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1. Outline the changing treatment paradigm for aortic stenosis

2. Understand the limitations of traditional economic analysis (e.g., cost utility 
analysis, cost effectiveness analysis, and cost benefit analysis)

3. Identify three sources of health-related value
(a) meeting unmet need, 
(b) improvement of over the existing standard of care, and 
(c) raising treatment uptake. 

CME Objectives



This Project

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060



Measuring Health Related Impact



Conventional approaches to economically evaluating health technologies are 
limited and often insensitive to the full contribution of new technologies; they 
may underestimate value by capturing:

 (1) only some but not all health-related impacts and 
 (2) little of the non-health impacts.  

These limitations may have important policy implications by failing to ensure that 
adequate priority, resources, and attention being devoted to such technologies 
and disease states. 

The Problem



Cost-effectiveness analysis is a way to examine both the costs and health 
outcomes of one or more interventions. It compares an intervention to another 
intervention (or the status quo) by estimating how much it costs to gain a unit of 
a health outcome, like a life year gained or a death prevented.

The Problem



Components of Health-Related Impact

a) Meeting Unmet Need 
• providing a treatment option for a condition, population, or indication that 

previously had no treatment options 
> CEA analysis versus no intervention

b) Improvement of over the Existing Standard of Care 
• being cost-effective relative to the existing standard of care (SoC) treatment for a 

condition; this involves the new technology producing sufficiently large health 
gains relative to the SoC to justify its higher cost

> CEA analysis versus SoC

c) Increasing Treatment Uptake 
• Patients may reject the SoC despite being clinically indicated for it, thereby going 

untreated despite the presence of, and eligibility for, existing treatment options—
because it has attributes that patients find unattractive:

• such as long recovery, 
• perceived risks, and/or 
• significant invasiveness

• Overcoming these negative attributes that lead such patients to finally accept 
treatment
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• Cost Effectiveness Analysis
 Impact on a Patient

Cost Utility

Cost Benefit

Methods and Perspectives



Measuring 
Non-Health Related Impact





Changing Treatment Paradigm 
for Aortic Stenosis



Surgical AVR (SAVR)

• Make an incision in the chest

• Use the heart-lung machine

• Stop the heart 

• Cut the old valve and sow in a new valve

• 2 hour procedure

• Extubated in the ICU

• Discharge in 3-8 days

• Primary Advantages: 
– Reproducible
– Known Long Term Durable 

Aortic Valve Replacement: Two Options

Transcatheter AVR (TAVR)

• No incision/just a puncture

• Don’t stop the heart

• Don’t cut out the native valve

• New valve in the inside the native valve

• 30 mins procedure

• Awake

• 80% d/ced on POD1
– Sometimes…the same day

• Primary Advantages: 
– Expanded indications
– Fewer Complication in Short Term
– Rapid Recovery



Disruption in the Treatment of Aortic Stenosis – 2010

High-Risk Patients

STS > 8%, 2/4 Frailty, <=2 MOSC

Intermediate-Risk Patients

STS 4-8%, 1/4 Frailty, 1 MOSC

Low-Risk Patients

STS < 4%; 0/4 Frailty; 0 MOSC

Extreme-Risk

Predicted risk of death or 
MM > 50%l; >=3 MOSC 

Nishimura RA.  2014 AHA/ACC guideline for the management of patients with valvular heart disease: 
a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines.  J Thorac Cardiovasc Surg. 2014 Jul;148(1):e1-e132.

Disruption in the Treatment of Aortic Stenosis – 2010

SAVR
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Can this figure be reformatted using the previous slide as template to reflect that the lower risk categories are larger



Disruption in the Treatment of Aortic Stenosis - 2012

High-Risk Patients

STS > 8%, 2/4 Frailty, <=2 MOSC

Intermediate-Risk Patients

STS 4-8%, 1/4 Frailty, 1 MOSC

Low-Risk Patients

STS < 4%; 0/4 Frailty; 0 MOSC

Extreme-Risk

Predicted risk of death or 
MM > 50%l; >=3 MOSC 

Nishimura RA.  2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines.  J Thorac Cardiovasc Surg. 2014 Jul;148(1):e1-e132.

SAVR

TAVR

Nishimura RA.  2014 AHA/ACC guideline for the management of patients with valvular heart disease: 
a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines.  J Thorac Cardiovasc Surg. 2014 Jul;148(1):e1-e132.

Disruption in the Treatment of Aortic Stenosis – 2012
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Moving Up Stream -
Intermediate Risk



Among patients with severe AS who were at low surgical 
risk, the rate of the composite of death, stroke, or 
rehospitalization at 1 year was significantly lower with TAVR 
than with SAVR:
• Composite: ↓43.7%
• Death: ↓60.0%
• Stroke: ↓61.2%
• Rehospitalization: ↓33.6%

Mean STS: 

1.9%
Mean Age:

73.5 
yrs

Moving Up Stream -
Low Risk



The Disruption of the Treatment of Aortic Stenosis

High-Risk Patients

STS > 8%, 2/4 Frailty, <=2 MOSC

Intermediate-Risk Patients

STS 4-8%, 1/4 Frailty, 1 MOSC

Low-Risk Patients

STS < 4%; 0/4 Frailty; 0 MOSC

Extreme-Risk

Predicted risk of death or 
MM > 50%l; >=3 MOSC 

Nishimura RA.  2014 AHA/ACC guideline for the management of patients with valvular heart disease: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines.  J Thorac Cardiovasc Surg. 2014 Jul;148(1):e1-e132.

SAVR

TAVR

Nishimura RA.  2014 AHA/ACC guideline for the management of patients with valvular heart disease: 
a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines.  J Thorac Cardiovasc Surg. 2014 Jul;148(1):e1-e132.

Disruption in the Treatment of Aortic Stenosis – 2017

Moves upstream - Eventually it moves upstream (eg high/intermediate risk) disrupting an existing market, displacing an 
earlier technology
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Based on Bavaria, J - The Aortic Valve “Universe” in the USA

• Total AVRs (SAVR + TAVR) in the US ↑2-fold
• SAVR relatively unchanged while TAVR 

↑20x
• In 2017, TAVR volume exceeded SAVR
• 135k+ Total AVRs in 2019



Changing Treatment Paradigm 
for Aortic Stenosis



Capturing population-wide value requires new methods

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060

Moving beyond 
conventional CEA

‘Counterfactual Analysis’ 
evaluating TAVR’s impact on 
the SSAS population and 
valuing TAVR’s impact on 
active aging and the 
productive contributions of 
the elderly  

TAVR available

TAVR not available 



We performed 
payer perspective cost-utility analysis (CUA) and 
societal perspective costbenefit analysis (CBA). 
The CBA’s benefit measure is active time: salaried labor, unpaid work, and active leisure. 

The study population is a cohort of US elderly SSAS patients. 

We compared a 
“TAVR available” scenario - TAVR, SAVR, and medical management (MM); vs 
a “TAVR not available” scenario - with only SAVR and MM. 

We structured each scenario with a decision-tree model of SSAS patient treatment 
allocation. We measured the association between health and active time in the US Health 
and Retirement Study and used this association to impute active time to SSAS patients 
given their health.











Our recent work for evaluating transcatheter aortic valve replacement (TAVR) for 
the treatment of severe symptomatic aortic stenosis (SSAS) highlight these 
limitations.  

In this analysis, we found that TAVR represents a strong value-for-money per 
patient and population-wide. 

However, a vast share of its value comes from elements that are not captured by 
conventional methodology—this includes failing to account for raising uptake 
among patients who were eligible for AVR even pre-TAVR but did not undergo 
treatment and failure to account for the strong contribution to active aging. 

These results highlight that conventional methods fail to capture a significant 
proportion of the value of TAVR among SSAS patients.

Conventional approaches to economically evaluating health technologies



TAVR Treatment



TAVR has changed the treatment paradigm for aortic stenosis

30

Pre-TAVR
Reasons for absence of AVR surgery in 

patients with severe AS

41%
Accepted 

AVR 
surgery

24%
Declined AVR 

surgery

35%
Not offered 

AVR 
surgery

Charlson et al., Decision-Making and Outcomes in Severe Symptomatic Aortic Stenosis. The Journal of Heart Valve Disease. 2016;15:312-321 2. 

2

Prior to TAVR, most 
patients weren’t 
offered or didn’t 
want AVR 



TAVR availability has had a profound impact on SSAS treatment

31

150,000

70,000

2020

2010

Annual AVR Volume (TAVR or SAVR)

+2-fold

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060

Presenter Notes
Presentation Notes
TAVR availability has had a profound impact on SSAS treatment, raising overall treatment rates and shifting treatment toward less invasiveness.



Increasing TAVR demand and systemic costs a concern despite decreasing 
TAVR procedure costs

32

“In spite of the decreasing cost 
of individual TAVR procedures, 
the aggregate costs of TAVR at 
the level of health care systems 
have increased dramatically 
due to rapidly climbing 
procedural volumes …

VINOD THOURANI
TAVR surgeon



TAVR has been extensively economically evaluated, often in connection 
with clinical trials

33

These evaluations are risk-group specific and 
fail to account for TAVR’s population-wide 
value, which is realized across three groups:

1
Prohibitive risk who otherwise have 
no treatment options

2
Non-prohibitive risk who otherwise 
receive SAVR

3
Non-prohibitive risk who otherwise 
remain untreated, in part because 
of invasiveness concerns

Presenter Notes
Presentation Notes
In fact, there are more than 30 published CEAs on TAVR



Figure 2. Incremental cost, incremental 
benefit, and net benefit of TAVR availability, 
both per-patient and aggregate. Abbreviations. 
B, billion; QALY, qualityadjusted
life year; SSAS, severe symptomatic aortic 
stenosis; TAVR, transcatheter aortic valve 
replacement.





Value of TAVR to society – what if TAVR didn’t exist?

36

World without TAVR World with TAVR

Lifetime Healthcare Cost: 
$125,202

QALYs: 
3.36

Lifetime Healthcare Cost: $138,010

QALYs: 
4.86

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060. QALY = Quality Adjusted Life Year.  

Treatments available for SSAS:
• MM
• SAVR

Treatments available for SSAS:
• MM
• SAVR
• TAVR



Value of TAVR to society – per patient economic benefit
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World without TAVR World with TAVR

$12,808 Incremental Lifetime Cost

1.50 Incremental QALYs

$225,000 Monetary benefit of incremental QALYs

$212,192 Net Monetary Benefit per patient

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060. QALY = Quality Adjusted Life Year.  



Value of TAVR to society – population-level economic benefit
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World without TAVR World with TAVR

$8,533 Incremental Cost-Effectiveness Ratio

306,839 QALYs gained

$43.4B Net Monetary Benefit

Sevilla et al. Cost-utility and cost-benefit analysis of TAVR availability in the US severe symptomatic aortic stenosis patient population. Journal of Medical Economics. 2022; 25:1, 1051-1060. QALY = Quality Adjusted Life Year.  



Existing economic evaluations understate TAVR’s population-wide value
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Aggregated, weighted CUA NMB 
(by patient group)* 

Groups % of SSAS 
population

CUA NMB per 
patient

(1) Prohibitive risk, TAVR patients who 
would otherwise receive MM 1.3% $85,298

(2) Non-prohibitive risk TAVR patients who 
would otherwise receive SAVR 6.3% $92,125

(3) Non-prohibitive risk TAVR patients who 
would otherwise get MM 34.5% $615,466

SSAS patient group: percentage of the SSAS 
population and net monetary benefits

• Existing economic evaluations of TAVR focus on groups 1 and 2, and ignore 3  
• The literature has ignored by far the most important group for which TAVR yields value

*Normalized by group size (e.g., 1.3%*$85,298 = $1,114).  CUA = cost-utility analysis

97% $212K
(3)

$1,114
(1)

$5,792
(2)

Presenter Notes
Presentation Notes
The aggregate benefits accruing to group (3) are over 30-times the sum of those in the other two groups and this value is excluded from existing economic evaluations.  Notice that in the % of SSAS population column the values do not add up to 100%.  That’s because the vast majority of patients ~60% remain untreated despite a doubling of AVR volume with the availability of TAVR.



The Net Monetary Benefit of TAVR is higher than statin therapy, 
childhood vaccines and pancreatic cancer therapy

$212K

$50K

$45K

$34K

TAVR

Gemcitabine*

Childhood Vaccinations

Statin Therapy

40

1. Grabowski et al., The Large Social Value Resulting From Use of Statins Warrants Steps to Improve Adherence and Broaden Treatment. Health Affairs. 2012;10:2276-2285
2. Philipson et al., The Social Value of Childhood Vaccination in the United States. Am J Manag Care. 2017;23(1):41-47 
3. MacEwan et al., The Value of Survival Gains in Pancreatic Cancer from Novel Treatment Regimens. JMCP. 2017;23(2):206-212

Per Patient Net Monetary Benefit (NMB)

*For metastatic pancreatic cancer



TAVR delivers high value for money
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Incremental Cost Incremental QALY
Benefit

$13K

$225K

Incremental cost/benefit of TAVR 
availability per SSAS patient

$212K
Net benefit,  
per patient

306,839 QALYs gained

$43.4B NMB

ICER*$8,533

*Incremental Cost Effectiveness Ratio of TAVR availability (relative to non-availability). 

CUA results: impact of TAVR availability on treatment costs and QALYs

Population-wide health gain and Net 
Monetary Benefit (NMB)

Presenter Notes
Presentation Notes
TAVR availability raised costs by $12,808 but added 1.5 QALYs per SSAS patient.  At a standard value of $150,000 per QALY, the monetary value of the health benefit gain per patient was $225,000.  Therefore, our analysis yielded a net monetary benefit per patient of $212,192.  The population-wide health gain was more than 300,000 QALYs and the net monetary benefit exceeded $40B.  The return on investment for making TAVR available as a therapy option for SSAS was almost 400%.



Summary of base case results

42

Measure TAVR available TAVR not available Incremental 
impact

Cost $138,010 $125,202 $12,808
QALY 4.86 3.36 1.5
Net Benefit* $590,990 $378,798 $212,192
ICER - - $8,533

*Net monetary benefit is reported assuming a value of $150,000 per quality-adjusted life year

CUA Results: Impact of TAVR on Average Treatment Costs and QALYs



1.0

What’s a Quality Adjusted Life Year (QALY)?

0.5

Perfect 
health

Dead

1.0

0.0

Example:

Scenario 1
• Perfect health 
• Life expectancy = 10 years
• 1.0 x 10 = 10 QALYs

Scenario 2 
• Lost sense of sight 
• Quality of life index is 0.5
• Life expectancy = 10 years
• 0.5 x 10 = 5 QALYs

QALY is a measure of disease burden, 
including both the quantity and quality of 

life lived

QOL Index 
(utility 
value)

Scenario 1 Scenario 2



Quantifying the impact of TAVR on productive time use
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Salaried Labor Unpaid work Active leisure Passive leisure Maintenance

• Working for pay • Washing, ironing, 
mending clothes, taking 
care of grandchildren, 
yard work, preparing 
meals, running errands, 
shopping, house cleaning, 
money management, 
volunteer work, caring 
for pets, attending 
meetings, home 
improvements, vehicle 
maintenance, helping 
friends and neighbors, 
treating the medical 
condition of another 
person, managing 
medical bills

• Walking, participating in 
sports, visiting friends, 
neighbors and relatives, 
attending religious 
services, attending 
concerts, playing a 
musical instrument, arts 
and crafts, dining/eating 
out

• Watching TV, reading 
newspapers/books, 
listening to music, 
talking on the 
telephone, using the 
computer, praying or 
meditating, showing 
affection, eating meals, 
playing cards

• Sleeping or napping, 
personal grooming and 
hygiene, managing own 
medical condition, 
doctor’s visits



CBA uses ‘active time’ as a benefit measure to track TAVR’s impact on 
active aging

45

Quantify the lifetime 
value of TAVR, SAVR, and 
MM through their impact 

on productive time use1. Quantify time use: hours spent on 
salaried labor, unpaid work, and 
active leisure 

2. Estimate time use over a lifetime 

3. Put a monetary value on these 
hours over the lifetime of patients

We estimated a relationship between health utility and active time from the Health and Retirement Study 
(HRS), then used this relationship to impute SSAS patients’ active time

Presenter Notes
Presentation Notes
We valued active time using a median age-specific hourly wage we computed from the HRS



TAVR availability significantly increases active time, a key metric of 
active aging

Quantity of active time TAVR 
available

TAVR not 
available

Increme
ntal 

impact
Salaried labor (h) 287 146 141
Unpaid work (h) 6,970 4,935 2,035
Active leisure (h) 4,638 3,182 1,456
Total (h) 11,895 8,263 3,632

Value of active time
Salaried labor ($) $4,701 $2,095 $2,606

Unpaid work ($) $104,780 $69,048 $35,732

Active leisure ($) $69 626 $44 626 $25 000 46

CBA results: impact of TAVR availability on active time

*Rate of return: incremental cost of TAVR availability vs. active time gained. NMB = Net Monetary Benefit.  CBA = cost-benefit analysis

395%

Rate of Return*

Population-wide value 
(NMB) of active time gained 

$10.3B

Presenter Notes
Presentation Notes
Most studies estimate that the return to one year of schooling is, on average, between 8 and 13 percent. In other words, each additional year of education is associated with an 8-13 percent increase in hourly earnings. For practical applications, 10 percent, on average, is a good estimate of the return. [The Return to Education Isn’t Calculated Easily | St. Louis Fed (stlouisfed.org)]. The stock market averages a return of roughly 7% per year. Returns on real estate investing vary widely. Historically, the rate of return on average properties has been similar to that of the stock market, according to one study. That study found that the return on homes have been between 8.6% and 10% per year. [What Is Considered a Good Return on Investment? | SoFi].




Takeaways & implications 

50

Reality: TAVR’s population-wide 
value has been vastly 

underestimated and the economic 
contributions of AS patients* are 

substantial

Perception: TAVR value is defined by    risk-
group.  AS patients contribute little 
economically due to advanced age

*when TAVR is available

TAVR is cost-effective 
across risk groups, but 

…

Increasing volumes will 
strain health systems

TAVR represents strong value-
for-money per patient and 

population-wide

Across risk, age, and treatment-
eligibility groups, TAVR is the 

economically optimal treatment 
choice  

At least half of SSAS patients 
remain untreated, many of 

whom are treatable

Raising TAVR treatment rates is 
an excellent investment in 

health and active aging

Presenter Notes
Presentation Notes
If you’re concerned about growing TAVR volumes don’t be.  The fact of the matter is, the biggest benefit or value of TAVR is in increasing treatment rates 



Redefining the Market

• Asymptomatic Severe AS 

• Moderate AS w Reduced EF

•  Aortic Insufficiency

Potential New Markets

Phase 3: the New Product or Idea 
Completely Redefines the Industry

• Minimalist Approach - 3M
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