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ABSTRACT

BGCkgrOUI‘Id Hospitals and health systems must balance the demand for transcatheter aortic valve replacement (TAVR)
against financial sustainability. Patients may be eligible for both TAVR and surgical aortic valve replacement (SAVR), but
financial realities for hospitals may affect differential access to those therapies. We sought to understand the landscape of
costs and reimbursement for TAVR and SAVR in the US and to understand the association of procedural reimbursement with
receipt of either.

Methods We included feefor-service Medicare beneficiaries undergoing isolated TAVR or SAVR in 2016-2019. For
each TAVR and SAVR, inpatient revenues and direct costs were calculated at the claim level. The contribution margin (CM)
for each TAVR or SAVR was then calculated as total revenues minus total direct costs, which defines the net profit for the
procedure for the hospital. Multivariate logistic regressions were used to identify hospital characteristics associated with
positive TAVR CMs. Multivariate linear regression was used to assess the relationship between relative volume of TAVR cases
and relative differences in TAVR versus SAVR CMs at the hospital level.

Results Of 542 sites, 377 (69.6%) had positive CMs, and 165 (30.4%) had negative CMs for TAVR; 505 (93.2%) had
positive CMs for SAVR. Median revenues, costs, and CMs for TAVR decreased between 2016 and 2019. The median (IQR)
total CM per hospital for TAVR decreased from $10,574 ($1,331-$22,259) in 2016 to $6,744 ($6,099-$17,511) in 2019
(P < 0.001). Teaching hospital status (aOR 1.77, 95% ClI 1.07-2.93) and for-profit status (aOR 3.7, 95% Cl 1.8-7.6) were
associated with increased odds of positive TAVR CMs relative to nonteaching hospital status and nonprofit status, respectively,
in multivariate logistic regression models. The median (IQR) proportion of TAVR of total AVR was 76.67% (69.6%-82.5%)
compared with 74.6% (66.9%-80.4%) at hospitals with negative TAVR CMs (P = .04). There was no significant linear
relationship between hospitallevel difference in median TAVR and SAVR CMs and hospital-level proportion of TAVR of total
AVR in multivariate models.

Conclusions Most hospitals had positive CMs for TAVR and nearly all had positive CMs for SAVR. Positive CMs for
TAVR for individual hospitals were associated with a significant increase in the utilization of TAVR. However, the magnitude
of difference in TAVR versus SAVR CM was not associated with differential procedural use. (Am Heart ] 2025;281:59-70.)
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Background

Since commercial approval in late 2011, transcatheter
aortic valve replacement (TAVR) has become the dom-
inant treatment modality for aortic stenosis (AS), with
procedure volumes exceeding those of surgical aor-
tic valve replacement (SAVR) in the United States by
2019." The number of sites offering TAVR more than
tripled between 2012 and 2019."? The rapid growth of
TAVR was multifactorial, with both clinical and financial
forces for expansion. Data from a series of clinical tri-
als demonstrated comparable, if not superior, safety and
efficacy of TAVR when compared with SAVR with cost-
effectiveness analyses consistent with high-value care.’”
In addition, clinician networks, direct-to-consumer ad-
vertising, and market competition contributed directly to
the widespread adoption of this technology.®!?

Prior research demonstrated increased costs associated
with TAVR compared with SAVR during the first year of
commercial availability in 2012.'> Hospitals and health
systems needed to balance the growing demand for TAVR
against increasing financial constraints and a changing re-
imbursement landscape.'*'® With the expansion in in-
dications for TAVR over the last decade, many patients
may have been eligible for either TAVR or SAVR, but
the financial incentives faced by particular health sys-
tems may have affected which therapy was offered to
those patients. In the current study, we sought (1) to
understand the landscape of costs and reimbursement
for TAVR and SAVR in the United States as the technol-
ogy and service matured and (2) to understand the as-
sociation of relative procedural reimbursement with the
type of AVR procedure more commonly provided by
hospitals.

Methods

This study was deemed exempt from review by the in-
stitutional review board at the University of Pennsylva-
nia.

Study sample and data

We identified all fee-for-service Medicare beneficiaries
aged >65 years undergoing isolated TAVR or SAVR be-
tween January 1, 2016, and August 16, 2019. The Medi-
care Provider Analysis and Review (MEDPAR) files for in-
patient claims were used to identify patients and their
comorbidities. Patients undergoing isolated TAVR and
or SAVR were identified using ICD-10 procedure codes
(Supplementary Table 1). Hospital zip code data were
obtained from the Medicare Hospital Data Claims and De-
mographic Data files. Hospitals were considered to have
active TAVR or SAVR programs during a particular year
if they performed >5 TAVR or SAVR procedures, respec-
tively, during that year.
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Revenue and cost data

All revenues and costs were first calculated at the claim
level. For each claim, total revenue was calculated as the
sum of the Medicare payment (amount of payment made
from Medicare for the services covered by the claim
record excluding pass-through per diem payments), pass-
through amount (total of all claim pass-through per diem
amounts), primary payer amount (payment made on be-
half of the beneficiary by a nonmedicare primary payer),
and coinsurance (beneficiary’s liability for coinsurance
for stay). Claims with total revenue values of zero were
excluded from our analysis.

Hospital charges were subdivided into 30 hospital-level
costs centers for each claim. Each cost center-specific
amount indicates a departmental, resource, or accom-
modation charge for care.'> A list of all 30 cost centers
is provided in the Supplementary Table 2. To convert
charges to costs, hospital-level, cost center-specific an-
nual cost to charge ratios (CCRs) were obtained from
CMS.!7 Claim-level cost-center specific charges were mul-
tiplied by CCRs to obtain claim-level costs for the 30 cost
centers. The median CCR-adjusted SUPLYAMT cost cen-
ter (ie, medical and surgical supply costs associated with
a beneficiary’s stay) value for TAVR across the study pe-
riod was $29,370, which suggests that the CCR method
accurately captures TAVR device costs.® Total costs were
calculated as the sum of the 30 cost-center-specific costs.
To account for extremely high costs and a right-skewed
distribution in costs, total costs were Winsorized to the
80th percentile. This process sets all cost values above
the 80th percentile to the value of the 80th percentile.

To obtain direct costs, the true costs associated with
providing the services excluding ancillary services (ie,
overhead and administrative costs), for each claim, we
first calculated the direct cost ratio for each hospital
as direct costs (Total adjustable salary - total adjustable
salary overhead + program inpatient ancillary service
costs + total program costs) divided by total costs (Total
adjustable salary 4 program inpatient ancillary service
costs + total program costs + total program excludable
costs + total program inpatient operating costs exclud-
ing capital related nonphysician costs).'® This ratio was
multiplied by claim-level total costs to get claim-level di-
rect costs. For any hospital missing a direct cost ratio (0
in 2016, 0.006% in 2017 and 2018, and 0.005% in 2019),
the direct cost ratio was set to the median of the ratios
across all hospitals. Claims with total direct costs that
were 1.5 IQR’s above the 75th percentile (7.33% of all
claims across TAVR and SAVR) were identified as outliers
and removed.

The contribution margin (CM) was defined as total rev-
enues minus total direct costs. CMs were first calculated
at the claim level. We then calculated the median value
of claim-level CMs for each hospital each year, as well as

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on June 17,
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



American Heart Journal
Volume 281

the median (IQR) of the hospital-level median CM values
in a given year.

All costs, revenues, and CMs are presented as 2019 US
Dollar amounts. Dollar amounts from years other than
2019 were converted to 2019 US Dollars using the United
States consumer price index (CPI). 19

Hospital characteristics

The following hospital characteristics were identified
using data from the Dartmouth Atlas 2017 release: bed
size, teaching hospital status, profit status, and Census
region.’’ Each hospital was designated as being in a
metropolitan, micropolitan, or rural area based on its
ZIP code and Census data. Hospitals’ safety-net status
was determined using Medicare Impact Files for inpa-
tient, prospective payment system providers. Hospitals
in the top quartile of the Disproportionate Share Hospi-
tal (DSH) index were identified as being safety-net hos-
pitals.?!"?? Hospital market concentration measures the
extent to which market shares in a specific geographical
region (eg, metropolitan area) are concentrated to small
number of hospitals. Hospital market concentration for
inpatient services was determined using data from the
Health Care Cost Institute (HCCI). HCCI provides annual
values of the Herfindahl-Hirschman Index, a commonly
used index of market concentration, for inpatient ser-
vices for all core-based statistical areas (CBSAs) in the US.
The Herfindahl-Hirschman Index is calculated as the sum
of the squared market shares of each hospital in a mar-
ket.?2>2> Based on values of this index, HCCI categorizes
each CBSA as being unconcentrated, moderately concen-
trated, highly concentrated, or very highly concentrated.
If a hospital was in a CBSA with a missing value of HHI
or was not located in an identifiable metropolitan or mi-
cropolitan area, it was mapped to a state-level value of
market concentration.

Statistical analysis

Characteristics of hospitals with positive median TAVR
CMs versus hospitals with negative median TAVR CMs
were compared using Chi-squared and Kruskal-Wallis
tests as appropriate. Similar tests were performed to
compare hospitals with positive versus negative SAVR
CMs. Univariate and multivariable logistic regression
models were fit to determine the association be-
tween hospital-level characteristics and positive median
hospital-level TAVR CM. The same was done to deter-
mine the association between hospital-level characteris-
tics and positive SAVR CM. We included hospital-level
bed size, teaching status, profit status, Census region,
metropolitan designation, safety-net status, and hospi-
tal market concentration as covariates. Results are pre-
sented as odds ratios (ORs) and adjusted odds ratios
(aORs) with 95% CI.

Bar plots were constructed to show all hospitals’ me-
dian TAVR and SAVR CMs. We also generated bar plots
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showing median annual total TAVR and SAVR CMs by
hospital over the study period. Additionally, the percent-
ages of all TAVR sites with positive versus negative CMs
year over year were visualized using stacked bar plots.
The same was done for SAVR sites. Temporal trends in
the proportion of TAVR sites with positive CMs for TAVR
were assessed using Mann-Kendall tests. To visualize the
geographic distribution of hospital-level TAVR and SAVR
CMs, maps of the United States were constructed with
markers for each TAVR and SAVR program’s location, as
well as the positive/negative sign of the median hospital-
level CM for each procedure. Maps showing median an-
nual total CMs as well as median annual TAVR and SAVR
case volumes by site were also constructed.

Annual hospital-level median costs, revenues, and CMs
for TAVR and SAVR across all hospitals in the analyti-
cal cohort were tabulated. Mann-Kendall tests were per-
formed to assess temporal trends.

Relationships between hospital-level median annual
TAVR (SAVR) case volumes and median annual total TAVR
(SAVR) CMs were visualized using scatterplots. Univari-
ate and multivariable linear regression models were fit
to assess the relationship between relative volume of
TAVR cases and relative differences in TAVR versus SAVR
CMs at the hospital level. The dependent variable was %
TAVR of total aortic valve replacement (AVR) cases at a
hospital, and the independent variable was the hospital-
level difference in median TAVR CM and median SAVR
CM. In multivariable models, we included hospital-level
bed size, teaching status, profit status, Census region,
metropolitan designation, safety-net status, and hospital
market concentration as covariates. Univariate and mul-
tivariable models were fit for the overall analytical co-
hort as well as subgroups by profit status (for-profit, non-
profit, and government hospitals).

Statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC). Maps and plots were gen-
erated using R version 4.1.0 (R Foundation for Statistical
Computing, Vienna, Austria). All statistical testing was 2-
tailed, with P < .05 deemed statistically significant.

Results

The median (IQR) hospital-level CM for TAVR was
$9,076 ($3,218-$19,205), and the median (IQR) hospital-
level CM for SAVR was $11,979 ($6,753-$18,615) across
the study period. Of 542 total TAVR sites included in
the analytical cohort, 377 (69.6%) had positive CMs, and
165 (30.4%) had negative CMs for TAVR. Of 542 SAVR
sites, 505 (93.2%) had positive CMs for SAVR, and 37
(6.8%) had negative CMs for SAVR. Among TAVR hos-
pitals with positive CMs, 35.3% were teaching hospitals
and 71.1% were non-profit hospitals, compared to 26.1%
(P = .04) teaching hospitals and 82.4% nonprofit hos-
pitals (P = .005) among hospitals with negative TAVR
CMs. The median SAVR CM at hospitals with positive
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Table 1. HospitaHevel characteristics of TAVR programs in the United States, 20162019
Hospitals with positive TAVR CMs Hospitals with negative TAVR P-value
(h = 377) CMs (n = 165)
Bed size, n (%) .97
<100 beds 8(2.1) 4(2.4)
100-399 beds 163 (43.2) 70 (42.4)
>400 beds 206 (54.6) cases
Teaching hospital, n (%) 133 (35.3) 43 (26.1) .04
Profit status, n (%) .005
For-profit 63(16.7) 11 (6.7)
Non-profit 268 (71.1) 136 (82.4)
Government 46 (12.2) 18 (10.9)
Region, n (%) .04
Midwest 89 (23.6) 53 (32.1)
Northeast 71(18.8) 22 (13.3)
South 135 (35.8) 65 (39.4)
West 82 (21.8) 25 (15.2)
Metropolitan designation, n (%) .83
Metropolitan 369 (97.9) 161 (97.6)
Nonmetropolitan 8 (2.1) 4 (2.4)
Safety net hospital, n (%) 100 (26.5) 33 (20) 1
Hospital market concentration, n (%) 17
Unconcentrated 127 (33.7) 47 (28.5)
Moderately concentrated 67 (17.8) 44 (26.7)
Highly concentrated 158 (41.9) 61 (37)
Very highly concentrated 9 (2.39) 5 (3)
TAVR CM, $, median (IQR) $15,456 ($8,353 to $23,470) -$10,266 (-$17,379, -$4,681) < .0001
SAVR CM, $, Median (IGR) $14,525 ($9,642 to $21,842) $6,251 ($1,295 to $10,428) <0001
TAVR cases per year, Median (IQR) 43 (20-79) 31 (13-59) .01
SAVR cases per year, Median (IQR) 12 (6-21) 11 (6-20) .32
TAVR/SAVR volume ratio, median IQR) 3.29 (2.29-4.7) 2.93 (2.02-4.09) .04
Percent TAVR of total AVR cases, median (IQR) 76.67 (69.64-82.48) 74.56 (66.9-80.35) .04

Table 2. Association befween hospitalHevel characteristics and positive hospitallevel TAVR CMs. "OR” refers to unadjusted odds ratios from
univariate logisfic regression models. “aOR” refers to adjusted odds ratios from multivariate logisfic regression model

OR (95% Cl) P-value aOR (95% Cl) P-value
Bed size (<100 beds as reference) .97 74
100-399 beds 1.16 (0.34-3.99) .81 1.47(0.39-5.52) .57
>400 beds 1.13 (0.33-3.85) .84 1.27 (0.33-4.8¢) 73
Teach hospital (Nonteaching hospital as reference) 1.55(1.03-2.32) .03 1.77 (1.07-2.93) .03
Profit status (Nonprofit as reference) .007 .002
For-profit 2.92 (1.48:5.7) 002 3.7 (1.87.6) .0004
Government 1.3 (0.72-2.32) .38 1.32 (0.71-2.47) .38
Region (Northeast as reference) .05 .06
Midwest 0.52 (0.29-0.94) .03 0.53 (0.28-0.98) .04
South 0.64 (0.37-1.13) 12 0.57 (0.3-1.09) .09
West 1.02 (0.53-1.96) 96 1.07 (0.52:2.18) 86
Metropolitan designation (Nonmetropolitan as reference) 1.15(0.34-3.8¢) .83 0.94 (0.27-3.32) .92
Safety net hospital (nonsafety net as reference) 1.44 (0.93-2.25) R 1.21(0.73-2.01) A7
Hospital market concentration (unconcentrated as reference) .18 .23
Moderately concentrated 0.56 (0.340.94) .03 0.75(0.43-1.32) .32
Highly concentrated 0.96 (0.61-1.5) .85 1.37 (0.81-2.32) .24
Very highly concentrated 0.67 (0.21-2.09) 49 1.02 (0.31-3.38) .97

TAVR CMs was significantly higher than the median SAVR
CM at hospitals with negative TAVR CMs ($14,525 vs
$6,251, P < .001). The median (IQR) ratio of TAVR/SAVR
cases at hospitals with positive TAVR CMs was 3.29 (2.29-
4.7), compared to 2.93 (2.02-4.09) at hospitals with neg-
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ative TAVR CMs (P = .04), and the percentage of AVR
performed as TAVR was 76.67% (69.64-82.48%), com-
pared with 74.56% (66.9-80.35%) at hospitals with neg-
ative TAVR CMs (P = .04) (Table 1). A higher proportion
of hospitals with positive SAVR CMs were teaching hos-
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Figure 1. (A) Bar plot of hospital-level median TAVR CMs. Each bar represents one hospital. Margins are ordered from least to
greatest median hospital-level SAVR CM. (B) Bar plot of hospital-level median SAVR CMs. Each bar represents one hospital. Margins

are ordered from least to greatest median hospital-level SAVR CM.

(A)

$60,000 -

$40,000 -

$20,000 -

$0

Hospital-Level Median TAVR
Contribution Margin, $

-$20,000 -

-$40,000 -

(B)

$60,000

$40,000 -

$20,000 -

Hospital-Level Median SAVR
Contribution Margin, $

$0

pitals (34.5% vs 5.4%, P = .0003), safety net hospitals
(25.5% vs 10.8%, P = .04), and hospitals located in un-
concentrated markets (33.5% vs 13.5%, P = .003), com-
pared to hospitals with negative SAVR CMs (Supplemen-
tary Table 3).

In the multivariable model estimating odds of positive
hospital-level TAVR CMs, teaching hospital status was as-
sociated with increased odds of positive CMs (aOR 1.77,
95% CI 1.07-2.93, P = .03) relative to nonteaching hos-
pital status, and for-profit status was associated with in-
creased odds of positive CMs (aOR 3.7, 95% CI 1.8-7.6,
P = .0004) relative to nonprofit status (Table 2). Simi-
lar results were observed in the multivariable logistic re-

gression model measuring odds of positive hospital-level
SAVR CMs (Supplementary Table 4).

Hospital-level median TAVR and SAVR CMs are pre-
sented in Figure 1. Most SAVR hospitals had positive
SAVR CMs, whereas hospital-level TAVR CMs varied con-
siderably. Hospitals that had negative median TAVR CMs
also tended to have negative SAVR CMs. Annual total
TAVR and SAVR CMs for each hospital are provided in
Supplementary Figure 1. In 2019, 65% of TAVR sites had
positive TAVR CMs, and 93% of SAVR sites had positive
SAVR CMs. There were no significant temporal trends in
these proportions over the study period (Figure 2). The
geographic distribution of TAVR and SAVR sites, as well as
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Figure 2. Distribution of TAVR and SAVR hospitals by positive versus negative CMs year over year. (A) TAVR Programs by Positive
versus Negative CMs, 2016 to 2019. (B) SAVR Programs by Positive and Negative CMs, 2016 to 2019.
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the positivity/negativity of site-level median CMs, median
annual case volumes, and positivity/negativity of median
annual total CMs for both procedures, are summarized in
Figure 3.

Median revenues, costs, and CMs per hospital for TAVR
decreased between 2016 and 2019. The median (IQR)

revenue decreased from $49,905 ($43,121-$57,740) in
2016 to $41,611 ($37,010-$47,953) in 2019 (P < .0001),
and the median (IQR) cost decreased from $39,845
($29,776-$52,002) in 2016 to $35,848 ($25,177-$49,454)
in 2019 (P = .0009). The median (IQR) total CM per hos-
pital for TAVR decreased from $10,574 ($1,331-$22,259)
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Figure 3. US TAVR and SAVR hospitals, median and annual total CMs. Annual margins were calculated as total revenues minus total
costs across all cases performed at a hospital in a given year. For hospitals performing TAVR and/or SAVR in >1 year during the study

period, the median of all available annual CMs was taken.
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Table 3. Median revenues, costs, and CM per hospital for TAVR and SAVR, 2016-2019. All dollar values are presented as 2019 USD.

P-values presented are calculated from 2-sided Mann-Kendall fests for trend

TAVR SAVR

Median (IQR) Median (IQR) Median (IQR) CM Median (IQR) Median (IQR) total Median (IQR) CM
total revenues per total costs per per hospital total revenues per costs per hospital per hospital
hospital hospital (P < .0001) hospital (P=.33) (P=.07)

(P < .0001) (P = .0009) P=.31)

2016 $49,905 $39,845 $10,574 $40,114 $29,945 $11,535
($43,121- ($29,776- ($1,331- ($33,903- ($24,720- ($5,469
$57,740) $52,002) $22,269) $48,521) $35,244) $19,316)

2017 $47,895 $38,010 $10,561 $39,768 $28,701 $13,154
($41,684- ($28,493- ($1,427- ($34,257- ($22,973- ($7,740-
$54,710) $50,738) $21,122) $48,908) $33,706) $20,171)

2018 $44,263 $37,045 $8,129 $40,000 $28,498 $12,877
($38,960- ($27,146- (-$5,033- ($34,099- ($22,693- ($7,694-
$50,987) $51,188) $19,081) $48,025) $34,132) $19,357)

2019 $41,611 $35,848 $6,744 $40,763 $29,744 $12,828
($37,010- ($25,177- ($6,099- ($34,693- ($23,772- ($6,974-
$47,953) $49,454) $17,511) $50,351) $35,212) $20,275)

to $6,744 ($6,099-$17,511) in 2019 (P < .0001). There
were no significant temporal changes in median hospital-
level revenues, charges, or CMs for SAVR during the study
period (Table 3). Median (IQR) contribution margins and
median (IQR) % TAVR of total AVR for hospitals with posi-
tive versus negative TAVR contribution margins year over
year are shown in Figure 4. Hospital-level TAVR CMs have
decreased over time at hospitals with positive TAVR CMs
and hospitals with negative CMs. While the overall share
of AVR done as TAVR is increasing, it remains persistently
lower at hospitals with negative TAVR CMs.

Scatterplots showing the relationship between median
annual TAVR (SAVR) case volumes and hospital-level an-
nual total TAVR (SAVR) CMs are provided in Figure 5.
We observed no significant linear relationships between
volumes and CMs at TAVR and SAVR sites. In univari-
ate and multivariable linear models, there was no sig-
nificant relationship between hospital-level difference in
median TAVR and SAVR CMs and hospital-level propor-
tion of TAVR of total AVR. Further, no significant differ-
ences were observed after stratifying subgroups based on
hospital profit status (Supplementary Figure 2).
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Figure 4. Median annual contribution margins and % TAVR of total AVR of hospitals with positive versus negative TAVR contribution
margins year over year. Vertical bars represent interquartile ranges. Circles represent annual median contribution margin or annual

percent of total AVR that is TAVR.
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We found that 69.6% of hospitals had positive aver-
age CMs for TAVR, and 93% of hospitals had positive av-
erage CMs for SAVR between 2016 and 2019 for Medi-
care beneficiaries, with higher CMs on average for SAVR
compared to TAVR. Costs, reimbursement and CMs for
TAVR decreased between 2016 and 2019 while SAVR
rates remained consistent. Hospital-level characteristics

hospital status and for-profit status. Hospitals with a pos-
itive CM for TAVR had a higher proportion of their total
AVR volume done as TAVR compared with SAVR by over
2% and an 11% differential in the ratio of TAVR to SAVR.
However, there was no statistically significant systematic
national association between the median hospital-level
CM and the proportion of AVR done as TAVR.
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Figure 5. Median annual case volumes versus annual total CMs for TAVR and SAVR hospitals. Annual margins were calculated as
total revenues minus total costs across all cases performed at a hospital in a given year. For hospitals performing TAVR and/or SAVR in
>1 year during the study period, the median of all available annual CMs was taken.
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The difference in rates of positive hospital-level CMs
for TAVR versus SAVR appear to be due to significant
differences in the costs associated with each procedure
and is consistent with prior data from the initial expe-
rience with TAVR.!"? Insufficient and falling reimburse-
ments for TAVR preclude CM neutrality against SAVR in
the current reimbursement environment. However, hos-
pitals that had a positive CM for TAVR also had higher
CMs for SAVR, suggesting increased overall profitability
allowing for positive CMs. The most powerful factor as-
sociated with positive CMs for TAVR was for-profit sta-
tus which is consistent with prior studies on hospital
profitability.'®?® In contrast, we found that teaching sta-
tus was associated with positive CMs for TAVR. This dif-
ference may be due to a focus on inpatient procedures
in the current study, and overall inpatient and outpa-
tient hospital net incomes in the study by Bai et al.'®
In addition, we did not find significant associations be-
tween market concentration, metropolitan designation
or safety-net status and positive CMs for TAVR.

Hospitals with a positive CM for TAVR had a higher pro-
portion of AVR done as TAVR by over 2%. This would sug-
gest that for each 100 patients undergoing AVR at a given
hospital, 2 more patients at a profitable hospital may un-
dergo TAVR, whereas at a hospital with a negative CM,
those 2 patients may undergo SAVR instead. There was
an 11% relative difference in the ratio of TAVR to SAVR
done at hospitals with positive TAVR CMs compared with
negative TAVR CMs. It is not clear that such differences

are being driven by explicit “quotas” at hospitals with
positive or negative CMs, but the finding may reflect sub-
tle and/or unconscious pressures from health system and
hospital administration regarding the financial status of
programs.

Reassuringly, we did not find any association between
the differential CMs of TAVR and SAVR at each hospital
and the proportion of AVRs done as TAVR. This may re-
flect local-regional practice variation and differential fi-
nancial pressures on different hospitals in the nation mit-
igating 1 uniform relationship. Nonetheless, these data
would suggest that while profitability is associated with
differential utilization of TAVR and SAVR, there does not
appear to be a systematic nationwide relationship be-
tween the CMs for each procedure and their use, and the
pathways via which CM influences relative utilization of
TAVR versus SAVR differ across hospitals.

There is evidence that decreased reimbursements are
associated with subsequent decreases in utilization for
other therapies such drug-coated balloons.?” It is likely
that service lines actively monitor CMs for individual pro-
cedures and possibly even equipment, which may con-
tribute to patterns of utilization of novel interventions.
It is possible that at hospitals where TAVR is profitable,
service line leadership allows TAVR utilization to con-
tinue at a rapid pace, whereas at hospitals where TAVR
is not profitable, service line leadership may seek out
ways to mitigate the high procedure costs (eg, remov-
ing the need for perfusion services, reducing length of
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stay). However, because most of the cost of TAVR re-
mains the valve itself, service line decision-making is un-
likely to have a significant impact on the hospital-level
profitability of TAVR. The financial losses of TAVR may
be mitigated to some extent by the halo effect associated
with the procedure, whereby the introduction of TAVR is
associated with increased hospital volumes of other pro-
cedures such as SAVR, TTE, and heart catheterizations.®
Nevertheless, service line leadership may apply pressure
to the sections and physicians by directly or indirectly as-
sessing overall collections and incentivizing fewer TAVR
and more SAVR to be performed.

The data from this and other studies highlight the im-
portance of the financial health of hospitals and health
systems on patient care. In the current study, we find
evidence of the differential utilization of minimally inva-
sive and open surgical treatment modalities for AS, which
can have tangible differences in the risk of complica-
tions, outcomes, and quality of life for individual patients
with this disease process. Moreover, economic consid-
erations in the differential utilization of TAVR versus
SAVR have important implications for equitable access
to novel therapies among historically marginalized pop-
ulations. Recent studies have uncovered persistent so-
ciodemographic disparities in utilization of TAVR despite
a dramatic increase in the overall use of TAVR relative
to SAVR.?:%:28:29 Regulators and payors should strongly
consider the consequences of reimbursement schema on
the practical realities of procedural offerings by hospitals
with an aim to achieve reimbursement levels that allow
for financial neutrality between comparable procedures
for a given disease process.

Limitations

There are several limitations to the above analysis. First,
CM analyses were performed on patients with traditional
fee-for-service Medicare plans. We did not include pa-
tients with Medicaid, private insurance, or Medicare Ad-
vantage plans.’’:>! While the majority of patients under-
going TAVR will have Medicare fee-for-service insurance
plans, payment may vary significantly by payor type.’?
Second, this analysis focuses on inpatient CMs and does
not include revenues for the hospital and or health sys-
tem by outpatient pre-procedural or post-procedural test-
ing and visits (ie, “halo effect”). Third, the use of an ad-
ministrative dataset precludes a granular assessment of
the costs associated with each hospital stay. Administra-
tive claims do not provide direct costs of care and we
used CCRs to convert charges to costs; methods which
have been described previously.!>3> We attempted to
Winsorize costs to exclude extremely high and lost cal-
culated costs for hospital stays given the possibly of rare
complications or prolonged hospitals stays that were un-
usual and may skew the studied relationships. Fourth,
this study used administrative claims data, rather than
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registry data, so differences across patient risk levels
could not be measured. Finally, our analysis only included
patients who underwent TAVR or SAVR. We did not in-
clude patients who undergo “bridging” aortic valvulo-
plasty, which may be used to defray costs associated with
urgent inpatient TAVR or SAVR.

Conclusion

In an analysis of Medicare beneficiaries undergoing
TAVR and SAVR in the United States between 2016 and
2019, most hospitals had positive CMs for TAVR and al-
most all hospitals had positive CMs for SAVR. For-profit
and teaching status were both associated with signifi-
cantly increased profitability for these procedures. Pos-
itive CMs for TAVR for individual hospitals were associ-
ated with a small but significant increase in the utilization
of TAVR.
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