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Abstract

Background: Transcatheter aortic valve replacement (TAVR) has increased in volume as an
alternative to surgical aortic valve replacement (SAVR). Comparisons of total episode
expenditures, while largely ignored thus far, will be key to the value proposition for payers.

Methods: We evaluated 6,359 Blue Cross Blue Shield of Michigan and Medicare fee-for-service
beneficiaries undergoing TAVR (17 hospitals, n=1,655) or SAVR (33 hospitals, n=4,704) in
Michigan between 2012 and 2016. Payments through 90 post-discharge days between TAVR and
SAVR were price-standardized and risk-adjusted. Centers were divided into terciles of procedural
volume separately for TAVR and SAVR, and payments were compared between lowest and highest
terciles.
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Results: Payments (x standard deviation) were higher for TAVR than SAVR ($69,388 + $22,259
vs. $66,683 + $27,377, p<0.0001), while mean hospital length of stay was shorter for TAVR (6.2 £
5.6 days vs. 10.2 + 7.5, p<0.0001). Index hospitalization payments were $4,374 higher for TAVR
(p<0.0001), while readmission and post-acute care payments were $1,150 (p=0.0007) and $739
(p=0.004) lower, respectively, and professional payments were similar. For SAVR, high volume
centers had lower episode payments (difference: 5.0%, $3,255; p=0.01) and shorter length of stay
(10.0 £ 7.5 vs. 11.1 + 7.9 days, p=0.002) than low volume centers. In contrast, we found no
volume-payment relationship among TAVR centers.

Conclusions: Episode payments were higher for TAVR, despite shorter length of stay. While not
a driver for TAVR, center SAVR volume was inversely associated with payments. These data will
be increasingly important to address value-based reimbursement in valve replacement surgery.

Classifications:

Aortic valve; replacement; Health economics; Heart valve replacement; percutaneous; Heart valve
prosthesis

INTRODUCTION

Severe aortic stenosis affects millions of Americans, with an incidence rate of 4.9% per year
and exponential increase in prevalence with age [1-4]. If not treated with surgical
intervention, severe aortic stenosis carries a 50% mortality rate within 2 years [5-7].
Transcatheter aortic valve replacement (TAVR) has emerged as a clinically viable, though
more expensive alternative to surgical aortic valve replacement (SAVR), gaining regulatory
approval [8-10] and Centers for Medicare and Medicaid Services coverage [11] for use in
patients at extreme, high, and intermediate risk for open surgical replacement.

In Michigan, TAVRs are now performed more frequently than SAVRs. Published series
using hospital charges have reported higher hospital costs associated with TAVR [12-15].
However, total episode payments are a better reflection of the payers’ (and society’s)
perspective on cost, as they reflect the actual realized cost of the operation and its associated
postoperative care and are thus more relevant to considerations of the impact of national
payment reform such as bundled payments and value-based referral. While not performed
thus far, financial viability (from the perspective of hospitals and payers) of TAVR, relative
to SAVR, requires further evaluation of administrative costs, as assessed through real-world
reimbursement data over an episode of care. Because most work to date has focused on
clinical outcomes, less is known concerning differences in episode payments. Additionally,
while prior analyses [12,16] have found increased SAVR volume with the introduction of
TAVR and improved outcomes in higher volume centers for both TAVR [17-20] and SAVR
[21-22], there is little evidence on the relationship between procedure volume and economic
outcomes.

We compared total and component 90-day episode payments for TAVR and SAVR in
Michigan and evaluated the relationship between hospital procedure volume and payments.
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PATIENTS AND METHODS

This study was approved by the Institutional Review Board of the University of Michigan
Health System (HUMO00130122), notice of determination of “not regulated” status.

Patient Population

Measures

The Michigan Value Collaborative (MVC), which now involves 79 acute care hospitals,
began in 2013 with a goal of helping Michigan hospitals achieve their best possible patient
outcomes at the lowest reasonable cost. Working in conjunction with many specialty-specific
Collaborative Quality Improvement programs in Michigan, MVC also aims to understand
variation in healthcare use, identify best practices, and lead interventions for improving care
before, during, and after hospitalization. The MVC is a partnership between Michigan
hospitals and the state’s largest commercial payer (Blue Cross and Blue Shield of Michigan:
BCBSM). MVC developed and maintains a validated claims-based registry that provides
detailed information regarding payments and utilization surrounding an episode of care for
both BCBSM preferred provider organizations (PPO) and Medicare fee-for-service (FFS)
patients [23].

We included MVC payment data from patients who underwent SAVR or TAVR at any of the
33 non-federal hospitals performing cardiac surgery in the state of Michigan between
January 1, 2012 and December 31, 2016 whose procedure was reimbursed by BCBSM PPQOs
or Medicare FFS insurance programs.

For MVC payment data, TAVR was defined using CPT procedure codes 33361-33369,
while SAVR was defined with codes 33405-33406 and 33410-33412.

The primary outcome for this analysis was 90-day price standardized episode payments.
Payments were quantified for 90-day episodes of care and were disaggregated into index
hospitalization, professional, readmission, and post-acute care payments [24]. Payments
incurred 6 months prior to the index operation were also analyzed. We collected patient
clinical demographic data for these episodes using International Classification of Diseases 9
(ICD-9) codes and additional MV C variables such as hospital length of stay (LOS) and
readmission rate.

Hospital procedural volume data were extracted from the Michigan Society of Thoracic and
Cardiovascular Surgeons Quality Collaborative (MSTCVS-QC) database to capture the total
TAVR and SAVR experience at each of 33 hospitals practicing cardiac surgery in Michigan
during the same period. To determine SAVR operative experience, SAVR with and without
coronary artery bypass (CAB) cases were counted for each hospital. Hospitals were divided
into terciles by total number of procedures performed over the study period, separately for
TAVR and SAVR. Three centers with less than 10 TAVRs performed were excluded from the
analysis.
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Statistical Analysis

RESULTS

Categorical variables were presented as percentages and continuous variables as mean (+
standard deviation) for univariate analyses. Parametric two-sample t-tests and chi-square
tests were used to test for statistical significance. P-values of less than 0.05 (2-tailed) were
considered statistically significant.

Payments were price standardized, according the methods developed by the Dartmouth Atlas
of Health Care, [25] using average Medicare payments in the state of Michigan to account
for payer-type, inflation, regional variation, and contractual differences. Therefore, payments
can be considered a measure of overall healthcare utilization.

Total and component payments between TAVR and SAVR were risk-adjusted using a two-
step regression model, adjusting for patient characteristics, co-morbidities, and payments 6
months prior to index procedure. Risk adjustment was performed using observed/expected
(O/E) ratios. Condition and component-specific expected payments are based on a statistical
model that uses a combination of required and non-required variables. The required
variables include payer, age, sex, and high 6-month prior spending. Non-required variables
include 79 hierarchical condition category (HCC) comorbidities as well as whether a
coronary artery bypass grafting (CABG) procedure was performed concurrently. These
variables are selected using a model specification technique that occurs in two steps. First,
all candidate variables are tested using a univariate regression model to see if they predict
payment (p<0.10). Second, all retained variables are included in a multivariable regression
model to determine which are included in the final model (p<0.05).

Hospitals were divided into terciles by procedural volume separately for TAVR and SAVR
using MSTCVS-QC data, and payments from MVC data were compared between lowest
and highest terciles. We used data from 12,403 patients (TAVR, n=3,640; SAVR, n=8,763)
in the 33 MSTCVS-QC hospitals to establish SAVR and TAVR volume terciles. Of the 8,763
SAVR patients, 5,313 underwent isolated SAVR and 3,450 underwent SAVR + CAB. We
included 33 centers that performed SAVR while 17 centers performed TAVR. An additional
analysis was performed for TAVR centers in which high volume was defined as >100 annual
cases and low volume if <50 annual cases.

All analyses were conducted using SAS Version 9.4M3.

In total, 6,359 BCBSM PPO and Medicare FFS beneficiaries underwent TAVR (17
hospitals, n=1,655) or SAVR (33 hospitals, n=4,704). Patient characteristics and
comorbidities are shown in Table 1. Overall TAVR patients were older and sicker than SAVR
patients, with higher rates of stage 1V-V CKD (12% versus 5%, p<0.0001), COPD (42%
versus 29%, p<0.0001), prior stroke (7% versus 5%, p=0.001), diabetes (48% versus 44%,
p=0.001), and congestive heart failure (87% versus 57%, p<0.0001).

Adjusted for patient characteristics, co-morbidities, and payments made 6 months prior to
index procedure, 90-day episode payments (+ standard deviation) were $69,388 + $22,259
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for TAVR versus $66,683 + $27,377 for SAVR (p<0.0001), while mean index hospital
length of stay (LOS) was shorter for TAVR (6.2 + 5.6 days vs. 10.2 + 7.5, p<0.0001). Mean
index hospitalization payments were higher for TAVR ($51,472 + $9,430 vs. $47,098 +
$16,005, p<0.0001), while readmission and post-acute care payments were lower, and
professional payments were similar (Table 2).

Case volume was lower for TAVR (mean: 215, median: 38) than SAVR (mean: 269, median:
43). Ninety-day episode, index hospitalization, professional, readmission, and post-acute
care payments for TAVR were similar between high and low volume centers (Table 3).
Patients at high volume centers had higher index hospital LOS (6.6 + 5.7 days vs. 5.3 £ 5.3,
p=0.002), while similar readmission rates. Patients at the highest (versus lowest) SAVR
tercile volume centers had lower 90-day episode payments ($65,483 + $26,737 vs. $68,738
+ $25,046, p=0.01) [Table 4]. Relative to low volume centers, patients at high volume
centers had lower post-acute care ($6,528 + $8,799 vs. $8,127 + $9,624, p=0.0005) and
professional ($7,216 + $2,954 vs. $7,977 + $3,149, p<0.0001) payments, in addition to a
shorter index hospital LOS (10.0 days + 7.5 vs. 11.1 + 7.9, p=0.002) [Figure].

COMMENT

We used data from two multi-institutional statewide quality improvement collaboratives to
evaluate differences in episode payments between TAVR and SAVR and explore volume-
payment relationships between the two procedures. Ninety-day episode payments were
higher for TAVR than SAVR, despite a nearly 4-day shorter average hospital stay. Higher
TAVR episode payments were driven predominantly by higher index hospitalization
payments, while readmission and post-acute care payments were lower for TAVR.
Professional payments were similar between TAVR and SAVR. We noted a volume-payment
relationship among SAVR centers, as patients treated in high (versus low) volume tercile
hospitals had lower overall and component payments, as well as a shorter length of stay.
This volume-payment relationship was not apparent for TAVR procedures.

Previous work evaluating the value of TAVR and SAVR has focused on hospital charges,
rather than reimbursement [12-15]. While hospital charges provide an estimate of in-
hospital spending, they are an unreliable indicator of actual payments made, and include
costs during the index hospitalization only. In contrast, episode payments more fully
represent the realized costs of care provided. In studies using cost-to-charge ratios to
estimate financial outcomes, patients undergoing TAVR are found to incur significantly
higher charges compared to SAVR [14-15]. Nevertheless, TAVR could be a more cost-
effective option for many patients overall, if the subsequent care needs in the rest of the
episode are decreased. A systematic review by Indraratna et al. concluded TAVR may be
justified medically and economically compared to medical therapy for “inoperable” patients,
but that evidence is currently insufficient to economically justify TAVR over SAVR [26].
Because these studies utilized trial data with specific inclusion/exclusion criteria, they may
be poorly generalizable to every day practices [27-32].

In reporting reimbursed payments, our data informs value-based reimbursement, which has
become increasingly important for payers. While TAVR could be less expensive to hospitals
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due to lower costs incurred from a shorter length of stay and less expensive readmissions, we
have found TAVR is more expensive to the payer attributed in part to higher Medicare
diagnosis-related group (DRG) index payments. As the volume of TAVRs continues to
increase, evaluations that include both administrative and clinical data are warranted to more
fully assess treatment tradeoffs for both patients and payers.

The Virginia experience from 2002 to 2015 by Hawkins et al. [12] has detailed how the
estimated cost (derived from institutional cost-to-charge ratios) of SAVR has increased
across the duration of TAVR adoption (i.e. pre-TAVR to early TAVR to commercial TAVR
eras). The authors found that isolated aortic valve replacement costs consistently increased
over their study period. Our findings, which derive from a different methodological
approach given we use true payments, reveal that the overall 90-day reimbursement
payments for TAVR are higher than SAVR in Michigan. If the trend of increased resource
utilization continues for SAVR, the value proposition for both hospitals and payers could
drastically change in the setting of potential bundled payments and the volume of overall
TAVR procedures surpassing that of SAVR. Future analyses should consider complementing
reimbursement payment data (as presented here) with hospital technical revenues and
expenditures to fully evaluate the financial viability of these two treatment options given the
rapid rise of TAVR volume in the commercial era.

Several studies have evaluated volume-outcome effects for TAVR and SAVR [17-22, 33]. In
this present analysis, we found that high procedural volume was associated with lower
payments for SAVR but not for TAVR (Table 3), a finding that persisted at different volume
thresholds. Notably, 11 of our 17 TAVR centers were in the 1%t tercile for SAVR volume,
while five were 2" tercile. The Center for Medicare and Medicaid Services (CMS) currently
has hospital volume criteria for establishing a TAVR program (e.g. = 50 SAVRSs in the year
prior to forming a program). It is possible that the lack of a volume-payment effect for
TAVRs in the present analysis may be attributed in part to most of the low volume TAVR
centers also operating as intermediate or high volume SAVR centers, with established heart
teams and effective processes of care and in place for aortic valve interventions.

Whereas SAVR had seven major DRGs for reimbursement, hospitals only had two primary
DRGs for TAVR. As intermediate risk patients were not approved to electively undergo
TAVR until the end of our study period [10], the majority of TAVR patients in our analysis
were extreme/inoperable or high risk and thus more likely to have the higher index DRG
payments. While readmission rates were similar for the two procedures, readmission
payments were almost 25% lower for TAVR. The most common cause of readmission
(overall; 129/926 readmissions, 6.3%; TAVR: 48/225, 8.9%; SAVR: 81/701, 5.4%) was heart
failure and shock with major complication or comorbidity. The combination of these
payments and the nearly 4-day shorter average hospital stay for TAVR patients provides
ample areas for targeted improvement to maximize value.

Additionally, the relative uniformity in payments between high and low volume centers may
indicate that TAVR procedures are more amenable to protocolized care pre-, intra-, and post-
procedure as compared to SAVR. As the volume of TAVR procedures continues to rise,
optimizing hospital processes of care and payments will become important for low volume
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SAVR hospitals, to maintain SAVR as a viable alternative to TAVR and for survival of these
programs, especially as their low SAVR volume provides an impediment to establishing a
TAVR program.

We acknowledge several limitations to our study. First, while our payment data do not
include TAVR and SAVR patients reimbursed by every payer, our data did include our
state’s largest public (Medicare) and private (BCBSM) payers. Second, our data are limited
to the state of Michigan, though we believe that a statewide experience provides a more
generalizable and real-world cohort relative to traditional reports utilizing data from
randomized trials. Third, while we risk-adjusted and price standardized our data, we cannot
rule out unmeasured confounding. Fourth, while we report payment data through a 90-day
episode, we recognize we are not able to capture all relevant expenditures (e.g. Medicare
Part D, patient out-of-pocket costs). Fifth, we cannot fully account for payment differences
between procedural approach absent linking detailed clinical data to payment data at a
patient level. Sixth, we did not have access to data that would enable us to explore whether
TAVR procedure location (e.g. catheterization lab, operating room, or hybrid room) and
corresponding differences in support staff requirements could contribute to differences in
payments across procedures.

In conclusion, 90-day episode payments were higher for TAVR than SAVR across Michigan
hospitals, despite a significantly shorter average length of hospital stay. Additionally, our
data suggest an inverse volume-payment relationship for SAVR, although not for TAVR.
These findings will be important for hospitals and payers as they address areas for
maximizing value for both SAVR as well as the increasing proportion of patients undergoing
TAVR.
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Adjusted mean 90-day episode payments by case volume: TAVR versus SAVR comparison.
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Table 1.

TAVR and SAVR patient characteristics.

Variable Overall (%) n=6,359 | TAVR (%) n=1,655 | SAVR (%) n=4,704 | P value
Male sex 3,673 (57.76) 805 (48.64) 2,868 (60.97) <0.0001
Age (mean + standard deviation) in years 75+ 10 82+8 72 +£10 <0.0001
Medicare FFS insurance 5,571 (87.61) 1,618 (97.76) 3,953 (84.03) <0.0001
Stage IV-V CKD 443 (6.97) 198 (11.96) 245 (5.21) <0.0001
Prior CVA 361 (5.68) 120 (7.25) 241 (5.12) 0.0013
COPD 2,043 (32.13) 701 (42.36) 1,342 (28.53) <0.0001
CHF 4,150 (65.26) 1,448 (87.49) 2,702 (57.44) <0.0001
Diabetes 2,861 (44.99) 802 (48.46) 2,059 (43.77) 0.0010
Vascular Disease 3,597 (56.57) 1,276 (77.10) 2,321 (49.34) <0.0001
Respiratory Dysfunction 465 (7.31) 177 (10.69) 288 (6.12) <0.0001
Neurologic Disorder 410 (6.45) 152 (9.18) 258 (5.48) <0.0001
Psychiatric Disorder 222 (3.49) 49 (2.96) 173 (3.68) 0.1717
Prior Cancer 791 (12.44) 252 (15.23) 539 (11.46) <0.0001
Liver Disease 130 (2.04) 53 (3.20) 77 (1.64) 0.0001
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CKD, chronic kidney disease; CVA, cerebrovascular accident; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disorder.
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Adjusted mean 90-day episode payments by valve replacement procedure type

Table 2.

Procedure Type
Measure P-Value
SAVR (n=4,704) | TAVR (n=1,655)
90-Day Episode $66,683 + $27,377 | $69,388 + $22,259 | <0.0001
Index Hospitalization $47,098 + $16,005 | $51,472 +$9,430 | <0.0001
Readmission $4,698 + $14,781 $3,548 + $10,669 0.0007
Post-Acute Care $6,968 + $9,066 $6,229 + $9,020 0.004
Professional $7,398 + $3,083 $7,243 + $3,812 0.227
Index Length of Stay (days) 102+75 6.2+5.6 <0.0001
Readmission Rate (%) 22.7 23.1 0.77

All payment and length of stay data are reported as mean + standard deviation.
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Table 3.

TAVR adjusted mean 90-day episode payments by volume

Measure Procedural Volume P-Value
Low Volume Hospitals (n=238) | High Volume Hospitals (n=1,072)
Index Hospitalization $51,566 + $10,271 $51,288 + $9,320 0.71
Professional $7,279 + $3,884 $7,389 + $3,888 0.69
Readmission $2,732 + $6,802 $3,785 + $10,437 0.053
Post-Acute Care $5,967 + $8,069 $6,487 + $9,380 0.38
90-Day Episode $68,074 + $20,717 $69,764 + $21,725 0.27
Index Length of Stay (days) 53+5.3 6.6 +5.7 0.002
Readmission Rate (%0) 235 23.9 0.91

All payment and length of stay data are reported as mean + standard deviation.
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Table 4.

SAVR adjusted mean 90-day episode payments by volume

Measure Procedural Volume P-Value
Low Volume Hospitals (n=512) | High Volume Hospitals (n=2,944)

Index Hospitalization $48,267 + $14,477 $46,555 + $16,046 0.015
Professional $7,977 + $3,149 $7,216 + $2,954 <0.0001
Readmission $4,689 + $13,249 $4,474 + $14,545 0.74
Post-Acute Care $8,127 + $9,624 $6,528 + $8,799 0.0005
90-Day Episode $68,738 + $25,046 $65,483 + $26,737 0.01
Index Length of Stay (days) 111+79 10.0+75 0.002
Readmission Rate (%0) 24.8 216 0.11

All payment and length of stay data are reported as mean + standard deviation.
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