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ORIGINAL RESEARCH

Trends, Predictors, and Outcomes

of 30-Day Readmission With Heart
Failure After Transcatheter Aortic Valve
Replacement: Insights From the US
Nationwide Readmission Database

Salman Zahid "/, MD; Mian Tanveer Ud Din, MD; Muhammad Zia Khan “*/, MD, MS; Devesh Rai "', MD;
Wagas Ullah "=, MD; Alejandro Sanchez-Nadales, MD; Ahmed Elkhapery, MD; Muhammad Usman Khan ", MD;
Andrew M. Goldsweig "=, MD, MS; Atul Singla, MD; Greg Fonarrow "=, MD; Sudarshan Balla =/, MD

BACKGROUND: Data on trends, predictors, and outcomes of heart failure (HF) readmissions after transcatheter aortic valve
replacement (TAVR) remain limited. Moreover, the relationship between hospital TAVR discharge volume and HF readmission
outcomes has not been established.

METHODS AND RESULTS: The Nationwide Readmission Database was used to identify 30-day readmissions for HF after TAVR
from October 1, 2015, to November 30, 2018, using International Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM) codes. A total of 167 345 weighted discharges following TAVR were identified. The all-cause readmission rate
within 30days of discharge was 11.4% (19 016). Of all the causes of 30-day rehospitalizations, HF comprised 31.4% (5962) of
all causes. The 30-day readmission rate for HF did not show a significant decline during the study period (P,q=0.06); how-
ever, all-cause readmission rates decreased significantly (P,,.,q=0.03). HF readmissions were comparable between high- and
low-volume TAVR centers. Charlson Comorbidity Index >8, length of stay >4 days during the index hospitalization, chronic
obstructive pulmonary disease, atrial fibrillation, chronic HF, preexisting pacemaker, complete heart block during index hos-
pitalization, paravalvular regurgitation, chronic kidney disease, and end-stage renal disease were independent predictors of
30-day HF readmission after TAVR. HF readmissions were associated with higher mortality rates when compared with non-HF
readmissions (4.9% versus 3.3%; P<0.01). Each HF readmission within 30days was associated with an average increased
cost of $13000 more than for each non-HF readmission.

CONCLUSIONS: During the study period from 2015 to 2018, 30-day HF readmissions after TAVR remained steady despite
all-cause readmissions decreasing significantly. All-cause readmission mortality and HF readmission mortality also showed
a nonsignificant downtrend. HF readmissions were comparable across low-, medium-, and high-volume TAVR centers. HF
readmission was associated with increased mortality and resource use attributed to the increased costs of care compared
with non-HF readmission. Further studies are needed to identify strategies to decrease the burden of HF readmissions and
related mortality after TAVR.
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CLINICAL PERSPECTIVE

What Is New?

e At 30days after transcatheter aortic valve re-
placement, 1 in 3 readmissions is attributed to
heart failure and is associated with higher re-
admission mortality rates compared with non-
heart failure readmission.

What Are the Clinical Implications?

e High comorbidity burden, length of stay >4 days
during the index hospitalization, anemia, atrial
fibrillation, paravalvular regurgitation, history of
heart failure, preexisting pacemaker, complete
heart block during the index hospitalization,
chronic kidney disease, and end-stage renal
disease are predictors of 30-day heart failure
readmission.

Nonstandard Abbreviations and Acronyms

NRD Nationwide Readmission Database
PPM preexisting permanent pacemaker
TAVR transcatheter aortic valve replacement

tic valve replacement (TAVR) in 2002, TAVR has

emerged as the treatment of choice for severe
aortic stenosis across the spectrum of surgical risk.'-®
With the rapid advancements in device technology, ex-
pansion to lower risk patient groups, increased operator
volume, and site experience, TAVR outcomes, including
readmission rates, have improved significantly in recent
years.*® Although noncardiac readmissions after TAVR
are more common, among cardiac causes of readmis-
sions, heart failure (HF) remains one of the most com-
mon culprits %7

HF readmissions after TAVR have been associated
with significant mortality, morbidity, and health system
resource use.”® Although all-cause readmission rates
after TAVR have decreased, the trend of HF readmis-
sion has not been established.®® Similarly, previous
studies have reported that increased site TAVR volume
may be associated with decreased operative mor-
tality and reduced all-cause unplanned readmission
rates.>'% However, the impact of TAVR volume on HF
rehospitalizations remains to be explored.

Given the scarcity of data on trends, outcomes,
and predictors of HF readmissions, we aimed to
study 30-day hospital readmissions for HF after TAVR
from a large contemporary data set, the Nationwide
Readmission Database (NRD).

Since the first-in-human use of transcatheter aor-

J Am Heart Assoc. 2022;11:e024890. DOI: 10.1161/JAHA.121.024890

30-Day Readmission With HF after TAVR

METHODS

NRD data are publicly available. The specific data sup-
porting this study’s findings are available from the cor-
responding author upon request.

Study Data

The NRD is sponsored by the Agency for Healthcare
Research and Quality and developed through the
Federal-State Industry partnership. The database
was developed for the HCUP (Healthcare Cost and
Utilization Project), and house data on 35 million annual
weighted discharges. The discharge data available
from 28 states represent 59.7% of the US population
and 58.7% of inpatient hospitalizations. The NRD is an
all-payer database that captures all admissions and
readmissions with nationally representative weighting,
allowing the analysis of causes for readmissions and
resource use in terms of cost of care. Each patient is
assigned a unique identifier code for tracing readmis-
sions within a calendar year. The NRD days-to-event
variable captures readmissions within a calendar year
but not across different years." Given the deidentified
nature of the database, institutional review board ap-
proval and informed consent were not required for this
study.

Study Design and Data Selection

For the study, International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM)
codes were used to identify patients undergoing TAVR
(ICD-10-CM code 02RF3x) from October 1, 2015, to
November 30, 2018 (Table S1). The discharge weights
provided by the NRD were used to provide nation-
ally representative data. The NRD contains data on
total hospital charges, which is the amount billed by
the hospital. However, charges differ from the actual
cost, including the total expense of hospital services,
counting utilities, wages, and supplies. To calculate
the cost, HCUP provides cost-to-charge ratio files
that provide hospital-specific ratios or weighted av-
erage ratios to supplement the original NRD file. The
cost information was obtained from accounting re-
ports of the participating hospitals collected by the
Centers for Medicare and Medicaid Services, with the
imputation of missing values when necessary.”” The
cost data on readmission were missing for 61 cases
and were not included in the cost calculation. We de-
termined the adjusted cost of care by multiplying the
element of the total charge provided by the NRD by
the cost-to-charge ratios. We also adjusted hospital-
ization costs for inflation to January 2020 US dollars
using the Bureau of Labor Statistics Consumer Price
Index.'® A detailed flowchart of the study methods is
shown in Figure 1.
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National Readmission Database (NRD) for all
hospitalizations from year Q4 2015-2018 using ICD-10
code of 02RF3-- to identify adult patients (age>18)

undergoing TAVR from January to November

221,256 weighted hospitalizations identified

Excluded 2,504
deaths during index
hospitalization

218,752 hospitalizations
Excluded 2,068
rehab transfers

Excluded 116
discharges against
medical advice

216,568 hospitalizations with multiple readmissions Excluded 23,385
hospitalizations
with readmission
time greater than
30-days after index
hospitalization

Excluded 25,338
hospitalizations
with greater than 1
readmission

167,345 index hospitalizations with and without 30-day
readmissions

19,016
hospitalizations 13,054 30-day
with 30-day non-HF

readmission
Excluded 190
readmissions due

readmission
to missing data on
mode of
readmission

148,'329. |nc.lex 12,864 30-day
hospitalizations 5,962 30-Day HF non-HF
W|th.ou't readmission readmission
readmission

Study flow diagram.

Nationwide Readmission Database; and TAVR, transcatheter aortic valve replacement.

Figure 1.
Reported numbers are based on weighted hospitalizations. HF indicates heart failure; NRD,
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Study Definitions

Index admissions were defined for patients undergo-
ing TAVR and discharged alive with no missing vari-
ables critical for identifying readmissions (ie, length
of stay [LOS], mortality, or days-to-event variables).
Index admissions were identified per calendar year
from January to November, where December admis-
sions were excluded to allow for analysis of 30-day
readmission data. We further excluded patients who
left against medical advice or who were transferred to
a rehabilitation facility. Readmission was defined as
emergent nonelective or elective readmissions within
30days of discharge. In patients who had multiple 30-
day hospitalizations, only the first hospitalization was
included in the analysis. Readmission mortality was
defined as any death occurring in the hospital within
30days of discharge (excluding deaths occurring out-
side the hospital and in the emergency department).
HF readmission was defined as unplanned emergent
readmission for acute HF. Readmissions for elective
causes with a secondary diagnosis of HF were cat-
egorized as non-HF readmissions. Based on a prior
publication, cutoffs were prespecified, and hospitals
performing <50 procedures were categorized as low-
volume TAVR centers, 51 to 100 procedures were
considered medium-volume centers, and hospitals
performing >100 procedures were categorized as
high-volume centers.'®

Study End Point

The primary outcome was 30-day readmissions for HF
after TAVR discharge. Secondary outcomes included
predictors of HF readmissions, temporal trends, in-
hospital complications related to HF readmissions
compared with non-HF readmissions, the association
of readmissions with hospital TAVR discharge volume,
and resource use in terms of adjusted hospitalization
cost for HF readmissions and non-HF readmissions.

Statistical Analysis

Categorical variables were presented as frequencies
and percentages, and continuous variables were re-
ported as medians with an interquartile range (IQR).
The Shapiro-Wilk test was used to assess the normal-
ity of continuous data. Baseline characteristics were
compared using the Pearson x® and Fisher exact
tests for categorical variables and the Mann-Whitney
U and Kruskal-Wallis tests for continuous variables.
The P value for the slope was used to assess tem-
poral trends. A multivariable logistic regression model
was developed to compute independent predictors
of 30-day HF readmission by using the enter regres-
sion method. The index hospitalization characteris-
tics of patients readmitted with HF were compared
with those who were not readmitted. From the index
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hospitalization group, we excluded index cases that
were readmitted for non-HF causes. Baseline variables
that were nonsignificant on univariate analysis (P>0.05)
and variables with <10 observations were excluded.
As the overall missing values were minimal, we used
listwise deletion and did not include missing values in
the logistic regression analysis. The logistic regression
model included other important variables, including
age, baseline comorbidities, and index hospitalization
characteristics shown in Table 1. R’'s Matchlt package
was used for propensity matching.'* To account for
potential confounding and selection bias, a propensity
score—-matching model was developed using logistic
regression to derive 2 matched groups for compara-
tive outcomes analysis of patients readmitted with HF
compared with patients who were not readmitted with
HF. A nearest-neighbor 1:1 variable ratio, parallel, bal-
anced propensity-matching model without replace-
ment was made using caliper of width equal to 0.2 of
the SDs of the logit of the propensity score. Age, sex,
and baseline comorbidities related to the readmission
hospitalizations were included in propensity matching.
Outcomes during rehospitalization for HF and non-HF
30-day readmissions were reported. The variables
with missing data were categorized as “others/miss-
ing” before matching. Index hospitalization character-
istics or variables directly related to the outcome for the
readmissions were not included. A second multivari-
able logistic regression model adjusted for age, sex,
and baseline comorbidities was also developed that
used nonweighted data from the year 2018 to assess
readmission outcomes for high and medium discharge
volume hospitals compared with low-volume hospitals
as a reference group. For missing values in the non-
weighted data, listwise deletion was used, and miss-
ing values were not included in the logistic regression
analysis.

For weighted analysis from quarter 4 of 2015 to 2018,
complete data were available for all variables except
for primary expected payer (0.1%), disposition (<0.1%),
elective index admission (0.4%), elective readmissions
(<0.1%), and median household income (1.3%). In the
unweighted sample of 2018 data, all variables had com-
plete data except for primary expected payer (0.1%),
elective index admission (<0.1%), elective readmission
(0.1%), and median household income (1.2%). All missing
values are reported in Table 1 and Tables S1, S2, and S3
and have been recoded as “others/missing.”

For all analyses, a 2-tailed P value of 0.05 was
considered statistically significant. Analyses were
performed using SPSS version 27 and R software for
statistical computing version 4.3. Discharge weights
provided by the NRD were used for all weighted analy-
ses except for annual hospital discharge volume anal-
ysis for which only unweighted data from the year 2018
were used.
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Descriptive statistics and regression model are based on weighted data. CABG indicates coronary artery bypass graft surgery; EF, ejection fraction; HF, heart failure; ICD, implantable cardioverter defibrillator; IQR,

interquartile range; MI, myocardial infarction; and PCI, percutaneous coronary intervention.
*Observations <11 are not reported per Healthcare Cost and Utilization Project guidelines.

t“Other” variable includes Workers’ Compensation and other government programs.

#The missing values were recoded as “others/missing.”
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RESULTS

Baseline Characteristics of the Study
Population

A total of 167345 weighted hospitalizations for TAVR
were identified. Of the included patients, 148329
did not get readmitted. The all-cause readmission
rate within 30days of discharge was 11.4% (19016).
The incidence of HF readmissions was 3.6% (5962),
accounting for 31.4% of all-cause 30-day readmis-
sions. Non-HF readmissions were 7.8% (13054). HF
readmission occurred at a median of 9days (IQR,
4-17 days) after discharge, whereas non-HF readmis-
sion occurred at a median of 10days (IQR, 4-19days;
P<0.01). Patients readmitted with HF had a higher co-
morbidity burden with a Charlson comorbidity median
score of 8 (IQR, 7-9) versus 7 (IQR, 6-8) among pa-
tients with other causes of readmission (P<0.01). The
baseline characteristics are summarized in Table 1 and
Table S2.

Predictors of 30-Day HF Readmissions

A total of 148329 index hospitalizations (after ex-
cluding index cases that were readmitted for non-HF
causes, Nn=13054) were compared with 5962 30-day
HF readmissions. Independent predictors of 30-day
HF readmission after TAVR included the following:
Charlson comorbidity score >8 (odds ratio [OR], 1.29;
95% Cl, 1.20-1.39), LOS >4 days on index hospital-
ization (OR, 1.76; 95% ClI, 1.65-1.88), nonhome/facil-
ity discharge on index admission (OR, 1.40; 95% ClI,
1.31-1.48), diagnosis of anemia (OR, 1.70; 95% CI,
1.55-1.88), chronic obstructive pulmonary disease
(OR, 1.23; 95% ClI, 1.16-1.31), diagnosis of atrial fibril-
lation (OR, 1.63; 95% ClI, 1.54-1.73), paravalvular re-
gurgitation (OR, 2.07; 95% ClI, 1.56-2.75), preexisting
permanent pacemaker (PPM) on index hospitalization
(OR, 1.08; 95% ClI, 0.97-1.20), complete heart block
during index hospitalization (OR, 1.20; 95% ClI, 1.08-
1.33), chronic kidney disease (CKD; OR, 1.47; 95% Cl,
1.87-1.57), and end-stage renal disease (ESRD; OR,
1.56; 95% Cl, 1.39-1.76). In contrast, elective index ad-
mission (OR, 0.92; 95% Cl, 0.86-0.98) was associated
with a lower likelihood of readmission within a month
after discharge (Table 1, Figure 2).

Outcomes of HF Readmissions Compared
With Readmissions Without HF

A total of 5962 HF readmissions were compared with
non-HF readmissions (12864) after excluding patients
with missing data on mode of readmission (n=190). The
detailed baseline characteristics of HF versus non-HF
readmissions before and after propensity matching are
given in Table S3. The covariate balance before and
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Variables Odds Ratio (95% Confidence Interval) !
Age 65-74" 1.12(0.96-1.31) e
Age 75-84* 0.95(0.81-1.11) .-._.
Age >=85" 1.00(0.85-1.18) o
Charlson Comorbidity Index >8 1.29(1.2-1.39) | e
Elective Index Admission 0.92(0.86-0.98) '0':
Medicaid f 0.82(0.61-1.10) ——
Private Insurance’ 0.99(0.86-1.13) '-0:-'
Self-Payf 0.89(0.57-1.39) ——
Insurance Status (Other)T 0.86(0.68-1.08) —e—
Anemia 1.70(1.55-1.88) e
Hypertension 0.99(0.90-1.09) @
Diabetes Mellitus 0.98(0.91-1.06) s
Cerebrovascular Disease 0.69(0.63-0.76) 1 E
Chronic Obstructive Pulmonary Disease 1.23(1.16-1.31) .
Pulmonary Circulation Disorder 0.93(0.88-1.00) oi
Obesity 0.76(0.7-0.82) L
Preexisting PPM 2.18(2.04-2.33) | L]
PPM Implanted During Index Hospitalization 1.08(0.97-1.2) »504
CHB During Index Hospitalization 1.20(1.08-1.33) | HOH
Prior ICD 1.77(1.55-2.01) E o
Weight Loss 1.71(1.54-1.89) ' HOH
Peripheral Vascular Disease 0.60(0.55-0.64) 1o :
Atrial Fibrillation 1.63(1.54-1.73) E L
Liver Disease 1.25(1.09-1.43) s 2
Chronic Kidney Disease 1.47(1.37-1.57) E L]
End-Stage Renal Disease 1.56(1.39-1.76) .
Paravalvular Regurgitation 2.07(1.56-2.75) | —e—i
Mitral Stenosis 1.32(1.04-1.67) En—o—c
Mitral Regurgitation 1.04(0.95-1.15) HoH
Heart Failure with Reduced EF 3.24(3.00-3.51) E ]
Heart Failure with Preserved EF 2.69(2.52-2.87) ' o
Length of Stay > 4 Days 1.76(1.65-1.88) : L
Non-Home Facility Discharge 1.40(1.31-1.48) E L
*Reference group is Age < 64 Log Scale T } T T
1Reference group is Medicare -1.0 0.0 10 20
Decrease Readmission Increase Readmission

Figure 2.

Independent predictors of 30-day readmissions for HF.

Estimates are based on weighted data. CHB indicates complete heart block; EF, ejection fraction; ICD, implantable cardioverter

defibrillator; and PPM, permanent pacemaker.

after propensity matching are shown in Figure S1. Non-
propensity-matched and propensity-matched out-
comes mirrored each other with minimal differences.
HF readmissions were associated with higher mortal-
ity when compared with non-HF readmissions (4.9%
versus 3.3%; P<0.01). Similarly, more patients with HF
readmissions were discharged to facilities than non-HF
readmission patients (68.3% versus 56.8%; P<0.01).
Moreover, cardiogenic shock (3.2% versus 1.0%;
P<0.01) and acute kidney injury (35.1% versus 20.8%;
P<0.01) were higher on readmission with HF (Table 2).

J Am Heart Assoc. 2022;11:e024890. DOI: 10.1161/JAHA.121.024890

Temporal Trends for All-Cause and HF
Readmissions

Temporal trends showed that all-cause readmis-
sions decreased significantly from 12.3% to 11%
(Pyenq=0.03) However, HF readmissions showed a
nonsignificant downward trend from 4.1% in 2015 to
3.4% in 2018 (P,,,4q=0.06; Figure 3). Similarly, all-cause
readmission mortality and HF readmission mortality
showed a nonsignificant downward trend from 2015
to 2018 ([5.9% to 3.6% [Pe,q=0.2] and 8.9% to 5%
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Table 2. Hospital Outcomes and Resource Use Associated With 30-Day Readmission After Transcatheter Aortic Valve

Replacement

Crude analysis 1:1 Propensity matching
Without HF With HF Without HF With HF
readmission, readmission, readmission, readmission,
n=12864 n=5962 P value n=5962 n=5962 P value
Died during hospitalization 420 (3.3) 292 (4.9) <0.01 230 (3.9) 292 (4.9) 0.01
Discharge disposition <0.01 <0.01
Routine home discharge 5556 (43.2) 1887 (31.6) 2365 (39.7) 1887 (31.6)
SNF/facility discharge 7304 (56.8) 4076 (68.3) 3595 (60.3) 4076 (68.3)
Vascular complications 680 (5.3) 231 (3.9) <0.01 296 (5.0) 231 (3.9) <0.01
Cardiogenic shock 125 (1.0) 189 (3.2) <0.01 75(1.9) 189 (3.2) <0.01
Acute kidney injury 2680 (20.8) 2092 (35.1) <0.01 1599 (26.8) 2092 (35.1) <0.01
Permanent pacemaker 1481 (11.5) 374 (6.9) <0.01 607 (10.2) 374 (6.3) <0.01
Urinary tract infection 1609 (12.5) 685 (11.5) 0.31 836 (14.0) 685 (11.5) <0.01
Pneumonia 887 (6.9) 732 (12.3) <0.01 463 (7.8) 732 (12.3) <0.01
Gastrointestinal bleed 839 (6.5) 236 (4.0) <0.01 463 (7.8) 236 (4.0) <0.01
Ischemic stroke 701 (5.4) 119 (2.0) <0.01 224 (3.7) 119 (2.0) <0.01
Hemorrhagic stroke 114 (0.9) 48 (0.8) 0.04 25 (0.4) 48 (0.8) 0.01
Resource use
LOS (days) 3 (5-6) 5(3-8) <0.01 4 (2-6) 5(3-8) <0.01
Hospitalization cost (USD) $11351 $12928 <0.01 $11935 $12673 <0.01
($6403-$20440) | ($7087-$24780) ($6540- ($6768-$25172)
$21303)

Data are provided as number (percentage) or median (interquartile range). HF indicates heart failure; LOS, length of stay; and SNF, skilled nursing facility.

[Pyeng=0.3], respectively]). Across all years, HF read-
mission mortality was significantly higher than all-
cause readmission mortality (Figure 3A and 3B).

Association of Hospital TAVR Discharge
Volume With All-Cause and HF
Readmissions

In terms of hospital TAVR volumes, 3371 cases of TAVR
were performed in low-volume, 9653 cases in medium-
volume, and 21716 cases in high-volume hospitals
during 2018, respectively. The detailed baseline charac-
teristics are given in Table S4. Adjusted all-cause read-
missions were similar in high-volume centers (OR, 0.97;
95% CI, 0.86-1.10) compared with low-volume centers.
Similarly, HF readmission rates were comparable across
low-, medium-, and high-volume centers (Table S5).

Resource Use for HF Readmissions
Compared With Readmissions Without HF
Each 30-day HF readmission was associated with a
$12928 greater increase in the cost of care than each
non-HF readmission (P<0.01). Similarly, LOS on read-
mission was significantly higher for HF readmission
compared with non-HF readmissions (5days versus
3days; P<0.01; Table 2, Figure S2).

DISCUSSION

We report 6 principal findings from our analysis of
TAVR hospitalizations using a large, contemporary,
nationwide readmission data set. First, 3.6% of 30-
day readmissions are attributed to HF and account
for 31.4% of all-cause readmissions. Second, all-
cause readmission rates after TAVR showed a sig-
nificant downtrend, whereas HF rehospitalizations
remained steady. Third, Charlson Comorbidity Index
>8, LOS >4days during the index hospitalization,
anemia, chronic obstructive pulmonary disease,
atrial fibrillation, paravalvular regurgitation, HF with
reduced ejection fraction, HF with preserved ejection
fraction, preexisting PPM, complete heart block dur-
ing the index hospitalization, CKD, and ESRD were
independent predictors of 30-day HF readmission
after TAVR. Fourth, patients with HF readmissions
have significantly higher readmission mortality com-
pared with non-HF readmissions. Fifth, there was no
difference between HF readmission rates, all-cause
mortality, or HF readmission mortality between high-,
medium- and low-volume TAVR centers. Sixth, post-
TAVR HF readmissions are associated with signifi-
cantly higher cost and duration of hospital stay during
readmissions than non-HF readmissions.

J Am Heart Assoc. 2022;11:e024890. DOI: 10.1161/JAHA.121.024890 9
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A Trends in All-Cause Readmissions and HF Readmissions ptrend=0.06

14.00% ptrend=0.03

12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%
2015 2016 2017 2018
mmmmm All Cause Readmission B HF Readmission ~ ceceecees Linear (All Cause Readmission) =~ «eeceeces Linear (HF Readmission)
. . . ptrend=0.30
B Trends in All-Cause and HF Readmission Mortality
ptrend=0.20
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Abbreviations: HF=Heart Failure

Figure 3. Temporal trends in HF and all-cause readmissions after transcatheter aortic valve replacement.
Estimates are based on weighted data. HF indicates heart failure.
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Readmission Rates and Temporal Trends
Outcomes after TAVR are increasingly in focus as the
indication expanded from high-risk and intermediate-
risk cohorts to low-risk cohorts. Over time, the LOS
has declined, and conscious sedation is increasingly
used in current practice.® Previous studies have re-
ported a wide range for all-cause 30-day readmission
rates from 9% to 19%.515718 Kolte et al analyzed data
from the 2013 US NRD and showed an all-cause re-
admission rate of 17.9%, with 38.2% of readmissions
attributed to cardiovascular causes. In their study, HF
was the most common cause of all-cause readmission
in 22.5% of the cases.® Our contemporary analysis
from the most recent NRD data shows a much lower
all-cause readmission rate of 11.4% and an HF rehos-
pitalization rate of 3.6% at 30days. Our study com-
plements the Society of Thoracic Surgeons/American
College of Cardiology (STS/ACC) Transcatheter Valve
Therapies (TVT) Registry study, which showed that
all-cause readmission rates have decreased over
time, with our study providing the most recent data.®
However, it is important to note that a similar signifi-
cant downtrend has not been noted with HF readmis-
sions. HF readmissions are the most common causes
of rehospitalizations in patients with TAVR, with re-
ported rates between 20% and 40% of all-cause re-
admissions (Kolte et al, 22.5%°8; Nombela-Franco et al,
30.4%'%). Moreover, Tripathi and colleagues reported a
readmission rate of 77% for all cardiovascular causes,
including HF at 90 days after discharge from their anal-
ysis of NRD data from 2016 to 2017.'® The variation in
reported HF readmissions in the aforementioned stud-
ies is attributed to the heterogeneity in the time frame
(80days versus 90days) and the type of study (single
center versus administrative data sets). The HF rehos-
pitalization rate of 3.6% at 30days is consistent with
prior studies using administrative claim codes.'”

Predictors of Readmission

We identified important independent predictors of 30-
day rehospitalizations with HF. We reinforce the finding
of an earlier study that postprocedure paravalvular leak
leads to a 2-fold higher risk of readmission with HF.'®
Multiple prior studies have reported anemia as a sig-
nificant predictor of HF rehospitalizations. Anemia can
lead to a high output state and precipitate HF exacer-
bation. Moreover, blood transfusions to treat anemia
can lead to volume overload and precipitation of HF,
leading to early readmissions.” Similarly, pulmonary
hypertension is also a well-known predictor of HF re-
admission, which has been previously identified.”®20
In our univariate analysis, a significantly higher per-
centage of patients with HF readmissions had pulmo-
nary hypertension. Pulmonary hypertension attributed
to postcapillary or combined pre- and postcapillary
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causes is associated with poor outcomes and is also
a risk factor for mortality after TAVR.?' Hence, it is sug-
gested that patients undergo an evaluation to identify
precapillary, postcapillary, or combined capillary pul-
monary hypertension and risk stratify these patients.”
Expectedly, chronic HF was associated with increased
30-day readmissions, with HF with reduced ejection
fraction being a stronger predictor than HF with pre-
served ejection fraction. Atrial fibrillation is a disease
of the elderly and common comorbidity in patients
with aortic stenosis and is an independent predic-
tor of HF readmission. Furthermore, preexisting PPM
on index hospitalization was an independent predic-
tor of readmission along with complete heart block.
However, although significant on univariate analysis,
new PPM implantation during the first hospitalization
was not predictive of HF readmission. Previous stud-
ies reported a nonsignificant association between pre-
existing PPM and all-cause readmissions after TAVR
at 30days but a significant association at 90days.%'®
Finally, increased LOS >4days during the index hos-
pitalization increases the likelihood of 30-day readmis-
sion, whereas Charlson Comorbidity Index >8 predicts
a 1.4 times higher risk of 30-day rehospitalization after
TAVR. Our study supports the findings of the prior
studies, which reported increased LOS during index
hospitalization and higher comorbidity burden as pre-
dictors of readmissions.5'6

Frailty is prevalent in the TAVR population®® and is a
risk factor for death and disability after TAVR. Weight
loss is an indicator of frailty in the elderly population.??
We report weight loss to be a significant predictor
of readmission. Interventions to address sarcopenia
should focus on diet and exercise with cardiac rehabil-
itation being 1 such intervention after TAVR.?*

The CKD-ESRD subgroup is associated with poor
outcomes both in hospital and at 1year. We report
an increased risk for HF-related readmissions in this
subgroup. CKD and ESRD are well-known risk factors
for readmission in the HF population.?® This could be
related to a cardiorenal syndrome where worsening
kidney function can precipitate HF. TAVR has a bene-
ficial effect on improving kidney function in a majority
of patients, but a quarter of patients experience dete-
riorating kidney function.® It is likely that this subgroup
could be at higher risk for readmissions from the car-
diorenal syndrome and more so in those with worsen-
ing CKD or acute kidney injury after TAVR.?"

Readmission Mortality

The significantly increased mortality rate in those with
30-day HF readmission after TAVR is concerning. This
finding warrants further exploration. Prior studies sug-
gest that cardiovascular mortality accounts for =72%
of deaths for HF readmission compared with 19% for
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non-HF readmissions.’® Our study complements the
findings of a prior study by Durand et al’ that reported
a worse prognosis with single and multiple HF read-
missions at 30-day follow-up.

Paravalvular leak and worsening or residual valve le-
sions are known predictors of mortality after TAVR. The
presence of a moderate or severe paravalvular leak is a
predictor of both short-term and long-term mortality in
addition to HF readmissions as discussed previously.?®
On univariate analysis, valve disease especially involv-
ing the mitral valve was significantly higher in the HF
readmission group. However, the adjusted analysis did
not reveal a significant association for mitral regurgi-
tation. Persistent mitral regurgitation after TAVR is as-
sociated with poor functional class and mortality.?®3°
Mitral stenosis is also associated with an increased
risk of mortality and HF rehospitalization at 1 year.3'
Similarly, worsening tricuspid regurgitation is shown to
be a predictor of all-cause and cardiovascular mortality
after TAVR.®? These residual valve lesions may predict
30-day HF readmission mortality and readmissions
when evaluated for a longer time frame. Cardiac amy-
loidosis is increasingly recognized as a coexistent pa-
thology in the TAVR population and is seen in 1 in 8
patients referred for TAVR. Patients with amyloidosis
may be at risk for HF readmission and higher mortality
because of the continued remodeling despite decreas-
ing the afterload.®® Qur study could not evaluate the
role of amyloidosis because of the very low numbers,
which could be attributed to underdiagnosis.

Hospital Volume and Readmission

There has been a great interest in studying hospital
TAVR discharge volumes and outcomes.®'° Studies to
date suggest an inverse relationship between hospi-
tal volume and mortality, with higher volume centers
having less mortality. Our study did not find a signifi-
cant mortality difference between high- and medium-
volume hospitals compared with low-volume hospitals.
A 2014 NRD analysis by Khera et al reported an in-
verse relationship between hospital discharge volume
and all-cause readmission rates after TAVR (25% lower
admission in high-volume centers compared with low-
volume centers).’® Novel to our study is the lack of as-
sociation between hospital TAVR discharge volume
not only for all-cause but also HF readmissions. We
hypothesize that the patient-level characteristics dis-
cussed previously play a significant role in HF readmis-
sions rather than hospital-level factors and should be
the focus of future interventions.”

Cost and LOS

HF hospitalizations are a significant burden on the
health care system given that each readmission leads
to =$13 000 excess cost per readmission. Our reported
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cost estimates adjusted for inflation agree with earlier
reported estimates.®'® It is perhaps attributed to the
increased incidence of cardiogenic shock requiring
intensive care unit admissions, higher complications
such as acute kidney injury, and the increased use of
mechanical circulatory devices such as percutaneous
left ventricular assist device and Impella that increase
the duration of hospital stays attributed to HF rehospi-
talization, which led to an increased cost of hospitaliza-
tions.343% Early follow-up (<1 week) is a key intervention
associated with reduced readmission after HF hospi-
talization.3® A similar intervention can be considered
part of the transition of care planning after hospital
discharge after TAVR in those at high risk for HF re-
admission. Our study data may help identify a specific
subset of patients—those with a prolonged index hos-
pital stay, higher Charlson Comorbidity Index, anemia,
chronic obstructive pulmonary disease, preexisting
PPM, atrial fibrillation, valvular disease, kidney disease,
and chronic HF—who will benefit from interventions to
prevent readmission, including early discharge follow-
up. We suggest further research to develop postdis-
charge interventions for this cohort to help mitigate
the risk of readmissions and consequently reduce the
cost.

LIMITATIONS

Previous studies have shown that aortic valve gradi-
ent, postprocedure left ventricular ejection fraction,
and the presence of amyloidosis are significant predic-
tors of HF readmission.3” We could not study these
factors because of the nonavailability or undercoding
of ICD-10-CM codes for these conditions.” Our study
looked at unweighted data for a national analysis of
the association between TAVR hospital volume and
readmission rates. However, the NRD is not designed
to study hospital-level outcome data. The NRD can-
not capture deaths that occur outside of the hospital.®®
Studies are needed to assess the impact of hospital
TAVR volume on readmission outcomes. Moreover,
data on medication use and blood chemistry are lack-
ing; hence, we could not factor in the role of medica-
tion noncompliance.? TAVR-based outcomes such as
patient prosthesis mismatch and valve dysfunction/
thrombosis data could not be evaluated because of
lack of echocardiographic data. Valve-related readmis-
sions contribute to <10% of all readmissions, accord-
ing to a recent study.® The NRD is an administrative
claim—based database that uses ICD-10-CM codes
for diagnosis. Although procedural codes are less
prone to error, coding errors and variability cannot be
excluded entirely. The NRD collects data on in-patient
discharges, and each admission is registered as an in-
dependent event. Furthermore, emergency room visits
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after TAVR are not captured by the NRD and hence are
not included in our analysis. Similar to any observa-
tional, retrospective study, association does not imply
causation, and conclusions are hypothesis generating
and should be drawn cautiously.

CONCLUSIONS

The incidence of 30-day readmission for HF after TAVR
was 3.6%, which accounts for 31.4% of all-cause re-
admissions. Although 30-day all-cause readmissions
after TAVR have decreased in recent years, HF re-
admissions have not shown a significant downward
trend. Increased hospital TAVR volume is not asso-
ciated with reduced HF readmissions. Patient char-
acteristics associated with 30-day HF readmissions
include LOS >4 days during the index hospitalization,
anemia, chronic obstructive pulmonary disease, para-
valvular leak, atrial fibrillation, HF with reduced ejection
fraction, HF with preserved ejection fraction, preexist-
ing pacemaker, complete heart block on index hos-
pitalization, CKD, and ESRD. Given the retrospective
nature of the study, our study findings should be con-
sidered hypothesis generating. Further prospective
studies are needed to identify strategies to decrease
the burden of HF readmissions and readmission mor-
tality after TAVR.
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Table S1. ICD 10 codes used for the study

Variables

ICD-10-codes

Transcatheter Aortic Valve
Implantation

02RF3

Coronary Artery Disease

1251, 1257, 1258, 1259, 1255

Congestive heart failure

109.9, 111.0, 113.0, 113.2, 125.5, 142.0,
142.5-142.9, 143.x, 150.x, P29.0

Peripheral vascular Disease

170.x, 171.x,173.1, 173.8, 173.9, 177.1,
179.0, 179.2, K55.1, K55.8, K55.9,
Z795.8, 795.9

Cerebrovascular disease

G45.x, G46.x, H34.0, 160.x-169.x

Chronic pulmonary
disease

127.8, 127.9, J40.x-J47 X, J60.X-J67 X,
J68.4, J70.1, J70.3

Diabetes Mellitus

E10.0, E10.1, E10.6, E10.8, E10.9,
E11.0, E11.1, E11.6, E11.8, E11.9,
E12.0, E12.1, E12.6, E12.8, E12.9,
E13.0, E13.1, E13.6, E13.8, E13.9,
E14.0, E14.1, E14.6, E14.8, E14.9

Chronic Kidney Disease N18

End-Stage Renal Disease 7992, N186

Pulmonary circulation 126.x, 127.x, 128.0, 128.8,
disorders 128.9

Peripheral vascular 170.x, 171.x,173.1, 173.8,
disorders 173.9, 177.1, 179.0,

179.2, K55.1, K55.8,
K55.9, 795.8, 295.9

Hypertension

110.x

Liver disease

B18.x, 185.x, 186.4, 198.2,
K70.x, K71.1, K71.3-
K715, K71.7, K72.x—
K74.x, K76.0, K76.2—

K76.9, 794.4
Coagulopathy D65-D68.x, D69.1, D69.3-
D69.6
Obesity E66.x
Weight loss E40.x—E46.x, R63.4, R64
Atrial fibrillation 148
Mitral stenosis 1342, 11050
Prior Mi 1252
Prior CABG Z951
Prior Pacemaker Z950
Prior Stroke 169, 78673
Prior PCI 7955

Abbreviations: ICD=International Classification of Disease, MI=Myocardial Infarction,
PCl=Percutaneous coronary intervention, CABG=Coronary artery bypass graft surgery




Table S2. Baseline Characteristics of the study population

Without 30-Day HF P value* 30-day non- HF | P valuet | P valuet
Readmission | Readmission readmission
(148,329) (5962) (13054)
Age (median 81(75-86) 83(76-87) <0.01 82(75-87) 0.06 <0.01
[IQR])
Age Categories <0.01 0.01 <0.01
<=64 7512(5.1) 239(4.0) 703(5.4)
65-74 26974(18.2) 1020(17.1) 2279(17.5)
75-84 62842(42.4) 2321(38.9) 5429(41.6)
>=85 51001(34.4) 2382(40.0) 4644(35.6)
Charlson 7(6-8) 8(7-9) <0.01 7(6-8) <0.01 <0.01
Comorbidity
Index (median
[1IQR])
Charlson 57915(39.0) <0.01 <0.01 <0.01
Comorbidity
Index Score >8 3415(57.3) 4850(37.2)
Elective Index 120366(81.4) <0.01 <0.01 <0.01
Admission 4037(68.0) 9907(76.2)
Female Sex 67678(45.6) 2766(46.4) 0.25 6043(46.3) 0.14 0.21
Primary Payer <0.01 <0.01 <0.01
Medicare 134856(90.9) | 5527(92.7) 12006(92.0)
Medicaid 1588(1.1) 52(0.9) 149(1.1)
Private Insurance | 8613(5.8) 274(4.6) 679(5.2)
Self-Pay 534(0.4) 22(0.4) 42(0.3)
Other! 2561(1.7) 79(1.3) 168(1.3)
Others/Missing® | 177(0.1) <11(0.18)8 <11(<0.08)
Median Quartile of Income 0.36 0.66 0.55
0-25™ Percentile 30144(20.3) 1247(20.9) 2681(20.5)
25 to 50t 40254(27.1)
Percentile 1574(26.4) 3555(27.2)
50 to 75t 40177(27.1)
Percentile 1645(27.6) 3477(26.6)
75 to 100t 35869(24.2)
Percentile 1413(23.7) 3194(24.5)
Others/Missing® 1885(1.3) 84(1.4) 147(1.1)
Hospital Size 0.21 0.59 0.36
Small 6699(4.5) 243(4.1) 611(4.7)
Medium 30564(20.6) 1257(21.1) 2658(20.4)
Large 111066(74.9) | 4462(74.8) 9785(75.0)




Hospital Teaching 0.17 0.06 0.06
Metropolitan Non- | 15961(10.8)

Teaching 607(10.2) 1426(10.9)

Metropolitan 130993(88.3)

Teaching 5290(88.7) 11480(87.9)

Non-Metropolitan | 1375(0.9)

Hospital 65(1.1) 147(1.1)

Anemias 6034(4.1) 548(9.2) <0.01 826(6.3) <0.01 <0.01
Alcohol Use 94(0.1) 1(0.0) 0.16 7(0.1) 0.67 0.34
Hypertension 132235(89.1) | 5391(90.4) <0.01 11311(86.6) <0.01 <0.01
Diabetes Mellitus | 25956(17.5) 929(15.6) <0.01 2188(16.8) 0.03 <0.01
Coronary Artery | 104023(70.1) 0.27 <0.01 <0.01
Disease 4141(69.5) 8123(62.2)

Cerebrovascular 16403(11.1) <0.01 <0.01 <0.01
Disease 543(9.1) 1819(13.9)

COPD 42845(28.9) 2162(36.3) <0.01 3780(29.0) 0.86 <0.01
Pulmonary 28272(19.1) <0.01 <0.01 <0.01
Circulation

Disorder 1404(23.6) 1518(11.6)

Obesity 28406(19.2) 945(15.9) <0.01 1707(13.1) <0.01 <0.01
Prior Ml 18723(12.6) 803(13.5) 0.05 1498(11.5) <0.01 <0.01
Prior PCI 29895(20.2) 1156(19.4) 0.15 2496(19.1) 0.01 0.01
Prior CABG 27210(18.3) 1123(18.8) 0.34 2167(16.6) <0.01 <0.01
Preexisting 14949(10.1) <0.01 <0.01 <0.01
Pacemaker 1265(21.2) 1992(15.3)

Pacemaker 14747(9.9) <0.01 0.05 <0.01
Implanted During

Index

Hospitalization 831(13.9) 1368(10.5)

Complete Heart 13648(9.2) <0.01 0.01 <0.01
Block During

Index

Hospitalization 785(13.2) 1311(10.0)

Prior ICD 3854(2.6) 13(0.2) <0.01 4(0.0) 0.11 <0.01
Weight Loss 4576(3.1) 518(8.7) <0.01 822(6.3) <0.01 <0.01
Peripheral 31157(21.0) <0.01 <0.01 <0.01
Vascular Disease 935(15.7) 1936(14.8)

Atrial Fibrillation | 59545(40.1) 3562(59.7) <0.01 6065(46.5) <0.01 <0.01
Liver Disease 4480(3.0) 259(4.3) <0.01 512(3.9) <0.01 <0.01
Chronic Kidney 32721(22.1) <0.01 <0.01 <0.01
Disease 2140(35.9) 2723(20.9)




End-Stage Renal
Disease

5826(3.9)

402(6.7)

<0.01

1159(8.9)

<0.01

<0.01

Paravalvular
Regurgitation

613(0.4)

57(1.0)

<0.01

57(0.4)

0.69

<0.01

Mitral Stenosis

1327(0.9)

84(1.4)

<0.01

109(0.8)

0.49

<0.01

Mitral
Regurgitation

10476(7.1)

522(8.8)

<0.01

593(4.5)

<0.01

<0.01

Heart Failure with
Reduced EF

18265(12.3)

1550(26.0)

<0.01

1153(8.8)

<0.01

<0.01

Heart Failure with
Preserved EF

64057(43.2)

3383(56.7)

<0.01

2884(22.1)

<0.01

<0.01

Length of Stay > 4
days During Index
Hospitalization

51076(34.4)

3531(59.2)

<0.01

5905(45.2)

<0.01

<0.01

Non-
Home/Facility
Discharge During
Index
Hospitalization

54641(36.8)

112(3363)

<0.01

6141(47.0)

<0.01

<0.01

Abbreviations: HF=Hear Failure, IQR=Interquartile range, MI=Myocardial Infarction, PCl=Percutaneous
coronary intervention, CABG=Coronary artery bypass graft surgery, ICD=Implantable cardioverter
defibrillator, HF=Heart failure, EF=ejection fraction

* P value compares Index cases that did not get readmitted with index cases that got readmitted for HF

"P value compares Index cases that did not get readmitted with index cases that got readmitted for non-
HF causes

*P value compares difference among the three group,: 1-Index cases that did not get readmitted 2- index
cases that got readmitted for HF, 3: index cases that got readmitted for non-HF causes

SObservations <11 are not reported per HCUP guidelines
I“Other” variable includes Worker's Compensation and other government programs.
#The missing values were recoded as “Others/Missing”

Descriptive statistics and regression model are based on weighted data.




Table S3.

Baseline Characteristics of the patients with and without HF readmissions

Crude Analysis 1:1 Propensity Matching

Variables Without HF With HF Standardized Without HF | With HF Standardized
Readmission Readmission | Mean Difference | Readmission | Readmission | Mean
(12,864) (5,962) Difference

(5,962) (5,962)

Age (median 81(75-87) 83(76-87) 0.1091 82(76-87) 82(76-87) 0.0085

[1QR])

Age Categories

<=64 695(5.4) 239(4.0) 222(3.7) 239(4.0)

65-74 2263(17.6) 1020(17.1) 949(15.9) 1020(17.1)

75-84 5361(41.7) 2321(38.9) 2490(41.8) 2321(38.9)

>=85 4545(35.3) 2382(40.0) 2301(38.6) 2382(40.0)

Elective 910(7.1) 0(0.0) -0.0784 0(0) 0(0) 0.0000

Readmission

Female Sex 5963(46.4) 2766(46.4) 0.0006 2739(45.9) 2766(46.4) 0.0088

Primary Payer 0.0123 0.0260

Medicare 11825(91.9) 5527(92.7) 5557(93.2) 5527(92.7)

Medicaid 149(1.2) 52(0.9) 52(0.9) 52(0.9)

Private Insurance | 670(5.2) 274(4.6) 248(4.2) 274(4.6)

Self-Pay 42(0.3) 22(0.4) 22(0.4) 22(0.4)

Other' 167(1.3) 79(1.3) 78(1.3) 79(1.3)

Others/Missing * 11(0.1) <11(<0.2) * <11(<0.1) * | <11(<0.3) *

Median Quartile of Income 0.0219 0.0044

0-25™ Percentile 2635(20.5) 1247(20.9) 1145(19.2) 1247(20.9)

25 to 50t 3497(27.2) 1574(26.4) 1649(27.7) 1574(26.4)

Percentile

50 to 75t 3435(26.7) 1645(27.6) 1606(26.9) 1645(27.6)

Percentile

75 to 100t

Percentile 3149(24.5) 1413(23.7) 1483(24.9) 1413(23.7)




Others/Missing* 147(1.1) 84(1.4) 79(1.3) 84(1.4)

Hospital Size 0.0116 -0.0098
Small 605(4.7) 243(4.1) 262(4.4) 243(4.1)

Medium 2631(20.5) 1257(21.1) 1188(19.9) 1257(21.1)

Large 9628(74.8) 4462(74.8) 4512(75.7) 4462(74.8)

Hospital Teaching 0.0189 -0.0351
Metropolitan

Non-Teaching 1396(10.9) 607(10.2) 549(9.2) 607(10.2)
Metropolitan

Teaching 11321(88.0) 5290(88.7) 5338(89.5) 5290(88.7)
Non-Metropolitan

Hospital 147(1.1) 65(1.1) 75(1.3) 65(1.1)

Anemias 816(6.3) 548(9.2) 0.0989 537(9.0) 548(9.2) 0.0065
Alcohol Use <11(<0.05) <11(<0.2) -0.0207 <11(<0.2) <11(<0.2) -0.0246
Hypertension 11138(86.6) 5391(90.4) 0.1303 5397(90.5) 5391(90.4) -0.0036
Diabetes Mellitus | 2157(16.8) 929(15.6) -0.0328 946(15.9) 929(15.6) -0.0078
Coronary Artery | 7989(62.1) 4141(69.5) 0.1597 4075(68.3) 4141(69.5) 0.0242
Disease

Cerebrovascular 1799(14.0) 543(9.1) -0.1696 558(9.4) 543(9.1) -0.0089
Disease

Chronic 3710(28.8) 2162(36.3) 0.1544 2160(36.2) 2162(36.3) 0.0007
Obstructive

Pulmonary

Disease

Pulmonary 1471(11.4) 1404(23.6) 0.2855 1175(19.7) 1404(23.6) 0.0905
Circulation

Disorder

Obesity 1676(13.0) 945(15.9) 0.0773 921(15.4) 945(15.9) 0.0112
Prior Ml 1473(11.4) 803(13.5) 0.0592 822(13.8) 803(13.5) -0.0093
Prior PCI 2461(19.1) 1156(19.4) 0.0064 1171(19.6) | 1156(19.4) | -0.0066
Prior CABG 2125(16.5) 1123(18.8) 0.0593 1139(19.1) 1123(18.8) -0.0067
Preexisting 1959(15.2) 1265(21.2) 0.1463 1170(19.6) 1265(21.2) 0.0387

Pacemaker




Prior ICD 364(2.8) 296(5.0) 0.0981 295(5.0) 296(5.0) 0.0001
Smoking 474(3.7) 196(3.3) -0.0220 186(3.1) 196(3.3) 0.0097
Electrolyte 4019(31.2) 2228(37.4) 0.1267 2236(37.5) 2228(37.4) -0.0028
Abnormalities

Lymphoma 110(0.9) 45(0.8) -0.0114 48(0.8) 45(0.8) -0.0060
Solid Organ 535(4.2) 145(2.4) -0.1123 166(2.8) 145(2.4) -0.0232
Tumors

Weight Loss 801(6.2) 518(8.7) 0.0872 486(8.1) 518(8.7) 0.0192
Peripheral 1893(14.7) 935(15.7) 0.0268 903(15.2) 935(15.7) 0.0146
Vascular Disease

Atrial Fibrillation | 5947(46.2) 3562(59.7) 0.2757 3556(59.6) 3562(59.7) 0.0021
Liver Disease 508(3.9) 259(4.3) 0.0197 236(4.0) 259(4.3) 0.0188
Chronic Kidney 2642(20.5) 2140(35.9) 0.3201 2015(33.8) 2140(35.9) 0.0437
Disease

End-Stage Renal | 1149(8.9) 402(6.7) -0.0877 460(7.7) 402(6.7) -0.0390
Disease

Paravalvular 53(0.4) 57(1.0) 0.0561 40(0.7) 57(1.0) 0.0299
Regurgitation

Mitral Stenosis 100(0.8) 84(1.4) 0.0537 85(1.4) 84(1.4) -0.0007
Mitral 563(4.4) 522(8.8) 0.1548 418(7.0) 522(8.8) 0.0616

Regurgitation

Abbreviations: IQR=Interquartile range, MI=Myocardial Infarction, PClI=Percutaneous coronary

intervention, CABG=Coronary artery bypass graft surgery, ICD=Implantable cardioverter defibrillator,

HF=Heart failure, EF=ejection fraction

*Observations <11 are not reported per HCUP guidelines

AT

*The missing values were recoded as “Others/Missing”

Descriptive statistics and regression model are based on weighted data.

Other” variable includes Worker's Compensation and other government programs.




Table S4. Baseline Characteristics of the patients of low volume (<50 TAVRS), medium
volume (51-100 TAVRSs) and high volume (>100 TAVRs) annual discharge hospitals in 2018

Variables Low volume Medium High P value
(3371) Volume (9653) Volume
(21716)
Age (median [IQR]) 81(75-86) 81(75-86) 81(75-86) 0.36
Age Categories 0.01
<=64 138(4.1) 502(5.2) 1149(5.3)
65-74 667(19.8) 1788(18.5) 4033(18.6)
75-84 1464(43.4) 4241(43.9) 9255(42.6)
>=85 1102(32.7) 3122(32.3) 7279(33.5)
Charlson Comorbidity Index 7(6-8) 7(6-8) 7(6-8) <0.01
(median [IQR])
Charlson Index Score >8 1156(34.3) 3441(35.6) 8320(38.3) <0.01
Elective Index Admission 2923(86.8) 8254(85.6) 17026(78.4) | <0.01
Female Sex 1591(47.2) 4392(45.5) 9923(45.7) 0.21
Primary Payer <0.01
Medicare 3101(92.0) 8738(90.5) 19512(89.9)
Medicaid 70(2.1) 105(1.1) 252(1.2)
Private Insurance 123(3.6) 531(5.5) 1524(7.0)
Self-Pay 8(0.2) 31(0.3) 74(0.3)
Other’ 67(2.0) 246(2.5) 324(1.5)
Others/Missing* <11(<0.3) * <11(<0.01) * 30(0.1)
Median Quartile of Income <0.01
0-25'" Percentile 852(25.3) 2204(22.8) 3542(16.3)
25 to 50" Percentile 1011(30.0) 2856(29.6) 5109(23.5)
50 to 75" Percentile 909(27.0) 2565(26.6) 6013(27.7)
75 to 100" Percentile 550(16.3) 1891(19.6) 6807(31.3)
Others/Missing* 49(1.4) 137(1.4) 245(1.1)
Hospital Size <0.01
Small 339(10.1) 925(9.6) 148(0.7)
Medium 1310(38.9) 1852(19.2) 4474(20.6)
Large 1722(51.1) 6876(71.2) 17094(78.7)
Hospital Teaching <0.01
Metropolitan Non-Teaching 731(21.7) 1603(16.6) 1260(5.8)
Metropolitan Teaching 2614(77.5) 7878(81.6) 20456(94.2)
Non-Metropolitan 26(0.8) 172(1.8) 0(0.0)
Anemias 139(4.1) 413(4.3) 963(4.4) 0.64
Alcohol Use <11(<0.3)* <11(<0.1)* <11(<0.1)* 0.48
Hypertension 3056(90.7) 8650(89.6) 19544(90) 0.21
Diabetes Mellitus 543(16.1) 1395(14.5) 3086(14.2) 0.01
Coronary Artery Disease 2287(67.8) 6467(67.0) 14928(68.7) 0.01




Cerebrovascular Disease 394(11.7) 990(10.3) 2352(10.8) 0.06
COPD 956(28.4) 2754(28.5) 5888(27.1) 0.02
Pulmonary Circulation 545(16.2) 1536(15.9) 3748(17.3) 0.01
Disorder

Obesity 675(20.0) 1882(19.5) 4137(19.1) 0.33
Prior Ml 428(12.7) 1168(12.1) 2709(12.5) 0.55
Prior PCI 752(22.3) 1867(19.3) 4252(19.6) <0.01
Prior CABG 631(18.7) 1638(17.0) 3351(15.4) <0.01
Prior Pacemaker 355(10.5) 1017(10.5) 2295(10.6) 0.91
Prior ICD 85(2.5) 234(2.4) 531(2.4) 0.95
Electrolyte Abnormalities 526(15.6) 1500(15.5) 3645(16.8) 0.01
Lymphoma 25(0.7) 59(0.6) 179(0.8) 0.13
Solid Organ Tumors 75(2.2) 252(2.6) 589(2.7) 0.26
Weight Loss 112(3.3) 288(3.0) 752(3.5) 0.09
Peripheral Vascular Disease 595(17.7) 1735(18.0) 4069(18.7) 0.13
Atrial Fibrillation 1370(40.6) 3840(39.8) 8932(41.1) 0.08
Weight Loss 112(3.3) 288(3.0) 752(3.5) 0.09
Peripheral Vascular Disease 595(17.7) 1735(18.0) 4069(18.7) 0.13
Liver Disease 88(2.6) 309(3.2) 761(3.5) 0.02
Chronic Kidney 648(19.2) 2008(20.8) 4926(22.7) <0.01
End-Stage Renal 166(4.9) 454(4.7) 939(4.3) 0.14
Paravalvular Regurgitation 16(0.5) 35(0.4) 93(0.4) 0.61
Mitral Stenosis 28(0.8) 89(0.9) 229(1.1) 0.33
Mitral Regurgitation 221(6.6) 586(6.1) 1615(7.4) <0.01
Heart Failure with Reduced EF | 431(12.8) 1169(12.1) 2591(11.9) 0.36
Heart Failure with Preserved 1345(39.9) 4039(41.8) 9805(45.2) <0.01
EF

Length of Stay During Index 877(26.0) 2538(26.3) 6615(30.5) <0.01
Hospitalization

Routine Home Discharge 2372(70.4) 6868(71.1) 13656(62.9) <0.01
(Index Admission)

Non- Home/Facility Discharge | 999(29.6) 2,785(17.6) 8060(37.1)

(Index Admission)

Abbreviations: IQR=Interquartile range, MI=Myocardial Infarction, PCI=Percutaneous coronary

intervention, CABG=Coronary artery bypass graft surgery, ICD=Implantable cardioverter defibrillator,

HF=Heart failure, EF=ejection fraction

*Qbservations <11 are not reported per HCUP guidelines

T«Other” variable includes Worker's Compensation and other government programs.

*The missing values were recoded as “Others/Missing”

Descriptive statistics are based on non-weighted data




Table S5. Adjusted odds for all-cause readmissions, HF readmissions, all-cause
readmission mortality and HF readmission mortality for High Volume (>100
TAVRs) and Medium Volume Centers (50-100 TAVRs) compared with Low
Volume Hospitals (<50 TAVRS)

Variable All-Cause HF All-Cause HF
Readmissions Readmission Readmission Readmission
Mortality Mortality Mortality
Medium-Volume 1.04(0.92- 0.94(0.76- 1.37(0.64-2.90) 1.22(0.38-3.87)
Hospitals 1.19) 1.18)
High-Volume 0.97(0.86- 0.83(0.67- 1.56(0.77-3.21) 1.60(0.54-4.78)
Hospitals 1.10) 1.03)

Regression model is based on non-weighted data




Figure S1. Co-Variate Balance Before and After Propensity Matching for patients with and without
HF

Covariate Balance
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Abbreviations: MI=Myocardial Infarction, PCI=Percutaneous coronary intervention, CABG=Coronary
artery bypass graft surgery, ICD=Implantable cardioverter defibrillator



Figure S2. Cost of Readmission for HF readmissions compared with Non-Heart Failure
Readmissions

Cost of Readmission for HF readmissions compared with Non-Heart Failure
Readmissions
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