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Abstract
Objectives The economic crisis in Europe might have limited access to some innovative technologies implying an increase 
of waiting time. The purpose of the study is to evaluate the impact of waiting time on the costs and benefits of transcatheter 
aortic valve replacement (TAVR) for the treatment of severe aortic stenosis.
Methods This is a cost-utility analysis from the perspective of the Spanish National Health Service. Results of two prospec-
tive hospital registries (158 and 273 consecutive patients) were incorporated into a probabilistic Markov model to compare 
quality adjusted life years (QALYs) and costs for TAVR after waiting for 3–12 months, relative to immediate TAVR. We 
simulated a cohort of 1000 patients, male, and 80 years old; other patient profiles were assessed in sensitivity analyses.
Results As waiting time increased, costs decreased at the expense of lower survival and loss of QALYs, leading to incre-
mental cost-effectiveness ratios for eliminating waiting lists of about 12,500 € per QALY. In subgroup analyses prioritization 
of patients for whom higher benefit was expected led to a smaller loss of QALYs. Concerning budget impact, long waiting 
lists reduced spending considerably and permanently.
Conclusions A shorter waiting time is likely to be cost-effective (considering commonly accepted willingness-to-pay thresh-
olds in Europe) relative to 3 months or longer waiting periods. If waiting lists are nevertheless seen as unavoidable due to 
severe but temporary budgetary restrictions, prioritizing patients for whom higher benefit is expected appears to be a way 
of postponing spending without utterly sacrificing patients’ survival and quality of life.
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Introduction

Growing demand alongside rising costs is a major concern 
for public funding of medical innovations, especially in 
times of crisis. Resource constraints may limit access to 
certain expensive but effective treatments, which might 
lead to an important loss in quality of life and even to 
higher mortality. Since the beginning of the economic 

crisis in Spain, waiting times for some elective interven-
tions have started rising again after years of stable trends 
[1–3]. In this context, assessing the cost-effectiveness of 
longer against shorter waiting times for different indica-
tions can shed light on the clinical and economic conse-
quences of restricting access to expensive interventions 
and might provide useful information to decision makers.

The case of transcatheter aortic valve replacement 
(TAVR) for the treatment of aortic stenosis (AS) is spe-
cially challenging. AS is an increasingly prevalent cause 
of morbidity and mortality in the elderly [4–7]. Surgical 
replacement of the aortic valve is the standard treatment 
[8] for aortic stenosis but TAVR is a cost-effective option 
for inoperable or high risk patients [9, 10].
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TAVR was introduced in Europe in 2008 and, although 
adoption trends in Spain seemed to flatten between 2008 
and 2012 in comparison with other European countries [11], 
its use has doubled since 2012 [12–14]. According to the 
last available update of the Spanish Registry [12], TAVR 
procedures increased from 845 in 2012 to 1586 in 2015. 
Osnabrugge and colleagues [15] gave an estimate of 17,712 
(95% CI: 7590–32,691) new TAVR candidates each year in 
a group of 19 European countries; it should be observed that 
their estimate was performed before the publication of new 
TAVR guidelines [16] which expand the indications to the 
intermediate risk population [17, 18]. Thus, an even steeper 
increase in demand is to be expected in the coming years.

The high rate of adverse events in patients on the waiting 
list for TAVR observed in a previous study [9] and our own 
clinical experience, led us to perform this analysis. Our main 
objective was to evaluate the efficiency of restricting access 
to TAVR if that implies a waiting list. Specifically, we aimed 
to evaluate: (1) the clinical consequences of having to wait 
for TAVR and; (2) whether the potential economic savings 
compensate the losses in effectiveness.

Methods

Model overview

We used a Markov model to trace patients with severe AS 
from the moment of indication for TAVR until death in 
3-month cycles. We compared costs, survival, and health-
related quality of life associated with immediate TAVR 
(waiting for less than 3 months) vs waiting for 3, 6, 9, or 
12 months.

We simulated a cohort of 1000 patients, male, and 
80 years old. The primary outcome was established as the 
costs avoided per quality-adjusted life year (QALY) lost due 
to waiting for TAVR or, alternatively, the incremental cost-
effectiveness ratio (ICER) of eliminating waiting lists.

Figure 1 provides an overview of the model. Patients with 
indication for TAVR may enter the state of waiting for inter-
vention or receive immediate TAVR. Patients entering the 
waiting state remain there for one to four cycles. In the wait-
ing state patients are at higher risk of suffering AS related 
complications (including death) that result in hospitalization 
or emergency visits, and may undergo valvuloplasty. Patients 
who survive after TAVR enter the post-TAVR state where 
they remain until death and may require hospitalization or 
emergency visits.

Data sources

We estimated utilities, costs and transition probabilities from 
two prospective observational studies with data collection 
before and after receiving TAVR.

We estimated utilities and costs incurred in the different 
health states from the TEVAS study. The cohort has been 
described elsewhere [9]. Briefly, it consisted of 147 consecu-
tive patients receiving TAVR through transfemoral access 
in six Spanish hospitals (between October 2011 and July 
2013), with mean age of 81 and mean EuroScore of 14.5 
(SD: 9.7). Of these, 145 were centrally interviewed by phone 
to assess EQ-5D-3L and resource consumption at 1, 3, 6, and 
12 months; and 58 were interviewed while they were on the 
waiting list. Resource consumption during index hospitali-
zation was collected at each centre by the local investiga-
tors; after discharge, resource use was collected through a 
patient logbook. In case of admission before or after the 
intervention, clinical records were centrally checked to col-
lect resource consumption.

Transition and event probabilities were estimated from 
237 consecutive patients attending the coordinating centre 
(the “VH cohort”) between 2008 and 2014. One hundred and 
fifty-two out of 237 patients with indication for TAVR even-
tually received it, 42 were still waiting by the end of 2014, 
and 43 died while waiting (31 due to cardiovascular causes). 
See the Online Supplementary material for a description of 
the VH cohort: Online Supplementary Table 1 shows base-
line characteristics by waiting time for patients who received 
TAVR. The proportion of patients waiting for up to 3, 3–6, 
6–9, 9–12, or > 12 months, was 17, 24, 18, 11, and 30%, 
respectively. Online Supplementary Figure 1 shows survival 
curves during waiting time and after TAVR.

Hospitalizations and emergency room visits were pro-
spectively collected by a member of the “heart team” attend-
ing patients with AS. The date at which the “heart team” 
considered that the patient met the criteria for TAVR indi-
cation following standard international guidelines [19], was 
taken as the initial point for computing waiting time.

Model parameters

Table 1 shows the estimates for utility penalties and costs. 
We derived utilities from the EQ-5D-3L generic quality of 
life instrument [20]. Observations in the TEVAS study were 
stratified by the health states and events distinguished in 
the model (descriptive statistics of EQ-5D-3L scores and 
monthly costs used to estimate the model parameters can 
be found in Online Supplementary Table 2). To estimate 
the utility penalties due to waiting and due to complica-
tions before or after TAVR, we calculated differences in 
mean EQ-5D-3L utility values before and after TAVR for 
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patients with and without complications. In each 3-month 
cycle patients remained in the waiting state and/or experi-
enced complications, these utility penalties were subtracted 
from the reference EQ index values for the Spanish general 
population of the same age and sex [21]. Following expert 
opinion (which was in accordance with our data), patients 
were assumed to return after TAVR to utility levels equal to 
those of the Spanish general population of the same sex and 
age. Expert opinion was gathered from a clinical cardiolo-
gist attending patients with AS (IF), a clinical cardiologist 
attending AS patients who were candidates for intervention 
(VS), an interventional cardiologist (BGB) and a methodolo-
gist with experience in quality of life assessment (AR), in 
several meetings prior the start of data collection.

Costs were determined from the perspective of the Span-
ish health services. Unit costs (expressed in euros for 2012) 
were primarily obtained from cost accounting records of the 
coordinating centre; costs of medical attention outside the 
hospital were based on reimbursement tariffs. Table 2 lists 
all resource items and unit costs used.

Mortality before and after TAVR was based on Spanish 
life tables, corrected for the excess risk observed in the VH 
cohort relative to the general population of the same age and 
sex. For the base case analysis the excess risk was assumed 
to be additive.

Table 1 summarizes the transition and event probabilities. 
Event rates estimated in the VH cohort (which are shown in 
Online Supplementary Table 3) were converted into prob-
abilities [22]. Changes in parameters to fit the specific sub-
groups defined further are also listed in Table 1.

A discount rate of 3% per year was applied to adjust 
future costs and benefits.

Sensitivity analysis

Probabilistic (PSA), one-way sensitivity, and scenario 
analyses were conducted to assess sampling and param-
eter uncertainty. PSA was performed using Monte Carlo 
simulation (1000 iterations), assuming the distributions 
shown in Table 1. The simulation results were plotted on 
a cost-effectiveness plane and a cost-effectiveness accept-
ability curve was calculated showing the probability of 
waiting for TAVR being more cost-effective than imme-
diate intervention as a function of the willingness to pay 
for a QALY.

In one-way sensitivity analyses, parameters were var-
ied ± 25% of their base-case values. The scenario analy-
ses assessed alternative assumptions regarding sex and 
age, excess mortality post TAVR (multiplicative instead 
of additive mortality risk vs the general population), and 
discount rate (0 and 5%).

In order to estimate outcomes for certain subgroups of 
patients who might benefit particularly from shorter wait-
ing times, we defined three patient profiles by changing 
some of the base-case parameters (as shown in Table 1):

Subgroup 1.  Patients experiencing acute decompensation 
of heart failure or syncope were assumed a 
much higher probability of hospitalization 
prior to TAVR.

Fig. 1  Schematic diagram of 
Markov model structure
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Subgroup 2.  Patients with marked progression of symp-
toms were assumed a higher probability 
of hospitalization prior to TAVR, a more 
severely impaired quality of life and a smaller 
further decline in quality of life due to com-
plications while waiting.

Subgroup 3.  Patients with absolute contraindication for 
surgery for anatomic reasons or calcified 
aorta without other comorbidities, were 
assumed to have a mortality risk closer to 
that of the general population of the same 
age and sex after TAVR.

Results

Base‑case model results

The main study results are shown in Table 3. The longer 
patients have to wait, the more of them die before TAVR, 
and consequently the fewer devices are implanted. On 
the other hand, the increasing number of patients suffer-
ing from complications while waiting leads to additional 
resource consumption due to hospitalizations, emergency 
visits, and valvuloplasties. Altogether, net cost savings 
are achieved, but at considerable loss of life expectancy 
and QALYs. Incremental cost-effectiveness is estimated at 

Table 1  Model parameters

For subgroups 1, 2, and 3 all parameters are assumed to be identical to the base-case, except if otherwise stated
TAVR transcatheter aortic valve replacement
*Parameters derived from the TEVAS study data; **Parameters derived from the VH cohort data

Base-case values Assumed distribution Subgroup 1 
values

Subgroup 2 
values

Sub-
group 3 
values

Utilities*
 Utility penalty during each 3-month cycle 

waiting for TAVR
0.16 Normal (0.16;0.03) 0.46

 Utility penalty during each 3-month cycle with complications
  Before TAVR 0.08 Gamma (0.68;0.12) 0.05
  After TAVR 0.20 Gamma (5.86;0.03)

Costs (in €)*
 3-Month cycle without complications
  Before TAVR 732 Gamma (120;6)
  After TAVR 555 Gamma (505;1)

 Hospitalization (per episode) 3764 Gamma (69;39)
 Emergency visit 112 Gamma (96;1)
 Valvuloplasty—procedure related costs 591 Gamma (96;6)
 Valvuloplasty—device 1596 Fixed
 TAVR—procedure related costs 8722 Gamma (96;91)
 TAVR—device 22,205 Fixed

Transition and event probabilities**
 Mortality related to TAVR procedure 5.6% Beta (12;197)
 Excess mortality vs general population
  Before TAVR 4.0% Beta (9;228)
  After TAVR 1.5% Beta (3;198) 0.3%

 Hospitalization
  Before TAVR 10.2% Beta (24;213) 99% 50%
  After TAVR 2.3% Beta (3;135)

 Valvuloplasty
  Before TAVR 7.8% Beta (18;219)
  After TAVR 0.0% –

 Emergency visit
  Before TAVR 11.0% Beta (26;211)
  After TAVR 2.8% Beta (4;134)
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Table 2  Healthcare resources 
used and unit costs

Sources of the unit costs: (a) mean cost in the coordinating centre, 2012; (b) acquisition cost in the partici-
pating hospitals using Medtronic Corevalve system, 2012; (c) acquisition cost in the participating hospitals 
using Edwards Sapiens system, 2012; (d) acquisition cost in the coordinating hospital, 2012; (e) mean for 
the study patients attending the coordinating centre; (f) reimbursement tariffs of the Catalan health service, 
2012; (g) average cost of a formal carer

Items Unit of measure Unit cost (€) Source

Physician Hour in cath lab 37.35 a
Nurse Hour in cath lab 25.97 a
Nursing assistant Hour in cath lab 17.16 a
Valve prostheses Unit 22,205.61 c
Other procedure related items Unit 1,042.33 d
Pump for TAVR procedure Unit 387.52 d
Vascular closure device Unit 484.50 d
Complications costs
 Vascular complication Unit 1,646.91 e
 Antibiotic treatment Days 35.45 e
 Haemodialysis Days 182.69 e, f
 Blood product Unit 235.08 e
 Permanent pacemaker Unit 3,200.00 d

Hospitalization costs
 Hospitalization Days 191.88 a
 ICU stay Days 914.61 a
 Laboratory tests for TAVR Unit 280.45 e
 Pharmacy for TAVR Unit 73.61 e

Other procedures costs
 Valvuloplasty Unit 2,186.77 d + personnel cost as in 

Physician, Nurse and 
Nurse assistant items

 Transthoracic ecocardiography Unit 56.00 f
 Transoesophageal ecocardiography Unit 170.00 f
 AngioTAC Unit 187.59 f
 Catheterization Unit 362.37 d + personnel cost as in 

Physician, Nurse and 
Nurse assistant items

 Angioplasty Unit 1065.42 d + personnel cost as in 
Physician, Nurse and 
Nurse assistant items

 Metallic stent Unit 949.06 d
 Drug eluting stent Unit 1726.37 d
 Magnetic resonance Unit 160.00 f
 Endoscopy Unit 150.00 f
 PET Unit 600.00 f
 TAC Unit 83.17 f

Follow-up costs
 Rehabilitation or convalescence Days 85.94 f
 Family physician visit Unit 41.00 f
 Specialist visit Unit 64.00 f
 Emergency room visit Unit 111.81 f
 Nurse visit Unit 29.00 f
 Formal care (weekdays/weekend) Hour 12.00/15.00 g
 Hospital admission Same as index hospitalization
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approximately 12,500 € per QALY lost. Regarding budget 
impact, however, postponing TAVR can have a very big 
temporary effect in the year when the decision is adopted; 
this impact is largely, but not completely, reversed in fol-
lowing periods, thus leading to a permanent reduction in 
spending (Fig. 2). 

Sensitivity analysis

We present sensitivity analysis results for a waiting time of 
12 months, but similar results were obtained for the other 
waiting times.

Figure 3 shows the distribution of incremental costs 
and QALYs in the cost-effectiveness plane after bootstrap 
resampling. Since cost savings are closely related to inter-
ventions avoided due to mortality before TAVR, there is a 
strong correlation between cost savings and QALYs lost. 

Table 3  Model results (base-case analysis)

TAVR transcatheter aortic valve replacement, QALY quality adjusted life year, ICER incremental cost-effectiveness ratio
*The TAVR procedures take place in the 1st year, except for a waiting time of 12 months, where they take place in the 2nd year

Waiting time

None 3 months 6 months 9 months 12 months

Events in first year (in a cohort of 1000 patients):
 Deaths 162 183 204 224 244
 Hospitalizations 82 161 236 307 375
 Valvuloplasties 0 78 152 222 288
 Emergency visits 100 182 260 334 405
 Total number of TAVR procedures* 1000 946 895 847 801
 First-year budget (€) 33,255 32,231 31,276 30,386 4785
 Impact from waiting on budget in first year (€) − 1024 − 1979 − 2869 − 28,470

Life-time data (per patient):
 Life expectancy (years) 5.8 5.6 5.5 5.4 5.3
 Expected QALYs 3.8 3.7 3.6 3.5 3.4
 Expected lifetime costs (€) 43,903 42,387 40,967 39,637 38,391
 QALYs lost per patient due to waiting 0.1 0.2 0.3 0.4
 Lifetime cost savings from waiting (€ per patient) 1516 2936 4266 5511
 ICER (€ saved per QALY lost) 12,506 12,559 12,612 12,665

Fig. 2  Cumulative budget 
impact per patient with TAVR 
indication of immediate TAVR 
and waiting for 3, 6, 9, or 
12 months
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The ICER variability falls mostly between the 10,000 and 
20,000 €/QALY boundaries, and the probability that waiting 
vs immediate TAVR is cost-effective at a willingness to pay 
threshold of 20,000 €/QALY is less than 10% (see Fig. 4 for 
the complete cost-effectiveness acceptability curve).

In one-way sensitivity analyses (Fig. 5), model estimates 
were most sensitive to changes in the cost of the TAVR 
device and the post-TAVR excess mortality relative to the 
general population.

ICER results obtained depending on patients’ sex and 
age are shown in Fig. 6. Panel A shows results under the 

assumption that excess risk is additive, i.e., that the mor-
tality rate after TAVR is 1.5% points higher than that of 
the age- and sex-adjusted general population, and panel 
B shows ICER results assuming that excess risk is multi-
plicative, i.e., that mortality is 2.0 times higher than that 
of the age- and sex-adjusted general population.

Table  4 compares findings for a waiting time of 
12 months under different scenarios. Online supplemen-
tary Table 4 shows results for the other waiting times. 
Age (or equivalently, life expectancy after TAVR) has an 
important impact on model outcomes. Marked differences 

Fig. 3  Probabilistic results on 
the cost-effectiveness plane for 
a waiting time for TAVR of 
12 months

Fig. 4  Cost-effectiveness 
acceptability curve for waiting 
time of 12 months
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are also found between particular subgroups of patients. 
When patients require hospitalization before TAVR 
because of aortic stenosis related complications (sub-
group 1), costs incurred during waiting time exceed the 
costs avoided due to mortality. For patients with marked 
progression of symptoms (subgroup 2), higher benefits 
are achieved in terms of quality of life after TAVR, while 
savings from waiting are close to zero. For patients 
with contraindications for surgery only for anatomical 
reasons or calcified aorta (subgroup 3) the resulting 
ICER is closer to that seen for the base case. Savings 
are somewhat higher but, because patients have a greater 
life expectancy after TAVR, health gains with immediate 
treatment are higher too.

Discussion

It has been argued in the health economics literature that 
letting patients wait for medical interventions can be eco-
nomically efficient because it avoids idle capacity and 
might deter patients from treatment, thus reducing costs 
[23]. On the other hand, waiting can have negative conse-
quences on effectiveness, which in turn may also have an 
impact on costs. In empirical research, these arguments 
in favour of waiting lists have shown to hold true only for 
very short waiting times or interventions with relatively 

little benefit [23]. In practice, the formation of waiting 
lists is usually not explained by hospital managers or 
head clinician as a desire to match supply and demand or 
to optimise operational efficiency, but is more typically 
justified with reference to externally imposed limitations, 
particularly financial restrictions and budget cutbacks. The 
reduction of a particular hospital activity will only have an 
immediate effect on spending, however, if it is possible to 
stop paying for the required resources relatively quickly. 
As opposed to activities that mostly use fixed resources 
(i.e., in-house MRI equipment or permanent staff), inter-
ventions that require expensive devices that have to be 
purchased for each patient (as is the case for TAVR) are 
therefore logical first candidates for restrictions.

We analysed whether, apart from being a logical first can-
didate, TAVR is also a good candidate for restricted use, if 
that implies a waiting list. Our findings indicate that, under 
the modelled assumptions, waiting lists for TAVR have an 
immediate alleviating impact on hospital budgets, which in 
the short term can be considerable. However, the achieved 
cost savings are essentially due to a steep increase in patient 
mortality leading, together with strongly diminished qual-
ity of life during waiting time, to a situation in which so 
many QALYs are lost that it appears difficult to sustain the 
argument that restricting access to the technology is eco-
nomically efficient or ethically unproblematic. Stating this 
conclusion inversely, the elimination of waiting lists for 

Fig. 5  One-way sensitivity analysis: tornado diagram
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TAVR appears to be a relatively cheap way to extend life 
expectancy and achieve additional QALYs in patients with 
severe AS. This is especially true for patients for whom a 
greater benefit of treatment is expected because of clinical 
condition or age.

Whether TAVR is a bad candidate for usage restrictions 
also depends on the (in)efficiency of alternative courses of 
action available to hospital management, that is, whether 
measures restricting other hospital activities with a similar 
budget impact would lead to more or to fewer QALYs lost 
per euro saved than the ICER found for waiting for TAVR. 
Our research does not say anything about the expected out-
comes of alternative courses of action, and some caution is 
therefore warranted. In any case, in the context of an eco-
nomic crisis in which restrictions and disinvestment seem to 
play an increasingly prominent role, the (empirical) determi-
nation of costs avoided per QALY lost (as the mirror image 
of costs incurred per QALY gained) should become more 
common than it currently is.

A related question is whether the willingness to give up 
QALYs for a given amount of money saved is symmetric to 
the willingness to pay the same amount for a QALY gained. 
The answer might appear obvious from a rational perspec-
tive, but due to behavioural habits or psychological preju-
dice, decision makers might be more reluctant to increase 
investment than to reduce savings [24]. However, even 
considering that the threshold required for savings might 
be empirically lower than the threshold for incremental 
spending, our results are well below the opportunity cost of 
20,000–25,000 € per QALY recently estimated from budget 
allocations observed in the Spanish setting [25].

Our results are clearly of concern for decision makers 
but the notion of efficiency should also be of concern for 
clinicians in their clinical practice. In the presence of una-
voidable waiting lists clinicians tend to adopt prioritiza-
tion criteria favouring more severe patients or those who 
are expected to benefit more from treatment. Our subgroup 
analyses indicate that prioritization criteria based on implicit 
clinical judgement can also be meaningful in terms of eco-
nomic efficiency; prioritizing the right patients increases the 

Fig. 6  Costs avoided per QALY lost for a waiting time for TAVR of 
12 months, under base-case assumptions (a) and assumption of multi-
plicative excess mortality risk after TAVR (b)

Table 4  Scenario and subgroup analyses for a waiting time of 12 months

QALY quality adjusted life years, ICER incremental cost-effectiveness ratio, TAVR transcatheter aortic valve replacement

Life years lost QALYs lost Costs saved (€/
patient)

ICER (€ 
saved/QALY 
lost)

Base case (men, 80 years old) 0.5 0.4 5511 12,665
Men, 60 years old 0.9 0.8 5065 6443
Women, 80 years old 0.5 0.4 5047 11,482
Women, 60 years old 1.1 0.8 5094 6511
Multiplicative excess mortality post TAVR 0.5 0.4 5511 12,601
Discount rate = 0% 0.5 0.5 4920 10,145
Discount rate = 5% 0.5 0.4 5924 14,571
Subgroup 1: acute heart failure decompensation or syncope 0.5 0.5 − 6686 Dominated
Subgroup 2: marked symptoms progression 0.5 0.7 42 58
Subgroup 3: absolute contraindication for surgery 0.9 0.7 6493 9137
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overall number of QALYs gained for a given budget. Refin-
ing indication criteria to decide the optimal therapy for a 
given patient (TAVR vs open surgery vs medical treatment) 
and establishing explicit prioritization criteria when wait-
ing lists are unavoidable is of paramount importance. Our 
findings support the use of economic evaluation as a tool for 
establishing formal prioritization strategies that maximize 
health benefits given limited health care resources [26].

The results of the sensitivity analyses deserve further 
attention. The impact of waiting for TAVR was found to be 
affected most by: (1) the price of the TAVR device, which 
is a constant in our model, but can vary between different 
hospitals and countries due to pricing strategies; and (2) 
the excess mortality after TAVR compared to the general 
population of the same age and sex—the higher the excess 
mortality after TAVR, the lower the QALY gain from 
eliminating the waiting list is. The latter is in accordance 
with cost-effectiveness results of TAVR vs medical treat-
ment which have been shown to be highly dependent on life 
expectancy after TAVR [27]. Moreover, according to current 
clinical guidelines [19], patients with poor life expectancy 
have no indication for TAVR, thus they should not be admit-
ted to the waiting list.

The parameter values used in our model were based on 
two “real data” cohorts. Although this is clearly a strength 
of the study, it might also be seen as a limitation in certain 
aspects. First, sample size for the estimation of some param-
eters was limited for some subgroups of patients; especially 
for the estimation of costs and utilities for patients on the 
waiting list and for patients with complications. However, 
according to the one-way sensitivity analyses, a variation 
of ± 25% in these parameters would have very little impact 
on the model estimates. Second, the observed waiting list 
was managed with prioritization based on clinical judgement 
and not with a first-in first-out criterion (which would have 
led to an equally distributed waiting time among patients 
with different degrees of severity). Moreover, bias could be 
avoided by randomising patients to shorter or longer wait-
ing times, but this is hardly feasible, and ethically unac-
ceptable, when dealing with a highly lethal and limiting 
disease such as severe AS. To estimate parameter values 
from an exhaustive literature review was not an option either, 
because published data on TAVR registries do not include 
events occurring between the indication and the interven-
tion. Another potential weakness of our study is that the 
Markov model might be considered too simple to explain 
such a complex phenomenon as the formation of waiting 
lists. We could have included several additional health states 
and transitions or used more sophisticated techniques, like 
discrete event simulation [28, 29], but since the main effects 
are driven by simple facts, we believe that a more complex 
model would have led to a roughly equivalent result. In any 
case, further research to develop similar or perhaps more 

specific methods for this purpose would be desirable, given 
the progressively rising costs of new technologies and thus 
predictably increasing restrictions on access to them in the 
future.

Koopmanschap and colleagues illustrated that the impact 
of waiting on the cost-effectiveness of one technology versus 
another is very scenario dependent and may be substantial, 
especially if health loss while waiting is partly or completely 
non-reversible (as is the case of the TAVR waiting list, as 
death accounts for the main health losses) [30]. However, 
our study investigated the impact of different waiting times 
for patients for whom open surgery is not an option. There-
fore, we did not compare one technological alternative to 
another. This also leaves for future research the question of 
whether TAVR is still cost-effective when having to wait for 
it, in patients for whom open surgery is clinically feasible 
but not cost-effective in the absence of waiting lists.

The impact of waiting time on the cost-effectiveness 
of technological innovations has been scarcely evaluated 
[23, 30–33]. Taking the case of TAVR as an example, we 
have shown how classical cost-effectiveness methodology 
can be articulated to estimate the effects of a waiting list 
on health losses, cost savings, and budget impact. We have 
thus explained a phenomenon that might be generalized to 
other medical technologies which share common features 
with TAVR (subject to constraints due to growing demand 
and high cost, and marked alleviation of symptoms and 
improved expected survival when appropriately indicated). 
Indeed, it appears that for any cost-effective technology that 
saves lives but adds costs, delaying its use will temporally 
alleviate budgets but cannot possibly be cost-effective.

Conclusion

In conclusion, when making the decision to incorporate 
(or to continue offering) a costly but effective technology 
(like TAVR) in a context of limited resources, decision 
makers should consider and decide upon the savings that 
would compensate a QALY that will probably be lost due 
to waiting for treatment. In the case of TAVR, the savings 
per QALY lost due to waiting are substantially below the 
willingness to pay thresholds commonly accepted to gain a 
QALY, suggesting that avoiding or eliminating waiting lists 
would be a cost-effective choice.
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