Open Access

Research

Mattias Neyt, Hans Van Brabandt, Stephan Devriese, Stefaan Van De Sande

To cite: Neyt M, Van
Brabandt H, Devriese S, et al.
A cost-utility analysis of
transcatheter aortic valve
implantation in Belgium:
focusing on a well-defined
and identifiable population.
BMJ Open 2012;2:e001032.
doi:10.1136/
bmjopen-2012-001032
< Prepublication history and

additional materials for this
paper are available online. To
view these files please visit
the journal online (http://dx.
doi.org/10.1136/
bmjopen-2012-001032).
Received 22 February 2012
Accepted 30 March 2012
This final article is available
for use under the terms of
the Creative Commons
Attribution Non-Commercial
2.0 Licence; see
http://bmjopen.bmj.com

Belgian Health Care
Knowledge Centre (KCE),
Brussels, Belgium
Correspondence to
Dr Mattias Neyt;
mattias.neyt@kce.fgov.be

ABSTRACT
Background: Patients with severe aortic stenosis and
coexisting non-cardiac conditions may be at high risk
for surgical replacement of the aortic valve or even be
no candidates for surgery. In these patients,
transcatheter aortic valve implantation (TAVI) is
suggested as an alternative. Results of the PARTNER
(Placement of AoRTic TraNscathetER Valve) trial
comparing the clinical effectiveness of TAVI with
surgical valve replacement and standard therapy were
published. The authors assessed the costeffectiveness of TAVI in Belgium.
Methods: A Markov model of incremental costs,
effects (survival and quality of life) and incremental
cost-effectiveness of TAVI was developed. The impact
on survival, number of events and quality of life was
based on the PARTNER trial. Costs per event were
context specific.
Results: In high-risk operable patients, even if the
minor differences in 30-day and 1-year mortality are
taken into account, the incremental cost-effectiveness
ratio (ICER) remains on average above €750 000 per
quality-adjusted life-year (QALY) gained (incremental
cost: €20 400; incremental effect: 0.03 QALYs). In
inoperable patients, an ICER of €44 900 per QALY
(incremental cost: €33 200; incremental effect: 0.74
QALYs) is calculated, including a life-long extrapolation
of the mortality benefit. This result was sensitive to the
assumed time horizon. The subgroup of anatomically
inoperable patients had better outcomes than
medically inoperable patients, with ICERs decreasing
more than €10 000/QALY.
Conclusions: It is inappropriate to consider
reimbursement of TAVI for high-risk operable patients.
Reimbursing TAVI in inoperable patients in essence is
a political decision. From an economic perspective, it
would be prudent to first target patients that are
inoperable because of anatomical prohibitive
conditions. In the search for evidence, the authors
identified non-published negative results from
a randomised controlled TAVI trial. The study sponsor
should be more willing to share this information to
allow balanced evaluations and policy
recommendations. Payers should require these data
before taking reimbursement decisions.

ARTICLE SUMMARY
Article focus
-

To assess the cost-effectiveness of transcatheter
aortic valve implantation (TAVI) for Belgian
patients.

Key messages
-

-

-

In high-risk operable patients, surgical aortic
valve replacement and TAVI are associated with
similar mortality rates at 1 year. However, there
is a twice as high rate of stroke after TAVI. From
an economic point of view, the less invasive
nature of the TAVI procedure does not weigh
against the extra costs of about €20 000 per
patient.
In inoperable patients, TAVI significantly reduces
the rate of death from any cause as compared
with a non-surgical approach. The ICER is about
€45 000 per QALY gained. Nevertheless,
a distinction should be made between inoperability for anatomic versus medical reasons. TAVI
offers more value for money in the former patient
group with ICERs decreasing more than €10 000
per QALY.
If policy makers are willing/able to pay the
relative high price for TAVI, it is advised to focus
in the first place on the anatomic inoperable
patients.

BACKGROUND
Degenerative aortic stenosis is a common
valvular heart disease, mostly affecting elderly
people. Since many of those patients suffer
from comorbidities, they might not be
amenable to surgical valve replacement. In
this context, transcatheter aortic valve
implantation (TAVI), a less invasive approach
to correct the valvular stenosis, has been
developed. Until recently, the assessment of
the clinical effectiveness of TAVI had to rely
on reports from uncontrolled case series,
making it prone to bias. The randomised
controlled PARTNER (Placement of AoRTic
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Strengths and limitations of this study
-

-

-

-

Hospital billing data of 183 Belgian patients treated with the
Edwards SAPIEN valve were at our disposal for cost
calculations.
Next to the published pivotal PARTNER (Placement of AoRTic
TraNscathetER Valve) trial, a non-published randomised
controlled trial (RCT) with TAVI was identified. This Continued
Access trial was performed according to the same study
protocol of the pivotal PARTNER trial. The mortality outcomes
of this Continued Access RCT, disfavouring TAVI, were
included in our analysis.
An unbalance in patient characteristics was observed in the
inoperable patients of the PARTNER trial, favouring the TAVI
group. A subgroup analysis showed a greater improvement for
anatomic inoperable patients versus those inoperable for
medical reasons.
The most important limitation of our analysis is the nonavailability of all relevant study outcomes, especially for the
negative non-published Continued Access RCT. The study
sponsor should be willing to reveal this information in due
time. Payers should require access to these non-published data
before deciding on reimbursement.

TraNscathetER Valve) trial (NCT00530894) provided
more robust data,1 2 allowing to more reliably estimate
the clinical benefit of TAVI as compared with other
treatment modalities. After the publication of the pivotal
trial results, additional data from the PARTNER trial
became available. Among them are non-published
negative mortality data from the Continued Access study,
related to patients treated according to the randomised
protocol for inoperable patients. We used the available
trial data to be incorporated in a health economic model
in order to calculate TAVI’s cost-effectiveness. This is of
major importance to support rational reimbursement
decisions, taking into account the financial constraints.
METHODS
A Markov simulation model is developed in Excel in
order to assess the efficiency of TAVI. Having a possible
impact on both mortality and quality of life (QoL), both
cost-effectiveness (with outcomes expressed in life-years
gained (LYG)) and cost-utility analyses (with LYG
adjusted for QoL) are performed. The @Risk add-in tool
is used for probabilistic modelling and probabilistic
sensitivity analyses.
The analysis includes direct healthcare costs from the
perspective of the healthcare payer.3 Payments out of the
public healthcare budget as well as patients’ co-payments
are included. Since baseline employment rates are
expected to be low in the target population, indirect
productivity costs are ignored.
Population
The model simulates a hypothetical cohort of 1000 TAVIeligible patients. The type of participants considered
reflects the PARTNER patients. The PARTNER study
2

incorporated two parallel prospective, multicenter,
randomised, active-treatment-controlled clinical trials.1
Patients were divided into two cohorts: those who were
considered to be candidates for surgery but at high
surgical risk (cohort A) and those who were no suitable
candidates for surgery (cohort B) (see figure 4 in the
supplementary appendix). In the first cohort, TAVI
could be performed transfemoral or transapical. The
average age was 84 and 83 years in high-risk operable
and inoperable patients, respectively. The proportion of
men was 57% and 46%, respectively.1 2 This is reflected
in the model and taken into account when extrapolating
the short-term results into lifetime outcomes. More
information on the PARTNER study design is available in
the supplementary appendix.
Intervention and comparator
The Edwards SAPIEN heart-valve system (Edwards Lifesciences) is used in the PARTNER study. The comparator
is different for the two cohorts. In the high-risk operable
patients, this is surgical aortic valve replacement (AVR).
In the inoperable patients, the comparator treatment
was a so-called standard therapy incorporating a balloon
valvuloplasty in most patients.
Time horizon
There was no significant difference in survival after
1 year in the high-risk operable patients. Therefore, in
our model, the time horizon is restricted to this period.
In inoperable patients, there is a survival advantage after
1 year, and survival data are extrapolated to a lifetime
time horizon. Future costs and benefits are discounted at
a yearly rate of 3% and 1.5%, respectively.3
Markov model
A Markov model with monthly cycles is set up (figure 1).
The square node points at the choice between TAVI and
the alternative intervention (AVR in high-risk operable
patients (cohort A) or standard therapy in inoperable
patients (cohort B)). In every cycle, the patient can die
(end node), be hospitalised, have an adverse event or no
event.
Mortality
The PARTNER study is the first randomised controlled
trial (RCT) to assess the safety and efficacy of the
SapienÒ valve. It was conducted under the auspices of
the Food and Drug Administration (FDA) and required
to apply for market approval for the valve on the US
market. In addition to published study results, information was searched in FDA’s Advisory Panel documents,
conference documents and press releases, and from the
study sponsor.
Table 1 shows the 30-day and 1-year mortality rates in
the PARTNER trial. Intention-to-treat results are implemented in the model. In high-risk operable patients, the
non-inferiority study showed non-significant differences.2 In inoperable patients, an absolute 20%
mortality risk reduction is found after 1 year.1 In
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Figure 1 The TAVI Markov model. AVR, aortic valve
replacement; ST, standard therapy; TAVI, transcatheter aortic
valve implantation. The green square is a choice node, the red
dots are chance nodes and the blue triangles are end nodes.
Etc.: this indicates that if the patient survives, he goes to the
next cycle in the Markov model. In each monthly cycle, the
patient is again at risk of dying, being hospitalised, having other
events or no event.

contrast, the non-published Continued Access study,
following the same protocol, presented an absolute
12.7% higher mortality in the TAVI group.4 The
weighted average results in an absolute mortality reduction by TAVI of 12.3%, which is used in the reference
case. A validity check was applied to check whether the
modelled 1-year mortality rates were consistent with the
published rates.
The monthly mortality rate between the second month
and 1 year is deducted from the 1-month and 1-year
mortality and is assumed to be constant over this period.
This monthly mortality rate increases yearly according to
the age- and sex-specific mortality rates of the total
Belgian population to extrapolate trial results to the
lifetime time horizon for inoperable patients.

Costs
To calculate incremental costs (ICs), the initial cost
differences between TAVI and AVR during hospitalisation (high-risk operable patients) and between TAVI
and standard therapy (inoperable patients) are taken
into account. Second, events with a possible incremental
impact were selected from the published PARTNER trial.
Included events are repeat hospitalisations, minor/
major stroke and TIA, and cardiac reintervention.
Vascular complications and major bleedings are not
separately included to avoid double counting since these
mainly occur during the initial or repeat hospitalisation.
The percentage of events observed in the PARTNER trial
is provided in the supplementary appendix (table 4).
Only results for the pivotal trial were published and thus
implemented in our model. In the Markov model with
monthly cycles, events between 30 days and 1 year are
transformed to monthly percentages, which are also
used in the lifetime extrapolation in the model for
inoperable patients. In this cohort of inoperable

Utilities
The PARTNER study protocol mentions QoL was
measured with the EQ-5D questionnaire in both the
high-risk operable and inoperable patients. This generic
utility measure was applied both at baseline and after 1, 6
and 12 months. Results were not published but provided
Table 1 Early and late mortality in the PARTNER trial

Inoperable patients

N
30-day mortality
1-year mortality

High-risk operable patients

Pivotal trial

TAVI

AVR

p Value

TAVI

Stand.

348
3.4%
24.2%

351
6.5%
26.8%

0.07
0.44

179
5.0%y
30.7%

179
2.8%
50.7%

Cont. access

Combined*

p Value

TAVI

Stand.

TAVI

Stand.

0.41
<0.001

41
9.8%
34.3%

49
2.1%
21.6%

220
5.9%
31.4%

228
2.7%
43.7%

Sources: high-risk operable patients: Smith et al2; inoperable patients: pivotal trial: Leon et al1; Continued Access: FDA.4
*The weights are based on the number of participants in the pivotal and Continued Access trials.
yUncertainty surrounding mortality is modelled with b distributions with the same mean. The a parameter of these distributions equals the
number of events in the PARTNER randomised controlled trial. For example: 5% mortality on a total of 179 patients is reflected with
a b distribution with the a parameter being 9 (ie, 5% of 179¼9 patients) and the b parameter being 170 (ie, 1799).
AVR, aortic valve replacement; Cont., continued; Stand., standard therapy; TAVI, transcatheter aortic valve implantation.
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by the study sponsor for inoperable patients and
included in the model (details are provided in table 3 in
the supplementary appendix). An adjustment for baseline QoL differences was included. We assumed a linear
QoL evolution between baseline, 1, 6 and 12 months and
a constant QoL afterwards.
Unfortunately, although requested from the study
sponsor, no EQ-5D results were provided for high-risk
operable patients. At 30 days, more patients in the
transcatheter group than in the surgical group had
a reduction in symptoms to NYHA class II or lower
(p<0.001). Among patients who could perform a 6 min
walk test, patients in the transcatheter group walked
farther than those in the surgical group (p¼0.002).2
Therefore, a similar difference as observed during the
first month in inoperable patients was assumed. The
NYHA functional class was no longer different at
6 months. At 1 year, there were no significant betweengroup differences in cardiac symptoms and the 6 min
walk distance.2 Therefore, in the base case, no further
differences in QoL were included in the model for highrisk operable patients. This assumption was altered in
a sensitivity analysis.

Cost-utility analysis of transcatheter aortic valve implantation
data are published with P5 and P95 values. For these cost
variables, g distributions reflecting the same mean, P5
and P95 values are modelled.
One thousand Latin Hypercube simulations are
performed. Outcomes with their surrounding uncertainty are presented for IC, incremental effects (IE) and
the incremental cost-effectiveness ratio (ICER). Results
are shown on the cost-effectiveness plane and costeffectiveness acceptability curves. In our probabilistic
sensitivity analysis, rank correlation coefficients are
calculated between the output values (the ICERs) and
the sampled input values to indicate the relative importance of variables and their uncertainty on the uncertainty surrounding the outcomes.
One-way sensitivity analysis is performed on several
input variables. In this case, we start from the published
pivotal trial data because no full details of the Continued
Access trial were provided by the study sponsor.
Including the results on mortality from the Continued
Access trial is modelled as one of the scenarios and is
considered as base case since there is no good reason to
exclude the results from this trial with the same protocol
as the pivotal trial. The following scenarios are modelled
for high-risk operable patients: TAVI device cost of
€10 000 and an optimistic QoL improvement of 0.1
during the whole first year. In the model for inoperable
patients, the scenarios are restricted 3-year time horizon,
no discounting or discount rate of 5% for both costs and
effects, no adjustment of TAVI and standard therapy
costs for actually performed treatment, inclusion or
exclusion of events in the model (major/minor stroke or
TIA) and TAVI device cost of €10 000. One specific
subgroup scenario analysis is added for mortality risk
reduction in medically versus anatomically inoperable
patients. Although the reduction in mortality is observed
in both subgroups in the pivotal trial, it is larger in the
latter subgroup (absolute 27.9%) than in the former
subgroup (absolute 17%). Results of these analyses are
presented on a tornado graph.

Sensitivity and scenario analyses
The impact of uncertainty around all the model’s input
parameters on the results was modelled probabilistically.
The applied distribution depends on the type of variable5: transition probabilities (mortality or chance for
another event) and utilities are modelled as b distributions. This distribution is limited to the 0e1 scale and
reflects the possible outcomes for these variables. The
a parameter of this distribution equals the number of
events in the PARTNER RCT. The b parameter is
adjusted to equal the published percentage of events.
Strict correlation is imposed between the modelled
probabilities at 30 days and 1 year to avoid irrational
modelled outcomes. Relying on the central limit
theorem, TAVI and AVR costs are modelled as normal
distribution around the mean. Due to the large uncertainty around follow-up costs, a uniform distribution
(650%) is applied. Finally, publicly available TCT cost

RESULTS
Based on the results of the PARTNER trial in high-risk
operable patients, the incremental survival benefit of
TAVI in comparison with AVR is minimal, on average
0.03 (95% CI 0.01 to 0.07) quality-adjusted life-years
(QALYs). In combination with substantial ICs (on
average €20 397, 95% CI 18 278 to 22 617), this results in
very high ICERs of about €750 000 per QALY gained.
This contrast between minimal gains and substantial
expenses is shown on the cost-effectiveness plane in the
supplementary appendix (figure 5). Even the scenario
analyses with a price reduction of the TAVI device cost to
€10 000 or an assumed QoL improvement of 0.1 during
the whole first year results in relatively high ICERs, that
is, on average €455 000 and €205 000 per QALY gained,
respectively.
For inoperable patients, the IC of TAVI compared with
standard therapy is about €33 200 with an IE on survival
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patients, cardiac reinterventions were considered being
balloon aortic valvuloplasty, which was performed in
84% of patients, repeat TAVI in the TAVI group (1.7%)
and AVR which occurred in almost 10% of the standard
therapy group (see table 4 in the supplementary
appendix).
Aggregated cost data of 183 consecutive patients treated
in Belgium between June 2006 and June 2010 with the
Edwards SAPIENÒ valve (99 transfemoral and 84 transapical) were obtained. The interventional procedure and
the device cost not (yet) being reimbursed, a cost of
€18 000 and €1500, for the device and the procedure,
respectively, was assigned. This eventually resulted in
a cost of about €41 000 and €50 000 for transfemoral and
transapical TAVI (table 2). In the inoperable cohort, not
all patients assigned to TAVI actually underwent TAVI and
some patients in the standard therapy group received
AVR and/or balloon valvuloplasty. The cost of the initial
procedure was adjusted for this.
To calculate the cost of a surgical AVR, we obtained
data from 9213 hospital stays between 2004 and 2007.
This sample contains both older and younger patients
with a different severity of illness (grades 1e4). Since the
PARTNER study mainly includes older patients with
multiple comorbidities, older patients (>70) with
a higher severity of illness index (3 or 4) were selected,
resulting in an average AVR cost of €23 749.
For the cost of balloon aortic valvuloplasty, the fee of
€488.75 is taken into account. Costs for repeat hospitalisations, minor or major stroke and TIA are based on
the APR-DRG costs for these categories as published
(publicly available at http://www.tct.fgov.be). It is
assumed that the cost of a specific event is the same
across all treatment groups. Finally, a theoretical followup cost of about €43 per month and a drug cost of €21
per month (table 2), attributable to the number of
surviving patients, is included in the model. We assume
these monthly costs to be the same for all survivors in the
model.

Cost-utility analysis of transcatheter aortic valve implantation

Variable

Mean

TAVI (high-risk operable patients)
TF
€40 917
TA

€49 799

All
TAVI (inoperable patients)
Standard therapy
AVR

€43 571y
€40 057z
€3170x
€23 749{

Balloon aortic valvuloplasty
Repeat hospitalisation

€489yy
€5983

Uncertainty

Source

Normal (mean: 40 917; SD
mean 1204)
Normal (mean: 49 799; SD
mean 1994)

Gov. Health Ins. Database*

Normal (mean: 23 749; SD
mean 191)
Fixed fee
Gamma (mean: 5983; P5:
1339; P95: 15 596)

Gov. Health Ins. Database**

Stroke
Minor

Major

€4679zz

€12 493zz

TIA

€3946

Follow-up fees
Follow-up drugs

€43.2/monthxx
€20.5/month{{

Gamma (mean: 3292; P5:
932; P95: 6842)
Gamma (mean: 6066; P5:
1574; P95: 17 285)
Gamma (mean: 9593; P5:
1630; P95: 27 526)
Gamma (mean: 15 392; P5:
2631; P95: 40 079)
Gamma (mean: 3946; P5:
974; P95: 9942)
Uniform (650%)
Uniform (650%)

Gov. Health Ins. Database*

Belgian Nomenclature code
TCT, APR-DRG 194 (Heart
failure)
TCT, APR-DRG 045 (CVA
with stroke)
Minor
Moderate
Major
Extreme
TCT, APR-DRG 047 (TIA)
Expert opinion
Gov. Health Ins. Database*

*IMA data.
yThe weighted average of TF and TA TAVI cost. The weight is determined by the number of TF and TA patients in the PARTNER trial, being
244 and 104, respectively.
zIn the PARTNER trial, of the 179 patients assigned to TAVI, six (3.4%) did not receive a transcatheter heart valve: two patients died before the
scheduled implantation, transfemoral access was unsuccessful in two patients and the intraprocedural annulus measurement was too large in
two patients.1 Similarly, in our model, the complete TAVI procedure cost was assigned to 96.6% (173/179) of patients, 1.1% were assigned no
costs because they died before the procedure and 2.2% was assigned the procedure cost without the TAVI device cost of €18 000. This results
in an average cost of €40 057.
xIn the PARTNER trial, 12 of the patients who were assigned to standard therapy (6.7%) underwent aortic-valve replacement, five (2.8%)
underwent placement of a conduit from the left ventricular apex to the descending aorta plus aortic valve replacement (AVR) and four (2.2%)
underwent TAVI at a non-participating site outside the USA.1 Therefore, the cost of AVR is assigned to 9.5% (6.7% + 2.8%) of the patients and
the TAVI cost to 2.2%. This results in an additional cost of €3170 in the standard therapy group.
{The cost was calculated for patients (N¼4811) older than 70 and an SOI index of 3 or 4. If this was restricted to patients (N¼1506) older than
80 with an SOI index of 3 or 4, the cost remained the same (€23 772).
**TCT data. Year of pricing: 2006e2010 for TAVI and standard therapy; 2008 for all TCT-based APR-DRG prices; 2004e2007 for AVR. Due to
the incremental character of the analysis, price adjustments would have no substantial influence on results. Furthermore, the analysis in highrisk operable patients showed that the result is determined by the (lack of) incremental effect of TAVI versus AVR.
yyThe fee is included explicitly in the control group. If this procedure would include a hospitalisation, then these costs are already included in the
model as ‘repeat hospitalisation’. In the TAVI group, to avoid double counting, this cost is not included separately since it is part of the TAVI
procedure, and thus, the cost is already included in the analysis.
zzFor stroke, the TCT makes a distinction between four categories (minor, moderate, major and extreme). The former two categories were
reclassified as minor stroke and the latter two as major stroke.
xxThe follow-up costs included the following: four consultations cardiologist (€34.5/unit), four ECG (€17.18/unit); one echo, full transthoracal
ultrasound bilan of the heart (€67.16/unit); three echo, repetition within the calendar year of full transthoracal ultrasound bilan of the heart
(€67.16/unit) or limited transthoracal ultrasound bilan of the heart (€38.75); one full transoesophageal ultrasound bilan of the heart (€113.01/
unit) or limited transoesophageal ultrasound bilan of the heart (€58.12/unit).
{{The selected drugs were the following: acenocoumarol, aspirin, clopidogrel, dalteparin, danaparoid, enoxaparin, fenprocoumon, heparin,
nadroparine, ticlopidine, tirofiban and warfarin. The real-world expenditures in the Belgian Edwards TF TAVI group was €246 per year or €20.5
per month. For more details, we refer to the full HTA report.6
APR-DRG, All Patient Refined Diagnosis Related Groups; AVR, aortic valve replacement; Gov. Health Ins. Database, Governmental Health
Insurance Database; IMA, Intermutualistic Agency; SOI, severity of illness; TAVI, transcatheter aortic valve implantation; TCT, Belgian
Technical Cell; TIA, transient ischaemic attack.

of 0.88 LYG or 0.74 QALYs gained. As such, the ICER
becomes about €42 600 per LYG or on average €44 900
per QALY gained (see details on IC, IE and ICERs in
table 5 in the supplementary appendix and figure 2,
top). The cost-effectiveness acceptability curve (figure 2,
bottom) indicates that a willingness-to-pay for a QALY of

more than €42 000 is needed to have about 50% chance
the intervention is considered cost-effective in this
cohort of patients.
The probabilistic sensitivity analysis shows that the most
important stochastic variables in the model are the
mortality and utility at 12 months in the TAVI group
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Table 2 Overview of cost data
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(correlation coefficients of 0.21 and 0.48, respectively).6
The one-way sensitivity analyses indicate the importance
of the extrapolation assumption. With a 3-year time
horizon, the ICER of the pivotal PARTNER trial almost
doubled (from €37 400 per QALY to €71 600 per QALY).
Finally, the anatomically inoperable patients have a more
favourable ICER than the medically inoperable patients
(figure 6 in the supplementary appendix).
DISCUSSION
This is the first non-industry-based study that calculates
the cost-effectiveness of TAVI, based on the results of
a randomised controlled trial. The cost-effectiveness of
TAVI is highly dependent on the patient population
under consideration. In high-risk operable patients,
TAVI and surgery are associated with similar mortality
rates at 1 year and produce similar improvements in
cardiac symptoms. However, the twice as high rate of
stroke after TAVI as compared with surgery (8.3% vs
4.3% at 1 year) is problematic. From a medical point of
view, TAVI might be considered as an alternative to
6

Figure 3 TAVI’s cost-effectiveness. ICER, incremental costeffectiveness ratio; QALY, quality-adjusted life-year. The x-axis
indicates the operability of patients. There is an overlap
between medically inoperable and high-risk operable patients.
Anatomically inoperable patients are readily identifiable. For
high-risk operable patients, the ICERs are very high (€750 000
per QALY). For inoperable patients, the ICER was on average
€45 000 per QALY. Within the latter category, ICERs are better
for anatomic inoperable patients and worse for medical
inoperable patients.
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Figure 2 Cost-effectiveness plane (top) and costeffectiveness acceptability curve (bottom) for TAVI in
inoperable patients. The green curve on the cost-effectiveness
plane is the 95% confidence ellipse.

surgery for high-risk patients who are willing to accept
this higher risk of stroke.7 From an economic point of
view, the less invasive nature of the TAVI procedure does
not weigh against the extra costs. With an average ICER
of about €750 000 per QALY (figure 3), it is hard to
defend a reimbursement for TAVI in high-risk operable
patients as an efficient use of limited resources. This can
be altered if TAVI costs become similar to those of AVR.
The long-term consequences of stroke on both QoL and
costs should also not be underestimated and would
probably worsen the ICER of TAVI.
In inoperable patients, TAVI significantly reduces the
rate of death from any cause as compared with a nonsurgical approach (absolute risk reduction of 12.3% in
combined pivotal and Continued Access trial). TAVI also
significantly improves cardiac symptoms and reduces the
need for repeat hospitalisations. Stroke rate at 1 year,
however, was twice as high in TAVI patients compared
with those treated non-surgically (10.6% vs 4.5%). From
a medical point of view, the overall benefit of TAVI in
those patients seems to outweigh the risks, and therefore, it may be appropriate to consider and discuss TAVI
with patients who cannot be operated.
For inoperable patients, combining the mortality data
from both the pivotal and Continued Access trial results
in an ICER of about €45 000 per QALY (figure 3). In
most countries, as well as in Belgium, there is no explicit
ICER threshold. Only NICE (National Institute for
Health and Clinical Excellence) has explicitly
mentioned this in their Guide to the Methods of Technology Appraisal.8 Applying NICE’s threshold values of
£20 000 (£1¼€1.14, 25 August 2011) and £30 000 per
QALY, results in a 9.2% and 36.7% chance, respectively,

Cost-utility analysis of transcatheter aortic valve implantation
reveals there are no clear differences in the clinical
baseline characteristics of the two populations, with
exception of anatomical prohibitive conditions.6 While
high-risk operable patients should be excluded from
TAVI treatment on medico-economic grounds, physicians can, however, subjectively label them as inoperable
patients. Belgian registry data showed that a substantial
part of the Belgian TAVI patients have better characteristics (lower NYHA class and less coronary artery disease
and previous CABG) than PARTNER high-risk operable
and inoperable patients.6 Also the German registry has
shown that many patients received TAVI, although their
valves could also have been replaced by open surgery.10
Broadening of the population to lower risk populations
might result in worse outcomes. To avoid waste of
resources, artificially including patients should be
avoided at all times. Anatomically inoperable patients,
who benefit most from the intervention, can easily be
distinguished from other patients (figure 3).
It should be noted that the evidence from the
PARTNER trial for inoperable patients only applies to
the transfemoral approach. Although the FDA proposed
to do so, the PARTNER study sponsor did not include
a transapical arm in inoperable patients (see figure 4 in
the supplementary appendix).4 In high-risk operable
patients, a subgroup analysis suggests that the transapical
approach is not inferior to surgery but doubles the
stroke risk. Recently, the results from the STACCATO
trial, an independent RCT of transapical TAVI in operable elderly patients have been presented.11 The primary
end point (30-day all-cause mortality, major stroke and/
or renal failure) was reached in 5/34 TAVI and 1/36
surgically treated patients, and the study was prematurely
terminated after advice from the Data Safety Monitoring
Board. Given the fact that operative risk estimation is
a highly subjective matter, it is as yet unclear to what
extent the operative risk of patients enrolled in STACCATO is different from that of PARTNER patients or
from patients currently treated all over Europe. These
observations once more put into question the appropriateness for the European regulators granting the
transapical Sapien valve a CE label in 2007.12 It also
shows the importance of performing high-quality randomised trials with clinically relevant endpoints prior to
granting marketing approval of innovative high-risk
devices.12
The contrast between the USA and EU regulation is
striking. Evidence of clinical efficacy is required before
market entry in the USA but not in Europe.12 This is also
the case with TAVI. In the USA, the PARTNER-US study
design is an RCT to demonstrate efficacy. In contrast, in
Europe, the PARTNER-EU and other studies are mere
registries with no control group. Despite European data
from thousands of patients, it remains unclear from
these registries for whom the intervention is beneficial
due to a lack of a proper research design. For innovative
high-risk devices, the future EU Device Directive
should move away from requiring clinical safety and
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that TAVI is considered as being a cost-effective intervention. This rather is an optimistic estimate due to
several factors: the unbalanced patient characteristics in
the PARTNER trial in favour of the TAVI group (see next
paragraph), the lifelong extrapolation assumption on
survival (see FDA remark in the supplementary
appendix (figure 7)), keeping QoL at a high level in the
long term in this ageing population, and the possible
long-term consequences and costs of stroke.
In the PARTNER trial, baseline characteristics of
inoperable patients were unevenly distributed among
the two study groups, most if not all imbalances
favouring survival in the TAVI-treated patients. The
logistic EuroSCORE was higher in the control arm (30.4
vs 26.4, p¼0.04), and both chronic obstructive pulmonary disease (52.5% vs 41.3%) and atrial fibrillation
(48.8% vs 32.9%) were statistically significantly (p<0.05)
more prevalent. Frail patients (28% vs 18.1%, p¼0.09)
were also over-represented. In general, patients who are
inoperable due to comorbidities were over-represented
in the control arm. The PARTNER study protocol stipulates that both medical and anatomic conditions may
lead to the surgeons’ conclusion of inoperability and
that the surgeons’ consult notes shall specify the medical
or anatomic factors.9 Patients with coexisting anatomic
conditions (extensively calcified aorta, deleterious
effects of chest-wall irradiation and chest-wall deformity)
were better represented in the TAVI group than in the
control group (29.6% vs 20.7%, p¼0.05). These
anatomically inoperable patients probably have a better
prognosis and QoL after remediating the aortic valve
stenosis. Because of the imbalance in patient characteristics and the possibly better prognosis, this one
subgroup analysis for this specific patient characteristic
was asked to the study sponsor.
The absolute mortality gain after TAVI was an absolute
17 percentages in the non-anatomical inoperable group
versus an absolute 27.9 percentages in the anatomical
inoperable group. This results in an improved ICER for
the latter group (about €11 000 per QALY lower) and
vice versa for the other group (about €5000 per QALY
higher). Results of this subgroup analysis were only
provided for the pivotal trial and for the mortality end
point. Further refinement of the cost-effectiveness
calculation is only possible if further details for the whole
population (pivotal and Continued Access) and for all
relevant outcomes (mortality, events and QoL) are made
available by the study sponsor. With currently best available data, the performed analyses show that, if one is
willing to pay the considerable amount for the QALYs
gained, reimbursement of TAVI could in the first place
focus on this subgroup of anatomical inoperable patients.
The clinical differentiation of PARTNER high-risk
operable from inoperable patients based on objective
parameters is not straightforward and essentially based
on the clinical feeling of the physicians involved.
Comparing the patient characteristics between high-risk
operable and inoperable patients in the PARTNER trial

Cost-utility analysis of transcatheter aortic valve implantation

CONCLUSIONS
Based on currently available data, it is not recommended
to reimburse TAVI for high-risk operable patients.
Although the intervention is less invasive, patients have
no survival benefit after 1 year, the risk of stroke is
doubled and the costs are significantly higher. In inoperable patients, a distinction should be made between
medically and anatomically inoperable patients. In the
former group, TAVI treatment is palliative and the
patient’s life expectancy and QoL remain limited due to
comorbidities that persist after correction of the aortic
stenosis. Anatomically inoperable patients are likely to
benefit most from TAVI since they not necessarily have
debilitating comorbid conditions. In those patients, the
ICER is also the most favourable. If decision makers are
willing to reimburse the relatively high price for TAVI,
then it is recommended to focus in the first place on this
clinically readily identifiable subgroup.
Finally, the study sponsor should be more willing to
share all relevant data in due time, that is, before
important policy decisions are taken. Both positive and
negative study results providing details on all relevant
outcomes (mortality, adverse events and QoL) for the
most important subgroups should be revealed. This will
enable more balanced evaluations and well-founded
policy recommendations. Payers should insist to have
full information before taking reimbursement decisions.
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‘performance’ data only to also require pre-market data
that demonstrate ‘clinical efficacy’.12
Not publishing negative or prematurely terminated
studies is problematic for assessing clinical efficacy and
supporting rational decision making. Manufacturers
should reveal all relevant or requested information to
health technology assessment bodies. If this does not
work on a voluntary basis, then, policy makers should
have the courage to take more drastic measures. For
example, government could refuse to take a reimbursement decision as long as not all relevant data are
provided. The German Institute for Quality and Efficiency in Health Care (IQWiG) assessment report on the
antidepressant reboxetine has shown this can be a very
effective measure: Pfizer did not submit a complete list of
unpublished trials as requested by IQWiG. IQWiG
therefore issued the preliminary conclusion that because
of the high risk of publication bias, no meaningful
assessment of reboxetine was possible and thus no
benefit of the drug could be proved.13 Pfizer then
decided to provide most of the missing data and the
subsequent assessment showed that, overall, reboxetine
had no benefit.14e16 Unfortunately, several other examples of publication bias exist that could have influenced
policy recommendations and decisions if full information was available. The non-availability of complete
information is, as mentioned in a BMJ editorial, ‘a
disservice to research participants, patients, health
systems, and the whole endeavour of clinical medicine’.17

Supplements
The PARTNER trial is an open-label, randomised study sponsored by Edward Lifesciences and was
conducted in 25 centres: 21 in the US, 3 in Canada and 1 in Germany. High-risk patients with
symptomatic severe aortic stenosis who were candidates for surgical aortic valve replacement were
eligible to participate in the study. After screening, they were stratified into two groups (Figure 4): 1 2
1.

2.

Cohort A included high-risk patients with an estimated operative mortality risk of at
least 10% by the STS score, or at least 15% due to other severe problems not included
in the STS score.
Cohort B included patients considered as inoperable by at least two heart surgeons
either due to anatomical factors (thoracic wall malformation, repeated previous
thoracic surgeries, significant aortic calcification – so-called porcelain aorta, sequelae
of radiotherapy) or due to concomitant severe medical conditions.

Figure 4: The PARTNER trial design

AVR: surgical aortic valve replacement; TA: transapical; TAVI: transcatheter aortic valve implantation; TF: transfemoral.
Cohort A of the TAVI group was composed of a transfemoral (TF) subgroup and a transapical (TA) subgroup. Only the
transfemoral approach was used in cohort B.

Thereafter, the patients underwent a second stratification by whether or not it was technically possible
in the patient in question to gain access to the heart with the necessary catheters through a femoral
artery.

1.

2.

Cohort A patients were randomised to transfemoral or transapical TAVI depending on
whether or not transfemoral access was possible versus the classical surgical
treatment (aortic valve replacement - AVR). In the analysis of the primary endpoint of
the trial (all-cause mortality), both TAVI variants together were compared with
surgery.
Cohort B patients with the possibility of a transfemoral access were randomised to
transfemoral TAVI versus a standard therapy which, in addition to medication,
generally involved balloon aortic valvuloplasty, a technique where the narrowed
aortic valve is dilated with a balloon. The study sponsor opted not to include cohort B
patients without a transfemoral access in the study, though this was originally asked
by the FDA.

According to the study protocol,11 quality of life was also measured with the EQ-5D questionnaire that
allows mapping of health status to population-level utility weights. This is an important metric for costeffectiveness analysis. No further information is provided on the mapping of the health states to utility
weights. The EQ-5D results are not published. These data were requested directly from the study
sponsor and provided in Table 3.
Table 3: EQ-5D values for inoperable patients.

EQ-5D Utilities

TAVI

Standard therapy

Baseline
1 month
6 months
12 months

0.59 + 0.23
0.71 + 0.23
0.72 + 0.26
0.72 + 0.24

0.57 + 0.23
0.64 + 0.22
0.66 + 0.24
0.62 + 0.23

Source: information provided by the study sponsor.
These variables were modeled as beta distributions with the same mean and standard deviation.

The percentage of observed events after 30 days and one year in high-risk operable and inoperable
patients of the PARTNER trial (Table 4) are used in the economic model.
Table 4: Overview of events.

Event

High-risk operable
patients
TAVI
AVR

Repeat hospitalization
30 days
1 year
Major stroke
30 days
1 year
Minor stroke
30 days
1 year
TIA
30 days
1 year
Repeat TAVI
30 days
1 year
Aortic-valve replacement
30 days
1 year
Valvuloplasty
30 days
1 year

Inoperable
patients
TAVI
Standard

4.4%
18.2%

3.7%
15.5%

5.6%
22.3%

10.1%
44.1%

3.8%
5.1%

2.1%
2.4%

5.0%
7.8%

1.1%
3.9%

0.9%
0.9%

0.3%
0.7%

1.7%
2.2%

0.6%
0.6%

0.9%
2.3%

0.3%
1.5%

0%
0.6%

0%
0%

1.7%
1.7%
0%
1.1%

1.7%
9.5%
63.7%
83.8%

2

1

Source: High-risk operable patients: Smith et al., Inoperable patients: Leon et al.
Remark: results were not published for the Continued Access trial and could not be included in the model.

Based on the results in high-risk operable patients of the PARTNER trial, the incremental effects of TAVI
in comparison with AVR are on average 0.03 (95%CI -0.01 – 0.07) quality-adjusted life-years (QALYs). In
combination with substantial incremental costs (on average €20,397; 95%CI 18,278 - 22,617), this
results in relatively very high ICERs of about €750,000 per QALY. This contrast between minimal gains
and substantial expenses is also shown on the cost-effectiveness plane (Figure 5). The cost-effectiveness
acceptability curve (Figure 5) indicates that a willingness-to-pay for a QALY gained of more than
€750,000 is needed to have about 50% chance the intervention is considered cost-effective.
Figure 5: Cost-effectiveness plane (top) and cost-effectiveness acceptability curve (bottom) for TAVI in high-risk operable
patients.
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The green curve on the cost-effectiveness plane is the 95% confidence ellipse.

Only including results of the pivotal trial, without taking into account the conflicting mortality results of
the smaller Continued Access trial results in a more favorable ICER of €37,400 per QALY gained (Table 5).
Since detailed information was only available for the pivotal trial, sensitivity analyses are based on this
analysis. Together with the other scenarios, the base case scenario (mortality pivotal trial + Continued
Access) is presented on the tornado graph (Figure 6).
Table 5: Incremental costs, incremental effects and incremental cost-effectiveness ratio for inoperable patients (based on
combined and pivotal trial results).

Inoperable
patients
IC
IE (LYG)
IE (QALY)
ICER (€/LYG)
ICER (€/QALY)a

Combined

Pivotal

€33,243
€27,452 €37,773
0.88
0.39
1.41
0.74
-0.44
1.69
€42,647
€23,655 €86,311
€44,932

€34,590
€29,881 €38,631
1.16
0.65
1.75
0.92
-0.29
1.90
€31,856
€20,259 €51,554
€37,432

IC: incremental cost; ICER: incremental cost-effectiveness ratio; IE: incremental effect; LYG: life-year gained; QALY:
quality-adjusted life-year.
a: The probabilistic average and 95%CI are mentioned where appropriate. This approach is not reliable in case the
simulated ICERs are spread over several quadrants of the cost-effectiveness plane. As an alternative (in italics), in
these cases, the presented ICERs are calculated by dividing the mean incremental cost by the mean incremental
benefit.
Figure 6: Tornado graph one-way sensitivity analyses for inoperable patients (based on data from the pivotal PARTNER trial).
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As noted by FDA, there are limited data beyond 2 years from the PARTNER trial and the long-term
mortality benefit of the SAPIEN remains unclear. The shape of the survival curve indicates that the
survival benefit might reduce after two years (Figure 7). Long-term follow-up is needed to further
evaluate this.
1
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Figure 7: Published survival curves for inoperable patients (top: Leon et al. ; bottom: FDA analysis )

