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Aims We sought to identify the prevalence and related outcomes of frail individuals undergoing transcatheter mitral valve
repair and transcatheter aortic valve replacement (TAVR).

...................................................................................................................................................................................................
Methods
and results

Patients aged 65 and older were included in the study if they had at least one procedural code for transcatheter
mitral valve repair or TAVR between 1 January 2016 and 31 December 2016 in the Centers for Medicare and
Medicaid Services Medicare Provider and Review database. The Hospital Frailty Risk Score, an International
Classification of Diseases, Tenth Revision (ICD-10) claims-based score, was used to identify frailty and the primary
outcome was all-cause 1-year mortality. A total of 3746 (11.6%) patients underwent transcatheter mitral valve re-
pair and 28 531 (88.4%) underwent TAVR. In the transcatheter mitral valve repair and TAVR populations, respect-
ively, there were 1903 (50.8%) and 14 938 (52.4%) patients defined as low risk for frailty (score <5), 1476 (39.4%)
and 11 268 (39.5%) defined as intermediate risk (score 5–15), and 367 (9.8%) and 2325 (8.1%) defined as high risk
(score >15). One-year mortality was 12.8% in low-risk patients, 29.7% in intermediate-risk patients, and 40.9% in
high-risk patients undergoing transcatheter mitral valve repair (log rank P < 0.001). In patients undergoing TAVR,
1-year mortality rates were 7.6% in low-risk patients, 17.6% in intermediate-risk patients, and 30.1% in high-risk
patients (log rank P < 0.001).

...................................................................................................................................................................................................
Conclusions This study successfully identified individuals at greater risk of short- and long-term mortality after undergoing

transcatheter valve therapies in an elderly population in the USA using the ICD-10 claims-based Hospital Frailty
Risk Score.
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Introduction

Frailty is conceptually defined as a multisystem clinical syndrome that
results in a decreased physiological reserve and an increased vulner-
ability to stressors.1 Regardless of definition, frailty is a key factor in
identifying older patients’ potential for improvement after transcath-
eter valve therapies.2 Prior studies have shown that both short- and

long-term mortality rates are significantly higher after transcatheter
mitral valve repair and transcatheter aortic valve replacement
(TAVR) in frail patients.3–9 National guidelines strongly recommend
an objective evaluation of frailty to optimize patient selection, but the
range of available measures raises issues with consistency.10,11 In clin-
ical practice, frailty is not often measured due to the lack of consen-
sus surrounding frailty assessment tools,12 and there are divergent
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prevalence estimates and effect sizes reported across different
studies.4,13

Since 2012, the transcatheter valve therapy (TVT) registry has
reported the outcomes of patients undergoing procedures including
TAVR and transcatheter mitral valve repair in the USA.14 This robust
registry allows for transparent analysis of patient outcomes after
these procedures. However, the prospective collection of informa-
tion on frailty is time-consuming and may not always be feasible. In
addition, registries may misrepresent frailty status and prevalence by
focusing on a limited definition of frailty, not including all hospitals,
and defining frailty according to a single point in time. Administrative
claims represent an alternative source of data by which frailty might
be more easily assessed.15,16 However, prior claims-based classifica-
tion systems may have been insufficiently granular to adequately char-
acterize complex conditions such as frailty. The International
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM), which was introduced in many countries including the USA
in 2015, greatly increased the number of codes that are available for
use. Recently, an ICD-10-based frailty score has been developed and
validated among the elderly population in the UK.17 No studies have
yet evaluated whether the ICD-10-CM-based Hospital Frailty Risk
Score can be used to evaluate frailty among patients undergoing
valvular heart disease interventions. Therefore, in this study, we
sought to identify the prevalence of frailty based on the recently vali-
dated ICD-10-based Hospital Frailty Risk Score, and measure the im-
pact of frailty on outcomes of individuals undergoing TAVR or
transcatheter mitral valve repair using data from the US Centers for
Medicare and Medicaid Services (CMS) Medicare Provider Analysis
and Review (MedPAR) data, which contains a longitudinal record of
patient hospitalizations.

Materials and methods

Study population
The CMS MedPAR database utilized for this study is a 100% sample of ad-
ministrative billing claims for inpatient hospitalizations, and has been used
previously to study national patterns of procedure utilization in the
USA.18,19 Patients aged 65 and older were included in the study if they
had at least one procedural code for transcatheter mitral valve repair
(ICD-10-CM code 02UG3JZ) or TAVR (ICD-10-CM codes 02RF38H or
02RF38Z), between 1 January 2016 and 31 December 2016.

Covariates
Baseline covariates were ascertained using secondary diagnosis codes
that were coded as ‘present on admission’ during the index hospitaliza-
tion (i.e. the hospitalization for the initial procedure), as well as from prin-
cipal and secondary diagnosis codes from all hospitalizations at least
3 months prior to the date of admission for the index hospitalization in
each patient (from 1 October 2015 to 1 October 2016). Elixhauser (see
Supplementary material online, Table S1) and Charlson (see
Supplementary material online, Table S2) comorbidity indices, both of
which are validated summary comorbidity measures that have been pre-
viously shown to predict mortality in the Medicare population,20,21 were
measured for each patient.

Definition of frailty
To identify frail individuals, we calculated the Hospital Frailty Risk Score
for each individual. This score was recently developed and validated in a

large, older (>_75 years) population in the UK, and is based on diagnoses
associated with high resource use.17 It has not been used to describe
frailty in the USA. For each patient, we calculated the Hospital Frailty Risk
Score based on 109 ICD-10 diagnostic codes (the first three characters)
from all hospitalizations occurring at least 3 months prior to the date of
admission for the index hospitalization or using secondary diagnosis
codes that were coded as ‘present on admission’ during the index hospi-
talization in each patient. The full list of diagnoses is shown in
Supplementary material online, Table S3. We categorized individuals into
risk categories based on their calculated Hospital Frailty Risk Score.
Individuals were categorized as low (<5), intermediate (5–15), and high
risk (>15) for frailty based on previously published cut-points, and
patients in the intermediate-risk and high-risk categories were defined
as frail.17

Outcomes
The primary outcome was all-cause 1-year mortality, determined
through linkage of the MedPAR files to the Medicare Beneficiary
Summary File, which includes vital status information. Time to death was
calculated as the time period between the date of the index procedure
and the date of death. Additionally, we identified long hospital stays
(defined as >10 days in hospital), and 30-day mortality. Furthermore, we
determined the number of rehospitalizations (defined as ‘0’, ‘1’, and ‘>_2’);
all-cause rehospitalization rates within 1 year; and rehospitalizations due
to acute myocardial infarction, acute heart failure, acute kidney failure,
stroke or transient ischaemic attack, and acute post-haemorrhagic an-
aemia as secondary outcomes in patients discharged alive from the index
procedure. Transfers to other hospitals were linked to a single index hos-
pitalization. Time to rehospitalization was calculated as the time period
between the date of discharge from the index hospitalization and the
date of admission for the first subsequent hospitalization. Patients were
censored if they were no longer enrolled in Medicare according to the
denominator file as of 31 December 2016, which marked the end of the
follow-up period for time to rehospitalization.

Statistical analysis
Continuous variables are presented as means and standard deviations or
medians and inter-quartile ranges, and categorical variables are presented
as counts and percentages. Restricted cubic spline curves with five knots
were used to show the non-linear associations between the Hospital
Frailty Risk Score and 1-year mortality. Multivariable Cox regression
models were used to determine the impact of frailty (continuous and cat-
egorical) on all-cause 1-year mortality. Competing risk Cox regression
analyses were used to show the performance of frailty in all-cause reho-
spitalization and each subgroup of rehospitalization, and to show cumula-
tive incidence rates of rehospitalization, since mortality was a competing
risk for rehospitalization. Patients who died within the study period (be-
fore 31 December 2016) represented a competing risk since they could
not be rehospitalized after the date of death. Since different measures of
comorbidity may be collinear with the frailty score, we used variance in-
flation factors (VIF) to test whether there are collinearities among the
Hospital Frailty Risk Score, Elixhauser and Charlson comorbidity indices.
Models were adjusted for age, sex, and Elixhauser and Charlson comor-
bidity indices. Multivariable Cox regression models were used to investi-
gate the interaction between the Hospital Frailty Risk Score and
transcatheter valve therapies. Harrell’s c-statistic was used to assess
model discrimination, and the improvement in discrimination with the
addition of the Hospital Frailty Risk Score was assessed by the change in
the c-statistic and the DeLong test.22 An integrated discrimination im-
provement (IDI) test was also used to assess discrimination improve-
ment.23 Unadjusted cumulative incidence curves were created to plot

2232 H. Kundi et al.
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..time to event, stratified by risk category. All statistical analyses were per-
formed in STATA version 15.0 (Stata Corporation, College Station, TX,
USA) or SAS version 9.4 (SAS Institute, Cary, NC, USA) using a two-
tailed alpha <0.05 to define statistical significance.

Results

Overall results and frailty
A total of 32 986 patients treated with TAVR or transcatheter mitral
valve repair were identified during the study period. After excluding
709 patients aged <65 years, a total of 32 277 patients were ultimate-
ly included in the analytic sample. Of these, 3746 underwent trans-
catheter mitral valve repair and 28 531 underwent TAVR. The
prevalence of the 28 ICD-10 codes contributing the largest point

totals (minimum two points) towards the Hospital Frailty Risk Score
are presented in Table 1 (all covariates are presented in
Supplementary material online, Table S3). ‘Other disorders of fluid,
electrolyte and acid-base balance’ (31.4% and 26.9%), and ‘other dis-
orders of urinary system’ including urinary tract infection and urinary
incontinence (10.9% and 10.8%), were the most frequently diagnosed
codes in both the transcatheter mitral valve repair and TAVR groups,
respectively. Baseline characteristics of patients are presented in
Table 2. The mean age of TVT recipients was 80.1 ± 8.9 years in the
group undergoing transcatheter mitral valve repair, and in 81.5 ± 8.1
in the group undergoing TAVR. The majority of patients were male in
both transcatheter mitral valve repair (51.8%) and TAVR (53.6%)
groups.

There were 1903 (50.8%) and 14 938 (52.4%) patients defined as
low risk using a cut-point score of <5; while 1476 (39.4%) and 11 268

....................................................................................................................................................................................................................

Table 1 List of ICD-10 codes, their prevalence in each group, and the number of points that each variable contributes
to the creation of the Hospital Frailty Risk Score in patients undergoing transcatheter mitral valve repair and transcath-
eter aortic valve replacement

Transcatheter mitral

valve repair,

n 5 3746, n (%)

Transcatheter aortic

valve replacement,

n 5 28 531, n (%)

Points

G81 Hemiplegia 31 (0.8) 365 (1.3) 4.4

G30 Alzheimer’s disease 23 (0.6) 312 (1.1) 4.0

I69 Sequelae of cerebrovascular disease (secondary codes) 96 (2.6) 993 (3.5) 3.7

R29 Other symptoms and signs involving the nervous and musculoskeletal

systems (R29.6 Tendency to fall)

53 (1.4) 534 (1.9) 3.6

N39 Other disorders of urinary system (includes urinary tract infection and

urinary incontinence)

410 (10.9) 3080 (10.8) 3.2

F05 Delirium, not induced by alcohol and other psychoactive substances 49 (1.3) 479 (1.7) 3.2

W19 Unspecified fall 6 (0.2) 34 (0.1) 3.2

S00 Superficial injury of head 24 (0.6) 161 (0.6) 3.2

R31 Unspecified haematuria 162 (4.3) 924 (3.2) 3.0

B96 Other bacterial agents as the cause of diseases classified to other chapters

(secondary code)

163 (4.4) 1186 (4.2) 2.9

R41 Other symptoms and signs involving cognitive functions and awareness 102 (2.7) 891 (3.1) 2.7

R26 Abnormalities of gait and mobility 212 (5.7) 1559 (5.5) 2.6

I67 Other cerebrovascular diseases 30 (0.8) 319 (1.1) 2.6

R56 Convulsions, not elsewhere classified 20 (0.5) 141 (0.5) 2.6

R40 Somnolence, stupor, and coma 11 (0.3) 124 (0.4) 2.5

T83 Complications of genitourinary prosthetic devices, implants, and grafts 35 (0.9) 200 (0.7) 2.4

S06 Intracranial injury 7 (0.2) 99 (0.3) 2.4

S42 Fracture of shoulder and upper arm 9 (0.2) 73 (0.3) 2.3

E87 Other disorders of fluid, electrolyte, and acid-base balance 1176 (31.4) 7677 (26.9) 2.3

M25 Other joint disorders, not elsewhere classified 78 (2.1) 547 (1.9) 2.3

E86 Volume depletion 245 (6.5) 1558 (5.5) 2.3

R54 Senility 149 (4.0) 1523 (5.3) 2.2

F03 Unspecified dementia 162 (4.3) 1595 (5.6) 2.1

W18 Other fall on same level 1 (<1) 19 (0.1) 2.1

Z75 Problems related to medical facilities and other health care 4 (0.1) 12 (<1) 2.0

F01 Vascular dementia 5 (0.1) 124 (0.4) 2.0

S80 Superficial injury of lower leg 10 (0.3) 84 (0.3) 2.0

L03 Cellulitis 114 (3.0) 699 (2.4) 2.0

The score presents the top 28 codes, each of which contributes >_2 points. (All covariates are presented in Supplementary material online, Table S3.)

Frailty in transcatheter valve therapies 2233
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(39.5%) were defined as intermediate risk (5–15), and 367 (9.8%) and
2325 (8.1%) were defined as high risk (>15) in the transcatheter mi-
tral valve and TAVR populations, respectively. The mean Hospital
Frailty Risk Score was 6.6 ± 6.1 in the transcatheter mitral valve repair
population and 6.3 ± 5.7 in the TAVR population.

Outcomes
All outcomes including long length of stay, crude 30-day mortality
rate, 1-year mortality rate, and rehospitalization rates for all pre-
specified subgroups were consistently and significantly greater in
higher Hospital Frailty Risk Score categories for patients undergoing
both transcatheter mitral valve repair and TAVR (Table 3). The distri-
bution of the Hospital Frailty Risk Score in the transcatheter mitral
valve repair and TAVR populations are presented in Take home figure.
The 1-year mortality rate increased with increasing values of the
score in patients undergoing transcatheter mitral valve repair and
TAVR (Take home figure). In Kaplan–Meier analysis (Figure 1), the 1-
year mortality rate was 12.8% in the low-risk group, 29.7% in the
intermediate-risk group, and 40.9% in the high-risk group for patients
undergoing transcatheter mitral valve repair (log rank P < 0.001 for
comparison between categories). In patients undergoing TAVR, 1-
year mortality rates were 7.6% in the low-risk group, 17.6% in the
intermediate-risk group, and 30.1% in the high-risk group (P-values
<0.001 by log-rank test). Kaplan–Meier estimates for time to rehospi-
talization in transcatheter mitral valve repair and TAVR patients are
also presented in Supplementary material online, Figure S1 and S2,
respectively.

The c-statistic for all-cause 1-year mortality without the Hospital
Frailty Risk Score was 0.65 for mitral valve repair and 0.66 for TAVR.
After adding the Hospital Frailty Risk Score, the c-statistics improved
to 0.70 and 0.71, respectively (DeLong P-value <0.001 for both).
Furthermore, the IDI after addition of the frailty score was 0.033
(P < 0.001) for mitral valve repair and 0.024 (P < 0.001) for TAVR.
The c-statistic for all-cause 1-year mortality using only the Hospital
Frailty Risk Score (unadjusted) was 0.67 for mitral valve repair and
0.67 for TAVR.

There was no meaningful collinearity (mean VIF = 1.70) among the
Hospital Frailty Risk Score (VIF = 1.16), Elixhauser comorbidity index
(2.0) and Charlson comorbidity index (1.95). In multivariable Cox

regression analyses, after adjusting for age, gender, and Elixhauser
and Charlson comorbidity indices, increasing Hospital Frailty Risk
Score (1 point increase) was associated with increasing all-cause
mortality (HR: 1.060 for transcatheter mitral valve repair and HR:
1.062 for TAVR) and rehospitalizations (HR: 1.061 for both proce-
dures). These associations were also present when frailty was catego-
rized into low, intermediate, and high-risk categories for both the
transcatheter mitral valve repair and TAVR groups (Table 4). There
was no interaction between Hospital Frailty Risk Score and trans-
catheter valve therapies on all defined outcomes (Table 4).

Discussion

This nationwide cohort study demonstrates that almost half of
patients undergoing transcatheter valve therapies in the USA have
intermediate or high frailty levels, according to a frailty scoring system
recently derived and validated in administrative claims data. The add-
ition of the ICD-10-based Hospital Frailty Risk Score effectively strati-
fied patients undergoing valvular interventions based on their risk of
multiple patient-oriented endpoints, including short- and long-term
mortality, long length of stay, and all-cause rehospitalization, and pro-
vided predictive information significantly above commonly used
claims-based comorbidity assessments. Our study adds to the exist-
ing literature suggesting that frailty is an important predictor of out-
comes for patients with valvular heart disease who are scheduled to
undergo catheter-based interventions. It also demonstrates that a
novel ICD-10-based frailty score developed in a patient population
over the age of 75 years in the UK can provide accurate prognostic
information on patient frailty in a younger (>_65 years) population
undergoing transcatheter valve therapies in the USA.

Our study expands on similar findings demonstrating that adding
frailty to summary measures of comorbidities can improve the dis-
crimination of 1-year mortality in the TAVR population.24 However,
the assessment of frailty and its exact prevalence remains unclear due
to substantial disagreement among 35 existing frailty scales, including
commonly used scales such those by Fried and Rockwood.25 For ex-
ample, the rate of disagreement among seven of these scales ranged
between 35% and 74% in the largest prospective study to date

....................................................................................................................................................................................................................

Table 2 Characteristics of patients after transcatheter mitral valve repair and transcatheter aortic valve replacement

Transcatheter mitral

valve repair (n 5 3746)

Transcatheter aortic valve

replacement (n 5 28 531)

Age, mean (SD) 80.1 (8.9) 81.5 (8.1)

Male, no. of pts 1941 (51.8%) 15 304 (53.6%)

Charlson Index, mean (SD) 2.9 (1.9) 3.1 (2.0)

Elixhauser Comorbidity Index, mean (SD) 5.7 (1.9) 5.8 (1.9)

Hospital Frailty Index, mean (SD) 6.6 (6.1) 6.3 (5.7)

Hospital Frailty Risk Category

Low risk (<5), no. of pts 1903 (50.8%) 14 938 (52.4%)

Intermediate risk (5–15), no. of pts 1476 (39.4%) 11 268 (39.5%)

High risk (>15), no. of pts 367 (9.8%) 2325 (8.1%)

Frail (>_5 Hospital Frailty Index), no. of pts 1843 (49.2) 13 593 (47.6%)

2234 H. Kundi et al.
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..specifically designed to investigate frailty in older patients undergoing
TAVR.4 This range of estimates illustrates the challenge of using any
one frailty scale to diagnose an individual as frail. Furthermore, prior
studies suggest that in order to be used as a measure that captures

the dynamic nature of frailty, a continuous or ordinal scoring system
might be better than a dichotomous one (frail vs. non-frail).26 This
idea is supported by our study findings, which demonstrate a graded
increase in the risk of adverse events across most of the frailty-score

Take home figure The distribution of the Hospital Frailty Risk Score and its association with 1-year mortality in the transcatheter mitral valve
repair and transcatheter aortic valve replacement populations using restricted cubic spline plots. The vertical red dashed lines show thresholds for
categorizing patients as low frailty risk (score <5), intermediate frailty risk (score 5–15), or high frailty risk (score >15). Since there were very few
patients with a Hospital Frailty Risk Score of >30, those patients are classified into a single group.

Figure 1 Unadjusted Kaplan–Meier curves for all-cause mortality in the transcatheter mitral valve repair and transcatheter aortic valve replace-
ment populations.
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spectrum. In addition to the association between frailty and long-
term mortality, the current study demonstrates a strong association
between frailty and long-term rehospitalizations. Thus, identifying frail
patients and stratifying risk categories using the Hospital Frailty Risk
Score may also help physicians inform patients and families about the
incidence of potential outcomes during the follow-up period. In add-
ition, patients identified as having higher frailty risk could be targeted
for strategies such as more intensive follow-up in an effort to prevent
costly readmissions.

Previous studies have demonstrated the value of using administra-
tive data in the assessment of frailty based on ICD-9 codes.9,15,16,27

Now, the use of ICD-10 codes routinely used in current administra-
tive databases provides hospitals with a systematic method to pro-
spectively screen for frailty risk. The Hospital Frailty Risk Score
developed and validated in the UK performs at least as well as or bet-
ter than existing frailty measures or risk stratification tools.17

Recently, this score was also externally validated to predict out-
comes including long length of stay, 30-day rehospitalization and

....................................................... ..................................................................

....................................................................................................................................................................................................................

Table 4 Results of Cox multivariable regression models (adjusted for age, gender, Elixhauser and Charlson comorbidity
indices)

Transcatheter mitral valve repair Transcatheter aortic valve replacement P-value for interaction

Hazard ratio (95% CIs) P-value Hazard ratio (95% CIs) P-value

All-cause mortality

Hospital Frailty Risk Score 1.060 (1.050–1.070) <0.001 1.062 (1.058–1.067) <0.001 0.258

Hospital Frailty Risk Category <0.001 <0.001

Intermediate risk (5–15) 2.257 (1.858–2.743) <0.001 1.931 (1.762–2.117) <0.001

High risk (>15) 3.192 (2.437–4.180) <0.001 3.644 (3.214–4.132) <0.001

Rehospitalization for any cause

Hospital Frailty Risk Score 1.061 (1.053–1.069) <0.001 1.061 (1.058–1.064) <0.001 0.151

Hospital Frailty Risk Category <0.001 <0.001

Intermediate risk (5–15) 1.714 (1.526–1.924) <0.001 1.648 (1.579–1.719) <0.001

High risk (>15) 2.722 (2.306–3.214) <0.001 2.920 (2.739–3.112) <0.001

Rehospitalization due to acute myocardial infarction (I21, at subsequent index)

Hospital Frailty Risk Score 1.050 (1.001–1.101) 0.047 1.079 (1.063–1.095) <0.001 0.192

Hospital Frailty Risk Category <0.001 <0.001

Intermediate risk (5–15) 2.031 (1.183–3.486) <0.001 2.158 (1.800–2.587) <0.001

High risk (>15) 4.483 (2.257–8.904) <0.001 4.250 (3.305–5.465) <0.001

Rehospitalization due to acute renal failure (N17, at subsequent index)

Hospital Frailty Risk Score 1.073 (1.057–1.088) <0.001 1.072 (1.064–1.079) <0.001 0.355

Hospital Frailty Risk Category <0.001 <0.001

Intermediate risk (5–15) 1.907 (1.585–2.295) <0.001 1.813 (1.667–1.971) <0.001

High risk (>15) 3.391 (2.639–4.351) <0.001 3.473 (3.085–3.910) <0.001

Rehospitalization due to acute heart failure (I5021, I5031, I5041, I5023, I5033, I5043 at subsequent index)

Hospital Frailty Risk Score 1.058 (1.044–1.072) <0.001 1.068 (1.062–1.075) <0.001 0.160

Hospital Frailty Risk Category <0.001 <0.001

Intermediate risk (5–15) 1.738 (1.471–2.054) <0.001 1.892 (1.742–2.054) <0.001

High risk (>15) 2.869 (2.279–3.613) <0.001 3.509 (3.128–3.936) <0.001

Rehospitalization due to stroke or TIA (I63 and G45, at subsequent index)

Hospital Frailty Risk Score 1.065 (1.021–1.110) 0.003 1.074 (1.059–1.089) <0.001 0.821

Hospital Frailty Risk Category 0.035 <0.001

Intermediate risk (5–15) 1.511 (0.927–2.462) 0.097 1.918 (1.619–2.274) <0.001

High risk (>15) 4.546 (2.534–8.161) <0.001 4.061 (3.204–5.146) <0.001

Rehospitalization due to acute post-haemorrhagic anaemia (D62, at subsequent index)

Hospital Frailty Risk Score 1.043 (1.015–1.071) 0.002 1.043 (1.032–1.058) <0.001 0.806

Hospital Frailty Risk Category 0.001 <0.001

Intermediate risk (5–15) 1.620 (1.228–2.137) 0.001 1.636 (1.474–1.816) <0.001

High risk (>15) 2.049 (1.325–3.168) 0.001 2.266 (1.914–2.683) <0.001

For each outcome, two separate (continuous and categorical scale) models were built (low-risk group handled as a reference for category groups; hazard ratio = 1).

Frailty in transcatheter valve therapies 2237
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.
1-year mortality in elderly patients from Canada.28 In addition, admin-
istrative data include a longitudinal record and demonstrate how the
frailty phenotype influences risk indirectly, as evidenced by multiple
hospitalizations for conditions related to elevated medical risk rather
than geriatric-specific risk (e.g. falls, failure to thrive, etc.). Claims data
represent an inexpensive alternative source of data in the absence of
prospectively collected information on frailty, which is often not rou-
tinely collected in the course of care. The ubiquity of claims data may
make it a useful alternative to clinical risk scoring systems in deter-
mining procedural outcomes.

There are several potential benefits to routinely identifying older
people at risk of adverse clinical outcomes after transcatheter valve
therapies. First, we believe that by merging claims-based frailty data
with ongoing registries of transcatheter valve therapies, we might en-
hance the ability to define patient risk and understand long-term out-
comes, improve hospital and physician benchmarking, and increase
the completeness of data collection by incorporating variables that
were not previously being collected. In addition, the score could be
applied to hospital information systems prospectively, potentially
removing the inter-operator variability and implementation burden
associated with manual scoring systems. A uniform and easily imple-
mented method of identifying frail patients can help highlight the mag-
nitude of the challenge associated with their care, enable services to
evolve and provide frailty-attuned care, and improve patient- and
facility-level outcomes. Identifying frailty in patients with valvular
heart disease may also assist physicians in determining appropriate-
ness of treatment and in discussing a patient’s prognosis with the pa-
tient and family members.

There are notable limitations to the current study. Physiological
measures of frailty are not captured in administrative claims data, and
thus the claims-based definition of frailty may not comprehensively
quantify frailty for all patients. It is also unclear whether the frailty risk
score is a truly a measurement of frailty or simply another comorbid-
ity index. The indications and criteria for patient selection are not
available, and administrative coding may misclassify some comorbid-
ities and complications compared with prospective collection using
standard clinical trial definitions. Future studies could validate the var-
iables used in the frailty score in a small sample of patients undergoing
valve therapies. Claims codes also do not always capture the severity
of a given condition or its change post-procedure, and we are not
able to determine the cause of death. Additionally, because the study
population was limited to Medicare beneficiaries, we did not have in-
formation on all patients who might have undergone transcatheter
valve therapies in the USA. Since the model’s discrimination is still
modest, the true clinical utility of this score is still unclear, and should
be assessed prospectively. Because ICD-10 codes have only been
used in the USA since October 2015, we selected a relatively short
3 month lookback period for frailty assessment. As more data be-
come available, longer historical periods for frailty assessment may be
useful. Such data would allow for more rigorous assessments regard-
ing changing frailty scores over time—either increases due to accu-
mulation of deficits, or decreases to successful treatment of
reversible conditions. Future analyses examining longitudinal changes
in frailty and its impact of outcomes are warranted. Also, due to the
level of granularity in the claims data, we did not have the variables
necessary to calculate traditional risk scores such as the
EuroSCORE29 or STS-PROM30 score.

Conclusions

The Hospital Frailty Risk Score, which is readily available and relative-
ly inexpensive to implement, provides hospitals and health systems
with a systematic way to identify frailty in patients undergoing trans-
catheter valve therapies. The score effectively classifies patients at
high risk for adverse events including mortality, rehospitalizations and
long length of stay. Use of a claims-based frailty score may facilitate
the prospective assessment of frailty among patients undergoing
transcatheter valve therapies.

Supplementary material

Supplementary material is available at European Heart Journal online.
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