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Abstract

Transcatheter management of valvular and structural heart disease is the most growing aspect of 

interventional cardiology. While the early experience was limited to patients who were not 

candidate for surgery, the continuous improvement in the efficacy and safety expanded its use to 

different degree depending on the procedure and the disease involved. The cost of these 

procedures is a major concern for health care in developed world. Cost-effectiveness of these 

transcatheter structural procedures varies depending on the procedure itself, the burden of the 

underlying disease, the feasibility and cost of both the Transcatheter and surgical procedures. In 

this review, we turn now to a specific discussion of the medical economics of percutaneous 

valvular and structural interventions.
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INTRODUCTION

Structural heart disease is the field of interventional cardiology that may well witness the 

greatest growth in the next 10 years.1 The field of structural interventional cardiology was 

first developed with transcatheter valvuloplasty of the mitral valve followed by the 

introduction of closure devices of atrial septal defects (ASD) and patent foramen ovale 

(PFO). Importantly, the recent introduction of transcatheter aortic valve replacement 

(TAVR) and the development of new transcatheter techniques to manage mitral 

regurgitation promises an expected growth of 30% in the volume of structural procedure 

over the next decade.1 This estimated growth is based on the expected increase in incidence 
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of aortic and mitral valve disease in the future due to aging of the population in addition to 

greater penetration of these methods to reach broader populations. Analysis based on three 

large population-based epidemiological studies showed that the prevalence of aortic and 

mitral valve disease in the population was estimated to be 2.5% but ranged from less than 

1% for those under 54 years old to 4% to 8% by age 65 to 74 and 12% to 14% over age 75.2

The approval of the Edwards Sapien valve (Edwards Lifesciences, Irvine, CA) in 2007 and 

the CoreValve (Medtronic, Minneapolis, MN) shortly thereafter in Europe lead to the 

performance of more than 60,000 TAVR procedures outside of the United States (US) in 

2011.1 In the United States, the Edwards Sapien valve was approved in 2011 and the 

CoreValve was approved in 2014. It is expected that TAVR volume will grow from 2000 

per year in 2012 to 25,000 per year after 2015, especially after TAVR was shown to be a 

viable option in not only inoperable patients but also in operable but high risk patients.1 

Similarly, many advances in the transcatheter management of mitral regurgitation are 

evolving.3 Currently the MitraClip is the only transcatheter-approved therapy for mitral 

regurgitation in the US, but there are many other devices available around the world.

All these advances in the transcatheter management of previously surgically managed 

conditions led to a different degree of change in practice around the world. Most of these 

transcatheter procedures are effective and are associated with comparable outcomes to 

surgery while being less invasive. However, they are associated in many cases with higher 

costs. In light of this, we turn now to a specific discussion of the medical economics of 

percutaneous valvular and structural interventions.

COST EFFECTIVENESS ANALYSIS AND DECISION MAKING

The primary goal of cost-effectiveness analysis is to evaluate different health care 

intervention options in common terms so that policy and other decision makers can be 

informed of the most efficient method of producing extra health benefits from among the 

alternative ways that health care dollars can be distributed. The metric used to assess 

incremental cost effectiveness is the incremental cost-effectiveness ratio (ICER). An ICER 

is defined as the ratio of incremental costs to incremental health benefits of treatment 1 

compared to treatment 2, or ICER = (C1 – C2)/(HB1 – HB2); where C1 and C2 are cost for 

treatment 1 and 2, respectively and HB is the health benefit of treatment 1 and 2, 

respectively.4

The ICER defines the cost that should be assumed for gaining one unit of output. In other 

words, if one of the alternatives is the usual practice, then it will tell us how much it will 

cost to gain a unit of outcome when moving from the usual practice to a new alternative. 

The health benefit may be measured in any sensible unit, such number of myocardial 

infarctions averted, but most studies use the conventional option of measuring clinical 

benefits as either the number of added life-years (LYs) or quality adjusted life years 

(QALYs).4,5 Both of these approaches require estimation of life expectancy with and 

without the intervention being considered.

When assessing whether a treatment is cost effective, a requirement for threshold can arises 

when policy makers seek a benchmark to compare different treatments and judge different 
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studies. In general, wealthier countries may be willing to pay more (i.e. accept higher 

threshold) for a given treatment than poorer countries.4,6 In the United States, a cost-

effectiveness ratio < $50,000 per LY or QALY is frequently regarded as economically 

attractive, in part because it approximates the cost of providing chronic hemodialysis to 

patients with renal failure, at a cost that meets willingness-to-pay through Medicare.4 

Conversely, an ICER of > $100,000 per added LY or QALY is frequently regarded as 

economically unattractive. The range between these two benchmarks is the gray zone in 

which there is no consensus on whether a treatment is economically acceptable.4 However, 

assigning the same ICER threshold for different treatment in wide range of diseases and 

different burden of this disease may not be reasonable. Some countries may assign a general 

threshold for most cases, but allow for a higher threshold for treatment that relive 

considerable burden of illness, i.e. “the rule of rescue”. For example in Netherland, the 

average acceptable ICER is around €20,000, but an ICER of €80,000 per QALY will be 

acceptable for illnesses associated with a considerable disease burden.7 Similarly in Great 

Britain the limit of acceptable ICER varies between £20,000 and £30,000 depending on the 

burden of the disease.8

TRANSCATHETER VERSUS SURGICAL CLOSURE OF SECUNDUM ASD IN 

ADULTS

Transcatheter ASD closure was shown to be a feasible option for the management of 

secundum ASD in adults.9 Outcome analysis of a cohort of 718 ASD closures performed 

between 1988 and 2005 that included 383 surgical ASD closures and 335 transcatheter ASD 

closures showed no difference in mortality at 5 years between the two strategies (5.3% 

transcather vs. 6.3% surgical; P = 1.00), but transcatheter intervention was associated with a 

higher re-intervention rate at 5 years (7.9% vs. 0.3%, p = 0.0038).9 Following ASD closure, 

there was no difference in new-onset CHF (5.0% vs. 3.0%, p= 0.30) or stroke/TIA (1.6% vs. 

1.8%, p0.99) between patients undergoing surgical versus transcatheter ASD closure. 

Furthermore, there was a higher outpatient physician visits per patient (7.5 vs. 6.4, p 0.001) 

and critical care days per patient (0.24 vs. 0.14, p = 0.001) in the surgical cohort. There was 

no difference in the emergency department visits between the 2 groups (0.92 vs. 0.98, p = 

0.61).9

Cost effectiveness on this cohort showed that the 5-year cost of surgical closure was $15,304 

versus $11,060 for the transcatheter alternative. At 5 years, transcatheter closure was 

marginally more effective than surgery (4.683 ± 0.379 LY versus 4.618 ± 0.638 LY).10 So it 

seems that whenever feasible, transcatheter ASD closure may offer a very promising cost 

effective alternative surgical closure.

MEDICAL ECONOMICS OF TRANSCATHETER AORTIC VALVE 

REPLACEMENT (TAVR)

It is estimated that 3.4% of the population older than 75 years has severe aortic stenosis with 

350,000 patients in the US alone.11 Forty percent of these patients do not get surgical 

intervention secondary to being considered either inoperable or at very high surgical risk. 
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TAVR was developed as an alternative for surgical valve replacement. TAVR treats aortic 

stenosis by displacing and functionally replacing the native valve with a bioprosthetic valve 

delivered on a catheter (Edward Sapien) or trileaflet porcine pericardial valve on a self-

expanding nitinol frame (CoreValve) through the femoral artery (transfemoral approach, TF- 

TAVR) or the left ventricular apex (transapical placement, TA- TAVR). It is estimated that 

there are approximately 102,558 TAVR candidates in North America and 189,836 TAVR 

candidates in Europe.11

Cost Effectiveness of Transcatheter Aortic Valve Replacement vs. Medical Therapy in 
Inoperable patients

Symptomatic severe aortic stenosis in the absence of definitive treatment leads to 

progressive symptoms, functional decline, and death.12 In patients who are considered not 

candidates for surgical aortic valve replacement (SAVR), medical therapy was not effective 

in slowing the expected outcomes. The introduction of TAVR offered an alternative for this 

patients’ population.

The evidence supporting the use of TAVR in patients with severe aortic stenosis who are not 

surgical candidates comes from Cohort B of the placement of aortic transcatheter valves 

(PARTNER) trial that randomized 358 patients with aortic stenosis who were not considered 

to be suitable surgical candidates to either medical management (inclusive of balloon 

valvuloplasty) or TAVR. The trial found an impressive absolute 20% reduction in 1-year 

mortality for TAVR compared with standard therapy in this population (30.7% TAVR vs. 

50.7% standard therapy; HR= 0.55; 95% CI; [0.40 – 0.74]; P<0.001). However, TAVR was 

associated with a higher incidence of major strokes (5.0% vs. 1.1%, P=0.06) and major 

vascular complications (16.2% vs. 1.1%, P<0.001).12

An economic evaluation of the PARTNER B cohort showed that TAVR was associated with 

a mean cost of $42,806 for the initial procedure and $78,542 for the hospitalization. Follow-

up costs through 12 months were lower with TAVR compared to standard therapy ($29,289 

vs. $53,621; P<0.001). The cumulative 1-year costs remained higher with TAVR ($106,076 

vs. $53,621; P<0.001). TAVR would increase discounted life expectancy by 1.6 years (1.3 

quality-adjusted life-years) at an incremental cost of $79,837. TAVR use was associated 

with ICER of $50,200 per LY gained and $61,889 per QALY gained.13 Figure-1 

summarizes the cost assessment of medical management vs. TAVR in Partner trial Cohort 

B.

Another cost stimulation model based on the same cohort for an estimated 10-year time 

horizon showed that TAVR was cost effective at 24 months with ICER of £18,500 

($31,450) per QALY gained.14 So even though TAVR in this group was associated with a 

considerable increase in cost, it was still associated with what might be considered an 

acceptable ICER per LY and a potentially acceptable ICER per QALY over time.

The recent US trial evaluating the Medtronic self-expanding CoreValve compared to 

standard therapy in extreme risk patients has yielded similar improvement in outcomes with 

significant reduction in the incidence of death and stroke (26.0% CoreValve vs. 43.0% 
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standard therapy; P < 0.0001).15 An economic evaluation of CoreValve use in this 

population is expected in the near future.

Cost Effectiveness of Transcatheter Aortic Valve Replacement vs. Surgical Aortic Valve 
Replacement in High-Risk Patients

As TAVR offered a less invasive approach for aortic valve replacement, the question of its 

applicability and effectiveness in high-risk surgical patients came to the forefront. Cohort A 

of the PARTNER trial tried to answered this by randomizing 699 high-risk patients with 

severe aortic stenosis to undergo either TAVR (by either a transfemoral TAVR [TF-TAVR] 

or a transapical TAVR [TA-TAVR] approach) or SAVR. The results showed that TAVR 

was non-inferior to SAVR in the primary endpoint of death at 1 year (24.2% TAVR vs. 

26.8% SAVR; P=0.44). The rates of major stroke were non statistically different at 1 year 

(5.1% TAVR vs. 2.4%, SAVR; P=0.07). At 30 days, major vascular complications were 

significantly more frequent with TAVR (11.0% TAVR vs. 3.2% SAVR; P<0.001), while 

adverse events including major bleeding were more frequent after SAVR (9.3% TAVR vs. 

19.5% SAVR, P<0.001).16

Cost effectiveness analysis of Cohort A of the PARTNER trial compared SAVR with both 

TF-TAVR and TA-TAVR. In the TF-TAVR cohort, the overall admission costs were not 

significantly different between groups ($73,219 TAVR vs. $74,067 SAVR; P=0.84) and the 

12 months costs were non-significantly lower for TF-TAVR ($96,743 TF-TAVR vs. 

$97,992 SAVR; P=0.88) with a mean difference of −$1,250 (95% CI [−$18,132 to $13,867]; 

P=0.88). Both life expectancy and quality-adjusted life expectancy were slightly higher with 

TF-TAVR, making TF-TAVR economically dominant compared with SAVR in 55.7% of 

replicates with an ICER of $50,000/QALY gained in 70.9%.17

On the other hand, in the TA-TAVR cohort, the total admission costs remained non-

significantly higher with TA-TAVR ($90,919 TA-TAVR vs. $79,024 SAVR; P=0.06). The 

12-month cost was slightly non-significantly higher with TA-TAVR ($100,504 TA-TAVR 

vs. $98,434 SAVR; P=0.22) with a mean difference of $2,070 (95% CI [−$9,960 to 

$13,499]; P=0.22). Life expectancy was similar for the TA-TAVR and SAVR groups, 

whereas quality adjusted life expectancy tended to be less with TA-TAVR. Secondary to 

these, TA-TAVR was economically dominated by SAVR in the base case and economically 

attractive in only 7.1% of replicates. So in summary, while TF-TAVR seems to be an 

economically attractive alternative to SAVR in high surgical risk patient, it is unclear 

whether it is the case for TA-TAVR. Figure-2 shows the cost assessment of TAVR vs. 

SAVR in partner trial cohort A.

Recently data from the US trial evaluating the Medtronic self-expanding CoreValve 

comparing CoreValve TAVR to SAVR in high-risk patients also showed CoreValve use to 

be associated with significant reduction in mortality (14.2% CoreValve TAVR vs. 19.1% 

SAVR; P<0.001 for noninferiority; P = 0.04 for superiority).18

An economic analysis of CoreValve in this population showed that while CoreValve TAVR 

improved 1-month quality of life and 12-month survival relative to SAVR, TAVR was 

associated with $11,260 per patient higher index admission costs [$69,592 vs. $58, 332; 
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P<0.01]. The difference was less pronounced with TF-TAVR [$67,477 vs. $58,690; 

P<0.01], while it was significantly higher with non TF-TAVR approach [$79,790 vs. 

$56,446; P<0.01]. At 12 months, TF-TAVR was still associated with a slightly higher cost 

[$98,358 vs. $89,151]. The difference was still significantly higher with non TF-TAVR 

[$108,556 vs. $87,256]. Overall TAVR use was associated with ICER of $57,000 per LY 

gained and $67,059 per QALY gained.19 For TF-TAVR, the ICER was $48,330 per LY 

gained and $55,534 per QALY gained. For non TF-TAVR, the ICER was $98,141 per LY 

gained and $118,247 per QALY gained. Figure-3 shows the cost assessment of TAVR vs. 

SAVR in U.S. CoreValve Trial.

Transcatheter Aortic Valve Replacement vs. Surgical Aortic Valve Replacement in 
Intermediate-Risk Patients

SAVR is the standard of care in patients with severe aortic stenosis and intermediate or 

average surgical risk. Randomized trials comparing TAVR and SAVR in this population are 

currently ongoing (e.g., SURTAVI and PARTNER II); therefore, the comparative 

effectiveness and cost-effectiveness of TAVR and SAVR in intermediate-risk patients is not 

yet known.20

Data comparing the cost of both procedures comes from a single center study performed at 

the Erasmus Medical Center in the Netherlands comparing CoreValve TAVR with SAVR. 

Despite the fact that the hospital length of stay was shorter with TAVR, the cost of the 

TAVR procedure and follow up for the TAVR patient was higher resulting in higher in-

hospital (€40,802 TAVR vs. €33,354 SAVR; p=0.01) and total costs (€46,217 TAVR vs. 

€35,511 SAVR; p=0.009).21

COST EFFECTIVENESS OF PERCUTANEOUS MITRAL VALVE REPAIR

Data comparing percutaneous mitral valve repair with surgical mitral valve surgery comes 

from the EndoVascular Edge-to-Edge Repair Study (EVEREST) II trial that randomly 

assigned 279 patients with moderately severe or severe (grade 3+ or 4+) mitral regurgitation 

in a 2:1 ratio to undergo either percutaneous repair with the MitraClip (company, location) 

or conventional surgery for repair or replacement of the mitral valve. Results showed that 

surgical repair was associated with higher freedom from death, from surgery for mitral-valve 

dysfunction, and from grade 3+ or 4+ mitral regurgitation at 12 months (55% MitraClip vs. 

73% mitral surgery; P=0.007). This was mainly due to increased need for definitive surgery 

following use of the MitraClip (20% MitraClip vs. 2% surgery). There was no difference in 

death (6% in each group) or freedom from grade 3+ or 4+ mitral regurgitation (21% 

MitraClip vs. 20% surgery). Patients' quality of life improved from baseline to 12-months in 

the two study groups, yet surgery was associated with a transient decrease in the quality of 

life at 30 days.3

Cost effectiveness analysis of EVEREST II showed that the potential cost-effectiveness of 

MitraClip compared with mitral valve surgery varied depending primarily on MitraClip 

price and acute procedural success. Economic assessment using the study price of $18,000 

showed that the clip strategy reduced costs by $2,200/patient, making MitraClip 

economically dominant. But using a clip price of $26,200 (approximate European sales 
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price), the overall costs were higher with the clip strategy by $6,192 and the ICER ratio was 

unfavorable (>$400,000 per QALY gained). In a sensitivity analysis limited to patients with 

acute procedural success, the QALY gain was larger, the cost-offsets with the clip was 

greater, and cost-effectiveness was more favorable (dominant at a MitraClip price of 

$18,000 and around $54,000 per QALY gained at a price of $26,200).22 In summary, 

although MitraClip may seems an economically reasonable option in some economic 

models; the clinical outcomes of MitraClip are not comparable to surgery.

DISCUSSION

The field of structural heart disease is a growing field. The field started with the 

development of transcatheter closure of ASD/PFO. While the transcatheter approach was 

shown to be an effective and probably dominant strategy when compared to surgery, the 

original demand of this procedure decreased overtime secondary to conflicting data in 

regards of the benefit of this closure in preventing recurrent stroke.23,24

The introduction of TAVR in inoperable patients first and then in high-risk patients 

introduced a whole new horizon for interventional cardiologists and cardiothoracic surgeons. 

This offered the chance to perform the procedure in a large population of patients who were 

either not candidate for aortic replacement or at a very high risk to undergo the procedure. 

The cost of the procedure and the potential economic effects of its widespread use especially 

in an aging US population leading to a higher prevalence of aortic stenosis constitute a 

major concern and a potential burden on the health care system. Cost effectiveness studies 

show that TAVR have a reasonable ICER for LY and QALY in inoperable and high-risk 

patients. The transfemoral approach seems to be more cost effectives than non-femoral 

approaches in most available models. Transcatheter management of mitral regurgitation 

even a broader techniques to the field. MitraClip is currently the only available techniques in 

the U.S. Additional studies evaluating MitraClip and other transcatheter interventions 

concerning mitral valve will be essential in the future.

Many considerations should be kept in mind while assessing the medical economics of 

structural heart disease. First, many of the interventional techniques are under development 

and while the original cost of these devices is high, continuous development and 

involvement of many manufactures will allow overtime for more reasonable costs. Second, 

there is a learning curve for the whole institution where the procedure is being done, that 

involves the whole cardiac team the including interventional cardiologist and cardiothoracic 

surgeon performing the procedures, operating room/ Catheterization laboratory staff, as well 

as imaging techniques and post procedure care. Third, performing the procedure in the 

catherization laboratory and with sedation instead of performing it in the operating room 

under general anesthesia will decrease the cost as well. Finally, the use of smaller access 

sheet will result in lower incidence of vascular complications that will result in turn in lower 

cost.

In Summary, many interventional structural procedures offered an alternative to surgery in 

the management of structural and valvular heart disease. Although most of these procedures 

are associated with higher risk, they still offer a cost effective alternative. Expected future 
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improvement in the design and cost of these devices coupled with higher level of experience 

of those who perform the procedures will offer a higher success rate, less rate of 

complications, lower hospital stay and overall a lower cost.
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Figure-1. 
The Cost Assessment Of Medical Management vs. TAVR in Partner trial Cohort B.
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Figure-2. 
The cost assessment of TAVR vs. SAVR in partner trial cohort A.
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Figure-3. 
The cost assessment of TAVR vs. SAVR in U.S. CoreValve Trial.
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