricted to elderly patients (≥80 years) undergoing SAVR have also shown positive outcomes. Rates of
5-year survival have been estimated to be around 50–70% and these may compare well with rates of life
expectancy of the same-aged general population.15,18

In many studies, around 50% of patients undergoing SAVR are also undergoing additional procedures
[usually coronary artery bypass grafting (CABG)].19–21 In a large cohort of patients undergoing SAVR
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(n=4131), the presence of additional procedures was shown to be an independent predictor of adverse
outcome [odds ratio (OR) 1.81, 95% confidence interval (CI) 1.4 to 2.3].21 Mortality is approximately doubled
in patients receiving SAVR combined with CABG compared with those receiving SAVR alone.15,19 As
operative and long-term risk is likely to be substantially higher for patients undergoing concomitant
procedures, data from retrospective surgical series, that are not restricted to isolated SAVR, may tend to
underestimate the effectiveness of SAVR.
Medical management

Patients

Patients with severe symptomatic AS deemed ineligible for surgery are treated with medical therapy.2 In
some cases, patients may be potentially eligible for invasive intervention but choose to be treated medically.
Treatments

Since lipids are involved in fibrosis, calcification and subsequent stenosis, lipid-lowering agents, such as
hydroxymethylglutaryl-coenzyme A reductase inhibitors or statins, may be used to potentially slow the
progression of AS.5 Other medications, such as angiotensin-converting enzyme (ACE) inhibitors and
bisphosphonates, have also been identified as potentially useful for the treatment of AS.5
Outcomes

In patients with severe AS, medical management is considered to bring little benefit.4 Studies have
shown variable results and medical therapy has not been demonstrated to alter the natural history of AS.2,5 In
a study of severe symptomatic AS patients who, as a result of ineligibility for transcatheter aortic valve
implantation (TAVI) or SAVR or patient preference, underwent medical treatment, 1- and 1.5-year overall
survival rates were 63% and 58% respectively.22 These patients were old [mean age 81.7 years,
standard deviation (SD) 8.7 years] and at particularly high risk [mean logistic European System for
Cardiac Operative Risk Evaluation (EuroSCORE) 35.1%, SD 22.3%] and there was a high prevalence of
comorbidities. Although overall survival was low, as the prognosis of this patient group was poor, it may be
that medical treatment brought some benefit. However, in the absence of controlled data, it is difficult to
judge whether or not medical management contributes additional survival for patients with severe AS.
Balloon aortic valvuloplasty

Patients

Balloon aortic valvuloplasty has been used as an alternative approach in patients who are not fit for
surgery, but this is usually tailored to the patient. Balloon aortic valvuloplasty can be associated with poor
outcomes, but in specific patients who are haemodynamically unstable it may serve as a bridge to surgery or
TAVI, or as a palliative measure where surgery is contraindicated.2,3,23
Procedure

Balloon aortic valvuloplasty is the use of a balloon catheter to attempt to increase the size of the valve
opening and improve blood flow. The catheter is passed into the narrowed aortic valve and then inflated to
dilate the valve.24
Outcomes

Historical cohort data show that balloon valvuloplasty results in complications in around 10% of cases2

and is associated with high rates of mortality and morbidity.3,23 Restenosis is common, with recurrence of
symptoms within a few months,3,23 and balloon valvuloplasty is thought to have little impact on the
natural history of AS.2,18
3
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Transcatheter aortic valve implantation

Patients

Transcatheter aortic valve implantation is a relatively new technique for the treatment of AS and, at the
time of this report, it was considered for use in patients who are deemed ineligible or too high risk for
surgery. Where possible, it is often used in preference to medical treatment or balloon valvuloplasty.
Since the work reported here has been completed, new National Institute for Health and Care Excellence
(NICE) guidance25 has been issued allowing TAVI in the following circumstances:
NIHR
For patients with aortic stenosis who are considered to be unsuitable for surgical aortic valve
replacement. . .TAVI may be used with normal arrangements for clinical governance, consent and audit.

For patients with aortic stenosis for whom SAVR is considered suitable but to pose a high risk. . .TAVI
should only be used with special arrangements for clinical governance, consent and data collection
or research.

For patients with aortic stenosis for whom SAVR is considered suitable and not to pose a high risk. . .
TAVI should only be used in the context of research.
Procedure

Valve implantation is achieved by keyhole catheter technique (without bypass and open-heart surgery) in
which the new valve, loaded within a catheter, is delivered with radiographic guidance into the native valve.
In the process, the old, diseased valve is displaced and the new TAVI valve is implanted within it. The
first percutaneous aortic valve implantation was conducted in 200226 and, since then, more sophisticated
delivery systems have been developed.27 Based on data from 2007, the TAVI procedure takes around 2 to
2.5 hours.28 Clinical advice is that procedure time may have reduced slightly since then in some cases, as
a result of equipment development and increased familiarity with the procedure. TAVI may be undertaken
in a number of ways.
Access routes

A number of approaches to percutaneous heart valve replacements have been developed. The femoral
artery [retrograde transfemoral (TF)], subclavian artery, and transapical (TA; antegrade transapical) and direct
aortic approaches are the most commonly used.13 More recently, there has been increased uptake of the
direct aortic route in TAVI cases with a concomitant reduction in the TA approach.

For the TF approach, a catheter, introduced through the groin, is passed up through the femoral and iliac
arteries to the aorta and aortic valve.13 There may be difficulty with this approach, especially where there is
a high degree of atherosclerosis, because the catheter that must be passed through the iliac artery and
aorta is large. However, good clinical outcomes have resulted in the TF approach being favoured by some
cardiologists.27 TA aortic valve replacement has been developed for patients who are unsuited to the
femoral approach (unsuitable aortic or iliac artery anatomy), although it may be used more widely.13 TA is
conducted by a left thoracotomy incision without cardiopulmonary bypass but requires a general
anaesthetic.13 Alternative vascular access routes more commonly used for TAVI include the left subclavian
and direct aortic routes. The latter is used in patients in whom there is no suitable TF or subclavian
access. TAVI is normally performed under general anaesthesia although, for the TF approach, sedation and
local anaesthesia are used in suitable patients.10

The basis for selection of a route for TAVI is complex and involves consideration of many factors relating to
access to the vessel site, the extent of disease in the peripheral vasculature and other factors such as
respiratory status.28 There also appears to be a certain degree of subjective influence. For example, in the
European Placement of AoRtic TraNscathetER Valves (PARTNER) trial, rates of TF versus TA varied widely
between centres, with TF being used in 16.7–66.7% of patients in different centres.28
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Although it is likely that patient characteristics will determine which approach is more appropriate,
currently there is no evidence to suggest whether or not one approach is better. From a systematic review of
the literature,13 rates of implantation success for femoral and TA approaches (93% and 94% respectively)
and 30-day survival (90% and 88% respectively) appear similar. It is recommended that decisions are based
on the expertise of those conducting procedures and the condition of the patient.10
Transcatheter aortic valve implantation valves

Currently, there are two valves in clinical use for TAVI: the Edwards SAPIEN Transcatheter Heart Valve
(Edwards Lifesciences, Irvine, CA, USA) and the Medtronic CoreValve ReValving System (Medtronic,
Minneapolis, MN, USA).13 These valves are implanted in different ways. The balloon-expandable (SAPIEN)
valve is delivered retrogradely through a steerable guiding catheter through the aorta to the aortic annulus.
The CoreValve is a self-expanding device loaded within a special delivery catheter. The valve is delivered using
standard transcatheter technique and advanced into the aortic annulus and deployed by controlled
self-expansion.27 Both valve types may be implanted using the TF approach. The CoreValve device can also
be inserted via the left subclavian and direct aortic routes. The Edwards SAPIEN valve can be inserted via the
TA route and in some cases via the direct aortic route.27 There is no consensus as to the comparative
effectiveness of these types of valves. In a systematic review of TAVI studies, rates of implantation success
and 30-day survival appeared similar for both and no definitive conclusions could be drawn.13 As the number
of procedures increases, further investigation will be possible. The only real difference so far apparent
between the valves is a higher proportion of patients requiring pacemaker implantation after
receiving CoreValve.29

Replacement aortic valves used for transcatheter implantation vary in size and an appropriate size is selected
to match the size of the patient. Prosthesis–patient mismatch (PPM) describes the condition when the
prosthetic valve that has been fitted is too small in relation to the size of the aortic annulus.30 The degree of
mismatch may be severe or moderate depending on the size of the indexed effective orifice area (IEOA); an
IEOA of 0.85cm2/m2 represents a moderate mismatch and an IEOA of <0.65cm2/m2 represents a severe
mismatch.15,30 A study of patients undergoing TAVI successfully found that 16% of patients had severe and
23% had moderate PPM following the procedure.30 PPM may be encountered following TAVI or SAVR.
Based on haemodynamic data, it is generally believed that PPM is less of a problem in TAVI than in SAVR.
From their systematic review of SAVR PPM studies, Urso et al.15 concluded that severe PPM could be a
predictor of short- and mid-term mortality among patients undergoing SAVR and that a moderate PPM was
only likely to be a predictor of early- and mid-term mortality in patients with poor ejection fraction. As severe
mismatch appears to affect a reasonable proportion of TAVI patients, and there is reasonable evidence that it
affects risk of mortality, the selection of the most appropriate sized valve for TAVI is important. This is also
important to minimise the incidence of paravalvular leakage and aortic root rupture.

As this is a relatively new procedure, the long-term durability of TAVI valves is also currently unknown.10

However, with the potential use of TAVI in a wider range of patients and the increasing length of
postprocedural life expectancy, valve durability may become an important factor for consideration.
Outcomes

In centres experienced in conducting TAVIs, procedural success may be around 90% or more and closely
linked to experience, with greater learning resulting in better patient selection and outcomes.10 Some studies
have shown high rates of success and, in a systematic review of TAVI, more recent studies showed
procedural mortality rates of 0–10%.13 Thirty-day mortality may range from 5% to 18%.10,13,29,31,32

Studies of long-term mortality show 2-year survival rates of 70–80%.10,29 In most TAVI studies, the majority of
patients are >80 years of age and rates of comorbidities are high.10,29 Thus, long-term mortality rates cannot
be directly compared with those from SAVR series.31 It is also unclear to what extent rates of observed
long-term survival depart from the natural rate of survival in patients of this age and health status.
5
© Queen's Printer and Controller of HMSO 2013. This work was produced by Orlando et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to:
NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park,
Southampton SO16 7NS, UK.



INTRODUCTION

6

Other important outcomes include paravalvular regurgitation, pacemaker requirement, effects on quality of
life (QoL) and adverse events. Moderate to severe paravalvular regurgitation is higher in TAVI than in SAVR
patients at 30 days, 1 year and 2 years.33

Rates of pacemaker requirement appear to be somewhat higher in TAVI than in SAVR patients.33

Furthermore, results from the UK TAVI registry showed pacemaker requirement of 24% for CoreValve and
7% for Edwards SAPIEN.29

Transcatheter aortic valve implantation is thought to give important improvements in QoL. Studies have
shown significant improvements in QoL from baseline following TAVI34 and significant improvements
compared with control patients receiving medical therapy (additional data provided by US PARTNER study
investigators on request14). Evidence suggests that intervention with TAVI improves QoL. However, the
degree to which improvements are related to an intervention being conducted [some medical patients also
showed sustained improvement in QoL (additional data14)] and the degree to which improvements would
bring patients' QoL in line with that of people who had not suffered from AS are uncertain.

Although TAVI has shown good outcomes in terms of overall survival and QoL, some associated adverse
outcomes have been highlighted:10,29

l major vascular complications with the TF approach compared with other routes
l long-term consequences of paravalvular leaks, even if mild to moderate regurgitation is considered not to

have significant consequences in the short term
l atrioventricular block, the incidence, timing and predictors of which need to be identified more precisely.
Current treatment guidelines

In 2008, NICE published its initial guidance for the use of TAVI in patients with AS; this was updated in 2012.
As well as defining the relevant patient groups (see Transcatheter aortic valve implantation, Patients), the
following guidance was given:25
NIHR
Clinicians wishing to undertake TAVI for patients with aortic stenosis for whom SAVR is considered
suitable but to pose a high risk. . .should take the following actions.
n Inform the clinical governance leads in their Trusts.
n Ensure that patients understand the risk of stroke and death, and the uncertainty about the

procedure's efficacy in the long term. Provide them with clear written information. In addition, the
use of NICE's information for patients (‘Understanding NICE guidance’) is recommended.
Patient selection should be carried out by a multidisciplinary team including interventional cardiologists,
cardiac surgeons, a cardiac anaesthetist and an expert in cardiac imaging. The multidisciplinary team
should determine the risk level for each patient.

TAVI is a technically challenging procedure that should be performed only by clinicians and teams with
special training and experience in complex endovascular cardiac interventions. Units undertaking
this procedure should have both cardiac and vascular surgical support for emergency treatment
of complications.

NICE encourages further research into TAVI for aortic stenosis. In particular, NICE encourages clinicians to
enter all suitable patients into the UK TAVI trial. Information from research trials that will be useful for
future guidance includes patient selection criteria and comparisons between TAVI and SAVR in patients
who would be suitable for either procedure. Outcomes should include incidence of stroke and other
adverse events, symptom relief, quality of life, occurrence of aortic regurgitation, and valve durability in
the short and long term.
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Other treatment-related guidance has been issued by the European Society of Cardiology (ESC), European
Association of Cardio-Thoracic Surgery and the European Association of Percutaneous Cardiovascular
Interventions. Guidelines have been set out for the use of SAVR, balloon valvuloplasty and medical
treatments2 and TAVI10 in patients with severe AS. The following is recommended:

For surgical aortic valve replacement:

l Early valve replacement in all symptomatic patients with severe AS who are otherwise candidates
for surgery.

l Early elective surgery, at the asymptomatic stage can only be recommended in selected patients, at low
operative risk.

For balloon valvuloplasty:

l Balloon valvuloplasty can be considered as a bridge to surgery in haemodynamically unstable patients in
whom surgery is associated with high risk or in patients with symptomatic severe AS who require urgent
major non-cardiac surgery.

l Occasionally, balloon valvuloplasty could be considered as a palliative measure in individual cases when
surgery is contraindicated because of severe comorbidities.

For medical management:

l Patients who are unsuitable candidates for surgery may be treated with digitalis, diuretics, ACE inhibitors
or angiotensin receptor blockers if they are experiencing heart failure.

For transcatheter aortic valve implantation:

l Patient selection should involve a multidisciplinary consultation between cardiologists, surgeons, imaging
specialists, anaesthesiologists and possibly other specialists if necessary.

l TAVI is indicated in patients with pure or predominant AS.
l TAVI should be performed only in patients with severe AS.
l At present, TAVI should be proposed only for patients with severe symptoms that can definitely be

attributed to valve disease.
l TAVI should currently be restricted to patients at high risk or in whom surgery is contraindicated.
l It is premature to consider using TAVI in patients who are good surgical candidates.
l TAVI should not be performed in patients whose life expectancy is <1 year, and who should be

managed conservatively.
Current policy and demand

In 2005–6 there were 10,396 hospital diagnoses of AS in England.35 If it is assumed that this incidence is
typical and that most of these cases will, at some point, go on to present as severe AS, it can be estimated
that around 10,000 people are assessed for severe AS each year.

A position statement, published in November 2010 by the British Cardiovascular Intervention Society (BCIS)
and the Society for Cardiothoracic Surgery (SCTS),36 states that ‘TAVI should currently be reserved for
patients who have been considered by a multidisciplinary team (including 2 surgeons and 2 interventional
cardiologists) who consider the risk/benefit ratio of open heart surgery and TAVI to favour TAVI’.

A large number of patients with severe AS may be at low procedural risk and be referred directly for SAVR.
However, for patients considered to be high risk for SAVR, the projected use of TAVI is unclear. For this latter
patient population, the balance of treatment with SAVR and TAVI may depend on many factors (see Choice
of treatments), some of which will change with time. The number of TAVI procedures in the UK has
increased, from 67 people in 2007 and 272 in 2008, to 533 in 2009 (P Ludman, UK TAVI Registry
7
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presentation on behalf of UK TAVI registry group, 2010, personal communication). TAVI is currently used
relatively infrequently and it appears likely that, although the exact uptake is unclear, the number of TAVI
procedures in the UK is likely to rise over time.
Patient pathway

The patient pathway is likely to vary between centres and may depend on staff resources and the length of
time that centres have been undertaking SAVRs or TAVIs. Referral may often take the following course.
Patients with pre-diagnosed AS may be under the watch of their general practitioner (GP). On the
development of symptomatic disease that is judged to be severe, or on the initial presentation of a patient
with severe symptomatic AS, patients may be referred to a cardiologist for further/initial investigation and
assessment. If the cardiologist believes further intervention to be appropriate, patients are referred to a
multidisciplinary team (MDT) to discuss treatment options. The MDT usually consists of cardiology and
surgical specialists and an anaesthetist, with expertise and experience in the treatment of AS and TAVI/SAVR
techniques. Together, this team discusses each patient individually and comes to a consensus decision about
the best course of treatment.

Where patients are deemed eligible for conventional SAVR, they are referred for surgical assessment.
Where patients are considered too high risk for SAVR, they may be considered for medical management or, if
they are judged as potential candidates for TAVI, referred to a TAVI clinic. Here, there is further assessment to
determine the suitability of TAVI and, where appropriate, the best mode of entry. In some cases, where
further discussion has deemed that a patient is fit to undergo surgery, these patients may be referred
back for SAVR. Where doctor assessment or patient preference deems that TAVI is not appropriate or
desirable, patients may be referred for medical management. Patients may be placed under review by the
TAVI clinic and it is possible that balloon aortic valvuloplasty may be used at this point as a proof of concept
that TAVI may be undertaken successfully.

There may be considerable fluidity in the referral process between medical and surgical teams, with
patients originally assigned to one intervention (medical management, TAVI or surgery) subsequently being
referred for another. Patient preference will also play a role in the referral process and may ultimately be
the factor that determines which treatment is undertaken; for example, a patient offered TAVI might decline
it and accept medical management instead. Figure 1 outlines an example of a possible referral pathway
for patients with severe AS.
GP

Cardiologist

MDT

MM TAVI
clinic

SAVR

TAVI
Watch
review

External
Cardiologist

Cardiac surgeon
MDT

FIGURE 1 Example patient referral pathway for patients with severe AS.
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Choice of treatments
A variety of factors are taken into account in the decision-making, and the choice between SAVR, TAVI
and medical treatment depends on the relative risks associated with procedures/treatments, the potential
gains in terms of extended lifespan and QoL, and the preferences of the patient and medical team. Factors
governing these decisions are likely to include risk scores, comorbidities, patient age, patient preference,
and the expertise and preference of medical staff.
Risk scores

In order to guide decisions around surgical intervention, several risk-scoring systems have been developed to
predict operative mortality. The two systems for estimating risk for SAVR in most common use37 are the
EuroSCORE38,39 and the Society of Thoracic Surgeons Predicted Risk Of Mortality (STS-PROM)40

(http://209.220.160.181/STSWebRiskCalc261/de.aspx). There are two forms of EuroSCORE: the simple
(or additive) version and the logistic EuroSCORE (LES). Details of the components of these scoring systems
are given in Appendix 1. In Europe the EuroSCORE is more commonly used, whereas in the USA the
STS-PROM score is more commonly used.

Risk-scoring systems are commonly used but investigators have highlighted their limitations for accurately
determining individual patient risk and the EuroSCORE has been particularly criticised.10,37,41 For the
development of the EuroSCORE system, patients undergoing SAVR represented only a proportion (17%) of
the patient population and other patients underwent different cardiac operations.38 However, for the
development of the STS-PROM score, patients undergoing SAVR for AS were modelled separately.40 There
are particular concerns around the validity of risk-scoring systems in high-risk AS patients as these patients
are particularly heterogeneous in terms of their comorbidities.10 Studies suggest that the EuroSCORE may
predict operative mortality to be more than three times that of observed mortality.37,41 All risk-scoring systems
have been shown to have failings, but some authors suggest that the STS-PROM system provides more
accurate estimates of operative risk than the EuroSCORE system.37,42–44

Despite their limitations, risk scores may be useful guides as they incorporate many of the factors that
are important predictors of SAVR procedural risk and therefore help to simplify the estimation of overall risk.
For severe AS patients with low-risk scores and without other comorbidities, SAVR is likely to be the
appropriate course of intervention. In these patients, risk scoring may be sufficient to give a reasonable risk
assessment and, given the recommendations to use SAVR where possible, decisions may be reasonably
straightforward. Equally, in patients who have extremely high-risk scores and substantial comorbidities, any
interventional procedure (SAVR or TAVI) may be considered inappropriate and medical management may be
the treatment of choice.

However, in many patients with elevated risk scores and/or some comorbidities, the choice between
surgical intervention, TAVI and medical management is less straightforward. A cut-off of LES >20% and
STS-PROM score >10% are often used to define patients in whom surgery may be contraindicated.45 Scores
of this type have been used as enrolment criteria in randomised controlled trials.14 However, many surgeons
recognise that this is unrealistic in everyday practice and are willing to operate on patients of higher
estimated surgical risk. As such, there is unlikely to be a suitable cut-off in risk score that can be used to
determine whether surgery, TAVI or medical therapy is more appropriate. In part, this is due to the nature of
scoring systems, but also the important impact of additional morbidities and age on procedural risk, as well
as estimated life gain and consideration of the preferences of the patient and medical team.

Where estimated procedural risk is thought to be too high for SAVR, TAVI may be appropriate and provide
a less invasive intervention. However, estimations of surgical risk from scoring systems cannot be
extrapolated to procedural risks associated with TAVI.41 In a study of estimated procedural risk
and outcome, there was no difference in LES between patients who died during TAVI (LES 23.2±15) and
those who survived (LES 25±15).41 Piazza et al.46 also showed that the EuroSCORE had no predictive power
[area under the receiver operating characteristic (ROC) curve 0.49 (area under curve of 0.5 represents no
predictive power, i.e. represents a 50% chance of rightly predicting TAVI procedural mortality and equal to
9
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random chance)] and that the STS-PROM system performed poorly (area under ROC curve 0.69) in
determining which patients would suffer a fatal event due to the TAVI procedure. Currently, there is no
risk-scoring system for predicting procedural mortality associated with TAVI.37 There may be important risk
factors for TAVI that are not associated with SAVR and risk factors that are important for SAVR that do
not influence TAVI. As TAVI may increasingly be used in patients potentially eligible for surgery, the
development of a TAVI scoring system may be important to weigh up the relative risks of each procedure.
Comorbidities

Risk-scoring systems are useful for making decisions about the best course of treatment, but the influence of
some comorbidities may not be fully taken into account. These factors, despite being incorporated into the
risk calculation, may also be considered independently by those assessing surgical risk. For example,
increased operative mortality may be associated with age, advanced stage of heart disease, whether attested
by heart failure, NYHA class IV, decreased left ventricular ejection fraction, atrial fibrillation, chronic
pulmonary disease, renal insufficiency, associated atherosclerosis of coronary or peripheral arteries, and
previous bypass or valve surgery.2,18 These factors may have a greater influence than that predicted by
risk-scoring systems and be considered independently in the decision-making process.

There may also be important factors that are not included in surgical risk scores due to their rarer occurrence
but which may impact procedural risk, for example porcelain aorta, liver disease, prior radiation therapy,
neurocognitive dysfunction, chest wall deformity, highly compromised respiratory function and frailty.18,37,45

When considering TAVI, adequate vascular access is one of the most important determinants of
procedural success and, where there is tortuosity with marked calcification, it can be difficult to move the
large sheaths down the aorta.45 The presence of left ventricular dysfunction may exclude patients from
undergoing TAVI and, where there is very severe left ventricular dysfunction and low left ventricular
contractility reserve, patients may be less able to respond to the postprocedural drop in blood pressure
and cardiac output.45 The decision around the use of TAVI and the route of administration (TF or otherwise) is
also taken after consideration of a number of patient anatomical characteristics:

l size of ascending aorta, horizontal aorta
l sigmoid septum
l calcification of aortic valve aortic root
l size of iliac and femoral arteries
l calcification of aorta
l tortuosity of iliac and femoral arteries.
Associated procedures

In many patients with severe AS, other surgical procedures, such as CABG or mitral valve replacement,
are indicated. CABG is conducted in up to 50% of patients undergoing SAVR.19–21,47 It is unlikely that TAVI
would be performed alongside any procedure involving open chest surgery, whereas some other procedures
such as those involving percutaneous access could be performed before or during TAVI.
Patient age

Patient age has implications for the most appropriate mode of treatment since the benefits in terms of
life-years gained for older patients are likely to be less than for younger patients. However, age in itself may
not be a contraindication for invasive procedures. Severe AS increasingly presents in patients over 80 years
but, although many of these patients are not referred for surgery, SAVR can potentially extend overall
survival and improve QoL.2 Good outcomes have been observed in older patients undergoing SAVR20 and it is
generally considered that age alone should not be used as a criterion for surgical eligibility.2,4,48 TAVI has
primarily been used in patients considered ineligible for surgery due to age and comorbidities. Studies of
these patients (often mean age >80 years) have shown low rates of procedural and 30-day mortality and
reasonable long-term survival.10,13
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SAVR may be the appropriate treatment option for older patients with severe AS with no comorbidities.
However, if life expectancy is lower, either SAVR or TAVI may be inappropriate. It has been recommended
that TAVI is not conducted in patients whose life expectancy is <1 year.10 Similarly, for SAVR, where life
expectancy is short, the appropriateness of invasive intervention is considered in terms of the balance
between procedural risks and the potential gain in survival and QoL.
Patient preference

Up to one-third of elderly, symptomatic AS patients are not referred for surgery because of high surgical
risk or patient refusal.3,13,23 As decisions are likely to result from combined clinician/patient discussion, it may
be difficult to accurately estimate the numbers of procedures avoided solely due to patient preference.
In studies of patients with severe AS, it has been estimated that 14–23% did not undergo SAVR solely
because of patient refusal49–52 and investigators have highlighted the importance of clinician–patient
communication in conveying to older patients the potential survival benefits associated with SAVR.49 The
availability of TAVI may in future provide a procedure agreeable to those patients declining the opportunity
to undergo SAVR, although this is currently contrary to UK guidelines (see Current treatment guidelines).
Referral for surgery

The most appropriate course of treatment is often unclear, and there is likely to be some degree of
subjectivity in the decision-making process. For example, in the US PARTNER trial of patients assessed to
be inoperable and randomised to medical therapy, 10% went on to undergo SAVR in the following year.14

In another study, of patients who had not initially been proposed for surgery due to comorbidities, 75%
subsequently went on to have SAVR in the following months.52 Decisions may be influenced by the opinions
and preferences of the assessing physician or surgeon. A limiting factor for SAVR may be the referral of
patients for surgical assessment. In a study of patients with severe AS, 69% were not referred for surgical
assessment and did not undergo SAVR.53 All of the other patients, who were assessed by cardiothoracic
surgeons, went on to have SAVR,53 suggesting that surgical referral was the limiting factor in determining
patient treatment.

With the development of the TAVI procedure, it is now recommended that MDTs assess each patient to
determine their suitability for SAVR, TAVI or medical management.25 With the increasing use of MDTs for
patient assessment, surgical referral may no longer be a limiting factor for SAVR and the results of this have
been observed. When comparing rates between the years before and after the introduction of TAVI, US
investigators noted a 64–74% increase in rates of surgical referral and a 44% increase in SAVRs, whereas the
number of un-operated AS patients fell from 51% to 41%.51

The impact of TAVI on the number of SAVRs in a UK centre has also been studied.54 At the University Hospital
of South Manchester (UHSM), in the 2 years after the introduction of the TAVI service, there was a 37%
increase in the numbers of SAVR procedures, as shown in Figure 2.
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Study investigators concluded that this increase was largely due to the increased awareness of treatment
options and referral for SAVR. The authors also highlight the importance of the MDT in this process. Patients
are considered first for SAVR, before being referred for TAVI. However, in practice, some patients are initially
considered ineligible for SAVR and referred for TAVI, but after reassessment by the MDT may subsequently
receive SAVR.54 This has been demonstrated in other series of patients referred for TAVI, of whom 15%55 or
20%56 went on to undergo SAVR.

The increased use of MDTs in the setting of AS treatment decision-making may have had a beneficial impact
in providing balanced, multidisciplinary assessments. It has been suggested that surgeons be the gatekeepers
of TAVI, assessing the risk of standard SAVR and referring for TAVI if they believe the risks of conventional
surgery to be too high.57 However, assessment by MDTs with both surgical and medical expertise may more
effectively bring to light all possible issues for selecting the best mode of treatment.
Post-transcatheter aortic valve implantation/surgical treatment
and surveillance

Immediately after TAVI has been conducted, aortography and, when available, transoesophageal
echocardiography or transthoracic echocardiography are performed to assess whether or not there is aortic
regurgitation, to assess the patency of the coronary arteries, and to rule out complications such as
haemopericardium and aortic dissection.10 Haemodynamic measurements are also assessed using pressure
recordings and/or echocardiography.10

It is recommended that, following TAVI, patients should stay in intensive care for at least 24 hours and be
closely monitored for several days, especially with regard to haemodynamics, vascular access, rhythm
disturbances and renal function.10 UK data show that the mean duration of hospital stay following SAVR is
10–11 days.58 In the case of elderly patients (>80 years), the average length of postprocedural hospital stay is
around 13 days.16

After discharge, patients may be referred for a programme of rehabilitation. This consists of exercise sessions
aimed at reducing symptoms associated with AS and improving physical performance.59,60 However,
rehabilitation may not be routinely offered to patients who have undergone aortic valve replacement
(Birmingham cardiac rehabilitation services, 2011, personal communication) and, where programmes are
recommended, uptake may be low.16
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Chapter 2 Rationale and objectives

In light of the increasing use of TAVI in many UK institutions, it is important to establish the
cost-effectiveness of this procedure and to assess in which types of patients it may be cost-effective.

The aim of this report was to present any existing literature on the cost-effectiveness of TAVI and to conduct
a cost-effectiveness analysis to model the costs and benefits of scenarios where the availability of TAVI varies.

This report aims to address the following questions:

l What does the literature say regarding the cost-effectiveness of TAVI?
l Is making TAVI available to patients who are contraindicated or high risk for SAVR a cost-effective policy

(compared with TAVI being unavailable)?
l Is TAVI cost-effective under the current policy, i.e. limited to patients unsuitable for SAVR?
l Is TAVI cost-effective if the threshold for indication is lowered (to include patients at lower risk for SAVR)?
l Is TAVI availability a patient prioritisation policy?
l What is the future potential for this technology?

In order to address these objectives, a systematic review of cost-effectiveness studies was conducted and a
cost-effectiveness model was built to model the possible scenarios for TAVI availability as follows:

l TAVI unavailable
l TAVI available for patients contraindicated or high risk for SAVR
l TAVI available for patients both suitable and unsuitable for SAVR.
13
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Chapter 3 Cost-effectiveness review
Searches
Initial scoping searches were carried out in October 2010 to assess the volume and type of literature
relating to TAVI for AS. A comprehensive search of the literature for studies of the costs, cost-effectiveness
and QoL associated with the use of TAVI was conducted without language restrictions (see Appendix 2). The
search was an update to the Bazian report, published in May 2008,35 and searches were therefore
undertaken from 2007 to November 2010.

l Bibliographic databases: MEDLINE (Ovid) 1950 to November week 3 2010, EMBASE (Ovid) 1980 to
2010 week 46, The Cochrane Library (Wiley) Health Technology Assessment (HTA), Database of
Abstracts of Reviews of Effects (DARE) and NHS Economic Evaluation Database (NHS EED) databases
2010 Issue 4 and the York Centre for Reviews and Dissemination (CRD) HTA, DARE and NHS EED
databases (October 2010).

l A range of guideline resources including National Library of Guidelines, National Guidelines
Clearinghouse and Guidelines International Network.

l UK Clinical Research Network (UKCRN), Current Controlled Trials metaRegister and International
Standard Randomised Controlled Trial Number (ISRCTN), World Health Organization (WHO) International
Trials Register and ClinicalTrials.gov for ongoing trials.

l Conference proceedings and annual meetings abstracts (BCIS, ESC, American College of Cardiology,
American Heart Association), British Library's Electronic Table of Contents (Zetoc) conference
proceedings and the Index to Theses for unpublished material.

l Internet/grey literature searches.
l Manufacturers' websites.
l Consultation with experts.

In addition to this search, any studies relating to cost-effectiveness obtained through the more general search
for model parameters (see Chapter 4, Identifying studies for model parameters) were identified and included
in the review of cost-effectiveness studies.
Study selection, data extraction and quality assessment
The inclusion and exclusion criteria applied to the economic searches are shown in Table 1.

Title or abstract screening was undertaken by an experienced health economist. Inclusion and exclusion
criteria were applied to abstracts, and where studies appeared potentially relevant full-paper copies were
obtained. Hard copies of the selected studies were then further inspected to determine inclusion or exclusion
from the review. Data extraction of relevant cost-effectiveness studies was conducted to obtain details of:
TABLE 1 Inclusion and exclusion criteria for the review of cost-effectiveness studies

Study design Cost–consequence analysis, cost–benefit analysis, cost–utility analysis, cost studies, QoL studies

Population Patients with severe AS who are considered high risk for undergoing surgery

Intervention TAVI

Comparator Medical management or SAVR

Outcome Survival-years, QoL estimates, cost estimates, cost-effectiveness
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l study characteristics: study question, form of economic analysis, population, interventions, comparators,
perspective, time horizon and modelling used

l clinical effectiveness and cost parameters, such as effectiveness data, health state valuations (utilities),
resource-use data, unit cost data, price year, discounting, key assumptions and productivity costs

l results and sensitivity analysis.

Eligible economic evaluation studies were assessed regarding their applicability and methodological quality
using the quality assessment checklist by Drummond et al.61
Results
No published evidence was found regarding the cost-effectiveness of TAVI compared with SAVR or medical
management. A number of unpublished developmental economic models were identified. These were
conference presentations62–64 and could not therefore be formally assessed. A report by Murphy et al.62

was used for an advice statement by the Scottish Health Technologies Group.65 However, the published
abstract62 does not give any numerical estimates of cost-effectiveness. Watt et al.63 quote a base-case
incremental cost-effectiveness ratio (ICER) of £23,357.94 per quality-adjusted life-year (QALY) for TAVI
compared with medical management based on a 10-year time horizon, with a probability of 94.6% that
TAVI is cost-effective at a threshold of £30,000 per QALY. Diage et al.64 used a 3-year time horizon and gave
base-case ICERs of $7269 per QALY (£4700 per QALY) for TAVI against medical management, and
$66,375 per QALY (£43,000 per QALY) for SAVR compared with TAVI.

A report by Bazian35 presents a partial economic evaluation (summary shown in Table 2), but only costs and
outcomes of the use of TAVI are described and no comparison with alternative treatments is made.

A cost-effectiveness analysis based on the PARTNER trial Cohort B14 was published in journal form in 2012,
beyond the date for the review above. For completeness, it should be noted that this US-based analysis gave
base-case ICERs for TAVI against standard therapy of $50,200 (in 2012 it was approximately equal to
£31,000) per life-year gained or $61,889 (£39,000) per QALY.66
TABLE 2 Summary of the Bazian economic analyses

Author, year Bazian Ltd, 2008

Title Percutaneous aortic valve replacement for severe aortic stenosis

Patient characteristic Severe AS patients

Intervention TAVI

Comparator None

Form of analysis Cost–outcome description

Model used Local clinical and cost impact of PAVR in the region

Time horizon of model 1 year

Cost year and currency 2008, GBP

Base-case results Cost of the procedure is given as approximately £18,000

GBP, pounds sterling; PAVR, percutaneous aortic valve replacement.
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Chapter 4 Cost-effectiveness model
Model description
The purpose of the model is to assess the cost-effectiveness of TAVI compared with standard therapy in
patients who require aortic valve replacement but are high risk or not fit for conventional surgery (SAVR). The
model is built from a policy perspective. Accordingly, the decision options are TAVI available compared with
TAVI not available. The model uses a 25-year time horizon – effectively covering all patients' remaining
lifetime – to allow for differences in survival between the different options in the model.

It is not the purpose of this model to inform the decisions that must be made as part of the referral process;
possible referral pathways have been described in Chapter 1, Current policy and demand. From the
modelling point of view, it is assumed that some policy is in place from which it can – at least in principle – be
determined what proportion of any patient group will be expected to follow any given pathway. Alternative
referral policies are considered in the sensitivity analysis.

The model is structured in two parts: the first part relating to the selection of treatment and the second part
relating to the results of treatment.
Selection of treatment

This part of the model is a schematic representation of the range of patient groups being compared. It takes
the form of a decision tree, as illustrated in Figure 3. The first division in the tree represents the policy choice
of whether or not TAVI is available. The whole patient group is taken to follow each of these choices in turn,
AS
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FIGURE 3 Selection of treatments for AS patients. The model structure takes the form of a decision tree. The first
division of the tree represents the policy choice of whether or not TAVI is available. The next division is the true
condition of the patient in terms of surgical risk. Patients then divide according to the treatment actually given.
There are eight different pathways, labelled A to H. For example, pathway A represents the case where TAVI is
available; the patient is suitable for, and receives, SAVR. Pathway B represents patients who are suitable for surgery,
but receive TAVI. MM, medical management.
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but then subdivided at later nodes. It is convenient for modelling purposes to divide first by the
underlying condition of the patient, even though this may not become known to any clinician until later
(or, indeed, at all). Thus, patients are divided into those who are suitable for surgery and those who are
unsuitable (too high risk and/or other reason such as suffering from porcelain aorta). The proportions
following each of these branches must be the same for the two policy options (TAVI available or not
available). Within these groups (suitable or unsuitable for surgery), patients are then divided according to the
treatment actually selected. On clinical advice, and in the interests of simplicity, the possibility of balloon
aortic valvuloplasty in the model has not been included.

So, for example, in the absence of TAVI, patients are either suitable for SAVR or not. Those who are suitable
for SAVR may receive it (group F) or may not for a reason other than clinical risk (group G), an example being
patients who choose not to undergo such invasive surgery. This group (G) would still receive medical
management in the absence of TAVI, as would those who are unsuitable for SAVR (group H).

If TAVI is available, patients suitable for SAVR could receive any of SAVR (group A), TAVI (group B) or – for
similar reasons to those given above – medical management (group C). Those not suitable for SAVR could
receive either TAVI (group D) or medical management (group E).

This grouping of potential patients allows for all possible policy options relating to the use of TAVI, including
the possibility that TAVI could be offered as an alternative to SAVR in certain patients.

These populations can be envisaged diagrammatically in terms of SAVR risk. For example, Figure 4 shows the
distribution of patients in the case where TAVI is not available (groups F to H). The area of each region
approximates to the proportion of patients following each possible pathway. The horizontal scale represents
schematically the proportion of patients in order of increasing surgical risk. It is stressed that this surgical risk
is not intended to be simply the value of some risk score, but is intended to take account of clinical features
and other personal characteristics. It is assumed that the probability of surgery being chosen decreases with
increased operative risk and that surgery is never offered if the risk is above a threshold. The diagram is
drawn to reflect the possibility that a patient at minimum surgical risk may still end up with
medical management.
Patients not suitable for
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Patients suitable for
surgery
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surgery
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FIGURE 4 Distribution of patients when TAVI is not available. This graph represents the possible clinical treatment
options for AS patients in the absence of TAVI. The patients are distributed from left to right according to their
increasing surgical operative risk, based on a risk score adjusted for individual patient characteristics. Patients suitable
and unsuitable for surgery are differentiated by a cut-off value that is the maximum acceptable risk for surgery. Each
area (labelled F to H) represents the approximate proportion of patients who follow the appropriate arm of the
decision tree in Figure 3. MM, medical management.
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The availability of TAVI can be incorporated into this diagrammatic framework. Figure 5 shows the
distribution of patients when TAVI is available. Some patients suitable for SAVR may receive TAVI; this could
include both patients who would receive SAVR in the absence of TAVI and some patients who choose not to
undergo surgery. Some patients unsuitable for SAVR would receive TAVI rather than medical management.
In the base-case analysis, this last group represents 90% of the patients receiving TAVI, a further 9% being
those who would have received SAVR.

Figure 5 is drawn on the assumption that there is a threshold SAVR risk below which TAVI would not
be allowed. This may be considered as a middle case where TAVI is available. Two extreme cases are possible.
Removing the threshold SAVR risk and allowing TAVI to be used without restriction is illustrated in Figure 6.
The opposite extreme, where TAVI is only available for patients in whom SAVR is contraindicated, is
shown in Figure 7.

Results of treatment
For each patient group, the results of treatment were calculated by estimating overall survival and survival
free of hospitalisation. QoL scores were attached to the two possible health states hospital-free survival and
other survival, the latter state including all surviving patients who had undergone at least one episode of
hospitalisation after initial treatment. Monthly costs were attached to each health state, as well as a cost for
first hospitalisation following initial treatment. For simplicity, further hospitalisation was not modelled
explicitly, with the costs and QoL scores for the other survival state intended to represent an average of all
patients in that state. As there is no explicit provision in the model for the effect of long-term adverse events
on QoL, this is assumed to be included in the data on which the QoL calculations are based. Average monthly
costs and QoL were accumulated to estimate the total expected costs and QALYs per patient, applying an
annual discount rate of 3.5% to both costs and outcomes.

The modelling framework allows for separate estimates to be made for each of the patient groups described
above and is shown in Figures 3–7. In practice, a single estimate was used for the two TAVI groups (B and D),
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FIGURE 5 Distribution of patients when TAVI is available subject to a minimum SAVR risk. This graph represents the
possible clinical treatment options for AS patients when TAVI is available only for patients who are above a minimum
surgical risk. The patients are distributed from left to right according to their increasing surgical operative risk, based
on a risk score adjusted for individual patient characteristics. Patients suitable and unsuitable for surgery are
differentiated by a cut-off value that is the maximum acceptable risk for surgery. Each area (labelled A to E)
represents the approximate proportion of patients who follow the appropriate arm of the decision tree in Figure 3.
MM, medical management.
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FIGURE 7 Distribution of patients when TAVI is available only to patients in whom SAVR is contraindicated. This
graph represents the possible clinical treatment options for AS patients when TAVI is available only to those for
whom SAVR is contraindicated, and is shown as a theoretical extreme, which is unlikely to represent true practice.
The patients are distributed from left to right according to their increasing surgical operative risk, based on a risk
score adjusted for individual patient characteristics. Patients suitable and unsuitable for surgery are differentiated by
a cut-off value that is the maximum acceptable risk for surgery. Each area (labelled A to E) represents the
approximate proportion of patients who follow the appropriate arm of the decision tree in Figure 3. Note that
compared with the distributions in Figure 5 and Figure 6, there is no group B in this diagram. MM,
medical management.
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FIGURE 6 Distribution of patients when TAVI is available with no restriction. This graph represents the possible
clinical treatment options for AS patients when TAVI is available for all of them. The patients are distributed from left
to right according to their increasing surgical operative risk, based on a risk score adjusted for individual patient
characteristics. Patients suitable and unsuitable for surgery are differentiated by a cut-off value that is the maximum
acceptable risk for surgery. Each area (labelled A to E) represents the approximate proportion of patients who follow
the appropriate arm of the decision tree in Figure 3. MM, medical management.
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and a (different) single estimate was used for the four medical management groups (C, E, G and H).
However, it was possible to estimate the mortality separately for low and moderate-risk groups for SAVR,
and this was used where appropriate to give separate estimates for the two SAVR groups (A and F).
Identifying studies for model parameters
A search was conducted to update the Bazian report, which was published in May 2008.35 A systematic
literature search for systematic reviews and primary studies of TAVI for AS without language restrictions was
undertaken in November 2010 (see Appendix 2). Search strategies were based on the 2008 Bazian report
searches35 and a date limit of 2007 to November 2010 was used to cover the period since publication of that
report. The following sources were searched:

l Bibliographic databases: MEDLINE (Ovid) 1950 to October week 2 2010 and 1950 to November week 3
2010, MEDLINE In-Process & Other Non-Indexed Citations (Ovid) at 24 November 2010, EMBASE (Ovid)
1980 to 2010 week 47, The Cochrane Library (Wiley) Cochrane Database of Systematic Reviews (CDSR)
2010 Issue 11, The Cochrane Library (Wiley) HTA, DARE and NHS EED databases 2010 Issue 4 and the
York CRD HTA, DARE and NHS EED databases (October 2010) for background reviews and other studies
as well as QoL studies, economic evaluations and cost-effectiveness models.

l A range of guideline resources including National Library of Guidelines, National Guidelines
Clearinghouse and Guidelines International Network.

l UKCRN, Current Controlled Trials metaRegister and ISRCTN, WHO International Trials Register and
ClinicalTrials.gov for ongoing trials.

l Conference proceedings and annual meetings abstracts (BCIS, ESC, American College of Cardiology,
American Heart Association), Zetoc conference proceedings and the Index to Theses for
unpublished material.

l Internet/grey literature searches.
l Manufacturers' websites.
l Consultation with experts.

Any papers related to QoL identified through the cost-effectiveness and QoL searches (see Chapter 3,
Searches) were also used to inform parameters for the cost-effectiveness model. Additional targeted searches
(bibliographic and internet based) were performed on an ad hoc basis to seek information to populate
specific parameters identified (expected and observed mortality rates for surgical aortic valve replacement,
information regarding risk stratification and rehabilitation costs for heart surgery patients).
Transcatheter aortic valve implantation model data and inputs
This section of the report describes how the data available were used to produce model inputs.
Fitting survival curves

Data were available for various populations in terms of both overall survival and hospitalisation-free survival.
In all cases, the follow-up time was considerably shorter than is required for the modelling. To extrapolate
these curves forward in time, it is necessary to fit a parametric curve to the data. Visual inspection of survival
curves shows a decreasing hazard with time. However, this cannot be sustained in the longer term, as the
general population mortality risk increases with age. It is necessary to represent the long-term mortality that
can be specifically attributed to AS using a function that can be approximated by a parametric form suitable
for extrapolation. Without making any assumptions, the overall survival S(t) at time t can be written as:

SðtÞ¼kfðtÞgðtÞ, ð1Þ
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where k is the 30-day survival; f(t) is a function to be determined, and is related to the long-term mortality
specific to AS; and g(t) is the general population survival.

For TAVI and medical management, survival curves are available for both overall survival and hospitalisation-
free survival for up to 2 years from the PARTNER trial (Leon et al., figure 1).14 Reading from the Kaplan–Meier
curves, the values in Table 3 were obtained. The entries in the first three columns were taken directly from
the source; the remaining columns show the result of the process used to infer the function f(t).

It is convenient to fit a Weibull distribution for f(t) taking the form:

fðtÞ¼exp −
t
b

� �a� �
, ð2Þ

where a and b are parameters to be determined. Here a is a dimensionless shape parameter: if a=1 then the
distribution reduces to the exponential distribution with a constant hazard. If a<1 then the hazard decreases
with time, while if a>1 the hazard increases with time. For a fixed value of a, the mean survival time
represented by f(t) is proportional to the scale parameter b.

Fitting a Weibull distribution to a given set of observed values can be done by transforming the equation into
the form:

log½− logfðtÞ�¼alog t − alogb, ð3Þ

and estimating values of a and b to minimise the sum of the squares of the errors in the above equation. In
line with the principle of parsimony in modelling, a common value of the shape parameter a is to be
preferred whenever an assumption of proportional hazards can be considered at all reasonable. A reasonable
fit can be obtained to the last two columns in Table 3 by using a=0.550 in each case, with b=116 for overall
survival, and b=60.9 for hospitalisation-free survival. The comparison between the observed and fitted values
can be seen in Table 4.

Similar calculations were performed for the medical management group, again using the values
from the PARTNER trial.14 For surgical aortic valve replacement, other data sources had to be used.42,67

Patients undergoing SAVR were divided into two groups: low risk (LES <10)68 and moderate risk
TABLE 3 Overall and hospitalisation-free survival following TAVI

Time
(months)

Actual values Relative to 1-month survival
Relative to 1-month and
general population survival

Overall
survival

Hospitalisation-
free survival

Overall
survival

Hospitalisation-
free survival

Overall
survival

Hospitalisation-
free survival

1 0.950 0.894 N/A N/A N/A N/A

6 0.766 0.656 0.806 0.734 0.821 0.748

12 0.694 0.578 0.730 0.647 0.759 0.672

18 0.625 0.516 0.658 0.577 0.698 0.612

24 0.569 0.444 0.599 0.496 0.649 0.538

N/A, not applicable.
The actual values were taken from the PARTNER trial.14 The values at multiples of 6 months were divided by the figure
at 1 month to give the next two columns. These in turn were divided by general population survival figures to give the
values in the last two columns.
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TABLE 4 Comparison between observed and fitted curves for TAVI

Time (months)

Overall survival Hospitalisation-free survival

Observed Fitted Observed Fitted

6 0.821 0.822 0.748 0.756

12 0.759 0.751 0.672 0.664

18 0.698 0.699 0.612 0.599

24 0.649 0.657 0.538 0.549

Observed values are taken from Table 3, whereas fitted values are the values from the Weibull distributions with
parameters given in the text.
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(LES between 10 and 20).42,67 Separate curves were fitted for these groups. Two data sources were available
for moderate risk and these were combined.

Full details of the relevant calculations are in Appendix 3. The parameters for the various curves fitted are
shown in Table 5. Although the 30-day survival is slightly higher for the moderate-risk group than for the
low-risk group, the long-term survival is much higher in the low-risk group. This difference is of little
importance in the modelling, as almost all of the results are based only on the moderate-risk group.

As an illustration of how these numbers are then used in the model, consider the population at 12 months,
for which time the relevant general population survival is 0.963. For TAVI, we have

overall survival 0:950� exp −
12
116

� �0:550
" #

� 0:963¼0:686; ð4Þ

hospitalisation-free survival 0:894� exp −
12
60:9

� �0:550
" #

� 0:963¼0:571: ð5Þ

From these figures, a proportion 0.686–0.571=0.115 of the original population is alive but has had at least
one repeat hospitalisation. Note that the modelled values differ slightly from the observed figures in Table 3
for the same reason as the fitted values in Table 4 differ from the observed values in that table.
TABLE 5 Parameters for AS relative survival curves

Parameter
SAVR
(low risk)

SAVR
(moderate risk) TAVI

Medical
management

Survival at 30 days 0.925 0.927 0.950 Not required
(see notes)

Hospitalisation-free survival at 30 days 0.847 0.850 0.894 Not required
(see notes)

a for both overall and hospitalisation-free survival 1.15 1.15 0.550 0.821

b for overall survival (months) 613 160 116 22.0

b for hospitalisation-free survival (months) 450 117 60.9 9.83

The 30-day survival figures are probabilities. For medical management, the general survival curves are used at 30 days,
with no additional mortality assumed in the first month. The shape parameter a is a dimensionless quantity
(see Transcatheter aortic valve implantation model data and inputs, Fitting survival curves). The figures in this table are
the results of calculations described in the text. The original sources of data were Leontyev67 and Wendt42 for SAVR and
cohort B of the PARTNER trial14 for TAVI and medical management.
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For medical management, there is no additional mortality assumed in the first month and the calculation at
12 months is as follows:

overall survival exp −
12
22:0

� �0:821
" #

� 0:963¼0:524; ð6Þ

hospitalisation-free survival exp −
12
9:83

� �0:821
" #

� 0:963¼0:297: ð7Þ

From these figures, a proportion 0.524−0.297=0.227 of the original population is alive, but has had at least
one repeat hospitalisation.

Quality-of-life scores
The model requires average QoL scores for survivors with or without repeat hospitalisation. The available
information from the PARTNER trial14 does not include direct estimates of these QoL scores. These must
therefore be estimated. This was done using the two-stage process described below.

First, the PARTNER trial14 reports results in the form of proportions in each of the four NYHA classes at
6 months and 1 year. QoL scores (utilities) were obtained by reading from figure 3 in the paper of Maliwa
et al.69 From these figures, the mean QoL scores for the TAVI group at each time could be obtained as shown
in Table 6. These are weighted averages of the QoL scores, weighted by the proportion of TAVI patients in
each class at the relevant time. These mean QoL scores are also weighted averages of the QoL scores for
survivors with or without repeat hospitalisation, weighted by the number of TAVI patients in each category at
the relevant time. The PARTNER trial14 has also reported these numbers, which are also shown in Table 6.

The second stage of the calculation involves solving a pair of linear simultaneous equations, to identify the
QoL scores for survivors with or without repeat hospitalisation, using the overall average QoL scores at each
time, and the proportions of patients in each category. The values obtained were 0.717 for survival without
repeat hospitalisation and 0.579 for survival with repeat hospitalisation. It should be noted that these point
estimates are subject to considerable uncertainty given the nature of the method used.

To estimate the QoL under medical management, the standard therapy arm of the PARTNER trial14 was used.
When this was done using a similar process to that described above, the average QoL scores at 6 months and
TABLE 6 Quality-of-life scores and proportions in each NYHA class for TAVI group in the PARTNER trial

Class QoL score

Proportions of TAVI patients in
each class

6 months 1 year

I 0.844 0.292 0.343

II 0.699 0.486 0.361

III 0.553 0.130 0.217

IV 0.408 0.092 0.080

Average QoL score 0.696 0.694

Survivors without repeat hospitalisation 0.717a 117 102

Survivors with repeat hospitalisation 0.579a 21 20

Sources: Maliwa69 for QoL scores, PARTNER trial14 for proportions.
a These values were calculated using methods described in the text.
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1 year were estimated to be 0.545 and 0.585 respectively. However, the PARTNER trial14 reports a higher
proportion of repeat hospitalisation in the standard therapy arm among survivors at 1 year than at 6 months.
If there were a lower QoL in survivors with repeat hospitalisation than in survivors without repeat
hospitalisation, the average QoL should be lower at 1 year than at 6 months. As this is not the case, it is not
possible to obtain sensible estimates of QoL scores for the two states separately for the medical management
arm of the model using the same method as for TAVI. Instead, a single figure of 0.565 was found by
averaging the 6-month and 1-year results.

Although the methods used to obtain the QoL scores are far from ideal, the results obtained seem
reasonable. For patients undergoing SAVR, the same values were used as for TAVI in the absence of any
alternative data source. However, in the first month of the model, account is taken of the time in hospital
and post-surgery recovery. For SAVR, QALYs accumulated were reduced by 50%, whereas for TAVI they
were reduced by 25% to reflect the lesser invasiveness of the procedure.

Costs
The costing perspective was NHS, given that the vast majority of the patients are over retirement age; the
price year was 2010.70 Costs in the model are detailed below. They are made up of the short-term costs
associated with the procedures, and then longer-term costs resulting from follow-up appointments,
medication and repeat hospitalisation. All costs and QALYs were discounted at 3.5% from the starting point.
Short-term costs

Procedure costs shown in Table 7 include the procedure itself, hospital stay and costs of dealing with
short-term adverse events. Costs for the procedure are based on the South Central report,71 to which costs
for adverse events are added. Using a range of sources for the frequency of adverse events, attempts have
been made to account for those adverse events that involve extra cost, as detailed in Appendix 4.
Some adverse events (such as prolonged ventilation) essentially require additional stay in hospital. It was
assumed that the time taken is already included in the mean length of stay, so that it would be double
counting to include an additional cost for these events.

Longer-term costs
Follow-up appointments for SAVR and TAVI are taken to occur at 1 month after treatment, then at 6 months,
12 months and every 12 months thereafter. For SAVR, this was taken simply as a cardiologist appointment
(costed at £218 from reference costs). For TAVI, the cost of electrocardiography and echocardiography
(£99 in total) was added.

Rehospitalisation was costed as treatment for a cardiac valve disorder (£2046 from NHS reference costs70),
plus the cost of an extended stay in a cardiology ward (£396.16 per day based on the Bazian report32 inflated
to 2010 prices). The average additional stay was assumed to be 6 days for SAVR or TAVI and 14 days for
medical management, based on clinical advice. No definitive costs for rehabilitation were found. No
rehabilitation costs were included in the base case. However, the possibility of rehabilitation costs was
TABLE 7 Procedure costs (short-term costs)

Cost (£) SAVR TAVI

Procedure including hospital staya 18,111.25 24,000.00

Adverse eventsb 1075.30 1078.98

Total 19,193.55 25,078.98

Full details of sources for costs may be found in Appendix 4.
a See Appendix 4, Table 30.
b See Appendix 4, Table 29.
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considered as part of a general sensitivity analysis concerning the unit costs of each procedure (see
Chapter 4, Resource use in the first month).
Base-case analysis
For the base-case analysis, it was assumed that any patients receiving SAVR or medical management when
TAVI was available would receive the same treatment if TAVI was not available. Hence, any results for such
patients would cancel out of the incremental analysis, and such patients were therefore excluded from the
model. Thus, the only patients modelled were those receiving TAVI when it was available. The comparator
treatment for these patients was either SAVR or medical management (the treatment that would have been
given in the absence of TAVI). Based on clinical advice, it was assumed that 10% of TAVI patients were
suitable for SAVR, and that 90% of these would have received SAVR in the absence of TAVI; the remaining
10% would have received medical management in this case. As noted earlier in Chapter 4 (see Costs), SAVR
patients were divided into low and moderate risk. The base-case assumption was that patients who were
suitable for SAVR and considered for TAVI would be drawn from the moderate-risk SAVR group. In a
sensitivity analysis, half of these patients were low risk and half were moderate risk.

For convenience, the total number of patients was set at 1000. Then the numbers of patients in each of the
patient groups defined in Model description were as shown in Table 8. (The total number of patients in the
model is arbitrary; changing this would not alter the per patient results as long as the proportion of patients
in each group was maintained.)

When the model was run over a 25-year time horizon with base-case parameters and the distribution of
patients shown in Table 8, the results were obtained as shown in Table 9 (the overall results for all patients
modelled), Table 10 (results only for patients suitable for SAVR) and Table 11 (results only for patients not
suitable for SAVR).

Note that for the patients suitable for SAVR, the base-case results (see Table 10) suggest that TAVI would be
overall more costly and less effective than the comparator. This effect is known as simple dominance and, in
TABLE 8 Distribution of patients in base-case analysis

Distribution of modelled patients under the assumption that TAVI is available

Group n Comments

A 0 This group consists of patients who would receive SAVR regardless of the availability of TAVI so were
excluded from the model

B 100 These are patients who are deemed suitable for SAVR but would receive TAVI if it were available

C 0 This group consists of patients who are deemed suitable for SAVR but would still receive medical
management even if TAVI were available so were excluded from the model

D 900 These are patients who are deemed unsuitable for SAVR but would receive TAVI if it were available

E 0 This group consists of patients who are deemed unsuitable for SAVR but would still receive medical
management even if TAVI were available so were excluded from the model

Distribution of modelled patients under the assumption that TAVI is unavailable

Group n Comments

F 90 These are patients who would receive SAVR if TAVI were not available

G 10 These are patients who are deemed suitable for SAVR but would receive medical management if TAVI were
not available

H 900 These are patients who are deemed unsuitable for SAVR and would therefore necessarily receive medical
management if TAVI were not available
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TABLE 10 Base-case results for the TAVI model: patients suitable for SAVR

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 19,871 3.4617

Difference 7963 −0.6087

In this case the TAVI not available option dominates the
TAVI available option

This analysis relates to patients deemed suitable for SAVR, of whom 90% would receive SAVR in the absence of TAVI,
the other 10% receiving medical management. All SAVR patients are assumed to be moderate risk.

TABLE 11 Base-case results for the TAVI model: patients unsuitable for SAVR

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 3687 0.9810

Difference 24,147 1.8720

ICER (£ per QALY) 12,900

This analysis relates to patients deemed unsuitable for SAVR, all of whom would receive medical management in the
absence of TAVI.

TABLE 9 Overall base-case results for the TAVI model

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 5305 1.2291

Difference 22,528 1.6239

ICER (£ per QALY) 13,900

The assumption here is that 90% of the TAVI patients were unsuitable for SAVR and that 9% would receive SAVR in
the absence of TAVI, whereas 1% would be deemed suitable for SAVR but not receive it. All SAVR patients are assumed
to be moderate risk.
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such a case, it is not appropriate to quote the numerical value of the ICER.72 These results assume a time
horizon of 25 years. Varying the time horizon from 2 to 25 years produces the results shown in Figure 8. The
ICERs for the whole patient group and for the patients unsuitable for SAVR decrease with time. The ICER for
patients suitable for SAVR is not shown because the dominance relationship applies across all time horizons
considered. Note that the overall results are very similar to the results for the patients unsuitable for SAVR
because these patients form the vast majority of the patients in the model.

Deterministic sensitivity analysis

This section reports the results of a number of different forms of one-way sensitivity analysis. These are
divided into two groups. In the first group, different assumptions about the selection of patients for
treatment are made. Detailed results are reported, followed by a summary table for this group, from which
27
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all the results can be readily compared with the base case. After that, the effect of varying the parameters
related to the results from the modelled treatments is explored. In each section, all base-case assumptions are
assumed to apply unless explicitly varied.
Varying the comparator with transcatheter aortic valve implantation for
patients suitable for surgical aortic valve replacement

In the base-case analysis, it was assumed that 10% of TAVI cases would be patients suitable for SAVR, and
that 90% of these would actually receive SAVR if TAVI were not available. Suppose that, instead, only 50%
of these patients would receive SAVR. Compared with the base case, this scenario reflects what would
happen if patients who receive TAVI but would have been suitable for SAVR are drawn in higher numbers
from those who would not actually have received SAVR, for example due to personal choice not to undergo
SAVR. The overall results and results for the suitable for SAVR group are then as shown in Tables 12 and 13.
Results for the unsuitable for SAVR group are not shown, as they are unchanged from the base-case results.

Figure 9 shows the results of varying the time horizon in this case. At all time horizons, TAVI is now more
effective, but still more costly, than the comparator, and so a positive ICER is shown. As in the base-case
results, the overall results are similar to the results for patients unsuitable for SAVR.
TABLE 12 Overall results for the TAVI model when only 50% of TAVI patients suitable for SAVR would actually
have received SAVR

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 4586 1.1188

Difference 23,248 1.7342

ICER (£ per QALY) 13,400

The assumption here is that 90% of the TAVI patients were unsuitable for SAVR and that 5% would receive SAVR
in the absence of TAVI, whereas 5% would be deemed suitable for SAVR but not receive it. All SAVR patients are
assumed to be moderate risk.
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TABLE 13 Results for the TAVI model when only 50% of TAVI patients suitable for SAVR would actually have
received SAVR: patients suitable for SAVR

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 12,678 2.3592

Difference 15,156 0.4938

ICER (£ per QALY) 30,700

This analysis relates to patients deemed suitable for SAVR, of whom 50% would receive SAVR in the absence of TAVI,
the other 50% receiving medical management. All SAVR patients are assumed to be moderate risk.
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An extension of this sensitivity analysis is to consider the patients suitable for SAVR and vary the proportion of
them who would actually receive SAVR across the whole range from 0% to 100%. The effect of this is
shown in Figure 10. This is based on a 25-year time horizon. The results for the unsuitable for SAVR group do
not vary, whereas the results for the overall group remain close to those results throughout. The results for
the suitable for SAVR group vary considerably according to the proportion who would actually have received
SAVR. The ICER goes over £20,000 per QALY when this proportion reaches 36%, and over £30,000 per
QALY at 50%. The ICER becomes very large as the proportion exceeds 67% and the TAVI option is
dominated by the comparator when the proportion is 68% or higher.

Varying the eligibility criteria for transcatheter aortic valve implantation
This analysis relates to Figures 6 and 7 in Model description, where the eligibility for TAVI is either extended
to all AS patients or restricted to patients who are deemed completely unsuitable for surgery. In fact there
is no need for any further analysis in the latter case, as it is covered by the results in Table 11, with an
ICER of £12,900 per QALY. If TAVI is extended to a wider range of patients with moderate risk, then the
results for the two patient groups separately are still as in Table 10 and Table 11, but the overall results
change. Table 14 shows the results in the case where equal numbers of TAVI patients are drawn from the
two patient groups suitable and unsuitable for SAVR, assuming that 90% of TAVI patients would receive
SAVR in the absence of TAVI. The overall ICER increases from its base-case value of £13,700 per QALY to
29
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TABLE 14 Overall results when TAVI patients are drawn in equal numbers from the groups suitable and
unsuitable for SAVR

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 11,779 2.2213

Difference 16,055 0.6316

ICER (£ per QALY) 25,400

The assumption here is that 50% of the TAVI patients were unsuitable for SAVR and that 45% would receive SAVR in
the absence of TAVI, whereas 5% would be deemed suitable for SAVR but not receive it. All SAVR patients are
assumed to be moderate risk.
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£25,400 per QALY. The overall ICER crosses £20,000 per QALY when the proportion suitable for SAVR is
around 40%, and £30,000 per QALY at around 55%. Finally, if as many as 76% of TAVI cases came
from the group of patients suitable for SAVR, the net effect of introducing TAVI would be a reduction in
overall QALYs at an increased overall cost.

The above analysis assumes that all patients receiving TAVI instead of SAVR would be taken from the
moderate-risk group. If low-risk patients were also included, the results for TAVI would be worse. For
example, if TAVI patients were drawn in equal numbers from those suitable and unsuitable for SAVR, and
those suitable for surgery were drawn in equal numbers from low- and moderate-risk patients, then the
overall ICER would increase to nearly £48,000 per QALY (Table 15).

Considering the effect of increased referrals
In the background section of this report, it was noted that a possible effect of TAVI availability is that additional
patients might be referred for investigation and end up receiving SAVR when they might have had medical
management in the absence of TAVI. As a speculative analysis, suppose that the total number of patients
receiving SAVR is unchanged as a result of the introduction of TAVI. In the base-case analysis, 90 patients
receive TAVI when it is available but would receive SAVR when TAVI is not available (see Table 8). Therefore,
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TABLE 15 Overall results when TAVI patients are drawn in equal numbers from the groups suitable and unsuitable
for SAVR including low-risk patients

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,833 2.8530

TAVI not available 11,766 2.5160

Difference 16,067 0.3370

ICER (£ per QALY) 47,700

The assumption here is that 50% of the TAVI patients were unsuitable for SAVR and that 45% would receive SAVR in
the absence of TAVI, whereas 5% would be deemed suitable for SAVR but not receive it. In this analysis, half of the
patients deemed suitable for SAVR were assumed to come from the low-risk group.
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to maintain the total numbers receiving SAVR would involve including in the modelled population an
additional 90 patients receiving SAVR in the TAVI available strategy and medical management in the TAVI not
available strategy. Assuming that all of these patients are drawn from the group with moderate SAVR risk, the
results both overall and for patients suitable for SAVR are shown in Table 16 and Table 17 respectively.

As can be seen, the results change dramatically and suggest that TAVI availability would be cost-effective in
all groups. In fact, in this case, it can be seen that the ICER for TAVI availability is the same for patients
suitable for SAVR as it is for patients not suitable for SAVR. This is not a coincidence: what is now happening
TABLE 16 Overall results when numbers receiving SAVR are not changed by the presence of TAVI

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 27,324 2.9260

TAVI not available 5171 1.2086

Difference 22,153 1.7174

ICER (£ per QALY) 12,900

The assumption here is that 90% of the TAVI patients were unsuitable for SAVR and that 9% would receive SAVR in
the absence of TAVI, whereas 1% would be deemed suitable for SAVR but not receive it. However, it is also assumed
that a number of moderate-risk patients receive SAVR when TAVI is available but medical management when TAVI is not
available, so that the total number of patients receiving SAVR is not changed. All SAVR patients are assumed to be
moderate risk.

TABLE 17 Results for patients suitable for SAVR when numbers receiving SAVR are not changed by the presence
of TAVI

Weighted average across all groups for given policy
option

Overall cost per patient
(£)

Overall QALYs per
patient

TAVI available 24,913 3.2719

TAVI not available 12,205 2.2866

Difference 12,709 0.9853

ICER (£ per QALY) 12,900

This analysis relates to patients deemed suitable for SAVR, of whom 90% would receive SAVR in the absence of TAVI,
the other 10% receiving medical management. However, it is also assumed that a number of moderate-risk patients
receive SAVR when TAVI is available but medical management when TAVI is not available, so that the total number of
patients receiving SAVR is not changed. All SAVR patients are assumed to be moderate risk.
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is that TAVI is effectively displacing medical management only in both groups. Different people receive SAVR
in the two arms of the model, but they are assumed to be taken from a homogeneous population, and so
the change in identity of the SAVR patients has no effect on the model results.

The above analysis assumes that all SAVR patients are drawn from the moderate-risk group. If the additional
SAVR patients are drawn in equal numbers from low- and moderate-risk groups, whereas the patients
moving from SAVR to TAVI are still taken only from the moderate-risk group, the ICER for the patients
suitable for SAVR drops even further to around £9800 per QALY.

It may well be the case that the number of patients receiving SAVR in place of medical management is
considerably lower than the number receiving TAVI in place of SAVR. The ICER for TAVI availability in the
group suitable for SAVR goes over £20,000 per QALY when approximately 60% of the patients switching
from SAVR to TAVI are replaced by patients switching from medical management to SAVR, assuming again
that all SAVR patients are moderate risk.
Summary of sensitivity analysis results for patient selection

Table 18 summarises the results presented in detail in the previous three sections. The results given here
show that the overall ICER and the ICER for patients suitable for SAVR are highly sensitive to the rules for
selection of patients for TAVI.
TABLE 18 Summary of sensitivity analysis results for patient selection

Scenario
Overall
ICER

ICER for patients
suitable for SAVR

ICER for patients
not suitable for
SAVR

Base case. The assumption here is that 90% of the TAVI
patients were unsuitable for SAVR and that 9% would
receive SAVR in the absence of TAVI, whereas 1%
would be deemed suitable for SAVR but not receive it.
All SAVR patients are assumed to be moderate risk

13,700 D 12,900

The assumption here is that 90% of the TAVI patients
were unsuitable for SAVR and that 5% would receive
SAVR in the absence of TAVI, whereas 5% would be
deemed suitable for SAVR but not receive it. All SAVR
patients are assumed to be moderate risk

13,400 30,700 12,900

The assumption here is that 50% of the TAVI patients
were unsuitable for SAVR and that 45% would receive
SAVR in the absence of TAVI, whereas 5% would be
deemed suitable for SAVR but not receive it. All SAVR
patients are assumed to be moderate risk

25,400 D 12,900

The assumption here is that 50% of the TAVI patients
were unsuitable for SAVR and that 45% would receive
SAVR in the absence of TAVI, whereas 5% would be
deemed suitable for SAVR but not receive it. In this
analysis, half of the patients deemed suitable for SAVR
were assumed to come from the low-risk group

47,700 D 12,900

The assumption here is that 90% of the TAVI patients
were unsuitable for SAVR and that 9% would receive
SAVR in the absence of TAVI, whereas 1% would be
deemed suitable for SAVR but not receive it. However, it
is also assumed that a number of moderate-risk patients
receive SAVR when TAVI is available but medical
management when TAVI is not available, so that the
total number of patients receiving SAVR is not changed.
All SAVR patients are assumed to be moderate risk

12,900 12,900 12,900

D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.
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Allowing for the possibility of repeat transcatheter aortic valve implantation
As noted in the background section, the long-term durability of TAVI valves is currently unknown. The
possibility that replacement TAVI may be necessary was considered by adding the cost of an additional TAVI
to all surviving patients at a given time from the start of the model. On clinical advice, the times chosen were
7, 10 and 15 years. It is acknowledged that this is a very simplistic approach, but it at least gives some
indication of the scale of the potential problem. The results are shown in Figures 11, 12 and 13. In each case,
the part of the graph for a time horizon up to the point of valve replacement is the same as for the base-case
result shown in Figure 8. There is then a sudden increase in the ICER as the cost of replacement TAVI is
included in the analysis. The overall results are not greatly affected by this change to the model. Indeed, in
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IGURE 11 Including cost of replacement TAVI for all patients after 7 years. a, ICER not shown for patients suitable
or SAVR as TAVI is dominated by comparator for all time horizons.
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the case of replacement after 15 years the effect of the change is hardly noticeable on the graph. This reflects
an overall modelled survival rate of 7% at that time, together with the effect of discounting. In all cases, the
TAVI available strategy is dominated by the TAVI not available strategy for patients suitable for SAVR,
regardless of the time horizon of the model.

Resource use in first month
There is considerable uncertainty about a number of the inputs from which the first month's costs for SAVR
and TAVI were estimated. For example, in the base-case analysis, an estimated mean length of stay in
hospital following SAVR of 13.36 days was used, made up of 3.1 days in an intensive care unit (ICU) and
10.26 days on a cardiology ward. Data from the Adult Cardiac Surgery Database58 give a mean stay of
10.7 days. If we use this figure for the total length of stay and keep the assumption of 3.1 days in an ICU, this
reduces the mean days on a cardiology ward by 2.66 days, reducing the cost of SAVR by 2.66×£396.16=
£1053.79. This clearly has no effect on the results for the patients not suitable for SAVR. For the patients
suitable for SAVR, the average cost per patient for the TAVI not available strategy is reduced. Since this
strategy was already less costly and more effective than the TAVI available strategy in our base-case analysis,
the same must be true with the change in assumption. There is a small effect on the overall ICER, but the
rounded value remains at £13,900 per QALY.

In the same way, any change in the assumption about frequency of short-term adverse events or inclusion of
rehabilitation costs would have the same effect as an adjustment in the unit cost of the relevant treatment.
Table 19 and Table 20 show the effects of changes in the unit cost assigned to SAVR and TAVI respectively.

In all cases explored, the TAVI not available strategy is less costly and more effective than TAVI available for
patients suitable for SAVR. The results in Table 19 necessarily show no change in the ICER for patients not
suitable for SAVR and only small changes in the overall results. The variation shown in Table 20 is somewhat
greater, since the change in TAVI cost affects a larger number of patients in the model. However, the results
still do not change greatly for fairly substantial changes in the unit cost assigned to TAVI.
Cost of repeat hospitalisation

In the base-case analysis, the cost of repeat hospitalisation was assumed to be approximately £4400 for
SAVR and TAVI patients, but £7600 for medical management patients. If the lower figure is also used for
NIHR Journals Library www.journalslibrary.nihr.ac.uk



TABLE 20 Effects of changes in the unit cost assigned to TAVI

Change to cost of TAVI Overall ICER
ICER for patients
suitable for SAVR

ICER for patients not
suitable for SAVR

Reduce by £3000 12,000 D 11,300

Reduce by £2000 12,600 D 11,800

Reduce by £1000 13,300 D 12,400

Base case 13,900 D 12,900

Increase by £1000 14,500 D 13,400

Increase by £2000 15,100 D 14,000

Increase by £3000 15,700 D 14,500

D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.

TABLE 19 Effects of changes in the unit cost assigned to SAVR

Change to cost of
SAVR

Overall
ICER

ICER for patients suitable for
SAVR

ICER for patients not suitable for
SAVR

Reduce by £3000 14,000 D 12,900

Reduce by £2000 14,000 D 12,900

Reduce by £1000 13,900 D 12,900

Base case 13,900 D 12,900

Increase by £1000 13,800 D 12,900

Increase by £2000 13,800 D 12,900

Increase by £3000 13,700 D 12,900

D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.
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medical management patients, the ICER for patients unsuitable for SAVR increases from £12,900 per QALY
to £13,600 per QALY, and overall from £13,900 per QALY to £14,700 per QALY. Similarly, if the higher
figure is used for all patients, these ICERs change to £13,300 and £14,300 respectively. In either case, the
TAVI available option is still dominated for patients suitable for SAVR.
Short-term mortality

In this analysis, the short-term mortality was adjusted for each of SAVR and TAVI separately. For SAVR, the
1-month mortality was given as 7.3%, with a 95% CI from 4.3% to 11.0%. These results were obtained
from combining the results of studies by Leontyev67 (10.7%) and Wendt42 (4.6%). For TAVI, the 1-month
mortality was given as 5.0%, with a 95% CI from 2.3% to 8.7%.14 Applying each of these figures
individually gives the results in Table 21. They show very little variation from the base case.

Long-term mortality
The methods used to estimate the long-term survival curves do not naturally produce CIs. For deterministic
analysis, an arbitrary decision has been taken to apply multipliers to shape and scale parameters of the
Weibull distributions separately. Multiplying the scale parameter by a constant effectively multiplies the mean
of the underlying distribution by that same constant; the effect of multiplying the scale parameter is not
easily described. Shape parameters are naturally on a more limited range than scale parameters. Accordingly,
multipliers of 0.8 and 1.2 have been used for shape parameters, while multipliers of 0.6 and 1.4 have been
used for scale parameters. These correspond roughly to the 95% limits used in the probabilistic sensitivity
analysis shown in Probabilistic sensitivity analysis. The results are in Table 22.
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TABLE 22 Effects of changes in the long-term mortality

Scenario
Overall
ICER

ICER for patients suitable for
SAVR

ICER for patients not suitable for
SAVR

Base case 13,900 D 12,900

Multiply shape parameter for SAVR
by 0.8

13,700 D 12,900

Multiply shape parameter for SAVR
by 1.2

14,000 D 12,900

Multiply scale parameter for SAVR
by 0.6

13,300 75,300 12,900

Multiply scale parameter for SAVR
by 1.4

14,200 D 12,900

Multiply shape parameter for TAVI
by 0.8

14,700 D 13,600

Multiply shape parameter for TAVI
by 1.2

13,200 D 12,400

Multiply scale parameter for TAVI
by 0.6

20,100 D 17,700

Multiply scale parameter for TAVI
by 1.4

11,600 D 11,000

Multiply shape parameter for MM
by 0.8

14,800 D 13,800

Multiply shape parameter for MM
by 1.2

13,300 D 12,300

Multiply scale parameter for MM by
0.6

11,700 D 11,000

Multiply scale parameter for MM by
1.4

16,500 D 15,200

MM, medical management.
D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.

TABLE 21 Effects of changes in the short-term mortality

Scenario
Overall
ICER

ICER for patients suitable for
SAVR

ICER for patients not suitable for
SAVR

Base case (7.3% for SAVR, 5.0%
for TAVI)

13,900 D 12,900

Low mortality (4.3%) for SAVR 14,000 D 12,900

High mortality (11.0%) for SAVR 13,700 D 12,900

Low mortality (2.3%) for TAVI 13,300 D 12,400

High mortality (8.7%) for TAVI 14,800 D 13,600

D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.
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These results are not highly sensitive to the changes in the shape parameter, but are more sensitive to the
changes made in the scale parameter. In particular, if the overall survival (relative to population survival)
following SAVR is reduced by 40%, it is no longer the case that the TAVI not available strategy is more
effective than the TAVI available strategy for patients suitable for SAVR. In this single scenario, TAVI available
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is both more costly and more effective than the comparator, but still well above the upper NICE threshold of
£30,000 per QALY.
Quality-of-life scores

The deterministic sensitivity analysis for QoL scores is based on the idea of using 95% limits of an appropriate
distribution to represent the uncertainty. There is no theoretically correct distribution for these parameters
and it is necessary to make a pragmatic decision. It is reasonable to suppose that all QoL scores used in the
model represent states better than death, and so the QoL scores must be between 0 and 1. Further, it is
reasonable to suppose that there is a very low probability that the scores will be at either extreme
of possibility.

A convenient distribution for QoL scores is a beta distribution. This has two parameters a and b: the mean of
the distribution is equal to a/(a+b) and (for a fixed mean), the variance reduces as a and b increase. Ensuring
that there is a very low probability of taking extreme values requires that both a and b parameters are at least
equal to two. The approach taken here is to allow the maximum possible variance subject to this condition.
There are three QoL parameters in the model:

u1 is the QoL for hospitalisation-free survival following SAVR or TAVI;

u2 is the QoL for post-hospitalisation survival following SAVR or TAVI; and

u3 is the QoL for survival following medical management.

Consider first the QoL u1 following surgery (SAVR or TAVI), but without repeat hospitalisation, for which the
point estimate is 0.717. Since 0.717>0.5, we will have a>b, so it is appropriate to take b=2 and then
calculate a from the equation

a
aþ 2

¼0:717, ð8Þ

giving the answer a=5.06. This distribution has 95% limits 0.363 to 0.957.

For post-hospitalisation QoL after SAVR or TAVI u2 it is important to keep the value lower than the QoL score
u1 for hospitalisation-free survival. It is therefore not appropriate to sample u2 directly from a beta
distribution. Instead, it makes sense to use a beta distribution for the ratio between the two QoL scores. The
point estimate for this is given by

0:579
0:717

¼0:807, ð9Þ

so the ratio can be taken to follow a beta(8.37,2) distribution, which has mean 0.807 as required. The 95%
limits of this beta distribution are 0.532 and 0.973. These correspond to QoL scores u2 of 0.532×0.717=
0.381 and 0.973×0.717=0.697 respectively when u1 takes its base-case value of 0.717.

Similarly, it is reasonable to suppose that the QoL for medical management u3 should be lower than u1.
However, there is no compelling reason why u3 should be either higher or lower than u2. Accordingly, it is
sensible to apply a beta distribution to the ratio of u3 to u1, in the same way as for u2. This time the point
estimate for the ratio is 0.788, which is the mean of a beta(7.44,2) distribution. The 95% limits for this
distribution are 0.494 and 0.970, giving 95% limits for u3 of 0.354 and 0.695.

For the univariate analysis shown in Table 23, each of the QoL scores was taken to its lower and upper
95% limits. When u1 was varied, the other two scores were adjusted in proportion, but when u2 and u3

were varied, each of the other scores was kept at its base-case value.
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TABLE 23 Effects of changes in the QoL for survivors

Scenarioa Overall ICER
ICER for patients
suitable for SAVR

ICER for patients not
suitable for SAVR

Base case (0.717, 0.579, 0.565) 13,900 D 12,900

Low value for hospitalisation-free survival
following SAVR or TAVI (0.363, 0.293, 0.286)

27,400 D 25,500

High value for hospitalisation-free survival
following SAVR or TAVI (0.957, 0.773, 0.754)

10,400 D 9,700

Low value for post-hospitalisation survival
following SAVR or TAVI (0.717, 0.381, 0.565)

15,800 D 14,600

High value for post-hospitalisation survival
following SAVR or TAVI (0.717, 0.697, 0.565)

12,900 D 12,000

Low value for survival following medical
management (0.717, 0.579, 0.354)

11,500 D 10,800

High value for survival following medical
management (0.717, 0.579, 0.695)

15,900 D 14,700

a The numbers in brackets in the first column are respectively the quality of scores for hospitalisation-free survival following
SAVR or TAVI, post-hospitalisation survival following SAVR or TAVI, and survival following medical management.
D means that the option TAVI not available dominates (is less costly and more effective than) the option TAVI available.
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The results show that the overall ICER and the ICER for patients not suitable for SAVR varied somewhat but
remained below £20,000 per QALY in all cases, except the one in which the QoL scores were reduced to very
low – and perhaps unrealistically low – values. In all cases, the option TAVI available was dominated for
patients suitable for SAVR.

Summary of sensitivity analysis for parameters related to results of treatment
In all but two of the cases considered, the overall ICER for TAVI and the ICER for TAVI applied to patients not
suitable for SAVR remained below £20,000 per QALY, while the TAVI available option was more costly and
less effective than the comparator for patients suitable for SAVR. The only case in which the ICERs for TAVI
(overall or for patients not suitable for SAVR) rose above £20,000 per QALY was one in which the QoL scores
were reduced to extremely, and almost certainly unrealistically, low values. The only case in which TAVI
available was not less effective than the comparator was when the long-term survival following SAVR was
reduced substantially.

While the univariate sensitivity analysis shown in this section gives an idea of the relative importance of each
parameter in the model, it will usually underestimate the overall uncertainty. The next section of this report
describes an analysis in which multiple parameters are varied simultaneously.
Probabilistic sensitivity analysis
Probabilistic sensitivity analysis is a method for assessing the overall effects of parameter uncertainty in a
model. Parameters are sampled from a joint distribution and the resulting distribution of model outputs can
be plotted on an incremental cost-effectiveness plane. For the TAVI model, parameter distributions were
used as shown in Table 24. The general principle is that the distributions used here are the ones whose
approximate 95% limits were used for the deterministic sensitivity analysis in the sections from Resource use
in first month to Quality-of-life scores.
NIHR Journals Library www.journalslibrary.nihr.ac.uk



TABLE 24 Parameter distributions for probabilistic sensitivity analysis

Parameter Distributiona Comments

Adjustment to total cost
of SAVR and TAVI

Normal(0,£1500) Adjustment added to base-case value; independent adjustments for
each treatment

30-day survival SAVR
(moderate risk)

Beta(216,17) Theoretically correct distribution based on data67,42

30-day survival TAVI Beta(170,9) Theoretically correct distribution based on data14

Shape parameters for
Weibull distributions

Log-normal(1,0.1) Base-case values for each treatment independently multiplied by exp(y),
where y was sampled from a normal distribution with mean 0 and
SD 0.1

Scale parameters for
Weibull distributions

Log-normal(1,0.2) Base-case values for each treatment independently multiplied by exp(y),
where y was sampled from a normal distribution with mean 0 and
SD 0.2

QoL scores Beta distributions Combined in the way described in the text

a For normal and log-normal distributions, the first parameter is the median, and the second parameter is the SD of
the sampled value (normal) or its logarithm (log-normal). For beta distributions related to survival, the parameters
represent respectively the number of survivors and deaths in the data source(s) used.
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FIGURE 14 Incremental cost-effectiveness plane for overall results. The assumption here is that 90% of the TAV
patients were unsuitable for SAVR and that 9% would receive SAVR in the absence of TAVI, whereas 1% would be
deemed suitable for SAVR but not receive it. All SAVR patients are assumed to be moderate risk.
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For QoL scores, the beta distributions described in Quality-of-life scores were used. Values u1, v2 and v3
were sampled independently from beta distributions with parameters (5.06,2), (8.37,2) and (7.44,2)
respectively. Then

u1 is the QoL for hospitalisation-free survival following SAVR or TAVI;

u2=v2u1 is the QoL for post-hospitalisation survival following SAVR or TAVI; and

u3=v3u1 is the QoL for survival following medical management.

The full justification for this approach may be found in Quality-of-life scores.

Figures 14, 15 and 16 show the incremental cost-effectiveness planes when 1000 samples were drawn from
the distributions described and run through the model. The results are summarised in the cost-effectiveness
acceptability curves in Figure 17.
I
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FIGURE 15 Incremental cost-effectiveness plane for patients suitable for SAVR, of whom 90% would receive SAVR
in the absence of TAVI, the other 10% receiving medical management. All SAVR patients are assumed to be
moderate risk.
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FIGURE 16 Incremental cost-effectiveness plane for patients deemed unsuitable for SAVR, all of whom would receive
medical management in the absence of TAVI.
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FIGURE 17 Cost-effectiveness acceptability curves. The assumption here is that 90% of the TAVI patients were
unsuitable for SAVR and that 9% would receive SAVR in the absence of TAVI, whereas 1% would be deemed
suitable for SAVR but not receive it. All SAVR patients are assumed to be moderate risk.
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Figure 17 shows the proportion of model runs favouring TAVI at a range of possible threshold ICERs up to
£50,000 per QALY. In the case where the model structure is known to be adequate and all the uncertainty is
properly represented in the parameter distributions, this proportion may be interpreted in a Bayesian
framework as the probability that TAVI is cost-effective at that threshold. Such an interpretation would be
unjustified in this case. However, it may be said that the modelling in this report is supportive of the adoption
of TAVI at any threshold ICER of £20,000 per QALY or higher for patients deemed unsuitable for SAVR. This
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modelling does not support the use of TAVI in patients suitable for SAVR: in 97% of model runs, TAVI
is less effective than the comparator, and the cost-effectiveness acceptability curve accordingly does not
rise above 0.03 however high the threshold ICER is set.

The above analysis was conducted on the basis that 90% of TAVI patients would be unsuitable for TAVI.
Reducing this figure to 50% leaves the results for each patient group separately unchanged, but the overall
results are now shown in the scatterplot in Figure 18 and the changed cost-effectiveness acceptability curve
in Figure 19. These results are considerably less favourable to TAVI, and may be interpreted as showing the
need for caution in extending the use of TAVI to patients deemed suitable for SAVR.

Summary of model results

The model has been run under a wide range of assumptions, comparing two policy options: one when TAVI
is available and the other when TAVI is not available. Results have been estimated for the overall effect, and
separately for patients who were, or were not, deemed suitable for SAVR.

Dealing first with the patients not suitable for SAVR, the comparison in this case is simply between TAVI and
medical management. The base-case results show TAVI as more costly but more effective than the
comparator, with an ICER of £12,900 per QALY. This result was robust to a number of changes in the model.
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FIGURE 18 Incremental cost-effectiveness plane for overall results under changed assumption. The assumption
here is that 50% of the TAVI patients were unsuitable for SAVR and that 45% would receive SAVR in the absence of
TAVI, whereas 5% would be deemed suitable for SAVR but not receive it. All SAVR patients are assumed to be
moderate risk.
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FIGURE 19 Cost-effectiveness acceptability curves under changed assumption. The assumption here is that 50% of
the TAVI patients were unsuitable for SAVR and that 45% would receive SAVR in the absence of TAVI, whereas 5%
would be deemed suitable for SAVR but not receive it. All SAVR patients are assumed to be moderate risk.
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In the deterministic sensitivity analysis, the only case in which the ICER exceeded £20,000 per QALY was
when the QoL scores were taken to an extremely low value. The ICER was below £20,000 per QALY for over
99% of model runs in the probabilistic sensitivity analysis.

On the other hand, for patients suitable for SAVR, the comparator with TAVI is a mixture of SAVR and
medical management. In this case, TAVI is both more costly and less effective than the comparator in the
base-case analysis, which assumes that the vast majority of patients in this group would receive SAVR in the
absence of TAVI. The base-case result is robust to a number of changes in the assumptions about the effects
of treatment, but highly sensitive to assumptions about the proportion of patients receiving SAVR in the
comparator arm of the model.

Overall results in the base-case analysis are close to the results for patients not suitable for SAVR, as would be
expected given that these patients are assumed to form the majority of the modelled population. When the
use of TAVI is extended to include a larger number of patients suitable for SAVR, the overall results become
less favourable for TAVI.
NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/hta17330 HEALTH TECHNOLOGY ASSESSMENT 2013 VOL. 17 NO. 33
Chapter 5 Discussion and conclusions

At the time this modelling work was carried out, no other economic model for TAVI had been published,
although the results from some previous modelling had been presented. The modelling methods and

results reported here are offered as an equal first model in this clinical area and are intended to contribute to
a bank of knowledge about how TAVI can and should be modelled. The choice of patient health states for
the model was based on the results reported in the PARTNER trial:14 surviving patients were classified
according to whether or not they had undergone further hospitalisation. No attempt was made to subdivide
the group of patients who had been rehospitalised at least once. With greater access to patient-level data, a
more detailed representation of patient status after first rehospitalisation could be modelled.

The UK TAVI registry is likely to collect appropriate data for populating the model for the population groups
in which TAVI is the chosen treatment. However, care will need to be taken in interpreting the results if
such data are used for TAVI alone without making a proper estimate, preferably based on a randomised
study, of how those patients would have fared under an alternative treatment.

Although a detailed assessment of short-term adverse events has been attempted, it should be noted
that the impact of changes in the assumptions here has been shown to be small compared with other
features of the model.

The results given here for TAVI compared with medical management in patients unsuitable for surgery
are reasonably robust and suggest that TAVI is likely to be cost-effective in those patients. On the other hand,
for patients in whom the alternative is surgery, the results suggest that TAVI could be both more costly
and less effective than SAVR. However, these results are not based on randomised data and could easily
be upset by the results of trials reporting after this work was carried out. The work in this report was
undertaken before the publication of relevant randomised trial results.

The overall results suggest that the total effect of introducing TAVI falls within conventional standards of
cost-effectiveness. It should be stressed that this depends on the assumption that a very substantial majority
of TAVI patients will be those who are unsuitable for surgery. From a decision-theoretic point of view, the
overall results should not be used to guide any decision, but the decision to allow TAVI for different patient
groups should be taken separately for each group based on the results for that patient group alone.
However, in practice a decision to allow TAVI for patients deemed unsuitable for surgery is likely to lead to
TAVI being offered to some patients who would have received surgery in the absence of TAVI; it is helpful to
quantify the importance of this possibility.
Comparison with other published results
The only cost-effectiveness results known to have been published at the time of this work were in the form of
conference abstracts.62–64 Work by Murphy et al.65 formed part of the evidence for the Scottish Health
Technologies Group advice statement, which did not recommend the use of TAVI. However, the published
abstract62 does not give any numerical estimates of cost-effectiveness. Work by Watt et al.63 compares TAVI
against medical management only, using a 10-year time horizon. Their work states a base-case ICER of
approximately £23,000 per QALY with a probability of approximately 95% that TAVI is cost-effective at a
threshold ICER of £30,000 per QALY. The results in the current report are somewhat more favourable to
TAVI. The results given by Diage et al.64 are based on a 3-year time horizon. It is not clear what patient group
was modelled, and the results cannot be considered as comparable with those reported here.
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Strengths
The main strength of the current work is that it is based on a clear model structure based directly on patient
survival curves (both for overall survival and, except for SAVR, for hospitalisation-free survival). The
assumptions behind the modelling are generally very transparent, and the effects of alternative assumptions
can be readily found, as has been shown in the sensitivity analysis. The comparison between TAVI and
medical management for patients unsuitable for surgery is based on the only randomised data available at
the time of producing this report. Results for the part of the PARTNER trial comparing TAVI against SAVR
were not in the public domain at the time of the production of this report.

The model allows for consideration of different referral strategies. In particular, it allows for consideration of
the possibility that TAVI availability might lead to some patients receiving SAVR when they might otherwise
have had medical management. The results suggest that the overall cost-effectiveness of TAVI is highly
sensitive to this possibility.
Limitations
There are considerable limitations involved in this analysis. The most obvious of these relates to the limited
availability of data at the time the work in this report was undertaken. For example, as mentioned above,
only part of the PARTNER trial results were in the public domain. Sources of non-randomised data such as the
UK TAVI registry were not readily accessible during the time frame of this report. One consequence of the
limited data was to restrict the model structure, in which all living patients are classified into one of only two
health states, depending on whether or not they had undergone repeat hospitalisation. It would be
preferable to include a wider range of health states in the model, subject to the availability of appropriate
data. A further consequence is that the modelling depends on the PARTNER Cohort B data, and the extent to
which this can be applied to the UK TAVI/medical management population is debatable.

A further important limitation of the model is that it is based on long-term extrapolation of survival curves,
which were often based on real data for only 2 years. In particular, it is not known how long TAVI will last for
a patient, and only highly simplistic methods have been used to test the importance of this feature
of the model.

The model uses data for SAVR based on entirely different studies from those used for the other treatments in
the model. These were the best available at the time of carrying out the analysis, but it would clearly be an
advantage if randomised data were used. Such randomised data became available after the work in this
report was undertaken.

The methods used to estimate QoL scores for the various health states in the model are seriously unstable;
although the numbers actually used may be reasonable, there is considerable scope for improvement in the
reliability of these estimates.

Although the patient selection process for TAVI includes an appreciable amount of clinicians' time, this has
not been costed into the analysis.
Implications for health care
The results in this report suggest that TAVI is a cost-effective treatment when the comparator is medical
management. However, the evidence and modelling in this report do not suggest that TAVI should be widely
used as an alternative to SAVR.
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Research recommendations
The various initial models, including those produced for manufacturers and the Scottish Health Technologies
Group, need to be reconciled with each other and with the model introduced in this report. The sensitivity
analysis from each of these models should give an indication as to the importance of the various features of
an agreed model.

The data being generated while this report was under construction should be included where appropriate in
any revised analysis based on an agreed model structure.

Future data collection, including any future trials, should be designed with economic evaluation in mind. In
particular, once a set of relevant health states for future modelling is agreed, every effort should be made to
obtain realistic and reasonable QoL scores for those health states.
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Appendix 1 Risk-scoring systems
The EuroSCORE
The EuroSCORE has been developed to estimate procedural mortality risks associated with cardiac surgery in
adult patients.38,40 The system was first developed using data from 19,030 patients undergoing cardiac
surgery under cardiopulmonary bypass.38 A large number of preoperative (n=68) and operative (n=29) risk
factors were considered and those variables showing significant associations in a model of operative risk
were included in the risk-scoring system.38 The additive EuroSCORE was proposed and this system assigns
weights to the various surgical risk factors relating to patient characteristics, type and severity of the cardiac
disease and type and extent of the surgical procedure. The LES has since been developed to provide greater
precision in high-risk patients.37 Although this system was first developed to estimate operative mortality in
general cardiac surgery,38 it is also applied specifically for the assessment of patients undergoing SAVR and is
widely used in Europe.
The Society of Thoracic Surgeons Predicted Risk Of Mortality
scoring system
The STS-PROM scoring system was developed using patients (n=67,292) undergoing SAVR from 2002–6 in
the USA.40 The model was first developed on 60% of these patients and the other 40% of patients were
used as a validation sample.40 Final model coefficients were then estimated using the whole population
sample. The STS score calculator can be accessed online (http://209.220.160.181/STSWebRiskCalc261/de.
aspx) and gives estimates of risks of operative mortality, morbidity and development of complications, the
length of postoperative hospital stay and the risk of needing to reoperate.
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Appendix 2 Transcatheter aortic valve
implantation search strategies
Searches for studies of cost-effectiveness, costs and
quality of life

The Cochrane Library (Wiley) 2010 Issue 4 (NHS Economic
Evaluation Database)

Search strategy
©
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Medical subject heading (MESH) descriptor Aortic valve explode all trees
#2
 transaortic next valve*
#3
 aortic next valve*
#4
 #1 or #2 or #3
#5
 TAVI
#6
 replacement
#7
 installation
#8
 surgery
#9
 #6 or #7 or #8
#10
 #4 and #9
#11
 transcatheter near/2 valve*
#12
 #10 or #11
Database: MEDLINE (Ovid) 1950 to week 3, November 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. Heart Valve Prosthesis/
9. or/1-8

10. exp Aortic Valve Stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. exp Heart Valve Diseases/
14. aortic valv$ disease$.mp.
15. heart valve disease$.mp.
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16. or/10-15
17. 9 and 16
18. limit 17 to yr="2007 - 2010"
19. economics/
20. exp "costs and cost analysis"/
21. cost of illness/
22. exp health care costs/
23. economic value of life/
24. exp economics medical/
25. exp economics hospital/
26. economics pharmaceutical/
27. exp "fees and charges"/
28. (econom$ or cost or costs or costly or costing or price or pricing or pharmacoeconomic$).tw.
29. (expenditure$ not energy).tw.
30. (value adj1 money).tw.
31. budget$.tw.
32. or/19-31
33. 18 and 32
Database: EMBASE (Ovid) 1980 to week 46, 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. exp heart valve prosthesis/
9. or/1-8

10. exp aorta valve stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. aorta valve disease/
14. heart valve disease$.mp.
15. or/10-14
16. 9 and 15
17. limit 16 to yr="2007 - 2010"
18. cost benefit analysis/
19. cost effectiveness analysis/
20. cost minimization analysis/
21. cost utility analysis/
22. economic evaluation/
23. (cost or costs or costed or costly or costing).tw.
24. (economic$ or pharmacoeconomic$ or price$ or pricing).tw.
25. (technology adj assessment$).tw.
26. or/18-25
27. 17 and 26
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Database: MEDLINE (Ovid) 1950 to week 3, November 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. Heart Valve Prosthesis/
9. or/1-8

10. exp Aortic Valve Stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. exp Heart Valve Diseases/
14. aortic valv$ disease$.mp.
15. heart valve disease$.mp.
16. or/10-15
17. 9 and 16
18. limit 17 to yr="2007 - 2010"
19. decision support techniques/
20. markov.mp.
21. exp models economic/
22. decision analysis.mp.
23. cost benefit analysis/
24. or/19-23
25. 18 and 24
Database: MEDLINE (Ovid) 1950 to week 3, November 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. Heart Valve Prosthesis/
9. or/1-8

10. exp Aortic Valve Stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. exp Heart Valve Diseases/
14. aortic valv$ disease$.mp.
15. heart valve disease$.mp.
16. or/10-15
17. 9 and 16
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18. limit 17 to yr="2007 - 2010"
19. quality of life/
20. life style/
21. health status/
22. health status indicators/
23. or/19-22
24. 18 and 23
25. 16 and 22
26. limit 25 to yr="2007 - 2010"
27. 24 or 26
Database: EMBASE (Ovid) 1980 to week 46, 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. exp heart valve prosthesis/
9. or/1-8

10. exp aorta valve stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. aorta valve disease/
14. heart valve disease$.mp.
15. or/10-14
16. 9 and 15
17. limit 16 to yr="2007 - 2010"
18. quality adjusted life.ti,ab.
19. (qaly$ or qald$ or qale$).mp. or qtime$.ti,ab.
20. disability adjusted life.ti,ab.
21. daly$.tw.
22. health status indicators/
23. (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform thirtysix or

shortform thirty six or short form thirtysix or short form thirty six).tw.
24. (sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form six).tw.
25. (sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or short form

twelve).tw.
26. (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen or short

form sixteen).tw.
27. (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or short

form twenty).tw.
28. (euroqol or euro qol or eq5d or eq 5d).tw.
29. (hql or hqol or h qol or hrqol or hr qol).tw.
30. (hye or hyes).tw.
31. health$ year$ equivalent$.tw.
32. health utili$.tw.
33. rosser.tw.
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34. quality of wellbeing.tw.
35. quality of well being.tw.
36. qwb.tw.
37. willingness to pay.tw.
38. standard gamble$.tw.
39. time trade off.tw.
40. time tradeoff.tw.
41. tto.tw.
42. cost utility study.tw.
43. cost utility studies.tw.
44. VAS.tw.
45. "Quality of Life"/
46. value of life.mp.
47. quality adjusted life year$.mp.
48. or/18-47
49. 17 and 48
50. 15 and 48
51. limit 50 to yr="2007 - 2010"
52. 49 or 51
General searches for primary studies and systematic reviews

Database: MEDLINE (Ovid) 1950 to week 2, October 2010

Search strategy
1. ((transcatheter or percutaneous or transarterial or transapical) adj3 (implant$ or valvuloplasty or insert$
or replac$ or approach$ or surgery)).mp.

2. TAVI.mp.
3. ((transcatheter or transaortic) adj2 valve$).mp.
4. or/1-3
5. exp Aortic Valve Stenosis/
6. aortic valve stenosis.mp.
7. valvular aortic stenosis.mp.
8. exp Heart Valve Diseases/
9. aortic valve disease.mp.

10. or/5-9
11. 4 and 10
12. limit 11 to "reviews (specificity)"
13. limit 11 to "reviews (optimized)"
Database: MEDLINE (Ovid) In-Process & Other Non-Indexed Citations
24 November 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
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6. Core Valve.mp.
7. corevalve.mp.
8. or/1-7
9. aortic valve stenosis.mp.

10. valvular aortic stenosis.mp.
11. aortic valv$ disease$.mp.
12. heart valve disease$.mp.
13. or/9-12
14. 8 and 13
15. limit 14 to yr="2007 - 2010"
Database: MEDLINE (Ovid) 1950 to week 3, November 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. Heart Valve Prosthesis/
9. or/1-8

10. exp Aortic Valve Stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. exp Heart Valve Diseases/
14. aortic valv$ disease$.mp.
15. heart valve disease$.mp.
16. or/10-15
17. 9 and 16
18. limit 17 to yr="2007 - 2010"
19. limit 18 to "therapy (sensitivity)"
20. (cohort$ or case or trial$ or open-label or retrospective or prospective or long term or follow up or

outcome$).mp.
21. 18 and 20
22. 19 or 21
Database: EMBASE (Ovid) 1980 to week 47, 2010

Search strategy
1. ((transcatheter or percutaneous or transaortic or transfemoral or transarterial or transapical or
transluminal) adj3 (implant$ or valv$ or insert$ or replac$ or approach$ or surgery)).mp.

2. (TAVI or TAVR).mp.
3. (PAVI or PAVR).mp.
4. Edwards Sapien.mp.
5. Cribier Edwards.mp.
6. Core Valve.mp.
7. corevalve.mp.
8. exp heart valve prosthesis/
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9. or/1-8
10. exp aorta valve stenosis/
11. aortic valve stenosis.mp.
12. valvular aortic stenosis.mp.
13. aorta valve disease/
14. heart valve disease$.mp.
15. or/10-14
16. 9 and 15
17. limit 16 to yr="2007 - 2010"
18. limit 17 to "treatment (2 or more terms high sensitivity)"
The Cochrane Library (Wiley) 2010 Issue 4 (Cochrane Central Register of
Controlled Trials, Database of Abstracts of Reviews of Effects, Health
Technology Assessment) Issue11 (Cochrane Database of Systematic Reviews)

Search strategy
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MESH descriptor Aortic valve explode all trees
#2
 transaortic next valve*
#3
 aortic next valve*
#4
 #1 or #2 or #3
#5
 TAVI
#6
 replacement
#7
 installation
#8
 surgery
#9
 #6 or #7 or #8
#10
 #4 and #9
#11
 transcatheter near/2 valve*
#12
 #10 or #11
Additional targeted searches

Database: MEDLINE (Ovid) 1948 to week 1, January 2011

Search strategy
1. risk stratification.mp.
2. (heart adj2 valve$).mp.
3. 1 and 2
Database: MEDLINE (Ovid) 1948 to week 4, January 2011

Search strategy
1. PARTNER.mp.
2. quality of life.mp. or exp "Quality of Life"/
3. (surgery or surgical).mp.
4. aortic valve$.mp. or exp Aortic Valve/
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5. 1 and 2 and 3 and 4
6. 1 and 2 and 3
7. 2 and 3 and 4
8. limit 7 to "therapy (sensitivity)"
Database: MEDLINE (Ovid) 1950 to week 4, October 2010

Search strategy
1. new york heart classification.mp.
2. aortic stenosis.mp. or exp Aortic Valve Stenosis/
3. (new york adj2 heart).mp.
4. 2 and 3
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Appendix 3 Fitting survival curves for surgical
aortic valve replacement and medical management

The methods used for fitting survival curves have been described in the main part of the report, based on
the notion that the overall survival S(t) at time t can be written as

SðtÞ ¼ kfðtÞgðtÞ, ð10Þ

where k is the 30-day survival; f(t) is a function to be determined, and which is related to the long-term
mortality specific to AS; and g(t) is the general population survival.

For medical management, the same procedure was followed as for TAVI using data from the PARTNER trial,14

except that no special account was taken of survival in the first month. Table 25 shows the calculations for
the survival f(t) relative to general population survival.

As with TAVI, a Weibull distribution was fitted to the observed values by transforming the equation into
the form

log½− log fðtÞ� ¼ alogt − alogb ð11Þ

and estimating values of a and b to minimise the sum of the squares of the errors in the above equation. In
line with the principle of parsimony in modelling, a common value of the shape parameter a is to be
preferred whenever an assumption of proportional hazards can be considered at all reasonable. A reasonable
fit can be obtained to the last two columns in Table 25 by using a=0.821 in each case, with b=22.0 for
overall survival, and b=9.83 for hospitalisation-free survival. The comparison between the observed and
fitted values can be seen in Table 26.

For SAVR, data were only available for overall survival. The only sources identified which gave survival over a
range of follow up times were Leontyev,67 who gave survival curves for low- and moderate-risk groups, and
Wendt,42 who gave survival curves for the moderate-risk group only. Here, low risk was defined as a
LES <10, whereas moderate risk was defined as a LES between 10 and 20. Table 27 shows the
transformation of the survival data for each of these groups separately. For moderate-risk groups, the
data were combined by minimising the total sum of squared errors across the two sources.42,67

Then, the values in the last two columns of Table 27 were taken as estimates of two separate Weibull
functions with a common shape parameter. The best fit was obtained with a shape parameter a=1.15 and
TABLE 25 Overall and hospitalisation-free survival following medical management

Time (months)

Actual values Relative to general population survival

Overall survival
Hospitalisation-free
survival Overall survival

Hospitalisation-free
survival

6 0.698 0.516 0.711 0.525

12 0.494 0.297 0.513 0.308

18 0.401 0.188 0.426 0.199

24 0.346 0.103 0.375 0.112

The actual values were taken from the PARTNER trial.14 The values at multiples of 6 months were divided by general
population survival figures to give the values in the last two columns.
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TABLE 26 Comparison between observed and fitted curves for TAVI

Time (months)

Overall survival Hospitalisation-free survival

Observed Fitted Observed Fitted

6 0.711 0.709 0.525 0.513

12 0.513 0.544 0.308 0.308

18 0.426 0.428 0.199 0.194

24 0.375 0.341 0.112 0.125

Observed values are taken from Table 25, whereas fitted values are the values from the Weibull distributions with
parameters given in the text.

TABLE 27 Overall survival following SAVR

Results from Leontyev67

Time (months)

Actual values
Relative to 1-month
survival

Relative to 1-month and
general population
survival

Low
risk

Moderate
risk

Low
risk

Moderate
risk

Low
risk

Moderate
risk

1 0.925 0.893 N/A N/A N/A N/A

12 N/A 0.78 N/A 0.873 N/A 0.907

36 0.80 0.70 0.865 0.784 0.982 0.890

60 0.70 0.53 0.757 0.594 0.960 0.753

96 0.38 0.33 0.411 0.370 0.651 0.586

Results from Wendt42

Time (months)

Actual values
Relative to 1-month
survival

Relative to 1-month and
general population
survival

Low
risk

Moderate
risk

Low
risk

Moderate
risk

Low
risk

Moderate
risk

1 N/A 0.954 N/A N/A N/A N/A

12 N/A 0.861 N/A 0.903 N/A 0.937

24 N/A 0.808 N/A 0.847 N/A 0.918

60 N/A 0.548 N/A 0.574 N/A 0.729

N/A, not applicable.
The actual values were taken from the sources identified. The values at times shown were divided by the figure at
1 month to give the next two columns. These in turn were divided by general population survival figures to give the
values in the last two columns. The 12-month data from Leontyev could not be used as the survival in that group was
higher than the general population survival figure.
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scale parameters b=613 for low risk and b=160 for moderate risk. For the modelled 30-day survival, the
observed figure (0.925) was used for low risk, and the weighted average of the two observed figures (0.927)
was used for moderate risk. The small anomaly here is of little importance as the low-risk values were used
only in a small part of the sensitivity analysis.

There remains the question of how to handle hospitalisation-free survival for SAVR. In the absence of
anything better, this was projected from overall survival to match the projection from TAVI. For the 30-day
survival, the OR between overall and hospitalisation-free survival was calculated as 2.24; this was then
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applied to the overall SAVR survival to give estimates of hospitalisation-free 30-day survival as 0.847 (low risk)
and 0.850 (moderate risk), carrying over the small anomaly between these figures. For long-term survival, a
similar calculation was undertaken using hazard ratio, applied to the function f(t) which represents
long-term survival relative to the general population survival. The hazard ratio between the relevant curves
for TAVI was calculated as 1.43; this gave parameters for the hospitalisation-free survival f(t) under
SAVR as b=450 for low risk and b=117 for moderate risk.
69
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Appendix 4 Details of costing
able 28 reports the incidence of adverse events within 30 days of the procedure for both TAVI and SAVR.
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The studies shown are those identified from the searches which report the relevant adverse event. Only
T
one of the studies in this table is a randomised controlled trial (Leon et al., 201014). The other studies are
observational or case studies. For each study reporting a particular adverse event, the total number of
patients is shown, together with the number and proportion of those patients in whom the adverse event
occurred. Overall figures are used as an estimate of the incidence of each event. In some cases, no studies
were found for SAVR; the relevant sections show results only for TAVI.
LE 28 Incidence of adverse events occurring within 30 days of the procedure

thor Patients, N AE occurred, n Incidence of AE

ebral damage stroke due to a thromboembolic event

I

nsson et al. 200873 40 2 0.05

lmann et al. 200975 39 1 0.03

ry et al. 200777 13 1 0.08

rcheix et al. 200779 10 2 0.20

n et al. 2010 (PARTNER trial)14 179 12 0.07

en et al. 201081 46 3 0.07

haninoff et al. 201082 244 9 0.04

bb et al. 200783 50 2 0.04

lther et al. 200784 59 2 0.03

ello et al. 200985 69 1 0.01

orakowski et al. 201086 151 9 0.06

n et al. 201087 100 1 0.01

be et al. 200888 136 4 0.03

be et al. 200789 86 9 0.10

llesfeld et al. 201090 168 6 0.04

ne et al. 201034 99 4 0.04

zman et al. 200991 44 1 0.02

ziffer et al. 200992 137 7 0.05

ey et al. 200855 21 3 0.14

man 201037 872 34 0.04

ofer et al. 200893 15 1 0.07

al 2578 114 0.04

R

lther et al. 201074 100 2 0.02

illet et al. 200976 84 5 0.06

avrouziotis et al. 200978 1184 27 0.02

continued
T
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TABLE 28 Incidence of adverse events occurring within 30 days of the procedure (continued )

Author Patients, N AE occurred, n Incidence of AE

Kalavrouziotis et al. 200978 237 12 0.05

Kolh et al. 200780 220 4 0.02

Total 1825 50 0.03

MI (including coronary occlusion)

TAVI

Svensson et al. 200873 40 7 0.18

Leon et al. 201014 179 1 0.01

Webb et al. 200783 50 1 0.02

Dworakowski et al. 201086 151 1 0.01

Walther et al. 200994 25 1 0.04

John et al. 201087 100 1 0.01

Grube et al. 200888 136 2 0.01

Grube et al. 200789 86 1 0.01

Buellesfeld et al. 201090 168 3 0.02

Krane et al. 201034 99 3 0.03

Eltchaninoff et al. 201082 244 3 0.01

Zierer et al. 200895 26 2 0.08

Pasic et al. 201096 175 1 0.01

Ludman 201037 872 11 0.01

Schofer et al. 200893 15 1 0.07

Total 2366 39 0.02

SAVR

Maillet et al. 200976 84 3 0.04

Total 84 3 0.04

Arrhythmia (atrial fibrillation, bradyarrythmia, heart conduction disorders)

TAVI

Leon et al. 201014 179 1 0.01

Dewey et al. 200844 21 4 0.19

Marcheix et al. 200779 10 2 0.20

Thielmann et al. 200975 39 3 0.08

Zierer et al. 200895 26 5 0.19

Covello et al. 200985 18 1 0.06

Walther et al. 200784 59 18 0.31

Baan et al. 201097 30 1 0.03

Total 382 35 0.09

SAVR

Dewey et al. 200844 16 6 0.38

Maillet et al. 200976 84 38 0.45
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TABLE 28 Incidence of adverse events occurring within 30 days of the procedure (continued )

Author Patients, N AE occurred, n Incidence of AE

Kalavrouziotis et al. 200978 1184 336 0.28

Kalavrouziotis et al. 200978 237 73 0.31

Kolh et al. 200780 220 53 0.24

Total 1741 506 0.29

Cardiac tamponade

TAVI

Baan et al. 201097 30 2 0.07

Gotzman et al. 200991 51 1 0.02

Krane et al. 201034 99 1 0.01

Grube et al. 200789 86 9 0.10

Grube et al. 200888 136 2 0.01

Webb et al. 200783 50 1 0.02

Eltchaninoff et al. 201082 244 3 0.01

Rodes-Cabua et al. 200899 22 1 0.05

Descoutures et al. 200898 12 1 0.08

Thielmann et al. 200975 39 1 0.03

Total 769 22 0.03

SAVR

Descoutures et al. 200898 12 2 0.17

Bridgewater et al. 200858 14,980 823 0.05

Total 14,992 825 0.06

Bleeding

TAVI

Baan et al. 201097 30 1 0.03

Rodes-Cabua et al. 200899 22 1 0.05

Descoutures et al. 200898 12 2 0.17

Marcheix et al. 200779 10 2 0.20

Berry et al. 200777 11 2 0.18

Pasic et al. 201096 175 3 0.02

Osten et al. 201081 46 7 0.15

Leon et al. 201014 179 30 0.17

Total 485 48 0.10

SAVR

Dewey et al. 200844 16 1 0.06

Maillet et al. 200976 84 6 0.07

Total 100 7 0.07

continued
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TABLE 28 Incidence of adverse events occurring within 30 days of the procedure (continued )

Author Patients, N AE occurred, n Incidence of AE

Pacemaker

TAVI

Gotzman et al. 200991 51 26 0.51

Behan et al. 2008100 12 3 0.25

Eltchaninoff et al. 201082 244 29 0.12

Osten et al. 201081 46 4 0.09

Ussia et al. 2009102 39 5 0.13

Marcheix et al. 200779 10 3 0.30

Thielmann et al. 200975 39 4 0.10

Leon et al. 201014 179 6 0.03

Walther et al. 201074 100 9 0.09

Total 720 89 0.12

SAVR

Kalavrouziotis et al. 200978 1184 64 0.05

Kalavrouziotis et al. 200978 237 24 0.10

Total 1421 88 0.06

Cardiogenic shock

TAVI

Baan et al. 201097 30 1 0.03

Valve embolization

TAVI

Osten et al. 201081 46 1 0.02

Leon et al. 201014 179 1 0.01

Thielmann et al. 200975 39 1 0.03

Total 264 3 0.01

Respiratory failure

TAVI

Baan et al. 201097 30 3 0.10

Behan et al. 2008100 12 1 0.08

Marcheix et al. 200779 10 1 0.10

Walther et al. 200995 25 2 0.08

Total 77 7 0.09

Renal failure

TAVI

Krane et al. 201034 99 15 0.15

Dworakowski et al. 201086 151 50 0.33

Covello et al. 200985 18 1 0.06

Osten et al. 201081 46 1 0.02

Dewey et al. 200844 21 1 0.05
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TABLE 28 Incidence of adverse events occurring within 30 days of the procedure (continued )

Author Patients, N AE occurred, n Incidence of AE

Marcheix et al. 200779 10 1 0.10

Leon et al. 201014 179 2 0.01

Total 524 71 0.14

SAVR

Dewey et al. 200844 16 3 0.19

Maillet et al. 200976 84 10 0.12

Total 100 13 0.13

Vascular complications

TAVI

Gotzman et al. 200991 51 6 0.12

Krane et al. 201034 99 12 0.12

Thielmann et al. 200975 39 5 0.13

Dworakowski et al. 201086 151 13 0.09

Marcheix et al. 200779 10 3 0.30

Behan et al. 2008100 12 1 0.08

Leon et al. 201014 179 55 0.31

Descoutures et al. 200898 12 2 0.17

Pasic et al. 201096 175 1 0.01

Total 728 98 0.13

AE, adverse event; MI, myocardial infarction.
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Table 29 reports the costing of short-term adverse events. For each event, the relevant NHS reference cost
descriptions are given.70 The incidence for each event is taken from Table 28; rounded figures are shown in
the table, but unrounded figures were used to calculate the cost of each event. Where no data for SAVR
were available, assumptions were made based on clinical advice from SR. These are shown in footnotes to
the table. The total cost figures are incorporated in the main report in Table 7.

Table 30 shows the total procedure cost including hospital stay, but excluding adverse events for which an
additional cost was incurred. The ICU cost has been calculated from the NHS reference cost list 2006–7103

inflated to 2009–10.70 Cardio ward daily cost has been taken from the 2008 Bazian report35 and inflated to
2009–10. The number of days for SAVR patients spent in ICU has been taken from the NHS South Central
Cardiovascular Network 2010;71 this number has been subtracted from the average in-hospital stay of
SAVR patients of 13.36 days (based on the literature search16,67,76,80,98). The number of days for TAVI patients
spent in ICU and in cardio ward has been taken from NHS South Central Cardiovascular Network 2010;71

however, this cost is included in the total package cost for TAVI of £24,000, reported from the same source.
The cost of SAVR procedure, £10,097, is the cost for single cardiac valve procedure (EA17Z) from the
NHS reference list cost 2009–10.70 The total cost figures are incorporated in the main report in Table 7.

Table 31 reports the rehospitalisation cost per patient, assuming that the patient is hospitalised for a
cardiac valve disorder and the length of stay depends on the functionality of the valve (see below the
justification of in-hospital stay). Details are given below the table.
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ABLE 29 Costing of short-term adverse events (within 30 days)
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T

Event
NHS reference cost
2009–1070

Unit
cost (£)

Probability
SAVR

Probability
TAVI

SAVR
cost (£)

TAVI
cost (£)

Stroke Stroke PS28A 549.00 0.03 0.04 15.04 24.28

Stroke PS28B

Rehab for Stroke VC04Z

MI MI EB10Z 1685.00 0.04 0.02 60.18 27.77

Rehab MI VC38Z

Arrhythmia Arrhythmia or Conduction
Disorders without CC EB07I

794.00 0.29 0.09 230.77 72.75

Cardiac
tamponade

Other Non-Complex
Cardiac Surgery EA40Z

6216.00 0.06 0.03 342.06 177.83

Bleeding Haemorrhage/laceration/
bleeding PS21A/B/C

248.00 0.07 0.10 17.36 24.54

Pacemaker Pace 1 – Single chamber or
Implantable Diagnostic
Device EA03Z

2886.00 0.06 0.12 178.72 356.74

Heart failure or
shock

Heart failure or shock
EB03H-EB03I

1929.00 0.03a 0.03 57.87 64.30

Valve
embolisation

Cardiac Valve Disorders
EB06Z

2046.00 0a 0.01 0.00 23.25

Respiratory
failure

Respiratory Failure without
Intubation without CC
DZ27F

1149.00 0.09a 0.09 104.45 104.45

Renal dialysis Haemodialysis/Filtration 19
years and over LC02A

188.00 0.13 0.14 24.44 25.47

Vascular
complication

Major Cranial, Visceral or
Blood Vessel Injury without
CC HA82C

1366.00 0.03a 0.13 44.40 177.58

Total AE cost 1075.29 1078.98

AE, adverse event; CC, comorbidity and complications; MI, myocardial infarction.
a In the absence of relevant data, the following assumptions were made, based on clinical advice (SR). For heart failure

or shock, the incidence was assumed to be the same for SAVR as for TAVI. Given the reduced access through the
vessels, the incidence of vascular complication for SAVR was taken as 25% of the figure for TAVI. Valve embolisation
was taken to be a zero risk for SAVR.

TABLE 30 Total procedure cost

Hospitalisation cost Unit cost (£)
Days (SAVR),
n

Days (TAVI),
n

Total cost
hospitalisation
(SAVR) (£)

Total cost
hospitalisation
(TAVI) (£)

ICU 1276.35 3.1 1 3956.68 1276.35

Cardio ward 396.16 10.26 5 4064.58 1980.79

Total cost of hospital stay 8021.25 3257.14

Cost of procedure 10,097.00

Total cost per package
including hospital stay

18,118.25 24,000.00
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ABLE 31 Rehospitalisation cost

Rehospitalisation
Total rehospitalisation
cost per patient (£) Days, n

Cardio ward
(cost in £ per day)

Cardiac valve disorder
(cost in £ per day)

SAVR and TAVI 1
weeka (6 days)

4422.95 6 396.16 2046.00

MM 2 weeksb

(14 days)
7592.21 14 396.16 2046.00

MM, medical management.
a Valve dysfunction rehospitalisation for SAVR and TAVI implies a short in-hospital stay because patients are expected to

have a functional valve.
b Valve dysfunction rehospitalisation for MM patients is expected to result in a longer in-hospital stay because of

presenting progression of degenerative valve [patients tend to stay longer to stabilise their condition and avoid
re-occurrence of the event and further emergency admission (SR, 2011, personal communication)].

DOI: 10.3310/hta17330 HEALTH TECHNOLOGY ASSESSMENT 2013 VOL. 17 NO. 33
T

77
© Queen's Printer and Controller of HMSO 2013. This work was produced by Orlando et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to:
NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park,
Southampton SO16 7NS, UK.





DOI: 10.3310/hta17330 HEALTH TECHNOLOGY ASSESSMENT 2013 VOL. 17 NO. 33
Appendix 5 Protocol
Short Report protocol
Cost effectiveness of Transcatheter Aortic Valve Implantation
(TAVI) for Aortic Stenosis in patients who cannot
undergo surgery
Produced by: West Midlands Health Technology Assessment Collaboration

Unit of Health Economics and Unit of Public Health, Epidemiology & Biostatistics

University of Birmingham

Edgbaston

Birmingham B15 2TT

Authors: Rosanna Orlando1

Mary Pennant2

Stephen Rooney3

Sue Bayliss2

Ahamedali Hassan2

David Moore2

Pelham Barton1

1Unit of Health Economics, University of Birmingham

2Unit of Public Health, Epidemiology & Biostatistics, University of Birmingham

3Department of Cardiac Surgery, Queen Elizabeth Hospital, Birmingham

Correspondence to: Pelham Barton, Unit of Health Economics, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK.

Date Completed: 30 November 2010.

This report was commissioned by the NIHR HTA Programme as project number 10/110/01.

The views expressed in this report are those of the authors and not necessarily those of the NIHR HTA
Programme. Any errors are the responsibility of the authors.

Conflicts of interest: The following authors have no conflicts of interest: RO, MP, SB, DM, PB. SR has received
training support for TAVI from Edwards.
79
© Queen's Printer and Controller of HMSO 2013. This work was produced by Orlando et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to:
NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park,
Southampton SO16 7NS, UK.



APPENDIX 5

80
Assessment Question
The objective of this short report is to determine the cost-effectiveness of transcatheter aortic valve
implantation (TAVI) compared to Standard Therapy in patients who require aortic valve replacement but are
high risk or not fit for conventional surgery.
Background
Aortic stenosis is the commonest indication for aortic valve replacement. The majority of cases of aortic
stenosis are secondary to either calcific degeneration or congenital bicuspid aortic valve.
Aortic stenosis

Aortic stenosis is a degenerative condition in which the aortic valve becomes progressively narrowed leading
to gradual obstruction of left ventricular outflow at the level of the aortic valve. The prevalence of this
pathology increases with age, the majority of people treated being above 60 years of age.1 Chronic aortic
stenosis causes pressure overloading of the left ventricle which becomes hypertrophied to maintain the
stroke volume and cardiac output. Under these circumstances the patient may remain asymptomatic for
many years. However with longstanding hypertrophy the ventricle will eventually become less compliant and
symptoms of breathlessness, angina or collapse will develop. In the late stages of aortic stenosis the left
ventricle will dilate. For patients who present in congestive heart failure mean survival is less than a year.

Different outcome measures are used to assess the severity of the condition and these are based on clinical
assessment. They include the following:

l The New York Heart Association (NYHA) heart failure classification is used to classify the severity of
breathlessness: from class I, in which the patient has no limitation in daily physical activity, to class IV, in
which the patient is breathless at rest. NYHA is a functional classification system linking the patient's
symptoms and quality of life to normal life qualities (www.americanheart.org).

l Haemodynamic assessment may involve measurement by echocardiography and/or Doppler. Aortic valve
area (cm2) is assessed relative to body surface area (in m2). Aortic valve area <0.6 cm2/m2 indicates severe
aortic stenosis.

l Transaortic gradient (mmHg) measures the blood volume flow rate through the aortic valve. Peak
transaortic valve gradient >64 mmHg and mean transaortic valve gradient >40 mmHg indicates severe
aortic stenosis.2
Treatments for aortic stenosis (in the absence of TAVI)

Surgical aortic valve replacement is the reference treatment for aortic stenosis with around 60,000
operations conducted in Europe annually.1 Surgical aortic valve replacement involves replacing the diseased
valve with a prosthetic mechanical or biological valve through a median sternotomy and using
cardiopulmonary bypass. This surgical procedure consists of an incision along the sternum, after which the
sternum itself is divided to provide access to the heart and lungs for surgery. The cardiopulmonary bypass is a
circulatory support technique that temporarily takes over the function of the heart and lungs during surgery,
maintaining the circulation of blood and oxygen delivery to the body's tissues.2
Surgical risk of existing treatments

Surgical aortic valve replacement carries a very high risk for some patients, particularly those who are elderly
and/or who suffer from concomitant illnesses. Risk factors include age over 80, previous cardiac surgery,
chronic obstructive airways disease, peripheral vascular disease, previous stroke with residual deficit, poor left
ventricular function, renal failure, diabetes and hypertension.3
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Surgical risk assessment tools
l The European System for Cardiac Operative Risk Evaluation (EuroSCORE) calculates the predictive
operative mortality of patients that undergo cardiac surgery. For high-risk patients, the more accurate
logistic EuroSCORE is used. This model is most commonly used in Europe; this type of scoring system also
considers particular combinations of the risk factors (www.euroscore.org). EuroSCORE is limited in risk
stratifying patients for aortic valve replacement as it is essentially designed to risk stratify patients
undergoing CABG. However it is the most widely used system in the UK. It is also straightforward to
use – by completing an online scoresheet with various patient factors the logistic EuroSCORE will be
provided for you in the form of a predicted mortality percentage.

l The STS score is a risk model developed by the Society of Thoracic Surgeons based on clinical and
demographic data in an adult population and used to predict operative mortality and morbidity after
cardiac surgery. This scoring system has been developed in USA. The high surgical risk is defined by an
STS risk score of 10% or higher (on a scale of 0% to 100%, with higher scores indicating greater surgical
risk). The model is based on clinical and epidemiological data of a given population who have received
cardiac surgery (www.sts.org). This is quite a sophisticated model that gives not only mortality risk but
also risk of major morbidity such as prolonged ventilation, stroke and renal failure

l The Ambler Risk score has been developed in UK and is able to predict the risk of in-hospital mortality for
patients undergoing heart valve surgery. This scoring system seems to be the more accurate on target
population considered in this report. In real practice surgeons evaluate the surgery mortality risk
according to more than one risk-scoring system and different associated clinical conditions. (http://www.
ucl.ac.uk/statistics/research/riskmodel/index.html)

The British Cardiovascular Intervention Society (BCIS) and the Society for Cardiothoracic Surgery (SCTS) state that
the patient's operative risk should be assessed by a multidisciplinary team (MDT). The multidisciplinary team
should comprise two cardiac surgeons, two interventional cardiologists, an imaging specialist, cardiothoracic
anaesthetists and experienced nurses who assess the cost/benefit ratio of open heart surgery and TAVI. The
usual “High risk” patient eligible for TAVI will have a logistic EuroSCORE of ≥20 or an STS score of ≥10.2
Interventions which do not involve open surgery

Percutaneous balloon valvuloplasty has a limited role in the treatment of severe aortic stenosis in adult
patients. It may be considered to provide palliative treatment for patients with considerable co-morbidity as
relief of symptoms is likely to be temporary.2
Transcatheter aortic valve implantation

Transcatheter Aortic Valve Implantation (TAVI) is a procedure used as an alternative to open heart surgery for
people with severe aortic stenosis. In highly developed nations, the request for valve surgery is increasing
among older people, who may present with more co-morbidities and a higher incidence of concomitant
coronary artery disease. TAVI may allow aortic valve replacement to be undertaken in some of these patients
who would previously have been considered too high risk for aortic valve replacement. This is highly
specialised technology and is relatively new: the first human case was in 2002. There is a UK TAVI registry; the
number of TAVI per year included in this registry was 67 in 2007, 272 in 2008 and 533 in 2009.4 TAVI is
currently restricted to high-risk patients with severe aortic stenosis and absolute contraindications for surgery.5

TAVI aims to implant a bioprosthetic aortic valve at the site of the native aortic valve through a percutaneous
route. The choice of the vascular route has been developed in order to reduce surgical trauma and the use of
cardiopulmonary bypass associated with valve replacement. During the procedure, a biological valve is
crimped into a delivery catheter. The delivery catheter is inserted either in the femoral artery through a small
incision at the top of the leg (known as transfemoral, percutaneous, endovascular and transluminal
approach) or between the ribs through the apex of the heart (known as transapical or transventricular
approach). The valve is guided to the heart using radiological visual guidance. Usually the route of choice is
the transfemoral as this is deemed to be the least invasive for the patient. The transapical route is used if the
transfemoral route is limited by atherosceloris or small calibre.2
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A balloon catheter is advanced via the arterial system or the left ventricle over a guide wire and positioned
within the opening of the aortic valve. The existing aortic valve is dilated in order to make room for the
prosthetic valve. The new valve, mounted on a metal stent, is manipulated into position and is either self
expanding or deployed using balloon inflation. Deployment leads to obliteration of the existing aortic valve.

TAVI may be carried out under general anaesthesia or spinal aneasthesia. The procedure requires a
combination of echocardiography and fluoroscopic imaging to ensure accurate deployment of the valve.
Prophylactic antibiotics and anticoagulation medication are administered before and during the procedure.2

Surgeons and cardiologists involved in TAVI undergo dedicated training in both patient assessment as well as
the clinical procedure. In addition the valve companies provide a high level of technical support and
proctors with considerable experience until the new centre has enough experience to run an
independent programme.
Cost implications

TAVI is an expensive procedure, requiring a multidisciplinary team and substantial equipment to be available
during the procedure. The approximate cost of the procedure has been estimated at £18,000.1 However,
successful implantation may reduce the need for later hospitalisation, so there is likely to be some cost saving
to offset against the cost of the procedure.
Economic Evaluation
The objective of this short report is to determine the cost-effectiveness of transcatheter aortic valve
implantation (TAVI) compared to Standard Therapy in patients who require aortic valve replacement but are
high risk or not fit for conventional surgery. The cost-effectiveness analysis will adopt the perspective of the
NHS. An incremental cost-effectiveness analysis will be conducted, with survival-years as the main measure
of the efficacy of the technology. The result will be presented as cost per additional year gained and if
possible as cost per quality adjusted life year (QALY) gained.6
Cost effectiveness review

Initial scoping searches have been carried out to assess the volume and type of literature relating to TAVI for
aortic stenosis.

National TAVI and aortic valve replacement registry is the most updated source of data. A trial published on
the New England Journal of Medicine in October 20107 and other cohort studies summarised in Annals of
Internal Medicine8 also in 2010 represent relevant updated evidence about short term effectiveness. Ongoing
trials have been found into the TAVI clinical trials registers searches.

A model published by Bazian in May 20081 contains TAVI cost data, the model is not a cost-effectiveness
analysis but it contains both procedure-related costs and costs that may be incurred during one year of follow
up for both TAVI and medical therapy.

Bazian reported that they had found no published studies or models that had assessed the cost-effectiveness
of TAVI. We will carry out an appropriate search to determine whether this is still the case. If any relevant
studies or models are found, we will appraise them using standard criteria9. Although we do not expect to
find any/many studies, if any robust evaluations are identified, we will use them to inform our model.
Economic model

An economic model will be designed to represent the pathway of patients with severe symptomatic aortic
stenosis who are high risk or unfit for surgery compared to standard therapy.
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The standard therapy comparator will differ depending on the type of patient. For patients at high risk, but
not contraindicated for surgery, the most appropriate comparator may be surgery whereas, for patients
contraindicated for surgery, other therapies will be more appropriate comparators. It is recognised that there
is likely to be considerable areas of grey where the most appropriate treatment route for a particular patients
is debatable. However, in order to make modelling for this project feasible, two separate patient groups will
be considered. As was done in the PARTNER trial7, the two patient groups will be assumed to be distinct:

Group 1 – Patients who are at high risk but are not contraindicated for surgery. The comparator for this
group will be surgery.

Group 2 – Patients who are contraindicated for surgery. The comparator for this group will be other forms of
standard therapy (not surgery).

Before and during the development of the model, a steering group, with expertise in TAVI and surgical
techniques and other possible comparators, will be consulted to give guidance to the technical team on
clinical pathways, treatment strategies and other factors that may influence the structure and content of the
model. This group will also give clinical guidance to inform the suitability of model parameters. This group is
currently being formed under the direction of our clinical expert (SR).

As far as possible, the model will be populated with data derived from the literature. Data required for the
model based economic evaluation may include:
Safety data:
l In hospital mortality and procedure related complications. Those data will refer to intra-, post- and
peri-procedure (in the latter, beginning with the patient's emergence from anaesthesia and continuing
through the time required for the acute effects of the aesthetic and surgical procedures to abate).
This procedure safety period will be extended from the time of hospitalisation for surgery to the time
of discharge.

l Impact of procedural learning curve over procedural success and outcome for patients.
l Impact of choice of the specific valve and delivery methods on clinical outcome.
l Effect of age on peri-operative complication and post-operative quality of life.
l Vascular complication rate due to malfunctioning of the aortic valve and/or developed consequent to the

TAVI procedure.
l Morbidity related to TAVI and medical therapy.
l Bleeding and renal insufficiency with the procedure and without it.
l Stroke, transient ischaemic attack, and myocardial infarction.
l Complications with associated treatments.
Effectiveness data:
l Survival Rate short term and long term.
l Overall impact of medical treatment and TAVI on health related quality of life, expressed as Quality

Adjusted Life Years (QALYs) if possible.
l Procedural success rate (successful implantation of aortic valve).
l Haemodynamic improvements.
l Cardiac symptomatic improvement (measured as NYHA).
Costs:
l Procedural hospitalisation costs: the equipment, other resource use and costs associated with TAVI
procedure (the procedure is generally performed in a hospital, in a cardiac operating theatre or a hybrid
operating room: sterilised and equipped with specific instrumentation needed for the procedure).
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l Time and resources associated with multidisciplinary staff involved in the procedure's performance
(cardiac surgeon, interventional cardiologist, anaesthetist, operating room assistant, echographist).

l Diagnosis, admission and maintenance costs of patients going under TAVI procedure and of those who
stay on standard therapy (these costs will include hospital stay, ongoing medical management and
readmission costs per patient).

l Repeat hospitalisation due to aortic stenosis or complications of the valve procedure (valve-related
hospitalisation rate).

l Outpatient resource utilisation.
Literature searches to obtain data

In order to obtain data to populate the model, our starting point will be the 2008 Bazian report1, the trial as
reported in the NEJM,7 and the review of observational studies in the Annals of Internal Medicine.8

We will update the searches in the Bazian report to ensure that up to date information is included. We
consider these searches to be sufficiently robust. Wherever possible, model parameters will be chosen from
studies where the data is most relevant to the decision problem.
Additional searches

Additional targeted searches may be performed on an ad hoc basis to seek information to populate
parameters identified by the modellers that have not been obtained by other means.

Such information may include unit costs or prices, required to be attached to each resource item so that the
overall cost per patient can be calculated. Some hospital resource utilisation and costs data are reported in
the Bazian report1 but the two main sources will be the “Unit cost of health and social care10” published by
(PSSRU) Personal Social Services Research Unit 2009 and the NHS Reference Cost.11
Other sources of data

It is anticipated that data from controlled trials on long term outcomes and quality of life may not be found in
the literature searches. Additionally, there does not appear to be data available from controlled trials of the
effectiveness of TAVI in patients who are high risk, but not contraindicated, for surgery (patient group 2 in
the model).

In order to address these points of concern, we have made contact with the study author of the PARTNER
trial. Findings for one arm of this randomised controlled trial are currently published.7 The published data is
for patients who are contraindicated for surgery (patient group 1 in the model). The study author has
provided us with data on patient quality of life at 1 year.

The other arm of the PARTNER trial involves the randomisation of patients who are high risk, but not
contraindicated, for surgery (patient group 2 in the model). We have requested data from this arm of the
trial. These results are due to be presented in spring 2011 and, if it is available before March 2011, the
authors have provisionally agreed to provide us with that data.

A further source of data may be the national cardiac surgery register. We will take advice from the steering
group whether this is a useful source of data for the model and, if so, how best to access the
relevant information.
Model structure and approach
The likely model structure will be based on a decision tree representing the short-term effects of TAVI. Longer
term effects will be incorporated in Markov processes with a monthly time cycle. TreeAge software will be
used – this software is appropriate for the model structure proposed.
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Markov models are able to represent clinical situations where patients change health states or experience
recurrent events over a long period of time.12 Health states to be included in this model are likely to be based
on repeat hospitalisation, mainly due to left ventricular failure.

In the base-case analysis, the time horizon for the model will approximate a lifetime model. Alternative
analysis will be run with a shorter time horizon of 2 years to reflect the information available from trial data.7

An incremental approach will be adopted with a focus on additional costs and gain in benefits. Discounting
adjustments will be made to reflect the differential timing of costs and outcomes in terms of extension to the
length of life associated with the procedure.
Sensitivity analysis and presentation of results
Both deterministic and probabilistic sensitivity analysis will be conducted. Deterministic analysis will include
consideration of alternative scenarios and may also include unvaried sensitivity analysis in which key
parameters are individually varied within their plausible range. This will help us to find the parameters that
drive uncertainty.

Probabilistic sensitivity analysis considers overall parameter uncertainty by constructing distributions for
values of model parameters, either singly or jointly, as required to allow for correlation between uncertainties
in parameters.13 Results will be presented in graphical formats including cost-effectiveness scatter plots and
cost-effectiveness acceptability curves.14
Project timetable
The proposed duration for this project is 5 months.
Five months Project Task Nov 2010 Dec 2010 Jan 2011 Feb 2011 Mar 2011

Preview protocol development

Searching and collecting studies

Study assessment, data extraction

Evidence synthesis

Economic modelling

Progress report to NCCHTA

Writing draft report

Internal peer review

Final report and paper writing
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