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 perspective

Is transcatheter aortic valve  implantation 
cost effective in the nonsurgical elderly 
population?

Transcatheter heart valves are an emerging tech-
nology for the treatment of patients with aortic 
stenosis (AS). The procedure is widely known 
as either transcatheter aortic valve implantation 
(TAVI) or replacement. Unlike surgical aortic 
valve replacement (AVR), which is the standard 
treatment for patients with AS who are consid-
ered candidates for open heart surgery, TAVI is 
a less invasive procedure, intended for patients 
who would otherwise not be offered an opera-
tion. In these patients who are considered not 
suitable for AVR (inoperable), TAVI can both 
improve survival and relieve symptoms when 
compared with standard therapy. Results of a 
randomized clinical trial, PARTNER, have led 
to the commercial approval of the first transcath-
eter heart valve (Edwards SAPIEN™, Edwards 
Lifesciences Corporation, CA, USA) in the USA.

Like most emerging medical technology, the 
clinical benefit of TAVI in inoperable patients is 
accompanied by an increased cost of the therapy. 
Thus, cost–effectiveness analyses are useful to 
determine the overall value of the new technology. 
These overall costs include the cost of the proce-
dure (including the cost of the valve) and all post-
operative care. The incremental cost–effectiveness 
ratio (ICER) is a quantifiable measure between 
two treatment strategies, in this case TAVI versus 
standard therapy for inoperable patients with AS, 
and has been demonstrated for several medical 
interventions  (Figure 1). Whether TAVI for the 
inoperable patient with AS is cost effective com-
pared with standard therapy therefore depends 
on the relative measures of  incremental costs and 
effectiveness of the procedure.

Defining the cohort: inoperable 
patients
AVR is a life-saving and symptom-relieving 
treatment for patients with severe, symptom-
atic AS. However, many patients with severe, 
symptomatic AS do not undergo AVR, despite 
class IA guidelines owing to medical conditions 
perceived as prohibitive of open heart surgery 
[1]. The definition of inoperability has not been 
previously well defined and its assessment is 
often subjective. In the pivotal trial, PARTNER 
cohort B, that studied the superiority of TAVI 
compared with standard therapy, inoperability 
was defined as medical conditions that would 
result in a combined risk of death or serious 
irreversible morbidity of 50% after AVR [2]. 
As a point of reference, AVR was performed in 
North America in 2006 with an average opera-
tive mortality of 2.6% and an observed stroke 
rate of 1.3% [3]. The trial mandated that inoper-
ability be determined by two cardiac surgeons of 
the heart team caring for the patient. Therefore, 
the entry of the truly inoperable patient into the 
trial required rigorous determination with the 
basic question for cardiac surgeons treating these 
patients being: before the advent of TAVI, would 
this patient be offered an AVR? 

The characteristics of the cohort enrolled in 
the trial provide an invaluable reference point for 
the inoperable patient (Table 1). Salient features 
are: the average age of 83 years; New York Heart 
Association functional class III/IV in greater 
than 90%; chronic obstructive pulmonary 
disease in 40%; previous CABG in approxi-
mately 40%; cerebral vascular disease in 27%; 

Transcatheter aortic valve implantation (TAVI) is an effective treatment for patients with aortic stenosis 
who are considered to be unsuitable for aortic valve replacement (inoperable). Inoperability is determined 
by the heart team, which includes a cardiac surgeon. TAVI in these patients has been shown to improve 
survival and symptoms when compared with standard therapy; however, TAVI comes at an increased cost. 
Six studies have calculated incremental cost–effectiveness ratios for TAVI in the inoperable patient and 
results have been varied. Moreover, incremental cost–effectiveness ratios were calculated from trial data, 
which may not reflect real-world experience. TAVI may only be marginally cost effective in inoperable 
patients with aortic stenosis.
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and peripheral vascular disease in up to 30%. 
The Society of Thoracic Surgeons predicted 
risk of mortality for this cohort was 11–12%; 
and the logistic EuroSCORE was 26–30% [2]. 
Importantly, neither medical comorbidities 
nor the risk scores determined inoperability in 
these patients. Rather, the anatomic and medi-
cal characteristics that are not included in the 
risk models were factors in determining inoper-
ability, which included porcelain aorta, hostile 
chest (chest irradiation, chest deformity and left 
internal mammary artery graft adherent to the 
sternum), oxygen-dependent lung disease, liver 
disease and frailty (Table 2). 

In addition, the consensus document from 
the Society of Thoracic Surgeons and American 
College of Cardiology has recognized that inop-
erability has not been well defined, and points 
out that other terms have also been used for 
this group of patients, such as ‘extreme risk’ 
and ‘prohibitive risk’ [4]. Moreover, a patient 
can be considered inoperable from either ana-
tomic considerations (porcelain aorta or hos-
tile chest) or medical considerations (frailty 
or end-stage organ dysfunction), as described 
above. Nevertheless, the society document has 
stated that the determination of inoperability 
should be performed by the heart team, which 
includes both the cardiac surgeon and cardiolo-
gist, and this has been reiterated by the US FDA 
[101] and Centers for Medicare and Medicaid 
Services [102]. 

effectiveness of TAVI in the 
inoperable patient
The PARTNER cohort B clinical trial defined 
the effectiveness of TAVI in the inoperable 
patient in terms of both improvement in sur-
vival and reduction of symptoms [2]. When com-
pared with standard therapy (including balloon 
aortic valvuloplasty in 84% of patients), TAVI 
was associated with a statistically significant 
decrease in all-cause mortality at 1 year (Figure 2) 
[2]. All-cause mortality in the TAVI group was 
30.7% compared with 50.7% in the medi-
cal group (hazard ratio: 0.54; p < 0.0001 and 
number needed to treat: 5). The survival benefit 
persisted for 2 years during the latest ana lysis, 
with all-cause mortality in the TAVI and medi-
cal group being 43.4 and 67.7%, respectively 
(hazard ratio: 0.57; p < 0.0001 and number 
needed to treat: 4.1) [5]. Moreover, when con-
sidering crossovers from the standard therapy 
to TAVI group, the results are even more con-
vincing that TAVI is associated with improved 
survival, based on an intent-to-treat analysis. A 
total of 21 patients (12%) in the standard ther-
apy arm underwent an aortic valve procedure 
(AVR, apico-aortic conduit or TAVI) resulting 
in a 38% 1-year mortality. Six patients (3.4%) 
in the TAVI arm did not receive TAVI owing 
to death before planned procedure or anatomic 
preclusions during the procedure. 

Symptoms in the survivors were also sig-
nificantly improved compared with standard 
therapy, with 75% of patients surviving in the 
TAVI group in the New York Heart Associa-
tion functional class I or II at 1 year compared 
with 42% in the medical group (p < 0.0001) 
[2]. When including deaths in this analysis 
(Figure 3), the benefit appears less pronounced, 
but nevertheless statistically significant. Classi-
fication of symptoms based on New York Heart 
Association classification, although a measure of 
symptom improvement, does not enter into the 
cost–effectiveness analysis.

Health-related quality of life was studied 
in the survivors using the Kansas City Car-
diomyopathy Questionnaire and the Medical 
Outcomes Study Short-Form 12 [6]. Baseline 
measures of quality of life were similar in the 
TAVI and medical groups, but were significantly 
better in the TAVI group at 1 year, as measured 
by the Kansas City Cardiomyopathy Question-
naire and the Medical Outcomes Study Short-
Form 12 (Figure 4). In order to account for deaths 
and missing data, the proportion of patients with 
an ‘excellent outcome’, defined as alive and with 
a greater than 20-point increase from baseline 
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Figure 1. Published cost–effectiveness estimates by therapy. 
ICD: Implantable cardioverter defibrillator; LVAD: Left ventricular assist device; 
PCI: Percutaneous coronary intervention; QALY: Quality-adjusted life-year; 
RFA: Radiofrequency catheter ablation. 
Reproduced with permission from [105].
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in the Kansas City Cardiomyopathy Question-
naire, was found to be 38% in the TAVI group 
versus 9.2% in the medical group (p < 0.001) 
[6]. Quality of life is factored into the utility of 
an intervention, and the composite is referred 
to as quality-adjusted life years. Therefore, a 
patient’s health status can range from 1 (perfect 
health) to 0 (death). Thus, the overall utility 
can be measured in terms of life expectancy and 
health status.

Costs of TAVI
Actual costs, as opposed to hospital charges, can 
be divided into two broad categories. The first is 
the costs of the index hospitalization for TAVI, 
including the cost of the valve, procedural costs, 
cost of complications, cost of hospital stay (inten-
sive care unit and ward) and medication costs. 
Only the TAVI group incurred these costs, and 
the drivers are the cost of the valve and length 
of hospital stay. Both groups, however, would be 
subject to follow-up costs, which include rehos-
pitalization, non-inpatient care (rehab ilitation, 
nursing home and home care), outpatient medi-
cal care and medication; the main driver of 
 follow-up costs is rehospitilizations.

Costs were directly measured for both groups 
in the PARTNER cohort B trial for up to 1 year, 
but all costs after 1 year were estimated [7]. As 
part of this estimate, life expectancy of the TAVI 
and medical group was assumed to be 3.1 and 
1.2 years, respectively. Several other studies looking 
at cost–effectiveness have used  PARTNER cohort 
B trial data to formulate their own conclusions. 

Cost–effectiveness of TAVI
Typically, the ICER is calculated as incremental 
costs per incremental quality-adjusted life years. 
What is considered to be cost effective varies 
by country, but most countries do not have an 
explicit threshold for cost–effectiveness (or will-
ingness to pay [WTP]). In the USA, the ICER 
for hemodialysis is a reasonable, accepted thresh-
old for cost–effectiveness and is estimated to be 
approximately US$70,000 per quality-adjusted 
life year [8]. Similarly, in Europe, a threshold 
of UK£20,000–30,000 (US$30,000–48,000, 
depending on exchange rate) is proposed by 
the NIH and NICE [9]. In Canada, a thresh-
old CAD$20,000–100,000 is considered to 
be cost effective [10], although CAD$50,000 is 
most  commonly used for purposes of sensitivity 
analyses. 

Six studies, using data derived from the 
PARTNER cohort B trial, have been published 
comparing the cost–effectiveness of TAVI with 

standard therapy in inoperable patients (Table 3). 
Three have shown that the ICER falls within the 
acceptable range for their respective country’s 
WTP. The US analysis uses cost data directly 
collected from the PARTNER cohort B trial, 
but, nevertheless, an ICER of US$61,889 can 
be considered cost effective given a WTP thresh-
old of US$70,000 [7]. The Belgian study shows 
a comparable ICER at €44,900 (US$59,721), 
but if a lower threshold is used, as prescribed by 
NICE, then the conclusion is that TAVI may 
not be cost effective for that country [11]. An 
important distinction is made in the Belgian 

Table 1. Baseline characteristics of inoperable patients randomized 
to transcatheter aortic valve implantation versus medical treatment 
(PArTNer cohort B trial).

Characteristic TAVI  
(n = 179)

standard therapy 
(n = 179)

p-value

Age (years) 83.1 83.2 0.95

Male sex (%) 45.8 46.9 0.92

STS score 11.2 12.1 0.14

Logistic EuroSCORE 26.4 30.4 0.04

NYHA class I or II (%) 7.8 6.1 0.68

NYHA class III or IV (%) 92.2 93.9 0.68

CAD (%) 67.6 74.3 0.20

Prior MI (%) 18.6 26.4 0.10

Prior CABG (%) 37.4 45.6 0.17

Prior PCI (%) 30.5 24.8 0.31

Prior BAV (%) 16.2 24.4 0.09

CVD (%) 27.4 27.5 1.00

PVD (%) 30.3 25.1 0.29

COPD: any (%) 41.3 52.5 0.04

COPD: O
2
 dependent (%) 21.2 25.7 0.38

Creatinine >2 mg/dl (%) 5.6 9.6 0.23

Atrial fibrillation (%) 32.9 48.8 0.04

Permanent pacemaker (%) 22.9 19.5 0.49

Pulmonary HTN (%) 42.4 43.8 0.90
BAV: Balloon aortic valvuloplasty; CABG: Coronary artery bypass graft; CAD: Coronary artery 
disease; COPD: Chronic obstructive pulmonary disease; CVD: Cardiovascular disease; 
HTN: Hypertension; MI: Myocardial infarction; NYHA: New York Heart Association; 
PCI: Percutaneous coronary intervention; PVD: Peripheral vascular disease; STS: Society of Thoracic 
Surgeons; TAVI: Transcatheter aortic valve implantation. 
Data taken with permission from [105].

Table 2. Anatomic and medical characteristics of inoperability 
(PArTNer cohort B trial).

Characteristic TAVI (n = 179) standard therapy 
(n = 179)

p-value

Frailty (%) 18.1 28.0 0.09

Porcelain aorta (%) 19.0 11.2 0.05

Chest wall radiation (%) 8.9 8.4 1.00

Chest wall deformity (%) 8.4 5.0 0.29

Liver disease (%) 3.4 3.4 1.00
TAVI: Transcatheter aortic valve implantation.  
Data taken with permission from [105].
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study between patients who are inoperable for 
anatomic reasons and medical reasons. Patients 
with anatomic reasons for inoperability are more 
likely to benefit from TAVI compared with 

patients who have debilitating medical condi-
tions. Therefore, this subgroup of anatomically 
inoperable patients has a more favorable ICER 
and may be more cost effective than medically 
inoperable patients.

The two Canadian studies differ in their 
ICER calculation, with the Hancock-Howard et 
al. study estimating CAD$32,170 (US$32,424) 
[12] and the Doble et al. study estimating 
CAD$51,324 (US$50,093). Given the same 
Canadian threshold for WTP of CAD$49,000 
(US$47,825), the Doble study found that TAVI 
only had a 44% probability of being cost effec-
tive. The difference in ICER is related to the 
difference in time horizon between the two 
Canadian studies; 20 years for Doble et al. and 
3 years for Hancock-Howard et al.

Similarly, the two UK studies showed a differ-
ence in ICER calculations, with the Watt et al. 
study estimating UK£16,200 (US$24,993) 
[14], and the Murphy et al. study UK£35,956 
(US$56,963) [15]. However, when including 
data outside of the PARTNER cohort B, which 
showed almost twice the survival benefit, Mur-
phy et al. showed that TAVI could be cost effec-
tive with an ICER of UK£19,063 (US$30,854). 
Interestingly, the only other study to include data 
other than the PARTNER cohort B data was the 
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Belgian study (mentioned above), which dem-
onstrated an opposite effect. In their analysis, 
Neyt et al. used data from the continued access 
arm of the PARTNER cohort B trial. These data 
have not been published, but did show a 12.7% 
higher 1-year mortality in the TAVI group as 
compared with the original PARTNER cohort 
B study group.  This higher 1-year mortality in 
the TAVI group decreases the survival advantage 
of the TAVI group as compared with standard 
therapy [11]. The authors also suggest that results 
from the PARTNER cohort B trial may not be 
reproducible, but further ana lysis of the contin-
ued access arm is limited owing to lack of pub-
lication of these negative results. Moreover, the 
authors point out that the randomized PART-
NER cohort B groups are, indeed, unbalanced 
with more chronic obstructive pulmonary dis-
ease and atrial fibrillation in the medical group, 
which biases the results in favor of the TAVI 
group (Table 1).

Overall, these six studies demonstrate a mar-
ginal cost–effectiveness for TAVI in the inoper-
able patient. In the UK, Murphy et al. showed 
an ICER of US$56,963 compared with Watt 
who showed a US$24,993, while in Canada, 
Doble et al. and Howard-Hancock et al. showed 
US$50,093 and US$32,424 ICERs, respec-
tively. The wide variation of ICERs in these 
countries calls into question whether TAVI is 
cost effective for inoperable patients in those 
particular countries. WTP thresholds also vary 

by country and what is cost effective for one 
country (e.g., USA) may not be so for another 
(e.g., Belgium).

Cost–effectiveness of TAVI in the 
real world?
These six studies determining the cost– effective-
ness of TAVI in the inoperable patient do not 
account for real-world results. Variability of 

Table 3. Cost–effectiveness of transcatheter aortic valve implantation compared with standard therapy in 
inoperable patients per country.

study (year) Country wTP (cost/QALy) ICer (cost/QALy) Time 
horizon

Is TAVr/TAVI 
cost effective 
compared with 
standard 
therapy?

ref.

Neyt et al.  
(2012)

Belgium UK£20,000–30,000 
(US$31,807–47,710)†

€44,900 
(US$59,721)

Lifetime No [11]

Doble et al.  
(2012)

Canada CAD$49,000 
(US$47,825)

CAD$51,324 
(US$50,093)

20 years No [13]

Hancock-
Howard et al.  
(2013)

Canada CAD$50,000 
(US$50,395)

CAD$32,170 
(US$32,424)

36 months Yes [12]

Murphy et al. 
(2013)

UK UK£20,000–30,000 
(US$32,170–48,256)†

UK£35,956 (95% CI: UK£24,768–65,103) 
(US$56,963 [95% CI: US$39,238–103,138])

Lifetime No [15]

Watt et al.  
(2012)

UK UK£20,000–30,000 
(US$30,855–46,283)†

UK£16,200 
(US$24,993)

10 years Yes [14]

Reynolds et al. 
(2012)

USA US$68,537 US$61,889 (95% CI: US$49,551–78,361) Lifetime Yes [17]

All currencies shown in parentheses were converted to US$ on the date of acceptance for publication using OANDA [106].
†Indicates WTP (cost/QALY) was determined using NICE guidelines. 
ICER: Incremental cost–effectiveness ratio; QALY: Quality-adjusted life-year; TAVI: Transcatheter aortic valve implantation; TAVR: Transcatheter aortic valve 
replacement; WTP: Willingness to pay.
Data taken with permission from [105].
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outcomes has already been demonstrated in the 
continued access arm of the same pivotal trial 
(PARTNER cohort B) using the same inclusion 
and exclusion criteria. The learning curve for 
TAVI may be significant (~30 cases [16]) and 
small centers with incipient TAVI programs may 
require a significant amount of time to surpass 
their learning curve [16]. Results may vary in 
both costs (particularly length of hospital stay) 
and effectiveness (overall survival). Whether 
TAVI will be concentrated in high-volume 
valve centers rather than be scattered among 
many small centers remains to be determined. 
Commercial rollout of this new technology in 
the USA will be met with a mandatory regis-
try (Society of Thoracic Surgeons/American 
College of Cardiology TVT Registry™ [WA, 
USA]) for all patients receiving TAVI in the 
USA [103]. Only from this registry can a cred-
ible analysis of real-world results be pursued in 
the future.

Inappropriate use of TAVI is another vari-
able in the real world. Inappropriate designation 
of inoperability in a patient who could other-
wise have AVR (although high risk) limits the 
options available to patients and is not pertinent 
to cost–effectiveness studies comparing TAVI 
with standard therapy. Indeed, cost–effective-
ness studies comparing TAVI with AVR in 
high-risk patients have been even less convinc-
ing [13,17]. On the other hand, offering TAVI 
to the inoperable patient as a futile measure, 
by definition, is a disservice to the patient. The 
PARTNER trial specifically excluded patients 
with comorbidities that otherwise limit patient 
survival to less than 1 year, regardless of AS. 
Society consensus has determined futility as: 
“lack of medical efficacy, as judged by the 

patient’s physician; or lack of a meaningful sur-
vival, as judged by the personal values of the 
patient” [4]. Perhaps another practical defini-
tion of the futility is suggested by the US FDA-
labeled indication for TAVI: “inoperable for 
open [AVR] and in whom existing comorbidi-
ties would not preclude the expected benefit 
from correction of the [AS]” [101]. 

Conclusion & future perspective
TAVI is an effective therapy when compared 
with standard therapy for the patient with AS 
who is otherwise unsuitable for AVR (inoperable 
patient). Based on country-specific thresholds of 
WTP, TAVI for the inoperable patient is mar-
ginally cost effective based on varied results 
from six studies using data primarily from the 
PARTNER cohort B trial. 

In the future, the field of transcatheter heart 
valves will evolve rapidly. True 5–10-year clini-
cal outcomes (survival) from the PARTNER 
cohort B trial will become available and the cost 
of the valves will decrease as more competitors 
enter the market (current analysis is based on a 
US$30,000 cost of the transcatheter heart valve) 
allowing for more accurate cost–effectiveness 
studies. Moreover, data from the Medtronic 
Corevalve randomized clinical trial will also 
become available for study [104]. Although 
there is optimism that greater experience and 
improved technology will result in better clinical 
outcomes, it is more likely that real-world experi-
ence will not replicate trial experience in terms of 
appropriateness of use and tertiary care results. 
Thus, future studies on cost– effectiveness using 
updated trial data will appear more favorable, 
but studies using real-world data may appear less 
favorable.

executive summary

The inoperable patient with aortic stenosis
 � Medical conditions that would result in the combined risk of death or serious, irreversible comorbidities of greater than 50%.
 � The average age and The Society of Thoracic Surgeons score of the PARTNER cohort B patient was 83 years and 11–12%, respectively.
 � Anatomic and medical factors including porcelain aorta, hostile chest, oxygen-dependent lung disease, liver disease and frailty defined 

the inoperable cohort.

Effectiveness of transcatheter aortic valve implantation in the inoperable patient
 � Transcatheter aortic valve implantation (TAVI) improved overall survival and reduced symptoms when compared with standard therapy.
 � Health-related quality of life was improved in patients who survived after TAVI.

Costs of TAVI in the inoperable patient
 � The cost of the transcatheter heart valve is measured in multiples (five-times standard surgical heart valves) when compared with 

surgical heart valves.
 � Rehospitalizations are the main drivers of postoperative costs.

Cost–effectiveness of TAVI 
 � The incremental cost–effectiveness ratio for TAVI compared with standard therapy for the inoperable patient with aortic stenosis has 

been calculated in six trials with varying results.
 � TAVI may not be cost effective, depending on willingness to pay thresholds, which are specific to each country.
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