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Objectives: Made available since 2002, transcatheter ortic valve implantation (TAVI) is a minimally invasive new intervention which can provide significant survival improvement
to patients with aortic stenosis. However, TAVI is expensive and currently not reimbursed by many governments. Some governments and insfitutions have been conducting health
technology assessments (HTAs) to inform their reimbursement decisions. The aim of the present study is to review HTAs that have relied on a cost-effectiveness analysis to inform

reimbursement decisions of TAVI.

Methods: A systematic literature review was conducted among published literature as well as reports released by HTA agencies. Predetermined inclusion and exclusion criferia,
following the Preferred Reporting System for Systematic Reviews and Meta-Analysis guidelines, were used to select relevant HTAs. The selected papers were assessed against the

Consolidated Health Economic Evaluation Reporting Standards.

Results: HTAs on TAVI from three countries were available for this review: Canada, Belgium, and the United Kingdom. All three HTAs used the Placement of Aortic Transcatheter
Valve (PARTNER) trial data with Markov models to estimate the incremental cost effectiveness ratio. The three HTAs recommended conditional reimbursement for TAVI for otherwise
inoperable patients. The HTAs did not use clear methods to estimate the health-related utility which ultimately affected their cost-effectiveness results. The UK HTA showed the best

value for money (USS$20,416 per quality-adjusted life-year).

Conclusion: All studies found TAVI to be more costly and less effective for high-isk patients suitable for surgery, whereas TAVI was consistently found to be cost effective for

otherwise inoperable patients.
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Aortic stenosis is the abnormal narrowing of the aortic valve.
The main cause for aortic stenosis (AS) is the calcification of
the aortic valve; this is prevalent in elderly populations. In the
United States, 2—7 percent of people over the age of 65 have se-
vere aortic stenosis (1). Osnabrugge et al. reported in a recent
meta-analysis, using seven published prevalence studies from
high-income countries, that aortic stenosis prevalence among
>75 years old is 12.4 percent with 3.4 percent are severe cases
(2). Of the severe cases, 75.6 percent are symptomatic (2).
There are approximately 189,836 aortic stenosis (AS) preva-
lence in Europe and 102,558 in North America (2). Survival
of AS is 2-3 years without intervention. Two-year and 3-year
mortality had been reported as 50 percent and 75 percent,
respectively (3).

For severe symptomatic AS, treatment involves medical
management (with or without balloon valvuloplasty) or aor-
tic valve replacement. Aortic valve replacement (AVR) can be
achieved with either surgical aortic valve replacement (SAVR)
or minimally invasive, transcatheter aortic valve implantation
(TAVI). TAVI is an established therapy of replacing aortic
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valves being first used in 2002 (4). This method of valve re-
placement allows implantation without the need for sternec-
tomy and cardiopulmonary bypass, resulting in faster recov-
ery time for patients than SAVR (5). The U.S. Food and
Drug Administration (FDA) and the European Union have both
approved TAVI for high-risk and inoperable patients. There
are two common approaches to TAVI: transfemoral (TF) and
transapical (TA), and a third developing approach is transaortic
(TAo). However, with TAVI, short-term adverse events includ-
ing strokes and bleeding are commonly observed (6;7).
Although a less invasive procedure than SAVR, TAVI could
produce different cost scenarios due to different prosthesis
costs (8), reduced length of hospital stay, and avoidance of
stays in intensive care units (9). Therefore, governments need
to consider funding and reimbursement of TAVI for patients
who are otherwise inoperable and/or with excessively high risk
of operative death. Governments base decisions on health tech-
nology assessment (HTA) to inform the clinical effectiveness,
safety, and value for money from reimbursing a new interven-
tion. There is conditional reimbursement for TAVI in Austria,
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Table 1. Databases and HTA Registries Searched in the Systematic Literature Review

Table 2. Inclusion and Exclusion Criteria

Databases Medline, PubMed, CINAHL

Inclusion criteria Exclusion criteria

German Agency for Health Technology Assessment,
Canadian Agency for Drugs and Technologies in
Health (CADTH), Ontario Health Advisory
Committee (OHTAC), European Network of Health
Technology Assessment (EUNETHTA), Swiss
Network for Health Technology Assessment
(SNHTA), Norwegian Knowledge Centre for the
Health Services (NOKC) and The Netherlands
Health Technology Assessment (CVZ).

HTA registries

HTA, health technology assessment.

Canada, and Spain, whereas, Germany and Switzerland fully
reimburse the cost of treatment of severe AS with TAVI (10).
However, there is no information available from Germany, Aus-
tria, Spain, and Switzerland on how the reimbursement deci-
sions were made (10).

Currently, there are several randomized controlled trials
for TAVI compared with SAVR or medical management (6;11)
which HTAs have had to rely heavily upon. The available HTAs
from Belgium (10), Canada (12), and the United Kingdom (13)
have based their reimbursement decisions on evidence provided
by the Placement of Aortic Transcatheter Valve (PARTNER)
trial data published in 2010 and 2011 (11;14;15). All three
HTAs recommended TAVI for inoperable patients based on
their respective analysis. Given the differences between juris-
dictions in the decisions to reimburse TAVI, it is important to
examine the processes and evidence that was considered in re-
imbursing TAVI. Therefore, the aim of the present study is to
review the HTAs that relied on cost-effectiveness analysis to
assess the reimbursement of TAVI.

METHODS

A comprehensive search of the published literature was carried
out to identify HTAs conducted for TAVIs using the databases
and registries described in Table 1. The search was restricted
from 2000 to October 2015 and included all languages. The
literature review was conducted on October 25th 2015.

Using the keywords given below all databases was searched
using the same strategy: 1. “HTA” or “Health Technol-
ogy Assessment”, 2. “TAVI” or “Transcatheter Aortic Valve
implantation”, 3. “TAVR” or “Transcatheter Aortic Valve
Replacement”.

The search terms 2 and 3 were combined using the Boolean
term “OR” (#2 OR #3). The results were combined with search
term 1 with the Boolean term “AND” to achieve the final search
results. Using references from the search results and HTA
databases, country specific HTA institutions were searched to
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Non-English language

No link to the funding

Not contributing to decision making
Review only

No economic model

Health technology assessment
with links to a funding body

Costing or cost-effectiveness is
included as part of the
assessment

identify any further study. References of the selected HTAs
were also pursued to identify HTAs not picked up by the above
keywords.

The review was carried out using the Preferred Reporting
System for Systematic Reviews and Meta-Analysis (PRISMA)
which allows systematic selection of papers according to a pre-
specified exclusion and inclusion criteria (Table 2) (16). The se-
lected papers were assessed based on the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) check-
list (17). This checklist was used mainly to assess the quality of
the model inputs including probabilities, time horizon, discount
rate, outcome measurement, cost, and choice of model. The
checklist was also used to evaluate how the models accounted
for uncertainty. The focus of this review is in evaluating the
model parameters used to determine the cost-effectiveness of
TAVI in the available HTAs. The quality and validity of the
evidence generated to produce model parameters and the way
they were used are also critiqued.

RESULTS

After excluding duplicates, a total of eleven papers report-
ing on HTAs of TAVI (five reports from the database search
and six from the manual search) were identified (Figure 1)
(9;10;12;13;18-24). On reading the titles, four were excluded:
two non-English (18;19), two without cost-effectiveness anal-
ysis (20;24). After reading the abstracts, a further two reports
were excluded as there were no links to funding and did not
appear to be undertaken on behalf of an HTA agency (9;22).
Reading of the remaining five papers excluded a further two
reports (21;23) as they did not include an economic costing
analysis. The European Union Network of Health Technology
Assessment (EUnetHTA) identified reports from each of the
following countries Austria, Italy, France, Belgium (included
in this review), Netherlands, Scotland, and Croatia (25). The
Scottish report was a review, and all other HTAs were not avail-
able in English. An HTA from Canada was excluded as it con-
tributed to decision making in only a single health institution
(20). The review also identified a recent report from Australia
(26). An application requesting listing of TAVI in Australia has
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Total HTAs identified 11 (5 from data base
search and 6 from manual s¢arch)

Title retrieved 11

—

Excluded- 4

1. Non English-2
2. No economic
evaluation - 2

Abstracts read 07

Excluded- 02
1. No link to funding -1
2. NCNDM -1

Full HTAs read 05
Excluded- 02
1. No economic
evaluation -02

Selected HTAs 03

Figure 1. Study selection for the review. NCNDM, not contributing to national decision making.

been made (26). However, the application is still under review
by the Medical Services Advisory Committee. As the report is
not publicly available yet, we did not include it in our review.
Therefore, three HTAs were selected for the review: Canada
(12), Belgium (10), and the United Kingdom (13).

The Canadian HTA was published by the Ontario Health
Technology Advisory Committee in 2012 (12). The HTA from
Belgium was published by The Belgian Health Care Knowl-
edge Centre (KCE) in 2011 (10), and the UK HTA was pub-
lished by the National Institute for Health Research in 2013
(13). All three were for their respective national decision-
making institutions. The results below are presented with re-
spect to the CHEERS checklist.

Population
All three HTAs used the PARTNER trial data in their cost-
effectiveness analysis. The PARTNER trial was a randomized
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controlled trial with two cohorts: Cohort A consisted of pa-
tients at high risk for SAVR, and compared TAVI with SAVR
(11); and Cohort B were inoperable patients comparing TAVI
with medical management (14). Cohort A and B consisted of

699 and 358 patients, respectively. The average age was 84 and
83 years, and the proportion of males was 57 percent and 46

percent, in Cohort A and B, respectively (10). The PARTNER
trial was conducted in 25 centers in the United States, Canada,
and Germany between 2007 and 2009.

The target population for the Canadian HTA was severe
symptomatic patients either at high risk for surgery or inoper-
able. The key model input parameters were derived from the
PARTNER trial and mortality was derived from a sample of
the Canadian population in 2007. The models for the Cana-
dian HTA used 84 and 83 years as the starting age to match the
PARTNER Cohort A and B.

The Belgian HTA also used the PARTNER trial data to es-
timate the cost-effectiveness of TAVI (11;14). No systematic
review was conducted to find any other available TAVI clinical
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trials. However, at that point in time, it is accepted that no other
trial data were available. The HTA considered the demograph-
ics and clinical subgroups of the PARTNER trial participants
as representative of the Belgian population.

The UK report included a systematic review carried out
from 2007 to November 2010 (13). However, the UK report
only reported data from the PARTNER trial studies. The re-
port did not describe the characteristics or the patient popula-
tions of the other studies identified in the systematic review.
In addition, the review did not identify published data on the
cost-effectiveness of TAVI. The cost-effectiveness analysis pre-
sented in the UK report relied on the survival curves of the
PARTNER trial, supplemented with unpublished data and con-
ference presentations.

Study Perspective

The Canadian HTA considered a third party Canadian payer’s
perspective to develop the economic model. The Belgian re-
port considered the heathcare payer perspective, including the
government as well as patient co-payments (10). The UK HTA
considered a National Health Services (NHS) perspective as
most of the patients that require the treatment are over retire-
ment age.

Comparators

The three HTAs considered two patient populations: high-risk
patients and inoperable patients. A separate cost-effectiveness
analysis was performed for each patient population in all three
HTAs: TAVI versus SAVR in high-risk patients and TAVI ver-
sus medical treatment in inoperable patients. The PARTNER
trial studies reported clinical outcomes of TAVI by means
of the transfemoral route for Cohort A and B and by means
of transapical route for Cohort A. The Canadian HTA referred
to the sub-groups TF and TA TAVI against SAVR and TF TAVI
against standard medical treatment. The Belgian report only re-
ferred to the sub-groups TF and TA TAVI against SAVR. The
UK report did not consider any subgroup.

Time Horizon and Discount Rates

The Canadian HTA used a 20-year time horizon for their mod-
els. The Belgian report used different time horizons for the
two patient populations. The Belgian report applied a life-time
horizon if the intervention had an impact on mortality after
1 year for inoperable patients (10). For high-risk patients, the
time horizon was restricted to 1-year period as the authors de-
termined there were no significant survival differences after 1
year. In a sensitivity analysis, a time horizon of 3 years was
also considered. In the Belgian analysis, the survival data were
extrapolated beyond the trial follow-up until all patients died.
The UK report considered a 25-year time horizon as a life-time
model (13). In addition, alternative analysis was carried out us-
ing 2-year time horizon in the sensitivity analysis.
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The Canadian HTA discounted costs at 5 percent annually.
The Belgian report used discount rate of 3 percent for future
cost and 1.5 percent for future benefits for the base case for the
inoperable patients (10). The authors argued discount rates are
not useful for high-risk patients as the time horizon was only 1
year. The UK study discounted all costs and health outcomes at
3.5 percent (13).

Reporting of Outcomes

The three HTAs mainly used the PARTNER trial data for sur-
vival and adverse event outcomes, including pacemaker inser-
tions (11;14). The Canadian report conducted a comprehensive
literature review and identified only the PARTNER trial publi-
cations. The Belgian HTA included only the PARTNER results
for its analysis (10). It did not describe any attempt to identify
or review other literature (11;14). The UK report undertook a
comprehensive literature search in 2010 but did not update it
for 2013 when they published their report (13). In addition, the
UK report did not describe the data they extracted from other
literature.

The three HTAs used quality-adjusted life-years (QALY's)
as the outcome measure and used utility to determine the
QALYs. In the Canadian HTA, utility weights associated with
New York Heart Association (NYHA) functional class esti-
mated by Gohler et al. (27) were used and mapped to the NYHA
functional class status at 1 year from the PARTNER trial. Due
to the absence of long-term TAVI probabilities, 1 year NYHA
functional class estimates were carried forward from year 2 to
20. In the Belgian HTA, utility data were only available for in-
operable patients and these were applied to high-risk patients.
This might not be reasonable as utility scores could be different
between patient groups and across health states.

Moreover, in the high-risk group, for the first month post-
surgery, SAVR patients were arbitrarily given a utility value
0.1 lower than TAVI patients. For inoperable patients, PART-
NER study sponsors provided utility estimates which indicated
TAVI patients had higher utility scores than standard therapy
(10). However, there was no information on how the utility es-
timates were calculated or the methods used. In the UK study,
utilities were attached to the two types of survival considering
them as health states: hospital-free survival and other survival.
The utilities were estimated applying an indirect method on the
PARTNER trial data and Maliwa et al. data (28). Maliwa et al.
published EQ-5D utility scores for NYHA classes of patients
after 30 years of mechanical aortic valve replacement. The es-
timation of utility values included a two stage process involving
estimation of weighted averages and solving a couple of simul-
taneous linear equations.

Reporting of Costs for TAVI
The Canadian HTA wused Canadian cost data in the
model. These data were mainly derived from the Canadian
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costing literature and the Ontario Case Costing Initiative ad-
ministrative database. They calculated the cost for the valve
at CANS$37,606. Also included were costs for procedural
and pharmaceutical complications as well as costs for re-
hospitalizations and long-term care in a facility. They did not
report SAVR and medical management costs but mentioned the
source for these costs.

The Belgian report estimated the cost of TAVI for their
analysis (10) and described data sources and details of cost
groups. The cost for the valve was reported for TF and TA in
both Edwards and CoreValve brands. The range of cost for the
valve was from €15,160 to €32,732. However, in their analy-
sis they used €18,000 as the device cost. They also used local
Belgian cost data for their economic analysis. The total costs
for TAVI used were from €40,057 (TF) to €49,799 (TA). The
model assumed follow-up costs for healthcare resource used
(€43.2 per month) and drugs (€20.5 per month). No additional
information was provided. Finally, the Belgian report provided
average SAVR cost as €23,772. There was no cost information
on medically managed patients.

The UK study gave detailed cost breakdowns and presented
them in 2010 British pounds but did not describe the methods
used for identifying or collecting cost data (13). They reported
TAVI procedure costs including adverse events, as £25,078.
The SAVR costs were reported as £19,193. None of the three
reports included adjustments to approximate opportunity costs.

Model Assumptions and Model Parameters

The Canadian model considered high-risk and inoperable pa-
tients with severe aortic valve stenosis. The Canadian model
compared TF TAVI with standard treatment in inoperable pa-
tients. Transition probabilities were estimated from the PART-
NER trial data. The model assumed no survival difference be-
tween TAVI and standard treatment in inoperable patients after
2 years. The outcome was expressed in cost per QALY gained.
The Canadian HTA used two model structures to inform its de-
cision. It is comprised of a decision tree for a short-term 30-day
postoperative period and a Markov process for the long-term
period (day 31 to 20 years). The structure of the decision tree
and the Markov model were presented in the HTA report. The
models were constructed using Microsoft Excel and TreeAge
Pro software. The cycle length for this model was not provided.
A secondary analysis was also conducted comparing TF or TA
TAVI with SAVR in high-risk patients which used similar sur-
vival assumptions.

The patients of the Belgian model reflected the character-
istics of North American trial patients based PARTNER trial
data (11;14). It was fitted for only TAVI-eligible patients and
considered two scenarios parallel to the PARTNER trial de-
sign: high-risk patients who receive SAVR, and inoperable pa-
tients who receive medical management (11;14). Both TF and
TA TAVI were compared with SAVR in high-risk patients sepa-
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rately. However, combined TAVI was considered in inoperable
patients. The model used mortality and other survival events
as health states. All transition probabilities in the model were
estimated from the PARTNER trial data (11;14). In the case
of TAVI and inoperable patients, survival data from the PART-
NER trial were extrapolated to a life time horizon using what
appeared to be a constant probability of death applied to re-
maining survivors. For high-risk patients, the model was run
for 1 year only as the data considered showed no survival dif-
ference after 1 year. That model simulated a hypothetical co-
hort of 1,000 TAVI-eligible Belgian patients. The model used
the intention-to-treat results for the primary data analysis. The
model also considered repeat hospitalizations as per PARTNER
trial data (10).

The utilities from EQ-5D health states were used for health
outcomes. However, it is unclear how these utilities were deter-
mined. Their model included outcomes in life years gained and
QALYs. The Belgian report developed a Markov model, with
monthly cycles, using Microsoft Excel.

The UK report presented two scenarios: a scenario where
TAVI is available, and a scenario where TAVI is not available.
Where TAVI is available, patients who were not suitable for
surgery could receive TAVI or medical management while pa-
tients who were suitable for surgery could receive TAVI or
SAVR. The primary outcome of the model was overall survival.
Overall survival was extrapolated based on the PARTNER trial
data for all scenarios also using constant probabilities of death
for each group. The model also considered hospital-free sur-
vival. Monthly costs were determined by time spent in these
health states. The outcomes were expressed in cost per QALY
gained. The UK HTA also developed a Markov model with
monthly cycles using TreeAge Pro software (13). Markov mod-
els were justified through the ability to represent the clinical
situations. The model assumed a policy would be in place to
determine patient referral pathways to AS management. This
report did not consider sub group analysis of TF and TA.

Cost-Effectiveness of TAVI

Compared with SAVR in high-risk patients, TAVI was consis-
tently found to be more costly and less effective than SAVR
in all three countries as reported in Table 3. In other words,
TAVI was dominated by SAVR. The Canadian HTA also re-
ported that both TF and TA TAVI were dominated by SAVR
in high-risk patients. The Canadian HTA conducted sensitiv-
ity analyses and reported that cost, long-term mortality, and
utility increment significantly influenced the model. The Bel-
gian HTA considered reimbursement for high-risk patients in-
appropriate, as TAVI did not provide greater health benefits
than SAVR but was more costly (10). Nevertheless, the Bel-
gian HTA report presented an incremental cost-effectiveness
ratio (ICER) greater than €750,000 per QALY for TAVI, tak-
ing into account the nonsignificant difference in 30-day and
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Table 3. Comparison of ICERs for the Three HTAs of TAVI

TAVI vs. SAVR TAVI vs. MM

ICER ICER (as reported in HTA) ICER (2014 USD)
Conodo HTA ~ TAVI dominated ~ Can'$ (2010) 48,912 per QALY 42,833
Belgium HTA  TAVI dominated € (2011) 37,400 per QALY 43,424
UK HTA TAVI dominated € (2010) 12,900 per QALY 20,416

ICER, Incremental cost-effectiveness ratio; TAVI, transcatheter ortic valve implantation; MM,
medical management; SAVR, surgical valve replacement; HTA, health technology assess-
ment; QALY, Quality adjusted life years; Can, Canadian.

1-year mortality. The Belgian HTA further reported an ICER of
546,384/QALY in TF TAVI versus SAVR and 1,810,667/QALY
in TA TAVI versus SAVR. Finally, the UK HTA reported that
TAVI was more costly and less effective than SAVR for high-
risk patients.

On the other hand, TAVI was consistently found to be cost-
effective compared with medical management. The Canadian
HTA reported an ICER of $48,912 per QALY and $33,141 per
life-year gained when comparing TAVI with standard medical
treatment for inoperable patients (Table 3). The Belgian HTA
reported an ICER of €37,400 per QALY and mentioned that
the ICER was very sensitive to the duration of the model (10).
When the model was limited to 3 years, the ICER increased
to approximately €70,000 per QALY. Finally, the UK HTA re-
ported an ICER of £12,900 per QALY. Using a probabilistic
sensitivity analysis, the UK report found for over 99 percent
of the simulations, the ICER was below £20,000 per QALY
in inoperable patients (13). Table 3 shows the three ICERs in
2014 United States dollars (29). The UK report recorded the
best value for money in using TAVI in inoperable patients.

DISCUSSION

This review identified three HTAs assessing the cost-
effectiveness of TAVI for the first generation SAPIEN valve.
All three HTAs relied heavily on the PARTNER trial data and
recommended TAVI for inoperable patients who would other-
wise be managed medically, but not for high-risk patients who
could undergo surgical aortic valve replacement.

The recommended use of TAVI for inoperable patients
is in line with recently published cost-effectiveness studies
(9;30;31). When the three HTAs were undertaken, there were
no studies published on the cost-effectiveness of TAVI. In
recent years, several cost-effectiveness analyses have been
published using the PARTNER trial data, and these studies
have demonstrated that TAVI is associated with higher costs
(9;30;31). Simons et al. have shown that TAVI improved life
expectancy and is thus an effective alternative to medical man-
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agement (31). Therefore, assumptions of equal survival ben-
efits, as used in the Canadian HTA, underestimate the ben-
efit of TAVI and overestimate the ICER (32). Other studies
have shown that TAVI is cost-effective compared with medical
management (9;30).

Unlike the three HTAs, recent published cost-effectiveness
studies have shown that TAVI resulted in better outcomes and
lower costs compared with SAVR for high-risk patients. Stud-
ies have criticized some of the model parameters in the eco-
nomic model of the HTAs. For instance, Reynolds et al. (32)
noted that the cost of the SAPIEN valve reported in the Cana-
dian HTA ($37,606) was not appropriate. The authors argued
that applying the current price of $24,000 would reduce the re-
ported ICER from the Canadian HTA by a similar magnitude
and TAVI would be well below the suggested value-for-money
acceptability threshold (32).

Recently published cost-effectiveness studies have also
shown that TF TAVI is good value for money in high-risk pa-
tients who are otherwise amenable to SAVR (33). Reynolds
et al. (33) showed although 12-month costs and QALY's were
similar to the UK HTA report, important differences were ob-
served when results were stratified by access site, transfemoral
or transapical. Transfemoral TAVI was dominant to SAVR.
Reynolds et al. (33) concluded that TAVI was economically
attractive for transfemoral access using PARTNER trial data.
This was further supported by Fairbairn et al. (22) in 2013 who
used a cost utility analysis and determined TAVI is cost effec-
tive compared with SAVR for high-risk patients. At the £20,000
NICE willingness to pay threshold, TAVI had a 64.6 percent
likelihood of being cost effective (22).

Evidence from recent clinical trials has shown that TA
and TAo TAVI seem to be associated with favorable outcomes
(23;34;35), unlike the results of the PARTNER trial (36;37).
Since the PARTNER trial, conducted in 2007-09 and pub-
lished in 2010, this new evidence needs to be considered in
future HTA decisions (23;34;35). TAVI technology has also im-
proved alongside the experience of the clinicians making them
more effective. Data from contemporary clinical trials have also
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contributed to show substantial evidence of the effectiveness
of TAVI (23;34;35). It is recommended to conduct future
cost-effectiveness analysis using this new evidence to ascer-
tain the value for money in using TA TAVI. Therefore, for
future HTA, these cost-effectiveness results would be use-
ful as well as undertaking analysis with respect to access
site.

Consideration of AS patient referral pathways is another
important factor for CEA models. The decision analytic model
for the management of symptomatic AS should include clinical
decision probabilities regarding patient referral. In the Belgian
and Canadian context, the protocol of the PARTNER study was
considered valid for the Belgian and Canadian patients (10).
The Belgian and Canadian HTAs assumed the Society of Tho-
racic Surgeons (STS) score and clinical determination by at
least two heart surgeons would suffice to make a decision on
high-risk and inoperable patients (10).

On the other hand, the UK report describes the complex-
ities of choosing the appropriate intervention for AS patients,
including clinical group decisions and back and forth referral
between different specialties for optimum management and de-
cision on TAVI use (13). However, the UK HTA stops short of
including those probabilities into the model. The Belgian study
reveals it depends on the clinical “feeling” to determine high-
risk and inoperable patients (10). Better clinical guidelines and
a heart team approach, as described in the UK HTA, would
provide evidence based patient referral pathways. This would
also improve CEA models as it would limit the number of as-
sumptions required as well as reduce uncertainty regarding the
patient population.

The CHEERS checklist recommends a description of the
health outcomes used to measure the benefits in a cost-
effectiveness analysis and their relevance for the type of analy-
sis performed (17). There is no indication from the three HTAs
that health states described by AS patients were considered us-
ing a preference based measure to determine the utility of a
given AS health state. However, utility and QALY's were used in
the analysis of the three HTAs (10;13). The Canadian HTA used
a combination of utility values for NYHA functional class to
estimate utility weights. However, carrying forward of NYHA
class information from year 2 to 20 poses a serious overestima-
tion of quality of life.

The Belgian and the UK HTAs used the EQ-5D instru-
ment. However, the estimation of utility weights was not made
from their patients but estimated from other literature. The re-
ports also did not mention what utility value sets were used
or which preference elicitation method was used. The Bel-
gian study used the PARTNER study that provided utility for
some health states; however, it is unclear how those were cal-
culated. The estimation of utility weights in the UK report by
NYHA class was seriously unstable as the authors themselves
pointed out (13). In addition, there was no inclusion of util-
ity weights for adverse outcomes (e.g., stroke). The results of
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a cost-effectiveness analysis where measurement of health out-
comes were compromised can significantly affect the ICER.

Finally, the UK HTA used survival curves to calculate the
survival of AS patients after different treatment methods. They
used 2-year data to extrapolate long-term survival curves which
produced further unstable results. Moreover, the survival for
SAVR patients was based on low- and moderate-risk AS pa-
tients who were taken from an unrelated study. That increased
the overall survival of low-risk SAVR patients to 51 years
which questions the external validity of the model (where the
mean age of the baseline population from the trial was over
80 years).

CONCLUSION

The information on the cost-effectiveness of the first genera-
tion SAPIEN TAVI has been updated since the available HTAs
were published. The published HTAs had only considered the
PARTNER trial data in their analysis. Some model inputs were
estimated using unrelated data which has distorted the model
outputs. Importantly, the models did not have good utility in-
puts to measure the utility increment for each treatment op-
tion. In some cases, the utility values were arbitrary and in-
correctly estimated. We believe a future model should include
patient referral decisions to improve TAVI reimbursement de-
cision making. Additionally, a clear and validated methodol-
ogy should be adopted in estimating utility for clinically and
treatment relevant health states. Finally, we recommend using
ISPOR good practice guidelines and CHEERS guidelines in
building cost-effectiveness models for HTA decisions on TAVI
reimbursements.

CONFLICTS OF INTEREST

J.B., M.C.M. and PA.S. report receiving funds from Edwards
Lifesciences, outside the submitted work; S.K. has nothing to
disclose.

REFERENCES

1. Ramaraj R, Sorrell aortic  stenosis. BMJ.

2008;336:550-555.

Osnabrugge RLJ, Mylotte D, Head SJ, et al. Aortic stenosis in the elder-

lydisease prevalence and number of candidates for transcatheter aortic

valve replacement: A meta-analysis and modeling study. J Am Coll Car-
diol. 2013;62:1002-1012.

. Carabello BA, Paulus WJ. Aortic stenosis. Lancet. 2009;373:956-966.

. Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous transcatheter im-
plantation of an aortic valve prosthesis for calcific aortic stenosis: First
human case description. Circulation. 2002 Dec 10;106:3006-3008.

. Abramowitz Y, Banai S, Katz G, et al. Comparison of early and late
outcomes of TAVI alone compared to TAVI plus PCI in aortic stenosis
patients with and without coronary artery disease. Catheter Cardiovasc
Interv. 2014;83:649-654.

. Adams DH, Popma JJ, Reardon MJ. Transcatheter aortic-valve replace-
ment with a self-expanding prosthesis. N Engl J Med. 2014;371:967-

968.

VL. Degenerative

2.

W

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 32:3, 2016


https://doi.org/10.1017/S0266462316000180

Kularatna et al.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

INTL.

Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgi-
cal aortic-valve replacement in high-risk patients. N Engl J Med.
2011;364:2187-2198.

. Cao C, Ang SC, Indraratna P, et al. Systematic review and meta-analysis

of transcatheter aortic valve implantation versus surgical aortic valve re-
placement for severe aortic stenosis. Ann Cardiothorac Surg. 2013;2:10-
23.

. Watt M, Mealing S, Eaton J, et al. Cost-effectiveness of transcatheter aor-

tic valve replacement in patients ineligible for conventional aortic valve
replacement. Heart. 2012;98:370-376.

Belgian Health Care Knowledge Centre. Transcatheter Aortic Valve Im-
plantation (TAVI): A Health Technology Assessment Update. Belgium:
2011 Contract No.: 163C.

Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgi-
cal aortic-valve replacement in high-risk patients. N Engl J Med.
2011;364:2187-2198.

Sehatzadeh S, Doble B, Xie F, et al. Transcatheter Aortic Valve Im-
plantation (TAVI) for treatment of aortic valve stenosis: An evidence-
based analysis (part B). Ont Health Technol Assess Ser. 2012;12:
1-62.

Orlando R, Pennant M, Rooney S, et al. Cost-effectivness of trancatheter
aortic valve impantation (TAVI) for aortic stenosis in patients who are
high risk or contraindicated for surgery: A model-based economic eval-
uation. Health Technol Assess. 2013;17:1-86.

Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-valve implan-
tation for aortic stenosis in patients who cannot undergo surgery. N Engl
J Med. 2010;363:1597-1607.

Mack MJ, Leon MB, Smith CR, et al. 5-year outcomes of transcatheter
aortic valve replacement or surgical aortic valve replacement for high
surgical risk patients with aortic stenosis (PARTNER 1): A randomised
controlled trial. Lancet. 2015;385:2477-2484.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: Explanation and elaboration. BMJ.
2009;339:62700.

Husereau D, Drummond M, Petrou S, et al. Consolidated health eco-
nomic evaluation reporting standards (cheers) statement. /nt J Technol
Assess Health Care. 2013;29:117-122.

Velzenberger E, Galmiche H, Denis C, Machecourt J. Quelles
indications et quelles voies d’abord pour I’implantation des
valves aortiques percutanées ? Evaluation technologique menée
par la Haute Autorit¢ de sant¢ (HAS). Presse Med. 2013;42:160-
166.

Varela-Lema L, Queiro-Verdes T, Baz-Alonso JA, et al. Post-
introduction observation of transcatheter aortic valve implantation in
Galicia (Spain). J Eval Clin Pract. 2015;21(1):34-42.

McGregor M. Trancatheter Aortic Valve Implantation (TAVI) at the
MUHC: A health technology assessment. Montreal: Health Tecnology
Assesment Unit, McGill University Health Centre, McGill University;
2009.

Healthcare Improvement Scotland. Transcatheter aortic valve
implantation (TAVI) for severe symptomatic aortic stenosis in
adults at high surgical risk: Evidence note 52 2011. http:/www.
healthcareimprovementscotland.org/our_work/technologies_and_
medicines/shtg_-_evidence_notes/evidence_note_52.aspx (accessed
March 1, 2015).

J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 32:3, 2016

https://doi.org/10.1017/50266462316000180 Published online by Cambridge University Press

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Fairbairn TA, Meads DM, Hulme C, et al. The cost-effectiveness of tran-
scatheter aortic valve implantation versus surgical aortic valve replace-
ment in patients with severe aortic stenosis at high operative risk. Heart.
2013;99:914-920.

Walters DL, Sinhal A, Baron D, et al. Initial experience with the bal-
loon expandable Edwards-SAPIEN Transcatheter Heart Valve in Aus-
tralia and New Zealand: The SOURCE ANZ registry: Outcomes at 30
days and one year. Int J Cardiol. 2014;170:406-412.

Messori A, Trippoli S, Biancari F. Early and intermediate survival af-
ter transcatheter aortic valve implantation: Systematic review and meta-
analysis of 14 studies. BMJ Open. 2013;3:pii: e001770.

European Union Network of Health Technology Assesment. 2015. http://
www.eunethta.eu/ (accessed February 1, 2015).

Medical Services Advisory Committee. Application No 1361-
Transcatheter Aortic Valve Implantation (TAVI) via trans-
femoral or transapical delivery Australian Government 2015.

http://www.msac.gov.au/internet/msac/publishing.nsf/Content/
9E366B4233A15A35CA257C9E001A0317/$File/1361Final-PSD-
Accessible.pdf (accessed November 18, 2015).

Gohler A, Geisler BP, Manne JM, et al. Utility estimates for decision-
analytic modeling in chronic heart failure-Health states based on New
York Heart Association classes and number of rehospitalizations. Value
Health. 2009;12:185-187.

Maliwa MA, van der Heijden GJ, Bots ML, et al. Quality of life and
NYHA class 30 years after mechanical aortic valve replacement. Car-
diovasc Surg. 2003;11:381-387.

CCEMG-EPPI-CEntre Cost Conveter. Cost converter. 2015. http://eppi.
ioe.ac.uk/costconversion/ (accessed November 19, 2015).

Eaton J, Mealing S, Thompson J, et al. Is transcatheter aortic valve im-
plantation (TAVI) a cost-effective treatment in patients who are ineligible
for surgical aortic valve replacement? A systematic review of economic
evaluations. J Med Econ. 2014;17:367-375.

Simons CT, Cipriano LE, Shah RU, et al. Transcatheter aortic valve
replacement in nonsurgical candidates with severe, symptomatic aortic
stenosis: A cost-effectiveness analysis. Circ Cardiovasc Qual Outcomes.
2013;6:419-428.

Reynolds M, Thompson A, Duhay F. Correction of faulty assumptions
in cost-effectiveness analysis. J Thorac Cardiovasc Surg. 2013;145:308-
3009.

Reynolds MR, Magnuson EA, Lei Y, et al. Cost-effectiveness of tran-
scatheter aortic valve replacement compared with surgical aortic valve
replacement in high-risk patients with severe aortic stenosis: Results of
the PARTNER (Placement of Aortic Transcatheter Valves) trial (Cohort
A). J Am Coll Cardiol. 2012;60:2683-2692.

Lardizabal JA, O’Neill BP, Desai HV, et al. The transaortic approach for
transcatheter aortic valve replacement: Initial clinical experience in the
United States. J Am Coll Cardiol. 2013;61:2341-2345.

Seco M, Martinez G, Bannon PG, et al. Transapical aortic
valve implantation—An Australian experience. Heart Lung Circ.
2014;23:462-468.

Pighi M, Serdoz R, Kilic ID, et al. TAVI: New trials and registries offer
further welcome evidence — U.S. CoreValve, CHOICE, and GARY. Glob
Cardiol Sci Pract. 2014;2014:78-87.

Bourantas CV, Farooq V, Onuma Y, et al. Transcatheter aortic valve
implantation: New developments and upcoming clinical trials. Euroint-
ervention. 2012;8:617-627.


http://www.healthcareimprovementscotland.org/our_work/technologies_and_medicines/shtg_-_evidence_notes/evidence_note_52.aspx
http://www.eunethta.eu/
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/9E366B4233A15A35CA257C9E001A0317/�egingroup count@ "0024
elax 
elax uccode `unhbox voidb@x �group let unhbox voidb@x setbox @tempboxa hbox {count@ global mathchardef accent@spacefactor spacefactor }accent 126 count@ egroup spacefactor accent@spacefactor uppercase {gdef protect LY1	extdollar {{char '176}}}endgroup setbox 	hr@@ hbox {protect LY1	extdollar }@tempdima wd 	hr@@ advance @tempdima ht 	hr@@ advance @tempdima dp 	hr@@ protect LY1	extdollar File/1361Final-PSD-Accessible.pdf
http://eppi.ioe.ac.uk/costconversion/
https://doi.org/10.1017/S0266462316000180

	METHODS
	RESULTS
	Population
	Study Perspective
	Comparators
	Time Horizon and Discount Rates
	Reporting of Outcomes
	Reporting of Costs for TAVI
	Model Assumptions and Model Parameters
	Cost-Effectiveness of TAVI

	DISCUSSION
	CONCLUSION
	CONFLICTS OF INTEREST



