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BACKGROUND: Transcatheter aortic valve replacement (TAVR) has transformed the management of aortic valve stenosis.
However, little national data are available characterizing the geographic and demographic dispersion of this disruptive tech-
nology relative to surgical aortic valve replacement (SAVR).

METHODS AND RESULTS: In this US claims-based study, we analyzed a 100% sample of fee-for-service Medicare beneficiaries
from 2012 to 2017 and examined national rates of TAVR versus SAVR. Procedure rates were compared across years as a
function of age, sex, race, and geography for TAVR and SAVR beneficiaries. There was significant growth in TAVR from 15.4
beneficiaries/100 000 enrollees in 2012 to 90.6 in 2017 (P<0.001). SAVR rates declined from 92.8 beneficiaries/100 000 enroll-
ees in 2012 to 63.5 in 2017 (P<0.001). The growth of TAVR varied as a function of age (P<0.0001). While TAVR was the domi-
nant strategy among beneficiaries >85 and 75 to 84 years old, SAVR was more common among beneficiaries 65 to 74 years
old. TAVR was also used more frequently than SAVR among women (P<0.001). While TAVR increased among all races, it was
less commonly used among non-White beneficiaries (P<0.001). Contemporary use of TAVR relative to SAVR varied signifi-
cantly by geographic location, with a TAVR:SAVR ratio in 2017 of 1.24 in the Midwest and 1.68 in the Northeast (P<0.001).

CONCLUSIONS: In 2017, the number of Medicare beneficiaries receiving TAVR exceeded SAVR for the first time in the United
States. There is significant variation, however, in the geographic expansion of TAVR and in patient demographics relative to
SAVR.

Key Words: aortic stenosis m aortic valve replacement ®m outcomes research m transcatheter aortic valve implantation m utilization

emerged as a disruptive device technology for the

management of patients with severe aortic valve
stenosis (AS).! In November 2011, the US Food and Drug
Administration (FDA) provided commercial approval of
TAVR for high or prohibitive surgical risk patients with
AS, resulting in the rapid use of this procedure nation-
ally."® Since then, multiple randomized clinical trials in
patients with intermediate and low surgical risk have
demonstrated non-inferiority of TAVR versus surgical
aortic valve replacement (SAVR).*~ The variable extent
to which TAVR has outpaced SAVR as a function of ge-
ography and patient demographics is unknown.

Transcatheter aortic valve replacement (TAVR) has

As the indications for TAVR have continued to ex-
pand, now encompassing patients of all surgical risk
categories, understanding the differential patterns of
TAVR growth relative to SAVR is informative for health
policy decisions. Historically, disruptive technologies
have shown rapid global adoption, but significant
variability when analyzed across specific geographic
areas and patient subgroups.® Recently, the Centers
for Medicare and Medicaid Services provided an up-
date to the National Coverage Determination for TAVR.®
Characterizing contemporary utilization of TAVR across
the United States compared with SAVR provides a
valuable context for these coverage determinations.
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As such, we performed an analysis of Medicare claims
data from 2012 through 2017 to assess the contempo-
rary utilization of TAVR relative to SAVR as a function of
beneficiary demographics and geography.

METHODS

This study was reviewed and approved by the Dartmouth-
Hitchcock Institutional Review Board. The requirement
to obtain informed consent was waived. The data used
in this analysis include restricted Medicare claims data.
Therefore, the data cannot be shared directly with other
investigators because of the terms of the specified data
use agreement. Investigators who wish to obtain the data
can do so through submission of an application to the
Centers for Medicare and Medicaid Services Research
Data and Assistance Center.

We conducted an observational study using a 100%
sample of fee-for-service Medicare beneficiaries aged
65 and older who were continuously enrolled in Parts
A and B for all 12 months of a given calendar year.
The 100% Medicare Provider Analysis and Review
(MEDPAR) file from 2012 through 2017 was queried
to identify all fee-for-service Medicare beneficiaries
undergoing SAVR (n=165 268) and TAVR (n=98 117).
We extracted patients undergoing SAVR using the
following International ~ Classification of Diseases,
Ninth Revision (ICD-9) and Tenth Revision (ICD-10)
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codes: 3521, 3522, 02RF07Z, 02RF08Z, 02RF0JZ,
and 02RFOKZ. For TAVR, we used the following ICD-9
and /CD-10 codes: 3505, 3506, 02RF37H, 02RF38H,
02RF3JH, 02RF3KH, 02RF37Z, 02RF38Z, 02RF3JZ,
and 02RF3KZ. TAVR and SAVR procedure rates (ex-
pressed per 100 000 beneficiaries) were compared
across years. We also calculated the ratio of TAVR to
SAVR procedure counts, stratified according to geo-
graphical location and year, as well as age, sex, and
race. Hospital Referral Region template maps were
downloaded from the Dartmouth Atlas of Health Care
website and choropleth maps were developed utilizing
color density to display the ratio of TAVR:SAVR.'® The
four geographic regions are based on 2010 US Census
data."" All analyses were performed using SAS 9.4.

RESULTS

Nationally, TAVR rates increased from 15.4 beneficiar-
ies/100 000 enrollees in 2012 to 90.6 in 2017 (P<0.001).
Concurrently, rates of SAVR decreased from 92.8 ben-
eficiaries/100 000 enrollees in 2012 to 63.5 in 2017
(P<0.001) (Figure 1). There was a significant increase
in the ratio of TAVR:SAVR claims throughout the study
period, with TAVR surpassing SAVR for the first time in
2017 (Table).

Significant variability existed, however, in the ratio
of TAVR:SAVR claims across age, sex, and race
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Figure 1. Utilization of surgical aortic valve replacement (SAVR) and transcatheter aortic valve

replacement (TAVR) across United States Food and Drug Administration (FDA) approval timeline.
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strata. While TAVR demonstrated growth across all
age groups over time, the degree of utilization across
age groups varied (P<0.0001). In 2017, among bene-
ficiaries >85 years old, TAVR largely replaced SAVR
(ratio TAVR:SAVR 1210), and among beneficiaries
aged 75 to 84, TAVR was also more common (ratio
1.44). However, among beneficiaries 65 to 74 years
old, SAVR remained more common in the most con-
temporary era (ratio 0.49). The utilization of TAVR
also varied significantly by sex and was consistently
higher among women (P<0.0001). Although TAVR use
increased among both women and men over time,
by 2017, the ratio of TAVR:SAVR was 1.91 in women
and 1.17 in men. The mean age of women undergo-
ing TAVR (82.8 years old) was statistically greater than
that of men (81.9 years old) (P<0.001); however, the dif-
ference was not clinically significant. The utilization of
TAVR relative to SAVR also varied significantly by race
(P<0.001). While TAVR utilization increased across all
races during the study period, the ratio of TAVR:SAVR
in the most contemporary period was highest among
White beneficiaries (ratio 1.46).

TAVR utilization relative to SAVR also varied signifi-
cantly as a function of geographic location in the United
States (P<0.0001) (Table). While TAVR utilization out-
paced SAVR across all geographic locations in 2017,
utilization relative to SAVR was highest among benefi-
ciaries in the Northeast (ratio 1.68) and lowest among
beneficiaries in the Midwest (ratio 1.24) (Figure 2).

DISCUSSION

In this observational study of claims-based data of
US Medicare beneficiaries, we demonstrate that the
utilization of TAVR has continued to increase annually,

Geographic Dispersion and Variability of TAVR

with a corresponding decrease in national SAVR vol-
umes. In 2017, TAVR, for the first time among Medicare
beneficiaries, exhibited widespread dispersion across
all hospital referral regions and surpassed SAVR in its
overall relative use.

The adoption of TAVR has closely paralleled the
landmark clinical trial data and subsequent regula-
tory approvals for populations with lower surgical risk.
For instance, publication of the PARTNER-1A and B
(Placement of Aortic Transcatheter Valve Trial) trials for
the prohibitive and high surgical risk groups, respec-
tively, served as the foundation for first commercial
approval of the Edwards Sapien balloon-expandable
valve in November 2011."2 FDA approval of the self-
expanding Medtronic CoreValve, based on the US
Pivotal Trials of patients with extreme and high surgical
risk, followed in 2014."° In 2016 and 2017, respectively,
the PARTNER-2 and SURTAVI (Surgical Replacement
and Transcatheter Aortic Valve Implantation) trials
showed non-inferiority of TAVR versus SAVR in the in-
termediate risk population,*® thus leading to continued
commercial expansion.

In our analysis, we demonstrate that over the
course of six years, the number of TAVR procedures
performed in the United States has now outpaced the
number of SAVRs. While SAVR rates were initially con-
stant as TAVR rates increased, we show a progressive
rise of TAVR as SAVR has gradually declined in parallel
with growing TAVR evidence. Importantly, the relative
utilization of TAVR has not occurred at a uniform rate
across all demographic and geographic subgroups. In
2017, TAVR was more common in the Northeast and
less common in the Midwest compared with SAVR.
Even within states with lower TAVR utilization, there was
regional variation. Areas in Montana, Idaho, and South
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Figure 2. Geographical dispersion and change in transcatheter aortic valve replacement (TAVR): surgical aortic
valve replacement (SAVR) ratio by Hospital Referral Region (HRR) in 2012 and 2017.
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Dakota, for example, demonstrated significant within-
state variation. We hypothesize that the demographics
of those patient populations, regional resources avail-
able, and local practice patterns factor into the differ-
ences observed nationally and within states. It will be
vital to ensure, however, that these regional differences
do not translate into differences in clinical outcomes
over time. This finding may be particularly relevant for
SAVR, where overall volumes have steadily declined.

We highlight an “age creep” phenomenon in addi-
tion to the sex and race differences in TAVR versus
SAVR utilization. Beneficiaries aged 75 to 84 and
>85 years old are now clearly more likely to receive
TAVR. This observation is not unexpected, given that
these patients are more likely to have higher surgical
risk. For beneficiaries 65 to 74 years old, SAVR has
remained more common; however, this age group also
showed a trend towards growing TAVR use, which will
require continued evaluation. With respect to sex dif-
ferences, female patients were more likely to undergo
TAVR than SAVR, and this did not appear to be related
to differences in age. This observation may be attribut-
able to several potential factors, including unconscious
sex bias, perceptions of relative frailty, or other clinical
or social determinant factors not readily capturable in a
claims-based data set.

Importantly, TAVR utilization increased across all
races over time, demonstrating that this technology
has diffused throughout all patient groups. However,
we did observe variability in the relative use of TAVR
versus SAVR by race strata, indicating that uniform
access to advanced cardiovascular therapies must
continue to be monitored. Furthermore, both TAVR
and SAVR in Black and Hispanic adults were lower
in frequency than they were in White adults across
all years of this study. While this could be attributed
to differences in disease prevalence, further studies
are warranted to understand how these underrepre-
sented minorities are affected by disparities in disease
recognition and management of severe aortic steno-
sis. With regards to limitations, this analysis utilizes
an administrative registry based solely on Medicare
beneficiaries. While this registry captures a large ma-
jority of patients undergoing AVR nationally, there may
be a small fraction of younger patients <65 years-old
receiving these therapies who would not be included
in this analysis and to whom we cannot extrapolate
these findings.

In June 2019, the Centers for Medicare and Medicaid
Services enacted an update to the National Coverage
Determination for TAVR, which provides detailed spec-
ifications about hospital and cardiac surgery volume
requirements. In this guideline document, both open
heart surgery and aortic valve related procedures are
specified, and these guidelines have implications for
beginning and maintaining a TAVR program.® In an era
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of continually declining SAVR volumes (as evidenced
in this study), such regulatory policies with respect to
volume mandates will be relevant to both the tech-
nological dispersion of TAVR and access-to-care.
Understanding the primary drivers for the regional
and demographic variations in TAVR and SAVR may
help guide healthcare policy for future iterations of the
National Coverage Determination.

CONCLUSIONS

TAVR is a disruptive device technology that has contin-
ued to disseminate widely and surpass SAVR volumes
in the United States. The diffusion of TAVR, however,
has not been uniform, with variation in its use being a
function of patient demographics and geographic lo-
cation. Given the significant variation of TAVR versus
SAVR tilization, a Heart Team strategy (leveraging the
expertise of surgeons and cardiologists) remains criti-
cally important to ensure that optimal clinical outcomes
are preserved. Moving forward, greater consideration
should be given to the stringency of volume mandates,
as the use of TAVR and SAVR continue to diverge.
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