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ABSTRACT

Objective: We examined the effect of frailty on in-hospital mortality, readmission
rates, and hospitalization costs after transcatheter and surgical aortic valve replace-
ment in a population-level cohort.

Methods: The Nationwide Readmissions Database was queried for patients who
underwent transcatheter or surgical aortic valve replacement during 2016-2018.
Multivariate logistic regression was used to discern independent effects of frailty
on outcomes. Kaplan–Meier time-to-event analysis was used to evaluate the effect
of frailty on freedom from readmission.

Results: A total of 243,619 patients underwent aortic valve replacement: 142,786
(58.6%) transcatheter aortic valve replacements and 100,833 (41.4%) surgical
aortic valve replacements. Frail patients constituted 16,388 (11.5%) and 7251
(7.2%) in the transcatheter aortic valve replacement and surgical aortic valve
replacement cohorts, respectively. Compared with nonfrail patients, frail patients
had greater in-hospital mortality (transcatheter aortic valve replacement: 3.2% vs
1.1%; surgical aortic valve replacement: 6.1% vs 2.0%; both P<.001), longer length
of stay (transcatheter aortic valve replacement: 4 vs 2 days; surgical aortic valve
replacement: 13 vs 6 days; P< .001), and greater cost (transcatheter aortic valve
replacement: $51,654 vs $44,401; surgical aortic valve replacement: $60,782 vs
$40,544; P< .001). Time-to-event analysis showed that frail patients had higher
rates of readmission over the calendar year in both transcatheter aortic valve
replacement (P< .001) and surgical aortic valve replacement (P< .001) cohorts.
This association persisted on adjusted multivariate regression for mortality (trans-
catheter aortic valve replacement odds ratio [95% CI] 1.98 [1.65-2.37], surgical
aortic valve replacement 1.96 [1.60-2.41]), 30-day readmission (transcatheter aortic
valve replacement 1.38 [1.27-1.49], surgical aortic valve replacement 1.47 [1.30-1.65]),
and 90-day readmission (transcatheter aortic valve replacement 1.41 [1.31-1.52], sur-
gical aortic valve replacement 1.60 [1.43-1.79]) (P< .001 for all).

Conclusions: For patients undergoing transcatheter or surgical aortic valve
replacement, frailty is associated with in-hospital mortality, readmission, and higher
costs. Further efforts to optimize outcomes for frail patients are warranted. (JTCVS
Open 2024;20:14-25)
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Frailty’s impact on freedom from readmission in
patients who undergo (A) TAVR or (B) SAVR.
/

CENTRAL MESSAGE

Frailty is associated with elevated
in-hospital mortality, rates of re-
admission, LOS, and costs for
patients who undergo TAVR and
SAVR.
PERSPECTIVE
Frailty is a well-known risk factor for mortality af-
ter cardiac surgery. The effect of frailty on out-
comes beyond mortality, specifically in patients
undergoing SAVR and TAVR, is less clear. Using
a large national database, we found that frailty
was associated with greater readmission rates,
cost, and LOS in both groups.
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Abbreviations and Acronyms
ICD-10-CM ¼ International Classification of

Diseases, 10th Revision, Clinical
Modification

ICD-10-PCS ¼ International Classification of
Diseases, 10th Revision, Procedure
Classification System

JH-ACG ¼ Johns Hopkins Adjusted Clinical
Groups

LOS ¼ length of stay
NRD ¼ Nationwide Readmissions Database
SAVR ¼ surgical aortic valve replacement
TAVR ¼ transcatheter aortic valve

replacement

Miles et al Adult: Aortic Valve
Frailty is a condition characterized by greater vulnerability
to stressors secondary to decreased physiologic reserve.1

The effect of frailty on outcomes in patients with cardiovas-
cular disease has been increasingly recognized.2 The prev-
alence of frailty is increasing among patients undergoing
cardiac surgery, driven by an aging and increasingly com-
plex patient population.3 The emergence and refinement
of nonsurgical treatments, particularly transcatheter aortic
valve replacement (TAVR), have stimulated further study
of the impact of frailty on outcomes and decision-making
in both TAVR and surgical aortic valve replacement
(SAVR).4

Prior cohort studies have demonstrated frailty to be an in-
dependent risk factor for death and disability after both
TAVR and SAVR.5-9 Beyond mortality, frailty has been
associated with greater readmission rates and resource use
after TAVR.10,11 Readmission rate and hospitalization cost
are important metrics because they reflect not only hospital
performance but also patient quality of life. Assessing these
outcomes may yield insights to enhance care in these do-
mains. However, data—particularly national-level data—
are scarce regarding the effect of frailty on readmission
rate and cost after both TAVR and SAVR.

In this study, we examined the effect of frailty, as
measured by the validated Johns Hopkins Adjusted Clinical
Groups (JH-ACG) frailty indicator,12,13 on outcomes after
TAVR and SAVR in a population-based sample from the
Nationwide Readmissions Database (NRD). We hypothe-
sized that frailty would be associated with adverse clinical
outcomes such as mortality, readmission, and greater cost
after both SAVR and TAVR.
MATERIAL AND METHODS
Data Source

The NRD was used to identify patients who underwent TAVR or SAVR

from January 2016 to December 2018. The NRD features a clustered, post-

stratified sample design that enables national estimates and reliably links
patient readmissions over a calendar year. In accordance with the Health

Insurance Portability and Accountability Act, patient information in the

NRD is deidentified, including demographic, clinical, and hospital infor-

mation; thus, Institutional Review Board approval was not required for

this study. All studies incorporated survey-based design, and survey-

adjusted variances were used for all statistics.

Study Cohort
Patients aged 18 years or older who underwent isolated TAVR or SAVR

were identified using International Classification of Diseases, 10th Revi-

sion, Procedural Classification System (ICD-10-PCS) and Clinical Modifi-

cation (ICD-10-CM) codes. Table E1 lists all ICD-10 codes used for patient

inclusion and exclusion. Patients were stratified by method of valve

replacement with the ICD-10-PCS codes 02RF3 and 02RF0 for TAVR

and SAVR, respectively. Isolated TAVR and SAVR procedures were iden-

tified by excluding patients who underwent concomitant procedures such

as percutaneous coronary intervention, coronary artery bypass grafting,

and other valve repair or replacement. Patients who underwent SAVR for

endocarditis were excluded. Index admission and readmissions were iden-

tified for the patient cohort within each calendar year.

Frailty was defined by the JH-ACG, a multidimensional frailty index de-

signed and validated for use in administrative claims data and therefore

optimized for use with the NRD.12,13 The JH-ACG was chosen over alter-

native claims-based instruments such as the Hospital Frailty Risk Score and

the Preoperative Frailty Index because these measures potentially overes-

timate frailty in the cardiac surgery population.14,15 Frailty is indicated

through binary classification based on clusters of frailty-indicating ICD-

10 diagnoses. The JH-ACG has been used to assess outcomes in patients

undergoing coronary artery bypass grafting.16 Because the JH-ACG is pro-

prietary, specific diagnostic codes cannot be provided here.

Patient and Hospital Characteristics
Patient characteristics and demographics were analyzed, including age,

sex, case urgency, and insurer for the index admission. Patient comorbidity

burden was assessed with the Elixhauser comorbidity index. Specifically,

the comorbidity R package was used with Agency for Healthcare Research

and Quality weighting for scoring. Additional cardiovascular risk factors

such as smoking history and hyperlipidemia were included. Hospital char-

acteristics including teaching status, hospital bed size, and urban or rural

designation were examined.

Outcomes
Outcomes assessed for index hospitalizations included in-hospital mor-

tality, length of stay (LOS), and discharge disposition. Admission costs

were estimated from Agency for Healthcare Research and Quality cost-

to-charge ratios, and readmission rates were assessed at 30 and 90 days.

In the NRD, admissions for a given patient are only linked within each cal-

endar year; therefore, only patients with index admissions from January to

November were included in the 30-day readmission rates. Likewise, only

patients with index admissions from January to September were included

in the 90-day readmission rates. Additional readmission outcomes were

death on readmission, readmission LOS, and readmission cost. Patients

who died during their index admission were excluded from analyses of out-

comes aside from in-hospital mortality because including them would

potentially confound the interpretation of these outcomes.

Kaplan–Meier Readmissions Analysis
Calendar-year freedom from readmission was evaluated with Kaplan–

Meier analysis for patients with an index admission between January and

November of each year. Because the NRD does not specify discharge dates

within each month, discharges were presumed to have occurred on the last

day of the month for data censoring. A survey-adjusted log-rank test was

used to determine significant differences between curves.
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Risk-Adjusted Analysis
A training set of 80% of the overall cohort was used for multivariable

logistic regression. Models were developed by using in-hospital mortality,

30-day readmissions, and 90-day readmissions as separate dependent vari-

ables. The remaining 20% of the cohort was used as a test set, and area un-

der the curve calculations were used to optimize independent regression

variables (Figures E1-E3).

Statistical Analysis
Table E2 lists packages used within R version 4.1 for statistical ana-

lyses. Data clustering, poststratification, and discharge sample weights

necessary for national estimates were accounted for by the R package sur-

vey. Categorical variables were analyzed with chi-square tests with the Rao

and Scott adjustment; continuous variables were analyzed with the

Kruskal–Wallis rank-sum test for complex survey design. All tests and

models accounted for the sampling design of the NRD. Percentages are

used to summarize categorical data, and mean � SD or median with inter-

quartile range is used for continuous data, as applicable.
RESULTS
Preoperative Characteristics

A total of 243,619 patients underwent aortic valve
replacement: 142,786 (58.6%) TAVRs and 100,833
(41.4%) SAVRs (Figure 1). Overall, 23,639 patients
(9.7%) were classified as frail according to the JH-AHG:
16,388 patients (11.5%) in the TAVR cohort and 7251 pa-
tients (7.2%) in the SAVR cohort (Table 1). For both
TAVR and SAVR, frail patients were older (TAVR: 83 vs
All AV
(2016-20
n = 355,

Isolated 
n = 243,

TAVR
n = 142,786

(58.6%)

Non-Frail
n = 126,398

(88.5%)

Frail
n = 16,388

(11.5%)

FIGURE 1. Flowchart diagram showing patient identification, exclusion, and

valve replacement; SAVR, surgical aortic valve replacement.
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81 years; SAVR: 71 vs 67 years, both P<.001), more likely
to be female (TAVR: 47.6% vs 45.2%; SAVR: 42% vs
38%, both P<.001), and more often insured by Medicare
(TAVR: 93.0% vs 91.0%; SAVR: 75.3% vs 58.6%; both
P<.001) than nonfrail patients.

Frail patients in both cohorts displayed higher median
Elixhauser comorbidity scores (TAVR: 17 vs 11; SAVR:
22 vs 10; both P<.001) (Table 2). Individual comorbidities
with higher proportions in frail patients included chronic
heart failure (TAVR: 81.3% vs 74.5%; SAVR: 58.4% vs
38.1%; both P < .001), arrhythmias (TAVR: 63.9% vs
56.0%; SAVR: 73.8% vs 57.2%; both P<.001), pulmo-
nary circulation disorder (TAVR: 23.6% vs 18.5%;
SAVR: 21.9% vs 13.0%; both P<.001), peripheral arterial
disease (TAVR: 24.2% vs 23.1%, P<.029; SAVR: 22.9%
vs 17.7%, P<.001), and renal failure (TAVR: 41.2% vs
35.5%; SAVR: 27.6% vs 15.1%; both P<.001) (Table 2).

In-Hospital Outcomes
Frail patients had a 3-fold higher risk of in-hospital mor-

tality than nonfrail patients (TAVR: 3.2% vs 1.1%; SAVR:
6.1% vs 2.0%; both P<.001) (Table 3). Relative risk of
mortality for frail patients was 2.85 [2.58-3.16] and 3.04
[2.74-3.38] for TAVR and SAVR, respectively. Addition-
ally, frail patients were found to have longer median LOS
(TAVR: 4 vs 2 days; SAVR: 13 vs 6 days; P<.001) and
R
18)

361

AVR
619

SAVR
n = 100,833

(41.4%)

Non-Frail
n = 93,582

(92.8%)

Frail
n = 7251
(7.2%)

Concomitant Procedure
or

Endocarditis
n = 111,742

stratification. AVR, Aortic valve replacement; TAVR, transcatheter aortic



TABLE 1. Characteristics of frail and nonfrail patients who underwent surgical aortic valve replacement versus transcatheter aortic valve

replacement

Characteristic

Overall (N ¼ 243,619) TAVR (n ¼ 142,786) SAVR (n ¼ 100,833)

Nonfrail

(n ¼ 219,980)

Frail*

(n ¼ 23,639)

P

valuey
Nonfrail

(n ¼ 126,398)

Frail*

(n ¼ 16,388)

P

valuey
Nonfrail

(n ¼ 93,582)

Frail*

(n ¼ 7251)

P

valuey
Age (y) 76 (67-83) 80 (72-86) <.001 81 (75-86) 83 (77-87) <.001 67 (59-74) 71 (64-78) <.001

Female gender 93,050 (42.3) 10,843 (45.9) <.001 57,120 (45.2) 7799 (47.6) <.001 35,930 (38.4) 3043 (42.0) <.001

Income quartile .135 .263 .007

1 45,743 (20.8) 5011 (21.2) 25,273 (20.0) 3232 (19.7) 20,470 (21.9) 1779 (24.5)

2 63,147 (28.7) 6731 (28.5) 35,929 (28.4) 4629 (28.2) 27,218 (29.1) 2101 (29.0)

3 60,044 (27.3) 6219 (26.3) 34,667 (27.4) 4378 (26.7) 25,377 (27.1) 1841 (25.4)

4 51,046 (23.2) 5678 (24.0) 30,529 (24.2) 4149 (25.3) 20,517 (21.9) 1530 (21.1)

Primary payer <.001 <.001 <.001

Medicaid 6583 (3.0) 608 (2.6) 1317 (1.0) 169 (1.0) 5266 (5.6) 438 (6.0)

Medicare 169,627 (77.2) 20,684 (87.6) 114,841 (91.0) 15,225 (93.0) 54,786 (58.6) 5459 (75.3)

Other 4024 (1.8) 372 (1.6) 2177 (1.7) 263 (1.6) 1848 (2.0) 108 (1.5)

Private insurance 37,682 (17.1) 1818 (7.7) 7444 (5.9) 662 (4.0) 30,238 (32.3) 1156 (15.9)

Self-pay 1616 (0.7) 125 (0.5) 428 (0.3) 53 (0.3) 1188 (1.3) 72 (1.0)

Values are presented as n (%) or median (25%-75% interquartile range). TAVR, Transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement. *Frail was

defined as having at least 1 of the following 10 characteristics: malnutrition, dementia, impaired vision, decubitus ulcer, incontinence, weight loss, poverty, barriers to access

to care, difficulty walking, and falls. yContinuous variables were analyzed with the Kruskal–Wallis rank-sum test, and categorical variables were analyzed with the chi-

square test with the Rao and Scott second-order correction.
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greater cost (TAVR: $51,654 vs $44,401; SAVR: $60,782 vs
$40,544; P<.001). The proportion of patients discharged to
their home was lower in the frail patients (TAVR: 68.3% vs
90.0%; SAVR: 61.1% vs 85.4%; both P<.001). Adjusted
TABLE 2. Comorbidities of frail and nonfrail patients who underwent

replacement

Comorbidity

TAVR (n ¼ 142,786)

Nonfrail (n ¼ 126,398) Frail* (n ¼ 16,3

Elixhauser score 11 (6-17) 17 (9-26)

Hypertension 113,279 (89.6) 14,596 (89.1)

Congestive heart failure 94,185 (74.5) 13,326 (81.3)

Arrhythmia 70,825 (56.0) 10,476 (63.9)

Diabetes mellitus 48,193 (38.1) 5932 (36.2)

Renal failure 44,895 (35.5) 6747 (41.2)

COPD 36,260 (28.7) 4682 (28.6)

Peripheral artery disease 29,142 (23.1) 3958 (24.2)

Hypothyroidism 25,010 (19.8) 3610 (22.0)

Obesity 25,305 (20.0) 2522 (15.4)

Pulmonary circulation disorder 23,341 (18.5) 3860 (23.6)

Coagulopathy 15,644 (12.4) 2939 (17.9)

Depression 9488 (7.5) 2106 (12.8)

Weight loss 302 (0.2) 4356 (26.6)

Liver disease 3948 (3.1) 677 (4.1)

Drug abuse 529 (0.4) 97 (0.6)

Values are presented as n (%) or median (25%-75% interquartile range). TAVR, Transcathe

obstructive pulmonary disease. *Frail was defined as having at least 1 of the following 10 c

weight loss, poverty, barriers to access to care, difficulty walking, and falls. yP values we
multivariate regression analysis showed frailty to be an in-
dependent risk factor for in-hospital mortality after both
TAVR (odds ratio [95% CI]: 1.98 [1.65-2.36], P< .001)
and SAVR (1.86 [1.51-2.28], P<.001) (Figure 2).
transcatheter aortic valve replacement versus surgical aortic valve

SAVR (n ¼ 100,833)

88) P valuey Nonfrail (n ¼ 93,582) Frail* (n ¼ 7251) P valuey
<.001 10 (2-19) 22 (11-34) <.001

.187 73,521 (78.6) 5886 (81.2) .002

<.001 35,675 (38.1) 4234 (58.4) <.001

<.001 53,489 (57.2) 5350 (73.8) <.001

.003 25,922 (27.7) 2425 (33.4) <.001

<.001 14,088 (15.1) 1998 (27.6) <.001

.851 19,088 (20.4) 1993 (27.5) <.001

.028 16,526 (17.7) 1657 (22.9) <.001

<.001 12,597 (13.5) 1137 (15.7) <.001

<.001 25,727 (27.5) 1622 (22.4) <.001

<.001 12,141 (13.0) 1586 (21.9) <.001

<.001 31,518 (33.7) 3242 (44.7) <.001

<.001 9223 (9.9) 1175 (16.2) <.001

<.001 84 (0.1) 2811 (38.8) <.001

<.001 3293 (3.5) 743 (10.2) <.001

.012 1695 (1.8) 161 (2.2) .080

ter aortic valve replacement; SAVR, surgical aortic valve replacement;COPD, chronic

haracteristics: malnutrition, dementia, impaired vision, decubitus ulcer, incontinence,

re obtained from a chi-square test with the Rao and Scott second-order correction.
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TABLE 3. In-hospital outcomes of nonfrail and frail patients who underwent transcatheter aortic valve replacement or surgical aortic valve

replacement

Outcome

TAVR (n ¼ 128,220) SAVR (n ¼ 90,717)

Nonfrail

(n ¼ 113,773)

Frail*

(n ¼ 14,447)

P

valuey
Nonfrail

(n ¼ 84,460)

Frail*

(n ¼ 6257)

P

valuey
In-hospital mortality 1423/126,398 (1.1) 526/16,388 (3.2) <.001 1874/93,670 (2.0) 444/7294 (6.1) <.001

LOS (d) 2 (2-4) 4 (2-11) <.001 6 (5-8) 13 (7-23) <.001

Cost (USD) 44,401 (35,080-56,408) 51,654 (39,167-70,202) <.001 40,544 (31,710-54,044) 60,782 (42,645-94,516) <.001

Discharged home 102,392 (90.0) 9873 (68.3) <.001 72,121 (85.4) 3826 (61.1) <.001

30-d readmissions 13,602 (12.0) 2501 (17.3) <.001 9531 (11.3) 1178 (18.7) <.001

90-d readmissions 18,994/91,026 (20.9) 3438/11,721 (29.3) <.001 11,248/69,750 (16.1) 1416/5132 (27.6) <.001

Died on readmission 1007/126,398 (0.8) 293/16,388 (1.8) <.001 386/93,670 (0.4) 97/7294 (1.3) <.001

Readmission LOS (d) 3 (2-6) 4 (3-7) <.001 3 (2-6) 5 (2-8) <.001

Readmission cost (USD) 9390 (5481-16,975) 9707 (5689-17,533) .035 8744 (5082-16,140) 10,239 (6023-19,708) <.001

Values are presented as n (%), n/N (%), or median (25%-75% interquartile range). TAVR, Transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement; LOS,

length of stay; USD, United States dollar. *Frail was defined as having at least 1 of the following 10 characteristics: malnutrition, dementia, impaired vision, decubitus ulcer,

incontinence, weight loss, poverty, barriers to access to care, difficulty walking, and falls. yContinuous variables were analyzed with the Kruskal–Wallis rank-sum test, and cat-

egorical variables were analyzed with the chi-square test with the Rao and Scott second-order correction.

Adult: Aortic Valve Miles et al
Readmission Outcomes
The observed readmission rates were higher in frail pa-

tients at both 30 days (TAVR: 17.3% vs 12.0%; SAVR:
18.7% vs 11.3%; both P < .001) and 90 days (TAVR:
29.3% vs 20.9%; SAVR: 27.6% vs 16.1%; both
P < .001) (Table 3). Furthermore, frailty was associated
with greater readmission mortality (TAVR: 1.8% vs
0.8%; SAVR: 1.3% vs 0.4%; both P < .001) and cost
(TAVR: $9707 vs $9390, P < .05; SAVR: $10,239 vs
Geriatric
Patient characteristics:

Female
Rural

Frailty
Congestive Heart Failure

Renal Failure
Pulmonary Circulation Disorder

Coagulopathy
Peripheral Vascular Disease
Chronic Pulmonary Disease

Arrhythmia
Diabetes
Obesity

Hypertension
Hypothyroidism

Depression
Smoking

Hyperlipidemia
Procedure characteristics:

Replacement Type: Mechanical vs BPV
Urgent

Hospital Location: Urban vs Rural
Hospital bed size (vs large):

Medium
Small

Odds ratio

Teaching vs Non-Teaching

Hospital characteristics:

Comorbidities:

TAVR

0 1 2 3

Mortality

FIGURE 2. Forest plot depicting predictors of mortality after TAVR or SAVR.

replacement; BPV, bioprosthetic valve.
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$8744, P<.001). The greater readmission risk associated
with frailty persisted on risk-adjusted multivariate regres-
sion for 30-day (TAVR 1.97 [1.66-2.36], SAVR 1.37
[1.21-1.54], P < .001) and 90-day readmission (TAVR
1.32 [1.22-1.43], SAVR 1.46 [1.30-1.64], P<.001).

One-Year Freedom From Readmission
Time-to-event analysis showed that frail patients had

higher rates of readmission over the calendar year in
SAVR

Geriatric
Patient characteristics:

Female
Rural

Frailty

Congestive Heart Failure

Renal Failure
Pulmonary Circulation Disorder

Coagulopathy

Peripheral Vascular Disease

Chronic Pulmonary Disease

Arrhythmia

Diabetes

Hypothyroidism
Depression

Obesity
Hypertension

Smoking
Hyperlipidemia

Procedure characteristics:
Replacement Type: Mechanical vs BPV

Urgent

Hospital Location: Urban vs Rural
Hospital bed size (vs large):

Medium
Small

Odds ratio

–5 0 5 10 15

Teaching vs Non-Teaching

Hospital characteristics:

Comorbidities:

TAVR, Transcatheter aortic valve replacement; SAVR, surgical aortic valve
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both TAVR (P < .001) and SAVR (P < .001) cohorts
(Figure 3). A multivariable Cox proportional hazards
analysis revealed frailty as a significant risk factor for re-
admission after both TAVR (hazard ratio [95% CI]: 1.27
[1.22-1.32], P < .001) and SAVR (1.34 [1.25-1.45],
P < .001). Additional predictors for readmission were
arrhythmia (TAVR 1.32 [1.28-1.36]; SAVR 1.29 [1.23-
1.35], both P < .001), congestive heart failure (TAVR
1.17 [1.12-1.21]; SAVR 1.26 [1.20-1.33], both
P < .001), and renal failure (TAVR 1.34 [1.29-1.38];
SAVR 1.34 [1.27-1.42], both P<.001).
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DISCUSSION
This study investigated the influence of frailty on out-

comes of TAVR and SAVR in a national cohort of
243,629 patients by using a validated, claims-based frailty
assessment. Our principal finding was that frailty is associ-
ated with greater in-hospital mortality risk, readmission
risk, and hospitalization cost regardless of approach
(Figure 4). These results reinforce prior findings associating
frailty with adverse outcomes in many different clinical sit-
uations. Prior guidelines have suggested that patient frailty
should bias treatment decisions toward TAVR rather than
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Similar magnitude of increased
risk for frail patients undergoing

SAVR and TAVR suggests frailty
cannot meaningfully inform

treatment decisions between the
two modalities.

Targeted interventions to reduce
readmission risk in frail patients
need to be identified, validated,

and implemented.

Further efforts to optimize outcomes
in frail patients through preoperative

rehabilitation are warranted.

Implications

NRD: Nationwide Readmission Database
SAVR: surgical aortic valve replacement
TAVR: transcatheter aortic valve replacement
JH-ACG: Johns Hopkins Adjusted Clinical Groups
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SAVR.17 However, the magnitude of elevated risk for frail
patients was similar for TAVR and SAVR, suggesting that
frailty may not meaningfully inform treatment decisions
when deciding between the 2 modalities.

This study’s results build on evidence from previous
studies regarding the adverse effect of frailty in this patient
population. The FRAILTY-AVR study found that frailty,
defined variably with multiple different indices, was inde-
pendently associated with death and disability in a cohort
of patients who underwent TAVR and SAVR at 14 centers.5

However, studies using clinical trial data found no differ-
ence in survival or functional outcomes for frail patients un-
dergoing TAVR versus SAVR.18,19 Leveraging a
population-based sample, our study found that the relative
risk of mortality for frail patients was comparable between
the 2 cohorts (TAVR: 2.85 [2.58-3.16] vs SAVR: 3.04 [2.74-
3.38]), suggesting that frailty’s impact on in-hospital mor-
tality is similar between the 2 interventions. These results
add to the existing body of strong evidence associating
frailty with adverse outcomes after aortic valve replace-
ment, but they also suggest that the value of frailty in differ-
entiating optimal treatment strategy for patients with aortic
stenosis may be limited. Frailty is one of many consider-
ations influencing the choice between TAVR or SAVR,
and in light of the findings of this study, we favor using
objective risk-assessment tools such as that provided by
20 JTCVS Open c August 2024
the Society of Thoracic Surgeons over frailty assessments
when assessing surgical risk.

In the present study, frailty was a strong independent pre-
dictor of readmission and greater cost after both TAVR and
SAVR. Although previous studies have investigated the in-
fluence of frailty on readmission11 and resource use10 after
TAVR, until now there has been little data on readmission
rates and cost for frail patients undergoing SAVR. To our
knowledge, this study is the first to report the impact of
frailty on readmission and cost for patients undergoing
TAVR and SAVR in a national cohort using the JH-ACG
frailty index. Altogether, these findings emphasize the
importance of postdischarge planning and recognition of
frailty as a risk factor for adverse events at discharge. Tar-
geted interventions to reduce readmission risk in frail pa-
tients need to be identified, validated, and implemented.

Recognition of frailty as a risk factor for adverse out-
comes in cardiology and cardiac surgery has led to
increased focus on strategies to mitigate frailty preopera-
tively.20 Preoperative rehabilitation (“prehabilitation”) con-
sists of a multimodal strategy for enhancing physiologic
reserve and fitness through exercise, nutrition, and psycho-
logical interventions.21 Several studies suggest that preha-
bilitation can improve outcomes in frail patients
undergoing surgical procedures such as colorectal cancer
resection.22,23 Although less data are available, small
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studies suggest potential benefits from prehabilitation in
frail patients undergoing cardiac surgery.24,25 Additional
studies focused on preoperative optimization of frail pa-
tients are ongoing.26

This study has several advantages over previously pub-
lished work in the field. First, we used high-quality, pop-
ulation-based data and the largest patient cohort to date
to examine outcomes of frail patients who undergo
TAVR and SAVR. Second, we used a frailty instrument
designed for use in administrative claims data that has
been externally validated and has demonstrated good
discriminatory capability.27 Third, by studying outcomes
in both TAVR and SAVR cohorts, our study provides a
comprehensive picture of the impact of frailty in this pa-
tient population.
Study Limitations
Our findings should be interpreted in the context of

several important limitations. Data in an administrative,
claims-based database can suffer from coding inaccuracies
and may lack the granularity provided by institutional and
clinical trial databases. Although we minimized the influ-
ence of baseline covariates by using established comorbid-
ity codes, several potential unmeasured confounders such
as race, ethnicity, lesion severity, and operative risk could
not be controlled for. Furthermore, given the rapidly ex-
panding indications for TAVR, the TAVR cohort in this
study may not reflect the current TAVR population. Addi-
tionally, the NRD does not provide outcomes beyond a sin-
gle calendar year, so long-term outcomes were not
examined in this study. Functional and other patient-
centered outcomes are not available in the NRD but are
important considerations in clinical decision-making,
particularly for frail patients with limited life expectancy.
Last, the JH-ACG frailty indicator is a binary classifier
derived from ICD-10 codes and therefore does not provide
the intermediate or more granular levels of frailty available
from clinical frailty assessments. Nonetheless, the JH-
ACG has been shown to reliably identify frailty in admin-
istrative databases, allowing a population-level assessment
of the impact of frailty in patients who undergo aortic valve
replacement.
CONCLUSIONS
Frailty is associated with greater in-hospital mortality, re-

admission rates, and costs after both TAVR and SAVR. Frail
patients should be identified preoperatively given this
elevated risk of adverse outcomes. Moreover, efforts to opti-
mize outcomes through a comprehensive preoperative pro-
gram incorporating physical therapy, nutritional
optimization, and psychological assessment in frail patients
should be considered before AVR. Although it is intuitive
that frail patients will have higher risk of morbidity and
mortality, studies are needed to demonstrate that interven-
tions in frail patients can improve outcomes.

Conflict of Interest Statement
J.S.C. participates in clinical studies with or consults for

Terumo Aortic, Medtronic, WL Gore & Associates, Cyto-
Sorbents, Edwards Lifesciences, and Abbott Laboratories,
and receives royalties and grant support from Terumo
Aortic. M.R.M. is a consultant/advisory board member
for Medtronic and Edwards Lifesciences. S.C. has served
on advisory boards for Edwards Lifesciences, La Jolla Phar-
maceutical Company, Eagle Pharmaceuticals, and Baxter
Pharmaceuticals. All other authors reported no conflicts of
interest.
The Journal policy requires editors and reviewers to

disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

The authors thank Stephen N. Palmer, PhD, ELS, of the Depart-
ment of Scientific Publications at The Texas Heart Institute for
editorial contributions.

References
1. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.

Lancet. 2013;381(9868):752-762.

2. Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H. Role of

frailty in patients with cardiovascular disease. Am J Cardiol. 2009;103(11):

1616-1621.

3. Afilalo J, Alexander KP, Mack MJ, et al. Frailty assessment in the cardiovascular

care of older adults. J Am Coll Cardiol. 2014;63(8):747-762.

4. Otto CM, Kumbhani DJ, Alexander KP, et al. 2017 ACC expert consensus decision

pathway for transcatheter aortic valve replacement in themanagement of adultswith

aortic stenosis: a report of the American College of Cardiology Task Force on Clin-

ical Expert Consensus Documents. J Am Coll Cardiol. 2017;69(10):1313-1346.

5. Afilalo J, Lauck S, Kim DH, et al. Frailty in older adults undergoing aortic valve

replacement: The FRAILTY-AVR study. JAmColl Cardiol. 2017;70(6):689-700.

6. Lee DH, Buth KJ, Martin BJ, Yip AM, Hirsch GM. Frail patients are at increased

risk for mortality and prolonged institutional care after cardiac surgery. Circula-

tion. 2010;121(8):973-978.

7. Sepehri A, Beggs T, Hassan A, et al. The impact of frailty on outcomes after cardiac

surgery: a systematic review. J Thorac Cardiovasc Surg. 2014;148(6):3110-3117.

8. Shimura T, Yamamoto M, Kano S, et al. Impact of the clinical frailty scale on

outcomes after transcatheter aortic valve replacement. Circulation. 2017;

135(21):2013-2024.

9. Sundermann S, Dademasch A, Praetorius J, et al. Comprehensive assessment of

frailty for elderly high-risk patients undergoing cardiac surgery. Eur J Cardio-

thorac Surg. 2011;39(1):33-37.

10. Malik AH, Yandrapalli S, Zaid S, et al. Impact of frailty on mortality, readmis-

sions, and resource utilization after TAVI. Am J Cardiol. 2020;127:120-127.

11. Strange JE, Christensen DM, Sindet-Pedersen C, et al. Frailty and recurrent hos-

pitalization after transcatheter aortic valve replacement. J AmHeart Assoc. 2023;

12(8):e029264.

12. Abrams C, Lieberman R, Weiner J. Development and Evaluation of the Johns

Hopkins University Risk Adjustment Models for Medicareþ Choice Plan Pay-

ment. Johns Hopkins University; 2003. Centers for Medicare and Medicaid Ser-

vices, US Department of Health and Human Services.

13. Sun LY, Jabagi H, Fang J, Lee DS. Comparison of multidimensional frailty in-

struments for estimation of long-term patient-centered outcomes after cardiac

surgery. JAMA Netw Open. 2022;5(9):e2230959.
JTCVS Open c Volume 20, Number C 21

http://refhub.elsevier.com/S2666-2736(24)00126-8/sref1
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref1
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref2
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref2
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref2
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref3
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref3
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref4
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref4
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref4
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref4
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref5
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref5
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref6
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref6
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref6
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref7
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref7
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref8
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref8
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref8
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref9
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref9
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref9
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref10
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref10
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref11
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref11
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref11
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref12
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref12
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref12
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref12
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref12
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref13
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref13
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref13


Adult: Aortic Valve Miles et al
14. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in

community-dwelling older persons: a systematic review. J AmGeriatr Soc. 2012;

60(8):1487-1492.

15. Jackson JL, Ganshert C. Identifying frailty as a factor associated with adverse

outcomes in cardiovascular surgery—an imperfect but promising science.

JAMA Netw Open. 2022;5(9):e2230970.

16. Tran DTT, Tu JV, Dupuis JY, Bader Eddeen A, Sun LY. Association of frailty and

long-term survival in patients undergoing coronary artery bypass grafting. J Am

Heart Assoc. 2018;7(15):e009882.

17. Otto CM, Nishimura RA, Bonow RO, et al. 2020 ACC/AHA guideline for the

management of patients with valvular heart disease: executive summary: a

report of the American College of Cardiology/American Heart Association

Joint Committee on Clinical Practice Guidelines. Circulation. 2021;143(5):

e35-e71.

18. Arnold SV, Zhao Y, Leon MB, et al. Impact of frailty and prefrailty on outcomes

of transcatheter or surgical aortic valve replacement. Circ Cardiovasc Interv.

2022;15(1):e011375.

19. Strom JB, Xu J, Orkaby AR, et al. Role of frailty in identifying benefit from trans-

catheter versus surgical aortic valve replacement. Circ Cardiovasc Qual Out-

comes. 2021;14(12):e008566.

20. Ijaz N, Buta B, Xue QL, et al. Interventions for frailty among older adults with

cardiovascular disease: JACC State-of-the-Art Review. J Am Coll Cardiol.

2022;79(5):482-503.

21. Minnella EM, Awasthi R, Gillis C, et al. Patients with poor baseline walking ca-

pacity are most likely to improve their functional status with multimodal preha-

bilitation. Surgery. 2016;160(4):1070-1079.
22 JTCVS Open c August 2024
22. Carli F, Bousquet-Dion G, Awasthi R, et al. Effect of multimodal prehabilitation

vs postoperative rehabilitation on 30-day postoperative complications for frail

patients undergoing resection of colorectal cancer: a randomized clinical trial.

JAMA Surg. 2020;155(3):233-242.

23. Molenaar CJL, Minnella EM, Coca-Martinez M, et al. Effect of multimodal pre-

habilitation on reducing postoperative complications and enhancing functional

capacity following colorectal cancer surgery: The PREHAB randomized clinical

trial. JAMA Surg. 2023;158(6):572-581.

24. Grant MC, Crisafi C, Alvarez A, et al. Perioperative care in cardiac surgery: a

joint consensus statement by the Enhanced Recovery After Surgery (ERAS) Car-

diac Society, ERAS International Society, and the Society of Thoracic Surgeons

(STS). Ann Thorac Surg. 2024;117(4):669-689.

25. Waite I, Deshpande R, Baghai M, Massey T, Wendler O, Greenwood S.

Home-based preoperative rehabilitation (prehab) to improve physical func-

tion and reduce hospital length of stay for frail patients undergoing coro-

nary artery bypass graft and valve surgery. J Cardiothorac Surg. 2017;

12(1):91.

26. Yau DKW,WongMKH,WongWT, et al. PREhabilitation for improving QUality

of recovery after ELective cardiac surgery (PREQUEL) study: protocol of a rand-

omised controlled trial. BMJ Open. 2019;9(5):e027974.

27. Sternberg SA, Bentur N, Abrams C, et al. Identifying frail older people using pre-

dictive modeling. Am J Manag Care. 2012;18(10):e392-e397.

Key Words: aortic valve replacement, frailty, Nationwide
Readmissions Database

http://refhub.elsevier.com/S2666-2736(24)00126-8/sref14
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref14
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref14
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref15
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref15
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref15
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref16
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref16
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref16
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref17
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref17
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref17
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref17
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref17
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref18
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref18
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref18
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref19
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref19
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref19
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref20
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref20
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref20
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref21
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref21
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref21
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref22
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref22
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref22
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref22
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref23
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref23
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref23
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref23
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref24
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref24
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref24
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref24
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref25
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref25
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref25
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref25
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref25
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref26
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref26
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref26
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref27
http://refhub.elsevier.com/S2666-2736(24)00126-8/sref27


FPR

AUC
0.798

T
P

R

0.00

0.25

0.50

0.75

1.00

SAVR Mortality ROC Curve

0.00 0.25 0.50 0.75 1.00
FPR

0.00 0.25 0.50 0.75 1.00

AUC
0.753

T
P

R

0.00

0.25

0.50

0.75

1.00

TAVR Mortality ROC Curve

FIGURE E1. Receiver operating characteristic curve for the multivariable logistic regression for in-hospital mortality in the SAVR and TAVR cohorts.

SAVR, Surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; ROC, receiver opreating characteristic; TPR, true-positive rate;

AUC, area under the curve; FPR, false-positive rate.

AUC
0.618

T
P

R

0.00

0.25

0.50

0.75

1.00

SAVR 30-Day Readmission

FPR
0.00 0.25 0.50 0.75 1.00

FPR
0.00 0.25 0.50 0.75 1.00

AUC
0.618

T
P

R

0.00

0.25

0.50

0.75

1.00

TAVR 30-Day Readmission

FIGURE E2. Receiver operating characteristic curve for the multivariable logistic regression for 30-day readmission in the SAVR and TAVR cohorts.

SAVR, Surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; TPR, true-positive rate; AUC, area under the curve; FPR, false-

positive rate.

JTCVS Open c Volume 20, Number C 23

Miles et al Adult: Aortic Valve



FPR

AUC
0.625

T
P

R

0.00

0.25

0.50

0.75

1.00

SAVR 90-Day Readmission

0.00 0.25 0.50 0.75 1.00
FPR

0.00 0.25 0.50 0.75 1.00

AUC
0.615

T
P

R

0.00

0.25

0.50

0.75

1.00

TAVR 90-Day Readmission

FIGURE E3. Receiver operating characteristic curve for the multivariable logistic regression for 90-day readmission in the SAVR and TAVR cohorts.

SAVR, Surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; TPR, true-positive rate; AUC, area under the curve; FPR, false-

positive rate.
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TABLE E1. International Classification of Diseases 10th Revision codes used for patient inclusion and exclusion criteria

Codes used for inclusion

ICD-10-CM 02RF3 Transcatheter aortic valve replacement (TAVR)

ICD-10-CM 02RF0 Surgical aortic valve replacement (SAVR)

Codes used for exclusion*

ICD-10-CM I20 Angina pectoris

ICD-10-CM I21 Acute myocardial infarction

ICD-10-CM I22 Subsequent ST-elevation myocardial infarction (STEMI) and non–ST-elevation myocardial infarction (NSTEMI)

ICD-10-CM I23 Certain current complications after STEMI and NSTEMI myocardial infarction (within the 28-d period)

ICD-10-CM I24 Other acute ischemic heart diseases

ICD-10-CM I25.4 Coronary artery aneurysm and dissection

ICD-10-PCS 0210 Bypass, coronary artery, 1 artery

ICD-10-PCS 0211 Bypass, coronary artery, 2 arteries

ICD-10-PCS 0212 Bypass, coronary artery, 3 arteries

ICD-10-PCS 0213 Bypass, coronary artery, 4 or more arteries

ICD-10-PCS 02QG Repair, mitral valve

ICD-10-PCS 02QF Repair, aortic valve

ICD-10-PCS 02QH Repair, pulmonary valve

ICD-10-PCS 02QJ Repair, tricuspid valve

ICD-10-PCS 02RH Replacement, pulmonary valve

ICD-10-PCS 02RJ Replacement, tricuspid valve

ICD-10-PCS 02RX Replacement of thoracic aorta, ascending/arch

ICD-10-PCS 02RW Replacement of thoracic aorta, descending

ICD-10-PCS 02QX Repair of thoracic aorta, ascending/arch

ICD-10-PCS 02QW Repair of thoracic aorta, descending

ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification; ICD-10-PCS, International Classification of Diseases, 10th Revision, Procedure Clas-

sification System. *All combinations of characters following each listed prefix were included.

TABLE E2. R packages used in data analysis

HCUPr Mltools Flextable ggtext

data.table buildmer ggplot2 jstable

survey poliscidata MatchIt gtsummary

magritter weightedROC survival comorbidity

glmnet officer jskm

caret gtsummary survminer
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