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Abstract

Background: Patient-centric measures of hospital performance for transcatheter aortic valve
replacement (TAVR) are needed.

Objectives: Evaluate 30-day risk-adjusted home time as a hospital performance metric for
patients undergoing TAVR.

Methods: We identified 160,792 Medicare beneficiaries who underwent elective TAVR from
2015 to 2019. Home time was calculated for each patient as the number of days alive and spent
outside a hospital, skilled nursing (SNF), and long-term acute care facilities for 30 days after the
TAVR procedure date. Correlations between risk-adjusted 30-day home time and other metrics
(30-day risk-adjusted readmission rate (RSRR), 30-day risk-adjusted mortality rate (RSMR), and
annual TAVR volume) were estimated using Pearson correlation. Meaningful upward or downward
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reclassification (=2 quartile rank) in hospital performance based on quartiles of risk-adjusted
30-day home time compared with quartiles of other measures were assessed.

Results: Median risk-adjusted 30-day home time was 27.5 days (IQR:26.3-28.5). The largest
proportion of days lost from 30-day home time was hospital stay after TAVR and SNF stay.

An inverse correlation was observed between hospital-level risk-adjusted 30-day home time

and 30-RSRR (r:—0.465, P<0.001) 30-RSMR (r:—0.399, P<0.001). The use of the 30-day
risk-adjusted home time was associated with reclassification in the hospital performance rank
hospitals compared with other metrics (9.1% up-classified; 11.2% down-classified vs. RSRR;
9.1% up-classified; 10.3% down-classified vs. RSMR, and 0.394 vs. annual TAVR volume, 20.1%
up-classified; 19.3% down-classified vs. TAVR volume).

Conclusion: Risk-adjusted 30-day home time represents a novel patient-centered performance
metric for TAVR hospitals that may provide a complimentary assessment to currently used
metrics.

CONDENSED ABSTRACT

We evaluated 30-day risk-adjusted home time as a performance metric for hospital performance
among Medicare beneficiaries who underwent transcatheter aortic valve replacement (TAVR). The
median risk-adjusted 30-day home time was 27.5 days (IQR 26.3-28.5) days. Top performing
hospitals based on risk-adjusted 30-day home time had lower in-hospital and 1-year mortality, 30-
day RSRR, and 30-day RSMR. There was a significant inverse correlation between risk-adjusted
30-day home time and 30-RSRR and with 30-day RSMR. There was meaningful reclassification
in almost half of the hospitals based on 30-day risk-adjusted home time quartiles compared with
hospital annual TAVR volume.

Keywords
Transcatheter aortic valve replacement; performance; outcomes

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has rapidly become the first-line therapy for
a majority of patients with aortic stenosis (AS), based on evidence from large multicenter
randomized controlled trials.(1-4) Since the US Food and Drug Administration (FDA)
approved TAVR in 2012, TAVR centers have expanded rapidly across the US.(5) To ensure
the quality and safety of the TAVR procedure, the Center for Medicare and Medicaid
Services (CMS) has established certain criteria to ensure that adequate infrastructure is
present at hospitals before starting a new TAVR program. These include the on-site
availability of cardiac surgery and interventional cardiology expertise, adequate expertise
in post-operative care in patients with open heart procedures, and at least 50 open heart
surgeries in the preceding year.(6) The CMS requires that TAVR programs perform at least
20 TAVR procedures per year to maintain their status.(6)

Prior studies have shown an association between hospital TAVR volume and short-
term outcomes, including 30-day mortality.(7,8) Hospital TAVR volume is a structural
performance metric representing hospital resources and operator skill quality. There is
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evidence that the relationship between procedure volume and clinical outcomes plateaus
after the initial learning curve.(9) Accordingly, recent studies have focused on developing
hospital performance measures based on clinical outcomes such as the 30-day risk-adjusted
mortality rate (RSMR), and 30-day risk-adjusted readmission rate (RSRR), and the
Transcatheter Valve Therapy registry (TVT) composite clinical score.(10-12) While these
clinical outcome metrics capture patient-level risk, case-mix, and post-procedural care
quality, they may not account entirely for the care quality variation in patient-centered
outcomes in the post-discharge period. This is particularly relevant considering the high
burden of functional impairment, frailty, and difficulty in self-care among older patients who
undergo TAVR.(13,14) Thus, there is an unmet need for complimentary patient-centered
performance metrics for TAVR performing hospitals.

Home time—defined as the number of days spent alive at home outside of a hospital

or a skilled nursing facility— is associated with self-reported health, functional status,

and clinical outcomes in hospitalized patients with acute cardiovascular conditions.(15-18)
Hospital-level risk-adjusted 30-day home time is strongly associated with mortality and
readmission rates for heart failure and acute myocardial infarction.(15,16) The potential
utility of home time as a hospital-level performance metric for patients undergoing TAVR
has not been assessed previously. Accordingly, we evaluated the performance of risk-
adjusted 30-day home time as a hospital performance metric for TAVR. We hypothesize
that hospitals with higher risk-adjusted 30-day home time for patients undergoing TAVR
will have lower short- and long-term risk of mortality, readmission, and adverse composite
clinical endpoint including in-hospital and 30-day stroke, major bleeding, and acute kidney
injury requiring dialysis.

METHODS

Study cohort

We identified Medicare beneficiaries who underwent TAVR from 01/01/2015 to 11/30/2019
utilizing International Classification of Diseases (ICD) procedure codes (35.05, 35.06,
02RF37Z, 02RF38Z, 02RF3JZ, 02RF3KZ, 02RF37H, 02RF38H, 02RF3JH, and 02RF3KH)
from Medicare Provider Analysis and Review (MedPar) Part A 100% Files. MedPar Files
include all admissions for Medicare beneficiaries enrolled in Fee for Services (FFS) to
hospitals, skilled nursing facilities (SNF), and long-term acute care facilities (LTAC). If

a patient had more than one TAVR procedure, only the first procedure was included.

We excluded patients who had urgent/emergent TAVR, valve-in-valve TAVR, and patients
younger than 66 years at the time of the procedure or were enrolled for <1 year in FFS
before the TAVR procedure. We also excluded patients admitted from SNF or LTAC to
undergo TAVR, discharged to hospice, left against medical advice, or received palliative care
within 30 days before the TAVR procedure, and those released after 11/30/2019 to allow
for complete 30 days of home time calculations. Patients” demographics, including age,

sex, race, and enrollment information, were derived from Medicare Beneficiary Summary
Files. Patients’ comorbidities were ascertained using diagnosis, and procedure ICD codes
from inpatient claims one year before the TAVR procedure. Hospital characteristics such

as teaching affiliation, bed count, rural versus urban location, availability of cardiac
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rehabilitation, ownership, participation in bundled payment programs, and census region
were derived from the American Hospital Association data for 2016. We excluded hospitals
that performed less than 10 TAVR procedures each year. The institutional review boards at
the University of lowa and at the Cleveland Clinic approved this study with a waiver of
patient informed consent.

Risk-adjusted 30-day home time, 30-day RSRR, and 30-day RSMR

The primary outcome of our study was 30-day home time, which was calculated as the
number of days within 30 days after the TAVR procedure date spent alive at home. The
Day after TAVR was considered day 0, and then for each patient, we calculated the number
of days spent in a facility (SNF, LTAC, or an acute care hospital) within the first 30 days
and subtracted them from the 30-day home time. Part of a day spent in the facility was
counted against home-time (admission and discharge days). If a patient died within 30-days
from the procedure date, days lost due to death were also subtracted from home time. For
30-day RSRR, readmissions to short-term acute care hospitals only were included per CMS
definitions. Calculation of readmission included patients discharged alive from the hospital
after undergoing TAVR.

30-day mortality was calculated from the day of TAVR and included patients who died in the
hospital. Since the focus of the metric is to evaluate the care quality of the TAVR performing
hospital, for patients transferred to another facility after the index TAVR procedure (N =
493, 0.25% of the study cohort), home time calculations, 30-day RSRR, and 30-day RSMR
were calculated as above and attributed to the TAVR performing hospital. We also calculated
the hospital annual TAVR volume by dividing the total number of TAVR procedures done in
each hospital by the number of years it was active during the study period. Data on mortality
were available through 8/2020, and other clinical outcomes were available through 12/2019.

Calculation of 30-day risk-adjusted home time, mortality rate, and readmission rate

Generalized linear mixed models were used to calculate risk-adjusted rates of 30-day
home time, mortality, and readmission to account for differences in case-mix across study
hospitals. Candidate variables for risk adjustment included patients’ age, sex, and the 259
chronic conditions defined using published CMS risk software/models, cardiac conditions
defined by ICD codes, and essential components of a prior validated frailty score TAVR
patients(e-Table 1).(2) As per the CMS approach,(19) neither race or socioeconomic status
were included in the adjustment model. The study cohort was divided into two halves—

a derivation and a validation cohort. The risk adjustment models were constructed using

a log link and Poisson distribution and estimated using maximum likelihood with 30-day
home time as the outcome with hospital site as a random effect and patient variables as
fixed effects. These models were performed on 100 bootstrap samples from the derivation
cohort. The final risk adjustment model included candidate variables that were significant
(P-value <0.01) in >80% of the models. After determining the final model, predicted home
time and expected home time were calculated with and without linear unbiased prediction
modeling to estimate random effects. As per the CMS models of hospital performance,(19)
the predicted home time is the predicted 30-day home time for a hospital based on its
performance for its specific case mix (that is, the hospital specific effect on the home time).
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The expected home time is based on the 30-day home time at an average hospital with a
patient case mix like that hospital’s (that is, if patients with the same characteristics had
been treated at an average hospital, rather than at that hospital). The predicted/expected
home time ratio multiplied by the overall crude home time was used to determine the
risk-adjusted 30-day home time.(20,21) 30-day RSRR and 30-day RSMR were calculated
using a similar approach, with 30-day readmission and 30-day mortality as the dependent
variable, respectively. The final risk adjustment models were tested in the validation and
derivation cohorts, and model fit statistics (R-squared for generalized linear mixed model,
and area under the curve and C-statistics for logistic regression) were calculated. Final risk
adjustment models for 30-day home-time, 30-day RSRR, and 30-day RSMR are shown in
e-Tables 2, 3, and 4. The risk-adjusted models demonstrated adequate discrimination in the
derivation and validation cohorts, as shown in e-Table 5.

Statistical analysis

Hospitals were stratified into 30-day risk-adjusted home time quartiles, with quartile 1 (Q1)
representing lowest performing and the quartile 4 representing highest performing hospitals.
We compared hospital-level patient and hospital characteristics across hospital quartiles of
30-day risk-adjusted home time. Patient characteristics were reported for each study group
(quartiles) as the median (25™ and 75™ percentile) of the hospital-level proportions of
patients (for categorical variables) and hospital-level means (for continuous variables) and
compared across the 2 groups using the Kruskal-Wallis test. Hospital characteristics were
also reported as median (251" and 75t percentile) for continuous variables and proportion
for categorical variables and compared using the Kruskal-Wallis test for continuous
variables, and the Chi-square test for categorical variables. Distribution of hospital-level
risk-adjusted 30-day home time, 30-day RSRR, 30-day RSMR, and TAVR volume across
hospitals was examined using histogram plots. The proportion of 30-day home time lost

to SNF, LTAC, hospital readmission, and death was calculated by summing total days for
each category and dividing by the total lost days of home time. The in-hospital mortality,
30-day readmission, 30-day mortality, 1-year mortality, 1-year all-cause readmissions, and
hospital TAVR volumes among patients across the 30-day home time—based hospital groups
were compared with an ANOVA test. The rate of hospital readmissions over one year

was also calculated as follows: The total number of admissions in one year after TAVR
discharge date / time patient was alive in months up to one year after TAVR discharge.

We also calculated a composite clinical endpoint including in-hospital and 30-day stroke,
major bleeding, and acute kidney injury requiring dialysis. Correlation between risk-adjusted
30-day home time, 30-day RSRR, 30-day RSMR, rate of hospital readmissions over one
year, and hospital annual TAVR volume was examined using Pearson correlation coefficient.
We also tested the correlation between annual TAVR volume and 30-day RSRR, and 30-day
RSMR. As a sensitivity analysis, we also repeated the study analysis using unadjusted
30-day home time.

To assess reclassification of hospital performance based on 30-day risk-adjusted home time,
we compared the hospital performance categories based on the quartile of 30-day home
time (quartile 1-4, lowest to highest performing) with their categories based on the 30-day
RSRR and 30-day RSMR (quartile 1-4, highest to lowest performing). Hospitals that moved
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up from a lower to a higher performing quartile by at least two quartiles were considered
up-classified. In comparison, hospitals that moved down from a higher to a lower performing
quartile by at least two quartiles were considered down-classified. Net reclassification index
(NRI) was also calculated to determine the reclassification in hospital performance using
home time vs. 30-day RSRR and RSMR. The analysis was performed using SAS version 9.4
(SAS Institute, Inc., Cary, North Carolina) and GraphPad Prism version 8.

Distribution of Hospital-level Performance Metrics

The final study cohort for home time and mortality analysis included 160,792 patients
from 652 TAVR centers and 158,992 patients for readmission analysis (e-Figure 1). Study
patients who underwent TAVR had a mean age was 81.9+6.8 years and included 53.5%
men, 90.8% patients of the self-reported White race, and 3.1% of the Black race. Median
hospital-level risk-adjusted 30-day home time was 27.4 days (IQR 26.3-28.5) days, while
the median 30-day RSMR was 1.7% (IQR 0.9%-2.9%) and median 30-day RSRR was
12.6% (IQR 9.3%-16.5%). The median annual TAVR volume was 56 procedures (IQR 34—
92 procedures). There was substantial variation in risk-adjusted 30-day home-time, 30-day
RSRR, 30-day RSMR, and annual TAVR volume (Figure 1, e-Figure 2). In the overall
cohort, at the patient level, the largest proportion of days lost from a perfect 30-day home
time was due to length of hospital stay after TAVR procedure (46.4%, mean: 2.2+3.2 days),
followed by SNF stays (25.4%, mean: 1.2+4.6 days), hospital readmissions (16.6%, mean:
0.8+2.7 days), death (8.2%, mean: 0.38+3.1 days), and LTAC stays (3.4%, mean: 0.16+1.5
days),

Patients and Hospitals Characteristics

Association

Patient characteristics across hospital quartiles of risk-adjusted 30-day home time (Q1-
lowest performing, Q4- highest performing) are shown in Table 1. Patient characteristics
at the hospital level across quartiles of risk-adjusted home time were not meaningfully
different except for a lower burden of ischemic heart disease and a higher burden of heart
failure in the high vs. low performing hospitals. Patients in high performing hospitals
were more likely to be discharged home and less likely to be discharged to SNF or
long-term acute care facilities. The hospital-level characteristics across quartiles of risk-
adjusted 30-day home time are shown in Table 2. High performing hospitals had a
modestly lower number of beds compared with the low performing hospitals. There was
no significant difference between high and low performing hospitals in teaching affiliation
status, ownership, or annual TAVR volume. High performing hospitals were more likely to
be in the West and less likely in the Northeast region.

of 30-day Risk-adjusted Home Time with Clinical Outcomes on follow up

Across hospitals groups with increasing risk-adjusted 30-day home time, patients
undergoing TAVR had a graded decline in the in-hospital mortality (Q1=1.40% vs.
Q4=0.76%; P<0.01), 30-day mortality (Q1=2.31% vs. Q4=1.37%; P<0.01), 30-day
readmission (Q1=14.36% vs. Q4=10.80%; P<0.01) and 30-day composite clinical outcome
(Q1=4.94%, Q4=3.56%; P<0.01) (Figure 2). A significant inverse correlation was observed
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between hospital-level risk-adjusted 30-day home time and 30-RSRR (r= -0.465; P<0.001)
as well as 30-day RSMR (r= 0.3996; P<0.001) in the study cohort (Figure 3). There was no
correlation between risk-adjusted 30-day home time and a hospital’s annual TAVR volume
(r=-0.0046; P=0.9, Figure 3). Similarly, there was no correlation between the hospital’s
annual TAVR volume and 30-day RSRR or 30-day RSMR (e-Figure 3).

Like 30-day outcomes, 1-year mortality (Q1=11.58% vs. Q4 = 9.47%; P<0.001) and 1-year
all-cause readmissions (Q1=45.78% vs. Q4=41.31%; P<0.001) among patients undergoing
TAVR also decreased in a graded fashion across hospital groups of increasing 30-day
risk-adjusted home time (Figure-4). A significant inverse correlation was observed between
hospital-level risk-adjusted 30-day home time rate of 1-year admissions per patient-month
time (r= —0.3011; P<0.001) in the study cohort (eFigure-4).

In sensitivity analysis stratifying hospitals by unadjusted 30-day home time following
TAVR, the pattern of associations between 30-day home time and other hospital-level
performance metrics was similar to that observed in the primary analysis. Thus, higher
unadjusted 30-day home time was associated with lower length of stay, lower 30-day RSRR,
and lower 30-day RSMR (eTable-6)

Reclassification in Hospitals Performance by risk-adjusted 30-day home time

Compared with annual TAVR hospital volume, 30-day risk-adjusted home time
meaningfully up-classified 20.1% of hospitals to a higher performing, and down-classified
19.3% to lower performing strata with a NRI of 0.394 (P<0.001). Hospitals that were up
classified had significantly lower 30-day and 1-year mortality than those down classified
(30-day mortality 1.26% versus 1.97%, P<0.001, and 1-year mortality 9.5% vs. 10.6%,
P=0.002). Compared with the 30-day RSRR, 30-day home time was associated with a
meaningful reclassification in the performance status of 20.3% of the hospitals (9.1% up-
classified; 11.2% down-classified, NRI 0.203, P<0.001) (Figure-5). Similarly, 19.3% of the
hospitals were reclassified based on risk-adjusted 30-day home time compared with 30-day
RSMR (9.1% up-classified; 10.3% down-classified, NRI 0.193, P<0.001).

DISCUSSION

In this hospital-level analysis of Medicare beneficiaries undergoing TAVR between 2015—
2019, we observed that 30-day risk-adjusted home time could be measured as a hospital-
level performance metric using administrative claims data. Second, there was a considerable
variation in hospital performance based on 30-day risk-adjusted home time. Third, the
30-day risk-adjusted home time was significantly correlated with other clinically meaningful
hospital performance measures such as 30-day RSRR and 30-day RSMR, 30-day composite
clinical outcome, and 1-year outcomes of all-cause readmission and mortality (Central
Illustration). Finally, there was reclassification in 40% of the hospitals based on 30-day
risk-adjusted home time vs. hospital annual TAVR volume. Reclassification in performance
was also observed in up to one-fifth of the hospitals using 30-day home time vs. 30-day
RSMR and 30-day RSRR.
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In recent years, hospital TAVR volume has gained prominence as a measure of hospital
TAVR quality and payors and policymakers, based on the previous observations of lower
risk for adverse clinical outcomes at higher volume centers.(7) However, the association

of TAVR volume— a structural performance measure— with clinical outcomes is subject

to a ceiling effect such that after a certain learning curve threshold, the relationship

between TAVR volume and clinical outcomes plateaus.(9) Furthermore, TAVR volume

may not capture care-related variations in patients-centered outcomes post-discharge, such
as functional status, independence in self-care, and quality of life. More recently, there

has been an increased impetus on developing clinical outcome-based hospital performance
metrics for TAVR. Desai et al. have used data from the STS/TVT registry and developed

a 30-day composite risk model which focuses on the risk of procedural complications in a
hierarchical order of severity.(12) The authors observed significant site-level variability in
the quality of TAVR care and were able to stratify hospitals based on the peri-procedural
complication risk based on this score. The 30-day risk-adjusted home time may complement
the existing structural and procedural outcome-based performance metrics and provide a
more comprehensive and patient-centered measure of hospital performance and care quality.

The most significant contributors to loss of home-time days among TAVR patients were
days spent in the hospital and SNFs after the TAVR procedure. This is likely reflective

of the high burden of comorbidities, poor functional status, and increased frailty burden
among patients undergoing TAVR, which increases the need for SNF care post-discharge.
(13,14) SNFs and LTACs have substantial variability in care quality and post-discharge
outcomes, and contribute significantly to the healthcare costs among older adults with
chronic conditions.(22) Implementing 30-day home time as a hospital-level performance
metric would potentially incentivize TAVR centers to be more judicious in utilizing SNFs/
LTACs and partner with higher performing SNFs/LTACs that provide better care quality.
The 30-day home time-based performance metric may also promote greater use of home
health care facilities among patients. Finally, the use of a comprehensive metric such as
the home time that accounts for both in-hospital and post-discharge care would promote
shared accountability between the TAVR performing hospital as well as the SNF and LTACs
involved in the post-discharge care.

There were modest differences in hospital characteristics stratified by risk-adjusted 30-day
home. Hospitals with higher home time were slightly smaller in size and had modestly lower
TAVR volume. However, these differences were relatively small and suggest that 30-day
home time-based hospital performance assessment may be less dependent on the structural
characteristics of the hospital. These findings highlight the potentially complementary nature
of home-time to existing structural measures of care quality such as TAVR volume.

There are several strengths to the use of 30-day home time as a hospital performance
metric for TAVR. Prior studies have demonstrated that 30-day home time is associated with
functional status, quality of life in other conditions.(17,18,23) Among patients with TAVR,
30-day home time captured variations in post-discharge health care utilization such as SNF
and LTAC stays. This is particularly relevant considering the high burden of frailty, poor
self-care, and poor functional status in patients undergoing TAVR.(13,14) Furthermore, the
significant associations of higher 30-day risk-adjusted home time with 30-day and longer-
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term clinical outcomes of readmission, mortality, and adverse composite events highlights
its clinical prognostic utility in ranking hospital performance. Taken together, 30-day home
time provides a comprehensive measure of hospital performance that accounts for the overall
burden of healthcare utilization and is associated with short-term and long-term outcomes.
Furthermore, it is easily understandable for patients, families, and providers to compare
different hospitals offering the procedure. Future studies are needed to determine if the
hospital-level 30-day home time may also predict changes in quality of life and functional
status in patients discharged following a TAVR procedure.

The use of home-time as a hospital-level performance metric should be considered in the
context of some other important potential implications. In contrast with the home time
estimation for acute myocardial infarction and HF,(15,16) the 30-day home time metric
for TAVR was calculated from the day after the procedure to account for hospital stay
during the index procedure. Length of hospital stay following TAVR may be driven by
the procedural success and care provided during the peri-procedural period and thus, was
incorporated in the home time estimation. It is theoretically plausible that home time as
a performance metric may incentivize hospitals to perform TAVR preferentially in lower
risk, less frail patients to avoid loss of home time from downstream use of LTAC or
SNFs. This may be mitigated using comprehensive risk adjustment models derived from
electronic medical records or existing clinical registries. Also, home time metric could
potentially disincentivize hospitals to use SNF/LTAC in patients who may benefit from
these post-acute care facilities. However, such practices to improve home time would be
counterproductive and may lead to higher downstream readmission or mortality — outcomes
that are accounted for in-home time assessment— in patients who would have benefited
from SNF/LTAC use post-TAVR.

Our study has some important limitations. First, we included only Medicare beneficiaries,
which makes our results not generalizable to younger patients. However, Medicare is the
payer for >90% of TAVR procedures done in the US.(24) Second, we utilized administrative
claims in our risk adjustment models, and thus, our analysis was prone to ICD diagnosis
coding errors. Third, we lacked important information on clinical data such as ejection
fraction, functional status, and medications. Fourth, we lacked information on emergency
department visits, social support, home health utilization— factors that could impact home
time. Finally, the risk-adjustment model derived from MedPAR inpatient claims data did not
include potentially relevant outpatient clinical data.

In conclusion, hospital-level 30-day risk-adjusted home time is a meaningful patient-
centered hospital performance metric for TAVR that can be estimated from administrative
claims data. 30-day home time is associated with important short-term and 1-year clinical
outcomes and meaningfully reclassifies hospital performance compared with other well-
established hospital performance and care quality metrics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

AS Aortic stenosis

CMS Center for Medicare and Medicaid Services

LTAC Long term acute care facility

RSRR Risk standardized readmission rate

RSMR Risk standardized mortality rate

SNF Skilled nursing facility

TAVR Transcatheter aortic valve replacement
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Perspectives
Competency in Systems-Based Practice:

Risk-adjusted home time following TAVR is a valid patient-centered hospital quality
measure.

Translational Outlook:

Further research is needed to correlate home time and patient-level quality of life
measures and determine the relationship of home time with utilization of post-discharge
resources such as skilled nursing and long-term care facilities.
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Figure 1.
Distribution of different hospital-level performance metrics across TAVR hospitals.

Distribution of hospital-level A) risk-adjusted 30-day home time, B) 30-day RSMR, and C)
30-day RSRR, presented as histogram plots.

Abbreviations: RSMR: Risk adjusted mortality rate; RSRR: Risk adjusted readmission rate;
TAVR: Transcatheter aortic valve repair
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Composite 30-day clinical outcome
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Categories of 30-day home time

Short-term outcomes across hospitals categories stratified by 30-day home-time.
In-hospital, 30-day mortality, 30-day readmissions and 30-day composite clinical outcome
across hospitals quartiles stratified by risk-adjusted 30-day home time (Q1 worst performing

— Q4 best performing).
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Long-term outcomes across hospitals categories stratified by 30-day home-time.

One-year readmission and 1-year mortality across hospitals quartiles stratified by risk-
adjusted 30-day home time (Q1 worst performing — Q4 best performing).

For 1-year mortality outcome, cohort was restricted for TAVR procedures performed before
September 2019 and for 1-year readmissions, cohort was restricted for TAVR procedures
performed before January 2019.
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Correlation between hospital-level risk-adjusted 30-day home time and other performance

metrics.

Pearson correlation between risk-adjusted 30-day home time and A) 30-day RSMR, B)
30-day RSRR, and C) TAVR hospital volume. Hospital-level risk-adjusted 30-day home
time was calculated as predicted/expected multiplied by crude home time for that hospital.
As some hospitals had the ratio of predicted/expected >1, this could make the risk adjusted

home time >30.
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Figure 5.
Hospital performance reclassification by risk-adjusted home time vs. other metrics.

Meaningful upward and downward reclassification of TAVR hospitals performance based
on risk-adjusted 30-day home time compared to 30-day RSRR, 30-day RSMR, and hospital
TAVR volume.
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Central Illustration.
Risk-adjusted home time as a hospital-level performance metric for TAVR

30-day home time can be estimated in patients following a TAVR procedure using claims
data. Most of the home time lost over 30-day follow up following a TAVR procedure were
related to in-hospital stay during the index procedure followed by days spent in skilled
nursing facility and hospital stay related to readmission. Hospitals with higher 30-day risk
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adjusted home time demonstrated lower 30-day and 1-year mortality and readmission rates
and better clinical outcomes.
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Hospital-level clinical characteristics of patients receiving TAVR across 30-day home time-based hospital

groups

Variable Low Performing — High Performing P Value
Quartile 1 (N =163) | Quartile 2 (N=163) | Quartile 3 (N=163) | Quartile 4 (N=163)

No. of patients 36,898 45,001 44,049 34,844
Age, years 81.9 (81.2-82.8) 81.7 (81.1-82.6) 81.5 (80.9-82.6) 81.3 (80.4-82.4) <0.001
Men 52.7 (49.3-55.7) 53.5 (51-56.6) 53.4 (50.3-56.6) 54.5 (50-58.1) 0.2
Race 0.05
Non-Hispanic White 93.9 (87.6-96.8) 93.3 (87.8-96.8) 92.5 (86.8-96.4) 93.6 (84.4-97.2)
Black 1.6 (0.3-4.2) 2(0.4-4.4) 1.7 (0.5-5.3) (0-3.4)
Asian 1.8 (0.3-5.2) 1.3(0.4-3.7) 1.4 (0-4.5) 1.5 (0-5.4)
Hispanic 0.3 (0-0.8) 0.2 (0-0.8) 0.3 (0-1.1) 0.2 (0-1.8)
Hypertension 93.6 (91.1-96.3) 93.7 (91.1-95.6) 94 (90.3-96.2) 93.4 (90.1-96.6) 0.9
Diabetes 42.4 (38.3-47.9) 41.9 (37.5-46.6) 41.1(37.3-45.9) 41.7 (36.8-47.7) 0.5
Heart failure 64 (53.4-77.5) 72.8 (58.8-88) 75.8 (60-90.7) 77.2 (52.9-92.2) <0.001
CKD 38.6 (33.3-43.5) 38.2 (32.5-45.2) 39.3 (34.4-44.5) 37.5(31.4-44.2) 0.4
Liver and biliary disease 6.5 (4.5-8.3) 6 (4.5-7.6) 6.1 (4.4-7.6) 6.5 (4.3-9.1) 0.6
COPD 27.2 (22.8-31.9) 27.2 (22.8-31) 26.9 (22.4-31.4) 25.4 (20.2-31.2) 03
Prior stroke 13.9 (11-17.7) 13.9 (9.9-17.3) 13.7 (10.7-17.4) 12.5 (8.9-17.5) 0.1
Prior M1 7.7 (5.9-9.8) 6.9 (5.3-8.8) 7.4 (5.7-10.8) 6.8 (5-9.9) 0.03
Prior PCI 28.7 (24.1-34.5) 27.7 (24.2-33.3) 28.1(23.7-34.1) 27 (21.6-34) 0.2
Prior CABG 19.9 (17.2-23.9) 20.1 (17.3-23) 19.2 (15.8-22.7) 17.4 (13.5-21.4) <0.001
Apical TAVR 0.8 (0-2.5) 0.9 (0-2.5) 0.8 (0-2.1) 0.4 (0-1.7) 0.02
Discharged SNF or LTAC 10.5 (7.7-15.2) 8.1 (5.6-10.1) 6.1(3.9-8.3) 3.4 (1.1-5.9) <0.001
Discharged home 64.9 (53.9-72.8) 71.9 (60.1-79.9) 77.1(67.7-83.1) 84.3 (74.8-89.9) <0.001
Days spent home 24.2 (23.4-24.8) 25.3 (24.9-25.8) 26 (25.6-26.3) 26.9 (26.5-27.7) <0.001
Days lost to death 0.53 (0.29-0.73) 0.44 (0.27-0.6) 0.32 (0.2-0.49) 0.17 (0-0.33) <0.001
Days lost to readmissions 0.88 (0.66-1.25) 0.82 (0.62-1) 0.75 (0.56-0.91) 0.56 (0.37-0.71) <0.001
Days lost to LTAC 0.13 (0-0.38) 0.08 (0-0.32) 0.06 (0-0.22) 0 (0-0.09) <0.001
Days lost to SNF 1.81 (1.21-2.36) 1.18 (0.84-1.48) 0.85 (0.57-1.13) 0.42 (0-0.69) <0.001
Days lost to hospital stay starting | 2.3 (1.97-2.69) 2.09 (1.8-2.46) 1.9 (1.65-2.28) 1.63 (1.38-1.94) <0.001

the day after TAVR procedure

The patient characteristics are presented as the median (25th _7sth Percentile) of hospital-level proportions (for categorical patient characteristics)

and the median (25th _7sth Percentile) of hospital-level means (for continuous patient characteristics)

CKD: Chronic kidney disease, COPD: Chronic obstructive pulmonary disease, PCI: Percutaneous coronary intervention, CABG: Coronary
artery bypass grafting, MI: Myocardial infarction, LTAC: Long-term acute care, SNF: Skilled nursing facility, TAVR: Transcatheter aortic valve

replacement
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Table 2:

Hospital characteristics across quartiles of risk-adjusted 30-day home following the TAVR procedure
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person-months at 1 year “Median

(IQR)

Variable Low Performing — High Performing P Value
Quartile 1 (N=163) | Quartile 2 (N=163) | Quartile 3 (N=163) | Quartile 4 (N=163)
Number of beds Median (IQR) 423 (322-632) 414 (286-615) 440 (292-630) 383 (266-520) 0.04
Teaching affiliation (%0)
Major 27.6 30.3 30.9 24.7 0.8
Minor 57.7 58.0 56.2 58.0
Non 14.7 11.7 13.0 17.3
Bundled payment (%) 43.2 50.0 43.0 50.7 0.4
Cardiac rehabilitation (%) 90.7 95.3 96.1 87.2 0.01
Ownership (%)
Government 7.4 8.6 9.9 5.6 0.1
Investor 19.6 13.0 14.2 9.3
Not for profit 73.0 78.4 75.9 85.2
Urban location 98.2 97.5 97.5 97.5 0.9
Rural location 1.8 25 25 25
Region (%)
Midwest 33.3 24.7 20.1 22.2 <0.001
Northeast 22.2 19.1 20.1 10.8
Southeast 24.1 29.6 32.7 23.4
Southwest 12.4 10.5 8.2 10.1
West 8.0 16.1 18.9 335
Length of hospital stay day after 2.30 (2.0-2.7) 2.09 (1.8-2.5) 1.90 (1.7-2.3) 1.64 (1.4-2.0) <0.001
TAVR procedure Median (IQR),
days
30-day home time Median (IQR), 25.3 (24.5-25.9) 26.9 (26.7-27.2) 27.9 (27.7-28.2) 29.4 (28.9-29.9) <0.001
days
30-RSRR Median (IQR) (%) 16.0 (12.1-20.7) 14.0 (10.8-18.3) 12.6 (9.3-15.3) 9.2 (6.7-11.7) <0.001
30-RSMR Median (IQR) (%) 2.7 (1.5-4.0) 2.2 (1.3-3.5) 1.6 (0.9-1.5) 0.9 (0.0-1.6) <0.001
Annual TAVR Volume median 54 (34-87) 66 (36-104) 59 (38-108) 43 (28-71) 0.05
(IQR)
Rate of admissions per 100 11.9 (9.5-14.9) 11.4 (9.6-14.5) 10.1 (8.0-12.6) 8.9 (6.8-10.5) <0.001

*
Restricted to TAVR patients before 01/01/2019 to allow one year of follow up data (N=113,978 in 599 TAVR centers)

TAVR: Transcatheter aortic valve replacement; IQR: Interquartile range; RSMR: Risk-adjusted mortality rate; RSRR: Risk adjusted readmission

rate
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