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Abstract

Background — In recent years, use of transcatheter aortic valve replacement (TAVR) has expanded to include
patients at intermediate- and low-risk cohorts. We sought to determine disease prevalence and treatment distribution

including TAVR eligibility in low-risk patients across 37 advanced economies.

Methods and Results — Four systematic searches were conducted across MEDLINE, EMBASE, and the Cochrane
database for studies evaluating disease prevalence, severity, decision-making and survival in patients with AS.
Estimates of disease prevalence and treatment eligibility were calculated using stochastic simulation and population
data for the 37 countries comprising the IMF ‘advanced economies’ index. Fifty-six studies comprising 42,965
patients were included across five domains: prevalence, severity, symptom status, treatment modality and outcome.
The pooled prevalence in the general population aged 60-74 years and >75 years was 2.8% (95% CI: 1.4-4.1%) and
13.1% (95% CI: 8.2-17.9%), respectively — corresponding to an estimated 16.1 million (95% CI: 12.2-20.3) people
in 37 advanced economies. Of these, an estimated 3.2 million (95% ClI: 2.2-4.4) patients have severe AS with 1.9
million (95% ClI: 1.3-2.6) eligible for surgical aortic valve replacement (SAVR). There are approximately 485,230
(95% CI: 284,547-667,353) high-risk/inoperable patients, 152,690 (95% CI: 73,410-263,000) intermediate-risk

patients and 378,890 (95% CI: 205,130-610,210) low-risk patients eligible for TAVR.

Conclusions — With a prevalence of 4.5%, an estimated 16.1 million people aged >60 years across 37 advanced
economies have AS. Of these, there are approximately 1.9 million patients eligible for SAVR and 1.0 million

patients eligible for TAVR.
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Introduction

Since the release of the first PARTNER trial, transcatheter aortic valve replacement (TAVR) has been widely
accepted as the preferred approach for selected high-risk/inoperable patients with severe symptomatic aortic
stenosis (AS).>? In 2013, Osnabrugge and colleagues® modelled the number of high-risk patients eligible for TAVR
in the general population aged >75 years. The authors identified approximately 290,000 candidates across 21
countries in Europe and North America. Since this report, the total number of TAVR procedures has grown to over
200,000 across more than 1,000 centers in 50 countries.* While surgical aortic valve replacement (SAVR) remains
the primary modality for valve replacement in patients with severe AS,5 the use of TAVR in lower-risk patients is
increasing as clinical practice anticipates the results of ongoing trials. Most recently, Edwards Lifesciences received
expanded indication approvals from the US Food and Drug Administration for the SAPIEN 3 and SAPIEN XT in
intermediate-risk patients. Unfortunately, there is limited data detailing the distribution of lower-risk patients
eligible for TAVR (or SAVR). Indeed, quantification of disease prevalence and treatment eligibility will facilitate
data-driven decision-making with respect to resource allocation, operator training and financial reimbursement.

Accordingly, we sought to expand on previous modelling to determine disease prevalence, treatment
distribution and survival outcomes for patients with severe AS aged >60 years. Using a mixed methodology of
meta-analysis and stochastic simulation, our analysis estimates the number of patients with severe AS eligible for

AVR across 37 countries comprising the International Monetary Fund’s (IMFs) 2015 ‘advanced economies’ index.

Methods

Four systematic searches were conducted across MEDLINE, EMBASE, and the Cochrane database for studies
evaluating disease prevalence, severity, decision-making and outcomes in patients with AS. Search terms (and
combinations thereof) included: ‘aortic stenosis’, ‘valvular heart disease’, ‘prevalence’, ‘epidemiology’, ‘severe’,
‘symptomatic’, ‘surgical aortic valve’ or ‘SAVR’, and ‘transcatheter aortic valve’ or ‘TAVR’. Search results were
limited to studies published in English during the 20-year period from January 1996 to December 2015. Citations
were screened using the title and abstract, with the full article retrieved if it reported one or more of: disease
prevalence in the general population, distribution of AS by severity with or without symptom status, SAVR and/or
TAVR eligibility, risk profile in patients undergoing SAVR and postoperative mortality. Additional papers were

identified from reference lists where appropriate. Studies were reviewed by two independent investigators at each
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stage, with data extraction including study characteristics (i.e. author, year, journal, study design, enrollment period,
inclusion criteria and AS definition), methodological quality and outcomes, as per the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. Study quality was assessed using the Quality Index
Assessment Criteria for Methodology of Studies, adopting a threshold of 12 for study inclusion.® Disagreements
relating to study inclusion were solved by consultation with a third investigator. Only original peer-reviewed
publications enrolling patients from advanced economies were included in the analysis.

Studies evaluating disease prevalence were included if they met the following criteria: (a) random sampling in
a representative population, (b) diagnosis using objective echocardiographic assessment, and (c) outcomes reported
by age category (or in a way that facilitates calculation of prevalence in the population aged >60 years). Studies
directly or indirectly reporting disease severity were included if: (a) enrollment of patients was either random or
consecutive and, (b) AS severity was determined by echocardiographic assessment. Studies directly or indirectly
reporting AVR eligibility were included if: (a) enrolled patients had a priori defined severe AS, (b) symptom status
was reported (with symptomatic AS defined by a clinical history of angina, syncope and/or congestive heart failure),
and (c) intervention rate was reported for AVR as number of patients. Data pertaining to all-cause mortality were
extracted from studies comparing outcomes in patients receiving SAVR or medical therapy. Studies reporting the
risk profile of patients undergoing isolated SAVR were included if: (a) enrollment of patients was consecutive, (b)
risk score was prospectively collected, and (c) patient risk was reported by category using a defined EuroSCORE
threshold (or interval) or Society of Thoracic Surgery Predicted Risk Of Mortality (STS-PROM) score. Studies
reporting TAVR eligibility were included if: (a) patients were referred for assessment of eligibility, (b) enrollment
of patients was consecutive, and (c) enroliment was consistent with regional guidelines at the time of recruitment.
The exclusion criteria reported in each individual study was not used to determine inclusion in the meta-analysis.

Studies were excluded if one or more of the following criteria applied: duplicate publication, subgroup analysis
of a previously reported cohort, publication in the form of an abstract, case report, conference presentation or
editorial, undefined recruitment protocol and/or unclear reporting of outcomes such that the relevant statistics could
not be extracted or calculated. Where duplicated data was identified, the study with the largest sample was used.
With respect to TAVR eligibility, studies performed in the United States prior to the release of PARTNER |
(NCT00530894) findings were excluded due to stricter inclusion criteria which have since eased in line with earlier

European trials.



Disease prevalence, represented as rate and 95% confidence interval (95% Cl), was determined for each study
population by extraction of sample size and patient number by age category. Thereafter, prevalence was evaluated
as a pooled estimate using fixed and random-effects models, where appropriate. Patient progression to AVR was
mapped using pooled estimates of: symptom status in patients with severe AS, risk score (EuroSCORE and/or STS-
PROM) and as-treated intervention rates. Individual patient characteristics were not obtained. Estimates of disease
prevalence and treatment eligibility were calculated using Monte Carlo methods (n=100,000) with probability
distributions parametrized using the aforementioned pooled statistics. Population estimates for 2015, 2016 and 2020
were sourced for the 37 countries comprising the 2015 IMF ‘advanced economies’ index, namely: Australia,
Austria, Belgium, Canada, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hong
Kong, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania, Luxembourg, Malta, Netherlands, New Zealand,
Norway, Portugal, San Marino, Singapore, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, Taiwan,
United Kingdom, United States.”® The number of patients eligible for TAVR was estimated for high-, intermediate-
and low-risk using EuroSCORE and adopting the inclusion age of PARTNER Il (NCT01314313) for high-to-
intermediate risk and PARTNER I11 (NCT02675114) for low-risk patients. A separate analysis was performed using
STS-PROM. The exclusion criteria for PARTNER was not modelled in the simulation.

Data analysis was conducted using R Studio (GNU General Public License). Weighted point estimate (PE) and
risk ratio (RR) were calculated for the pooled study population, with results presented as weighted PE or RR and
95% CI. Fixed and random effects models utilized the inverse variance and DerSimonian-Laird methods,
respectively. Statistical heterogeneity, a measure of variability across trials not due to chance, was assessed using
the Cochran-Q and 12 statistics. Moderate heterogeneity was considered to be present for an 12>50% and p<0.10.
Accordingly, conclusions were based on analysis using the random effects models. Sensitivity analysis was
performed using the one-study exclusion method. A >15% modification of the pooled estimate was considered
significant. Publication bias was assessed by inspection of funnel plots for asymmetry and Egger’s regression test

with p<0.10 considered significant.

Results
Of the 4,514 studies identified during the systematic search, with an additional 47 found through cross-

referencing, 4,037 were excluded on initial review owing to inadequate diagnostic criteria, biased patient selection,
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duplicate data, non-original publication and/or an unclear methodology (Figure 1). Following assessment of 524
full articles, 56 studies were included for analysis with 42,965 patients extracted (not including 141,905 patients
used for sensitivity analysis of preoperative risk score).

Characteristics of the studies used to estimate disease prevalence are presented in Table 1 (see supplementary
material for prevalence studies that were excluded due to patient selection and/or disease classification). Disease
prevalence ranged from 1.3% to 7.8% for people aged 60-74 years and 2.6% to 22.8% for people aged >75 years.
The pooled prevalence was 2.8% (95% ClI: 1.4-4.1%) and 13.1% (95% CI: 8.2-17.9%), respectively (Figure 2a).
The portion of AS classified as severe was reported in six of the nine populations ranging from 11.5% to 26.7%.
The pooled estimate was 19.9% (95% CI: 12.8-26.9%; Figure 2b).

Disease progression to SAVR and TAVR (for high-risk/inoperable patients) is reported in Figure 3 (see
supplementary material for studies used to derive SAVR eligibility). Of those patients with severe AS, 71.2% (95%
Cl: 63.3-79.2%) were symptomatic (Figure 4), with SAVR performed in 56.1% (95% CI: 48.4-63.9%) of
symptomatic patients and 28.8% (95% ClI: 20.8—- 46.7%) of asymptomatic patients (Figure 5). A further 39.9%
(95% CI: 32.4-47.4%) of non-operated asymptomatic patients progressed to SAVR within 2 years due to
development of symptoms necessitating surgical intervention. Of the patients who did not receive SAVR, 20.0%
(95% CI: 12.3-27.7%) were deemed eligible but refused. Irrespective of symptom status, SAVR was associated
with a significant reduction in mortality (up-to 2 years postoperatively) when compared to optimal medical therapy
(RR: 0.34 [95% CI: 0.24-0.48] and RR: 0.37 [95% CI: 0.18-0.78]; Figure 6). Of the patients who underwent
SAVR, 57.4% (95% CI: 41.3-73.6%) were classified as low-risk based on EuroSCORE assessment (Figure 7). The
characteristics of studies investigating TAVR eligibility are presented in Table 2. Of the high-risk/inoperable
patients referred for TAVR assessment, 56.0% (95% CI: 50.2—61.8%) were eligible (Figure 8), of which 84.6%
(95% ClI: 79.0-90.2%) received TAVR with 15.4% (95% CI: 9.8-21.0%) refusing intervention.

The overall prevalence of AS in the study population was 4.5%, corresponding to an estimated 16.1 million
(95% ClI: 12.2-20.3) people across the 37 advanced economies. Disease prevalence and AVR eligibility for 2015,
stratified by country and procedural type, are presented in Tables 3 and 4. By region, there is an estimated 7.5
million (95% ClI: 5.7-9.5) people in Europe, 4.5 million (95% CI: 3.5-5.7) people in North America and 350,190
(95% CI: 266,950-440,760) people in Australasia with AS. Of these, an estimated 3.2 million (95% Cl: 2.2-4.4)

people aged >60 years have severe AS. An estimated 1.9 million (95% CI: 1.3-2.6) patients with severe AS are
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eligible to receive SAVR including 873,690 (95% CI: 596,290-1,208,500) in Europe, 515,690 (95% CI: 355,210
706,910) in North America and 40,950 (95% CI: 28,220-56,170) in Australasia. Applying age and risk profiles
from the PARTNER trial series, 485,230 (95% CI: 284,547-667,353) patients at high-risk and aged >75 are eligible
for TAVR including 231,490 (95% Cl: 136,880-351,490) in Europe, 125,060 (95% ClI: 73,710-190,060) in North
America and 10,130 (95% CI: 6,010-15,420) in Australasia. An additional 152,690 (95% CI: 73,410-263,000)
patients aged >75 years and at intermediate-risk are now eligible for TAVR with the recent shift in approved
indications. Extending further to low-risk patients, adopting an inclusion age of >65 years as per PARTNER 111,
another 378,890 (95% CI: 205,130-610,210) patients would be candidates for TAVR. Analysis using population
projections for the next 5 years® returns estimates of 331,359 (95% ClI: 266,263-390,776) new cases of AS in 2016,
with overall prevalence reaching 17.9 million patients (95% CI: 13.6-22.6) by 2020. Accordingly, there will be an
estimated 2.1 million (95% CI: 1.4-2.9) patients eligible for SAVR and 1.1 million (95% CI: 0.6-1.7) patients
eligible for TAVR by the end of this decade.

Pooled estimates remained stable on sensitivity analysis for all parameters except prevalence in the general
population aged 60-74. On removal of the Taiwanese-based study by Lin and colleagues'?, adjusting prevalence to
1.4% (95% CI: 1.2-1.6%), 300,000 fewer patients with severe AS were eligible for SAVR. Despite this, the
estimated number of TAVR candidates remained similar at 485,247 (95% CI: 286,170-740,191). In a second
analysis, the proportion of SAVR patients classified as high-, intermediate- and low-risk was adjusted to 6.2%,
13.9% and 79.9%, respectively — based on a 2015 registry study that used STS-PROM score to classify 141,905
patients who underwent isolated primary SAVR in the US from 2002 to 2010.5 Accordingly, the estimated number
of patients eligible for TAVR in the high- and intermediate- risk groups was reduced by 39,185 (95% CI: 26,358—
53,887) and 79,254 (95% CI: 40,043-132,524), respectively. The difference was shifted to the low-risk group,
totaling 527,256 (95% CI: 304,308-814,868). No evidence of publication bias was identified on Egger's test for

measures of prevalence, symptom status or AVR eligibility.

Discussion
This meta-analysis presents a quantitative analysis of the progression of severe AS, from diagnosis to

intervention, extending the current understanding of patient distribution along the path to AVR. Moreover, this



study quantifies the breadth of disease burden in advanced economies highlighting the need for expansion in
operational capacity and payer reimbursement.

The present study reports a disease prevalence of 2.8% and 13.1% in the general population aged 60-74 years
and >75 years, respectively. Subsequent modelling estimates that 16.1 million people across 37 advanced
economies have AS. Of these, 1.9 million patients are eligible for SAVR with 485,230 high-risk/inoperable patients
eligible for TAVR. These figures underscore the growing disparity between the number of replacement procedures
and clinical need for treatment. SAVR is projected to reach 500,000 cases per year by 2020.52 Even if patient
demand remained stable, this number is inadequate. Our analysis projects 17.9 million patients will have AS within
5 years, or approximately 331,300 new cases per year including 65,600 patients diagnosed with severe AS.

The data used to quantify each step of the analysis (from prevalence to TAVR eligibility) were extracted from
studies performed in advanced economies. Accordingly, estimates of disease prevalence and patient eligibility were
restricted to the 37 countries comprising the IMF advanced economies index. Inherent in the study design is the
assumption that prevalence and intervention rates are generalizable across these countries. In reality, there are likely
to be differences from one country to the next. Indeed, favorable reimbursement schemes and local decision-making
may result in differing eligibility rates across countries. Moreover, the IMF advanced economies index represents
less than 15% of the world’s population.®

Distribution of patients along the AVR pathway raises a number of questions. The literature has consistently
demonstrated mortality rates of up to 50% within 3-5 years from symptom onset in patients with severe AS.53- Yet,
this study reports that more than 40% of patients with severe symptomatic AS did not undergo SAVR. Equally
surprising, less than 30% of patients with asymptomatic AS underwent SAVR despite at least a 25% reduction in
mortality when compared to medical therapy. It should be noted that five of the six studies reporting outcomes for
asymptomatic AS included patients with low LVEF. This cohort of asymptomatic patients is known to have poorer
outcomes. Accordingly, their inclusion may have disproportionately influenced the observed mortality benefit with
SAVR. Likewise, it may also have contributed to the finding that close to half of the asymptomatic patients treated
with medical therapy progressed to SAVR within 2 years following symptom onset. Irrespective of symptom status,
20% of patients who received medical therapy did so because they refused surgical intervention. The reasons for

treatment refusal were not explored in this study and may include reimbursement. Nevertheless, these data



underscore the disparity between the number of patients estimated as having AS and the number of patients
undergoing SAVR over the past two decades.

With respect to TAVR, notwithstanding the rapid rise in adoption since the first procedure in 2002, the
present meta-analysis indicates that only 56% of high-risk/inoperable patients referred for TAVR were eligible. This
is not entirely unexpected given that TAVR was initially reserved for contraindicated surgical patients. Using data
from the German Aortic Valve Registry, Rein6hl and colleagues have shown an overall increase in the number of
AVR procedures between 2007-2013 with TAVR increasing by 9,003 compared to a decrease in SAVR by 1,574.5
The majority of this increase was seen in the cohort aged 80 years or more whereby a small reduction in SAVR was
considerably outpaced by the increase in TAVR. This suggests that the two modalities are complementary with
additional patients being treated beyond those who would have previously undergone SAVR. In contrast, TAVR in
younger patients offset the reduction in SAVR suggesting that TAVR in the ‘lower-risk’ population will compete
with SAVR. Of note, Germany has one of highest rates of TAVR adoption in Europe as a result of their TAVR-
specific national diagnosis-related group reimbursement scheme. In 2013, Mylotte and colleagues®® demonstrated a
3.3-fold increase in the number of TAVR procedures per million population in healthcare systems using TAVR-
specific reimbursement schemes. In countries with lower rates of TAVR adoption, it is possible that TAVR has
been limited to inoperable patients. Thus, a shift towards lower-risk patients will see TAVR compete directly with
SAVR, with an estimated 530,000 patients being eligible for both TAVR and SAVR.

A significant barrier to TAVR adoption is the costs associated with device procurement and implantation.
Moreover, the cost-effectiveness compared to SAVR is unclear. Analysis of the US CoreValve High-Risk Trial has
demonstrated higher index admission and projected lifetime costs with TAVR when compared to SAVR ($11,260
and $17,849 increase per patient, respectively).®® In contrast, transfemoral access was associated with lower costs
and higher QALY gained in PARTNER | — with TAVR being dominant over SAVR in 70.9% of bootstrap
replicates (ICER<$50,000/QALY).50

Irrespective of treatment modality, the estimated number of patients in need of valve replacement presents a
considerable challenge to policy makers. From a fiscal perspective, treating all patients eligible for valve
replacement in this study would require a budget of at least $149.9 billion (95% CI lower bound) - calculated using
mean 12-month cost from PARTNER 1. Aside from the direct financial costs of the procedure, additional

treatment centers and operators would be required. Expansion of TAVR to low-risk patients may prompt a reduction
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in device cost allowing for earlier intervention thus redirecting financial resources to training or infrastructure.
Reductions in procedural time, hospital length of stay and rehabilitation days,38 may allow for a higher throughput

of patients — ultimately increasing the number of beds and staff available. However, it should be noted that the long-
term durability of TAVR remains unknown following recent reports indicating deterioration within 10 years for the
first generation of transcatheter valves.®! Likewise, it remains unclear as to whether TAVR is, at the least, non-
inferior to SAVR in the low-risk cohort. The purpose of the present study was to quantify current treatment patterns
and estimate patient eligibility. Any decision to expand TAVR into younger, low-risk patients will require evidence
of durability and outcomes comparable to SAVR. In the short-term, SAVR will likely remain the primary modality

for valve replacement in this cohort — especially for younger patients and/or patients with asymptomatic disease.

Study Limitations

With respect to estimating patient numbers, measures of uncertainty were incorporated at each step to calculate
intervals representing the likelihood of the final estimates. For TAVR eligibility, estimates may disproportionately
represent European experience as risk profile was determined using EuroSCORE. The decision to use EuroSCORE
for the primary analysis was based on the greater number of included studies reporting EuroSCORE relative to STS-
PROM. The decision to include studies that used hospital-based eligibility criteria and not a specific trial standard
(i.e. the PARTNER exclusion criteria) was based on the desire to provide findings that represent broader clinical
practice.

For estimates of postoperative survival, the concomitant effect of coexisting disease could not be directly
assessed. While risk profile measures like EuroSCORE or STS-PROM score may be used as a surrogate for AVR
patients, these scores do not capture every characteristic that may affect outcomes. Unfortunately, individual patient
data was not provided to enable matching or reporting of sex-based and racial/ethnic-based differences.
Additionally, patients receiving medical therapy were not stratified by risk. Accordingly, patients who refused
SAVR were included in estimates of SAVR eligibility but not TAVR eligibility.

Although studies in this analysis used echocardiography to identify AS classification criteria varied. The
influence of differing methodologies on estimates of disease prevalence, severity and symptom status should be
considered when interpreting the results of this study. Heterogeneity was explored by comparison of study

characteristics, assessment of funnel plot asymmetry and Egger's linear regression method, where appropriate. The
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repeatedly high 12 statistic increases the uncertainty of the patient estimates with each successive step in the
simulation. Sensitivity analysis was employed in the case of prevalence in the general population aged 60-74 years.
Likewise, a separate analysis was performed substituting EuroSCORE for STS-PROM. The reduction in estimated
SAVR candidates with a change in the initial prevalence parameter highlights the limitations of the modelling
approach, specifically the dependence on the methodologies of the studies comprising the meta-analysis.

In conclusion, the present study adopted a mixed methodology of meta-analysis and stochastic simulation to
quantify the growing burden of AS, specifically the progression of severe AS to AVR. Based on AHA/ACC
guidelines, 4.5% of people aged >60 years have AS or 16.1 million people across 37 advanced economies. Of these,
approximately 1.9 million patients with severe AS are candidates for SAVR. For high-to-intermediate risk patients
aged >75 years, approximately 637,000 patients are eligible for TAVR. A further 379,000 patients would be eligible
following expanded indication approval to include the low-risk cohort. Given the trend towards TAVR in lower-risk
patients, together with an ageing population, healthcare systems must look at ways to accommodate the increase in

patient numbers, operator shortage and hospitalization of untreated patients with severe AS.

-11-



Sources of Funding
This study was supported in part by British Heart Foundation Translational Award TG/15/4/31891 (P.D, J.B, G.M)

and British Heart Foundation Special Project Grant SP/15/5/31548 (J.B, M.S, .S, G.M)

Disclosures

No conflicts to report

-12 -



References

1.

10.

11.

Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Guyton RA, O'Gara PT, Ruiz CE, Skubas
NJ, Sorajja P, Sundt TM 3rd, Thomas JD; ACC/AHA Task Force Members. 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. Circulation. 2014; 129:e521-643.
Siontis GC, Praz F, Pilgrim T, Mavridis D, Verma S, Salanti G, Sgndergaard L, Juni P, Windecker S.
Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treatment of severe aortic
stenosis: a meta-analysis of randomized trials. Eur Heart J. 2016; 37:3503-3512.

Osnabrugge RL, Mylotte D, Head SJ, Van Mieghem NM, Nkomo VT, LeReun CM, Bogers AJ, Piazza N,
Kappetein AP. Aortic stenosis in the elderly: disease prevalence and number of candidates for transcatheter
aortic valve replacement: a meta-analysis and modeling study. J Am Coll Cardiol. 2013; 62:1002-1012.
Gooley R, Cameron JD, Meredith IT. Transcatheter Aortic Valve Implantation - Yesterday, Today and
Tomorrow. Heart Lung Circ. 2015; 24:1149-1161.

lung B, Vahamian A. Epidemiology of valvular heart disease in the adult. Nat Rev Cardiol. 2011; 8:162-172.
Downs SH, Black N. The feasibility of creating a checklist for the assessment of the methodological quality both
of randomised and non-randomised studies of health care interventions. J Epidemiol Community Health. 1998;
52:377-384.

European Commission. Eurostat, 2016; [online] http://ec.europa.eu/eurostat/web/main/home. Accessed May 18,

2016.

The World Bank Group. Population Estimates and Projections, 2016; [online] http://data.worldbank.org.

Accessed May 18, 2016.

livanainen AM, Lindroos M, Tilvis R, Heikkild J, Kupari M. Natural history of aortic valve stenosis of varying
severity in the elderly. Am J Cardiol. 1996; 78(1):97-101.

Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener JS, Smith VE, Kitzman DW, Otto CM. Clinical
factors associated with calcific aortic valve disease. Cardiovascular Health Study. J Am Coll Cardiol. 1997;
29:630-634.

Lin SL, Liu CP, Young ST, Lin M, Chiou CW. Age-related changes in aortic valve with emphasis on the

relation between pressure loading and thickened leaflets of the aortic valves. Int J Cardiol. 2005; 103:272-279.

-13-


http://ec.europa.eu/eurostat/web/main/home
http://data.worldbank.org/

12.Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-Sarano M. Burden of valvular heart
diseases: a population-based study. Lancet. 2006; 368:1005-1011.

13.van Bemmel T, Delgado V, Bax JJ, Gussekloo J, Blauw GJ, Westendorp RG, Holman ER. Impact of valvular
heart disease on activities of daily living of nonagenarians: the Leiden 85-plus study a population based study.
BMC Geriatr. 2010; 10:17.

14. Eveborn GW, Schirmer H, Heggelund G, Lunde P, Rasmussen K. The evolving epidemiology of valvular aortic
stenosis. the Tromsg study. Heart. 2013; 99:396-400.

15. Malouf J, Le Tourneau T, Pellikka P, Sundt TM, Scott C, Schaff HV, Enriquez-Sarano M. Aortic valve stenosis
in community medical practice: determinants of outcome and implications for aortic valve replacement. J Thorac
Cardiovasc Surg. 2012; 144:1421-1427.

16. Leibowitz D, Stessman J, Jacobs JM, Stessman-Lande I, Gilon D. Prevalence and prognosis of aortic valve
disease in subjects older than 85 years of age. Am J Cardiol. 2013; 112:395-399.

17.Rezzoug N, Vaes B, Pasquet A, Gerber B, de Meester C, Van Pottelbergh G, Adriaensen W, Mathei C, DeGryse
J, Vanoverschelde JL. Prevalence and Prognostic Impact of VValve Area-Gradient Patterns in Patients >80 Years
With Moderate-to-Severe Aortic Stenosis (from the Prospective BELFRAIL Study). Am J Cardiol. 2015;
116:925-932.

18. Bouma BJ, van Den Brink RB, van Der Meulen JH, Verheul HA, Cheriex EC, Hamer HP, Dekker E, Lie KI,
Tijssen JG. To operate or not on elderly patients with aortic stenosis: the decision and its consequences. Heart.
1999; 82:143-148.

19.Lim P, Monin JL, Monchi M, Garot J, Pasquet A, Hittinger L, VVanoverschelde JL, Carayon A, Gueret P.
Predictors of outcome in patients with severe aortic stenosis and normal left ventricular function: role of B-type
natriuretic peptide. Eur Heart J. 2004; 25:2048—-2053.

20. Pellikka PA, Sarano ME, Nishimura RA, Malouf JF, Bailey KR, Scott CG, Barnes ME, Tajik AJ. Outcome of
622 adults with asymptomatic, hemodynamically significant aortic stenosis during prolonged follow-up.
Circulation. 2005; 111:3290-3295.

21.Varadarajan P, Kapoor N, Bansal RC, Pai RG. Clinical profile and natural history of 453 nonsurgically managed

patients with severe aortic stenosis. Ann Thorac Surg. 2006; 82:2111-2115.

-14 -



22.lung B, Baron G, Tornos P, Gohlke-Béarwolf C, Butchart EG, Vahanian A. Valvular heart disease in the
community: a European experience. Curr Probl Cardiol. 2007; 32:609-661.

23. Bakaeen FG, Chu D, Ratcliffe M, Gopaldas RR, Blaustein AS, Venkat R, Huh J, LeMaire SA, Coselli JS,
Carabello BA. Severe aortic stenosis in a veteran population: treatment considerations and survival. Ann Thorac
Surg. 2010; 89:453-458.

24.Freed BH, Sugeng L, Furlong K, Mor-Avi V, Raman J, Jeevanandam V, Lang RM. Reasons for nonadherence to
guidelines for aortic valve replacement in patients with severe aortic stenosis and potential solutions. Am J
Cardiol. 2010; 105:1339-1342.

25.Bach DS. Prevalence and characteristics of unoperated patients with severe aortic stenosis. J Heart Valve Dis.
2011; 20:284-291.

26.Dua A, Dang P, Shaker R, Varadarajan P, Pai RG. Barriers to surgery in severe aortic stenosis patients with
Class I indications for aortic valve replacement. J Heart Valve Dis. 2011; 20:396-400.

27.Perera S, Wijesinghe N, Ly E, Devlin G, Pasupati S. Outcomes of patients with untreated severe aortic stenosis
in real-world practice. N Z Med J. 2011; 124:40-48.

28.Badran AA, Vohra HA, Livesey SA. Unoperated severe aortic stenosis: decision making in an adult UK-based
population. Ann R Coll Surg Engl. 2012; 94:416-421.

29. Heuvelman HJ, van Geldorp MW, Kappetein AP, Geleijnse ML, Galema TW, Bogers AJ, Takkenberg JJ.
Clinical course of patients diagnosed with severe aortic stenosis in the Rotterdam area: insights from the
AVARIIN study. Neth Heart J. 2012; 20:487-493.

30. Attias D, Macron L, Dreyfus J, Monin JL, Brochet E, Lepage L, Hekimian G, lung B, Vahanian A, Messika-
Zeitoun D. Relationship between longitudinal strain and symptomatic status in aortic stenosis. J Am Soc
Echocardiogr. 2013; 26:868-74.

31. Babcock MJ, Lavine S, Strom JA, Bass TA, Guzman LA. Candidates for transcatheter aortic valve replacement:
fitting the PARTNERS criteria. Catheter Cardiovasc Interv. 2013; 82:655-661.

32.Charlson E, Legedza AT, Hamel MB. Decision-making and outcomes in severe symptomatic aortic stenosis. J
Heart Valve Dis. 2006; 15:312-321.

33. Chitsaz S, Jaussaud N, Chau E, Yan KS, Azadani AN, Ratcliffe MB, Tseng EE. Operative risks and survival in

veterans with severe aortic stenosis: surgery versus medical therapy. Ann Thorac Surg. 2011; 92:866-872.

-15-



34, Taniguchi T, Morimoto T, Shiomi H, Ando K, Kanamori N, Murata K, Kitai T, Kawase Y, lzumi C, Miyake M,
Mitsuoka H, Kato M, Hirano Y, Matsuda S, Nagao K, Inada T, Murakami T, Takeuchi Y, Yamane K, Toyofuku
M, Ishii M, Minamino-Muta E, Kato T, Inoko M, Ikeda T, Komasa A, Ishii K, Hotta K, Higashitani N, Kato Y,
Inuzuka Y, Maeda C, Jinnai T, Morikami Y, Sakata R, Kimura T; CURRENT AS Registry Investigators. Initial
surgical versus conservative strategies in patients with asymptomatic severe aortic stenosis. J Am Coll Cardiol.
2015; 66:2827-38.

35. Kang DH, Park SJ, Rim JH, Yun SC, Kim DH, Song JM, Choo SJ, Park SW, Song JK, Lee JW, Park PW. Early
surgery versus conventional treatment in asymptomatic very severe aortic stenosis. Circulation. 2010; 121:1502—
1509.

36. Toumpoulis IK, Anagnostopoulos CE, Swistel DG, DeRose JJ Jr. Does EuroSCORE predict length of stay and
specific postoperative complications after cardiac surgery? Eur J Cardiothorac Surg. 2005; 27:128-33.

37.Brown ML, Schaff HV, Sarano ME, Li Z, Sundt TM, Dearani JA, Mullany CJ, Orszulak TA. Is the European
System for Cardiac Operative Risk Evaluation model valid for estimating the operative risk of patients
considered for percutaneous aortic valve replacement? J Thorac Cardiovasc Surg. 2008; 136:566—-71.

38. Wendt D, Osswald BR, Kayser K, Thielmann M, Tossios P, Massoudy P, Kamler M, Jakob H. Society of
Thoracic Surgeons score is superior to the EuroSCORE determining mortality in high risk patients undergoing
isolated aortic valve replacement. Ann Thorac Surg. 2009; 88:468-74.

39. Skipper NC, Matingal J, Zamvar V. Assessment of EuroSCORE in patients undergoing aortic valve
replacement. J Card Surg. 2011; 26:124-9.

40. Otten AM, van Domburg RT, van Gameren M, Kappetein AP, Takkenberg JJ, Bogers AJ, Serruys PW, de
Jaegere PP. Population characteristics, treatment assignment and survival of patients with aortic stenosis referred
for percutaneous valve replacement. Eurolntervention. 2008; 4:250-255.

41. Himbert D, Descoutures F, Al-Attar N, lung B, Ducrocq G, Détaint D, Brochet E, Messika-Zeitoun D, Francis
F, Ibrahim H, Nataf P, Vahanian A. Results of transfemoral or transapical aortic valve implantation following a
uniform assessment in high-risk patients with aortic stenosis. J Am Coll Cardiol. 2009; 54:303-311.

42.De Carlo M, Giannini C, Ettori F, Fiorina C, Guarracino F, Curello S, Scioti G, Minzioni G, Chizzola G, Matteo
D, Petronio AS. Impact of treatment choice on the outcome of patients proposed for transcatheter aortic valve

implantation. Eurolntervention. 2010; 6:568-574.

-16 -



43. Rajani R, Buxton W, Haworth P, Khawaja MZ, Sohal M, Brum RL, Hutchinson N, de Belder A, Trivedi U,
Hildick-Smith D. Prognostic benefit of transcatheter aortic valve implantation compared with medical therapy in
patients with inoperable aortic stenosis. Catheter Cardiovasc Interv. 2010; 75:1121-1126.

44.Saia F, Marrozzini C, Dall'Ara G, Russo V, Martin-Suarez S, Savini C, Ortolani P, Palmerini T, Taglieri N,
Bordoni B, Pilato E, Di Bartolomeo R, Branzi A, Marzocchi A. How many patients with severe symptomatic
aortic stenosis excluded for cardiac surgery are eligible for transcatheter heart valve implantation? J Cardiovasc
Med (Hagerstown). 2010; 11:727-732.

45, Bainey KR, Natarajan MK, Mercuri M, Lai T, Teoh K, Chu V, Whitlock RP, Velianou JL. Treatment
assignment of high-risk symptomatic severe aortic stenosis patients referred for transcatheter AorticValve
implantation. Am J Cardiol. 2013; 112:100-103.

46. Dubois C, Coosemans M, Rega F, Poortmans G, Belmans A, Adriaenssens T, Herregods MC, Goetschalckx K,
Desmet W, Janssens S, Meyns B, Herijgers P. Prospective evaluation of clinical outcomes in all-comer high-risk
patients with aortic valve stenosis undergoing medical treatment, transcatheter or surgical aortic valve
implantation following heart team assessment. Interact Cardiovasc Thorac Surg. 2013; 17:492-500.

47.Hong SJ, Hong MK, Ko YG, Choi D, Hong GR, Shim JK, Kwak YL, Lee S, Chang BC, Jang Y.
Multidisciplinary team approach for identifying potential candidate for transcatheter aortic valve implantation.
Yonsei Med J. 2014; 55:1246-1252.

48. O'Sullivan KE, Early SA, Casserly I, Chugtai Z, Sugrue D, Hurley J. Experience of a high-risk aortic valve
clinic in Ireland. Ir J Med Sci. 2014; 183:653-657.

49. Iglesias D, Salinas P, Moreno R, Garcia-Blas S, Calvo L, Jiménez-Valero S, Sanchez-Recalde A, Galeote G,
Mesa JM, Plaza I, Lopez-Send6n JL. Prognostic impact of decisions taken by the heart team in patients
evaluated for transcatheter aortic valve implantation. Rev Port Cardiol. 2015; 34:587-595.

50. Pilgrim T, Englberger L, Rothenbiihler M, Stortecky S, Ceylan O, O'Sullivan CJ, Huber C, Praz F, Buellesfeld
L, Langhammer B, Meier B, Juni P, Carrel T, Windecker S, Wenaweser P. Long-term outcome of elderly
patients with severe aortic stenosis as a function of treatment modality. Heart. 2015; 101:30-36.

51. Thourani VH, Suri RM, Gunter RL, Sheng S, O'Brien SM, Ailawadi G, Szeto WY, Dewey TM, Guyton RA,

Bavaria JE, Babaliaros V, Gammie J, Svensson L, Williams M, Badhwar V, Mack MJ. Contemporary real-world

-17 -



52.

53.

54,

55.

56

57.

58.

59.

60.

outcomes of surgical aortic valve replacement in 141,905 low-risk, intermediate-risk, and high-risk patients. Ann
Thorac Surg. 2015; 99:55-61.

iData Research, 2014. Global Cardiovascular Survey Results: TAVR, Renal Denervation, Drug-Coated

Balloons, Fractional Flow Reserve Guidewires, 2013; [online] http://www.idataresearch.com. Accessed May 18,
2016.

Ross J Jr, Braunwald E. Aortic stenosis. Circulation. 1968; 38(suppl V):61-67.

Frank S, Johnson A, Ross J Jr. Natural history of valvular aortic stenosis. Br Heart J. 1973; 35:41-46.

Murphy ES, Lawson RM, Starr A, Rahimtoola SH. Severe aortic stenosis in patients 60 years of age and older:
left ventricular function and 10-year survival after valve replacement. Circulation. 1981; 64(suppl I1):11184—

11188.

. Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C, Bauer F, Derumeaux G, Anselme F, Laborde F, Leon

MB. Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific aortic stenosis: first human
case description. Circulation. 2002; 106:3006—-3008.

Reinohl J, Kaier K, Reinecke H, Schmoor C, Frankenstein L, Vach W, Cribier A, Beyersdorf F, Bode C,
Zehender M. Effect of Availability of Transcatheter Aortic-Valve Replacement on Clinical Practice. N Engl J
Med. 2015; 373:2438-2447.

Mylotte D, Osnabrugge RL, Windecker S, Lefévre T, de Jaegere P, Jeger R, Wenaweser P, Maisano F, Moat N,
Sgndergaard L, Bosmans J, Teles RC, Martucci G, Manoharan G, Garcia E, Van Mieghem NM, Kappetein AP,
Serruys PW, Lange R, Piazza N. Transcatheter aortic valve replacement in Europe: adoption trends and factors
influencing device utilization. J Am Coll Cardiol. 2013; 62:210-219.

Reynolds MR, Lei Y, Wang K, Chinnakondepalli K, Vilain KA, Magnuson EA, Galper BZ, Meduri CU, Arnold
SV, Baron SJ, Reardon MJ, Adams DH, Popma JJ, Cohen DJ; CoreValve U.S. High Risk Pivotal Trial
Investigators. Cost-Effectiveness of Transcatheter Aortic Valve Replacement With a Self-Expanding Prosthesis
Versus Surgical Aortic Valve Replacement. J Am Coll Cardiol. 2016; 67:29-38.

Reynolds MR , Magnuson EA, Wang K, Lei Y, Vilain K, Walczak J, Kodali SK, Lasala JM, O'Neill WW,
Davidson CJ, Smith CR, Leon MB, Cohen DJ, PARTNER Investigators. Cost-effectiveness of transcatheter

aortic valve replacement compared with standard care among inoperable patients with severe aortic stenosis:

-18 -


http://www.idataresearch.com/

results from the placement of aortic transcatheter valves (PARTNER) trial (Cohort B). Circulation. 2012;
125:1102-1109.
61. Dvir D. First look at long-term durability of transcatheter heart valves: Assessment of valve function up to 10

years after implantation. EuroPCR 2016; May 17, 2016; Paris, France, “Abstract”.

-19-



Table 1 Characteristics of studies included to determine prevalence of severe AS

Author., n Study Inclusion  Recruitment Recruitment Consecutive  Population AS criteria

Year location period method population recruitment  characteristics  (Doppler Echo)

%livanainen et al., 501 Helsinki, Finland 1990- Invitation Helsinki Ageing Yes Aged >75yrs Mild AS: Vyio <0.55, AVA: <1.5cm?
1991 Study (n=651)

1996 Female: 73% Moderate AS: Viaio <0.45, AVA:

- 77% inclusion rate <1.2cm?
Severe AS: Viaio <0.35, AVA: <0.8cm?

Wstewart et al., 5,201 North Carolina, 1989- Random selection Cardiovascular nla Aged >65yrs AS: Vmax >2.5m/s

California, 1990 Health Study

1997 Female: 57%

Maryland, . .
- 57% inclusion rate
Pennsylvania,
USA
U inetal., 2,850 Taipei, Taiwan 2004 Referral Routine health Yes Aged 20-97yrs  Mild-moderate AS: gradient
review and/or non- >20mmHg
2005* Female: 41%
cardiac surgery .
Severe AS: gradient >50mmHg
12Nkomo et al., 13,349  Minnesota, USA 1990- Prospectively Olmsted County Yes Aged >18yrs Mild AS: Vmax 2.5-3m/s, AVA:
2000 recorded echo Cohort (n=16,501) >1.5cm?
2006* Female: 51%
- 90% inclusion rate Moderate AS: Vmax 3-4m/s, AVA: 1-
1.5cm?
Severe AS: Vmax >4m/s, AVA
<1.0cm?
Bvan Bemmel et al., 81 Leiden, 1997- Invitation (at 90yrs)  Leiden 85-plus Yes Aged 90yrs Mild AS: gradient <25mmHg
Netherlands 1999 Study (n=277) .
2010 Female: 67% Moderate AS: gradient 25-40mmHg

Severe AS: gradient >40mmHg
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“Eveborn et al.,

2012*

BSMalouf et al.,

2012*

18] eibowitz et al.,

2013

"Rezzoug et al.,

2015

3,273

360

498

567

Tromsg, Norway

Minnesota, USA

Jerusalem, Israel

Wallony,
Brussels,

Flanders, Belgium

1994

1988-
1997

2005-
2006

2008-
2009

Random selection
(aged 55-74yrs)

Invitation
(5-8% aged 25-
84yrs)

Prospectively

recorded echo

Random selection

Referral

Tromsg Study
(n=10,542)

Olmsted County
Cohort

Jerusalem
Longitudinal Cohort
Study (n=1,222)

Routine health
review (29 GP

clinics)

n/a

Yes

nfa

Yes

Aged 25-84yrs

Female: 49%

Age: 74 £
14yrs

Female: 56%
Aged >85yrs

Female: 53%

Aged >80yrs

Female: 63%

Mild AS: gradient 15-29mmHg
Moderate AS: gradient 30-49mmHg

Severe AS: gradient >50mmHg

Mild AS: AVA: >1.5cm?
Moderate AS: AVA: 1.0-1.5cm?
Severe AS: AVA: <1.0cm?

AS: Vmax >2.5m/s

Mild AS: AVA: >1.5cm?
Moderate AS: AVA: 1.0-1.5cm?

Severe AS: AVA: <1.0cm?

AS = Aortic Stenosis, AVA = aortic valve area, Vmax = peak velocity, Vi, = velocity ratio;

*portion of the study population extracted (patients aged >60 yrs); *number of patients included in meta-analysis (not total study sample); “included for severity classification
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Table 2 Characteristics of studies included to determine TAVR eligibility

Author n Study Inclusion Referral Consecutive Patient Valve
Year location period criteria enrollment characteristics system
“OOtten et al., 100 Rotterdam, Netherlands 2005-2007 Severe symptomatic AS Yes Age: 82 + 8yrs CoreValve
2008 Aged >75yrs or EuroSCORE >20 Female: 57%

EuroSCORE: 17 £ 11
“Himbert et al., 160 Paris, France 2006-2008 Severe symptomatic AS Yes Not-reported SAPIEN
2009 High-risk/inoperable

EuroSCORE >20 (STS-PROM >10)
Life expectancy >1yr

“2De Carlo et al., 166 Pisa, ltaly 2007-2009 Severe symptomatic AS Yes Age: 83 (7)yrs CoreValve
2010 High-risk/inoperable Female: 53%

EuroSCORE: 21.1
“3Ragani et al., 85 Brighton, UK 2007-2009 Severe AS Yes Age: 81 + 7yrs CoreValve
2010 Inoperable Female: 45%

EuroSCORE: 21+17
“Saia et al., 98 Bologna, ltaly 2007-2008 Severe symptomatic AS Yes Age: 82 £ 7yrs SAPIEN and
2010 Inoperable Female: 60% CoreValve

EuroSCORE: 25.3 + 14.5
“Bainey et al., 170 Ontario, Canada 2008-2011 Severe symptomatic AS Yes Age: 82.1 + 6.5yrs SAPIEN
2013 High-risk/inoperable Female: 53%

STS-PROM: 10.5+ 7.6
“Dubois et al., 163 Leuven, Belgium 2008-2011 Severe symptomatic AS Yes Age: 83 + 5yrs SAPIEN

2013

High-risk/inoperable

Advanced age + one coexisting

illness
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“"Hong et al., 60 Seoul, Korea 2011-2012 Severe symptomatic AS Yes Age: 80 + 5yrs CoreValve

2014 High-risk/inoperable Female: 58%

EuroSCORE >20 (STS-PROM >10) EuroSCORE: 18.4 +14.3
“0'sullivan etal., 105 Dublin, Ireland 2009-2012 Severe AS Yes Age: 83.2 + 20.8yrs Not-specified
2014 High-risk/inoperable Female: 38%
“glesias et al., 149 Madrid, Spain 2008-2012 Severe symptomatic AS Yes Age: 83.7 £ 5.9yrs SAPIEN
2015 Indication for AVR Female: 57%

EuroSCORE: 19.8 +12.3

Pilgrim et al., 442 Bern, Switzerland 2007-2010 Severe symptomatic AS Yes Age: 83 (8)yrs SAPIEN and
2015 High-risk/inoperable Female: 52% CoreValve
EuroSCORE: 19.1

AS = Aortic Stenosis, AVR = Aortic Valve Replacement, STS-PROM = Society of Thoracic Surgery Predicted Risk Of Mortality; Continuous variables expressed as mean + SD or median; categorical

variables expressed as percentage
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Table 3 Prevalence of AS in the general population aged >60yrs

Country Aortic Stenosis Severe AS Eligible for SAVR
Australia 295,712 (226,107-372,421) 58,849 (40,826- 80,437) 34,578 (23,799-47,538)
Austria 134,901 (102,575-170,563) 26,846 (18,459-36,857) 15,775 (10,766-21,805)
Belgium 180,667 (137,212-228,532) 35,955 (24,656-49,446) 21,126 (14,409-29,251)
Canada 480,853 (367,347-604,926) 95,691 (66,265-130,373) 56,225 (38,684-77,093)
Cyprus 12,163 (9,307-15,298) 2,420 (1,690-3,292) 1,422 (985-1,943)

Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece

Hong Kong
Iceland
Ireland

Israel

Italy

Japan

Latvia
Lithuania
Luxembourg
Malta

Netherlands

149,495 (114,316-187,965)
82,816 (63,254-104,197)

21,862 (16,602-27,651)

90,954 (69,370-114,679)
1,117,420 (848,647-1,414,286)
1,529,513 (1,157,064-1,939,629)
205,612 (155,563-261,091)
97,987 (74,708-123,670)

3,824 (2,922-4,822)

49,222 (37,671-61,922)

79,789 (60,862-100,522)
1,202,143 (910,283-1,523,895)
2,838,264 (2,152,427-3,594,256)
33,382 (25,343-42,210)

49,018 (37,163-62,070)

6,835 (5,206-8,631)

6,376 (4,874-8,023)

249,164 (190,297-313,669)

29,747 (20,719-40,370)
16,479 (11,450-22,438)
4,350 (2,992-5,971)
18,100 (12,523-24,720)
222,413 (152,287-306,733)
304,438 (208,059-420,453)
40,917 (27,905-56,548)
19,501 (13,506-26,685)
761 (527-1,039)

9,795 (6,830-13,289)
15,877 (10,989-21,667)
239,248 (163,346-330,570)
564,840 (386,311-778,508)
6,642 (4,569-9,118)

9,754 (6,679-13,418)
1,360 (941-1,861)

1,269 (882-1,725)

49,577 (34,401-67,501)
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17,480 (12,076-23,915)
9,683 (6,673-13,247)
2,556 (1,744-3,533)
10,635 (7,312-14,623)
130,686 (88,684-181,424)
178,877 (121,139-249,001)
24,041 (16,256-33,441)
11,459 (7,863-15,777)

447 (307-615)

5,756 (3,982-7,859)

9,330 (6,419-12,832)
140,579 (95,229-195,484)
331,893 (225,343-460,078)
3,903 (2,662-5,389)

5,731 (3,896-7,940)

799 (548-1,100)

745 (514-1,019)

29,130 (20,070-39,905)



New Zealand
Norway
Portugal

San Marino
Singapore
Slovakia
Slovenia
South Korea
Spain
Sweden
Switzerland
Taiwan
United Kingdom

United States

54,478 (41,630-68,556)
68,233 (52,101-85,951)
186,634 (141,740-236,160)
529 (401-670)

53,114 (40,675-66,774)
61,858 (47,332-77,757)
32,688 (24,941-41,241)
551,545 (421,061-694,339)
766,704 (580,322-972,528)
155,088 (118,237-195,792)
125,436 (95,435-158,507)
248,178 (189,762-312,434)
949,884 (723,886-1,197,791)

3,928,656 (3,001,571-4,942,710)

10,841 (7,525-14,757)
13,578 (9,419-18,529)
37,139 (25,420-51,025)
105 (72-145)

10,569 (7,395-14,307)
12,309 (8,592-16,690)
6,505 (4,488-8,892)
109,768 (76,096-149,490)
152,576 (104,508-210,222)
30,862 (21,359-42,155)
24,969 (17,172-34,227)
49,387 (34,299-67,160)
189,044 (130,372-258,725)

781,773 (542,923-1063,142)

6,370 (4,396-8,733)
7,978 (5,492-10,951)
21,824 (14,838-30,191)
62 (42-86)

6,210 (4,315-8,457)
7,233 (5,011-9,864)
3,822 (2,620-5,263)
64,498 (44,369-88,319)
89,648 (60,924-124,428)
18,135 (12,446-24,948)
14,671 (10,009-20,244)
29,022 (19,958-39,766)
111,085 (75,996-153,019)

459,344 (316,429-628,430)
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Table 4 Number of patients with severe symptomatic AS eligible for TAVR

Country High-risk/inoperable (>75yrs) Intermediate-risk (=75yrs) Low-risk (=65yrs)
Australia 8,595 (5,087-13,081) 2,705 (1,299-4,659) 6,870 (3,732-11,040)
Austria 4,137 (2,443-6,295) 1,302 (627-2,244) 3,222 (1,748-5,193)
Belgium 5,610 (3,320-8,526) 1,765 (850-3,028) 4,280 (2,328-6,870)
Canada 13,795 (8,164-20,947) 4,340 (2,082-7,458) 11,063 (5,999-17,804)
Cyprus 338 (200-513) 106 (51-182) 277 (150-446)

Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece

Hong Kong
Iceland
Ireland

Israel

Italy

Japan

Latvia
Lithuania
Luxembourg
Malta

Netherlands

4,080 (2,416-6,195)
2,348 (1,389-3,570)
676 (401-1,027)

2,646 (1,566-4,009)
34,837 (20,494-53,058)
48,621 (28,745-73,889)
6,646 (3,929-10,114)
2,885 (1,704-4,389)
111 (65-168)

1,362 (803-2,068)
2,298 (1,360-3,498)
38,459 (22,697-58,469)
89,452 (52,843-135,992)
1,030 (609-1,567)
1,539 (912-2,338)

205 (121-312)

177 (105-269)

7,154 (4,232-10,887)

1,284 (617-2,206)

738 (355-1,267)

213 (102-366)

833 (401-1,432)
10,959 (5,251-18,842)
15,298 (7,336-26,307)
2,090 (1,009-3,585)
908 (436-1,556)

35 (17-60)

429 (206-738)

723 (348-1,246)
12,105 (5,809-20,841)
28,142 (13,539-48,333)
324 (155-555)

484 (234-827)

64 (31-111)

56 (27-96)

2,252 (1,082-3,368)

3,414 (1,845-5,486)
1,947 (1,055-3,135)
515 (280-826)

2,131 (1,156-3,430)
26,521 (14,385-42,635)
36,606 (19,867-58,771)
4,979 (2,717-7,999)
2,231 (1,207-3,586)

88 (48-141)

1,120 (606-1,801)
1,823 (989-2,932)
28,975 (15,723-46,582)
68,655 (37,183-110,057)
790 (429-1,266)

1,163 (632-1,865)

159 (87-256)

148 (80-239)

5,798 (3,139-9,338)



New Zealand
Norway
Portugal

San Marino
Singapore
Slovakia
Slovenia
South Korea
Spain
Sweden
Switzerland
Taiwan
United Kingdom

United States

1,539 (910-2,335)
1,966 (1,167-2,997)
5,815 (3,437-8,826)

17 (10-25)

1,362 (804-2,071)
1,650 (976-2,505)

975 (576-1,480)
15,522 (9,164-23,590)
24,165 (14,319-36,701)
4,586 (2,706-6,983)
3,812 (2,245-5,811)
7,023 (4,159-10,670)
28,577 (16,905-43,477)

111,205 (65,763-168,903)

484 (233-833)
619 (297-1,064)
1,829 (884-3,142)

5 (3-9)

428 (207-736)

519 (250-892)

307 (147-527)

4,884 (2,352-8,420)
7,603 (3,655-13,076)
1,443 (693-2,475)
1,199 (576-2,065)
2,209 (1,059-3,791)
8,993 (4,317-15,475)

34,991 (16,813-60,098)

1,255 (680-2,021)
1,594 (863-2,566)
4,449 (2,425-7,118)

13 (7-20)

1,149 (623-1,851)
1,366 (739-2,200)

753 (408-1,210)
12,545 (6,768-20,205)
18,334 (9,972-29,419)
3,694 (1,995-5,935)
2,977 (1,614-4,791)
5,524 (2,999-8,898)
22,576 (12,227-36,245)

89,736 (48,766-143,992)
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Figure 1 Search methodology

Figure 2 Forest plots showing prevalence of severe AS; (upper) AS in general population aged >60 years; random

effects models (n=26,320); (lower) proportion of AS classified as severe; random effects models (n=1,484)

Figure 3 Map of disease progression to SAVR (includes TAVR pathway for high-risk/inoperable patients); as-

treated analysis (n=42,965)

Figure 4 Forest plot showing the proportion of severe AS patients reported as symptomatic; random effects models

(n=9,658)

Figure 5 Forest plot showing the proportion of patients with severe AS who underwent SAVR; random effects

models (n=8,034)

Figure 6 Forest plot showing all-cause mortality in patients treated for severe AS (AVR vs. medical therapy);

random effects models (n=3,061)

Figure 7 Forest plot showing the risk profile (EuroSCORE) of patients treated with SAVR; random effects models

(n=2,770)

Figure 8 Forest plot showing the eligibility of high-risk/inoperable patients referred for TAVR; random effects

models (n=1,698)
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