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ABSTRACT
OBJECTIVES This study sought to evaluate whether frailty improves mortality prediction in combination with the
conventional scores.
BACKGROUND European System for Cardiac Operative Risk Evaluation (EuroSCORE) or Society of
Thoracic Surgeons (STS) score have not been evaluated in combined models with frailty for mortality prediction
after transcatheter aortic valve replacement (TAVR).
METHODS This prospective cohort comprised 330 consecutive TAVR patients $70 years of age. Conventional scores and
a frailty index (based on assessment of cognition, mobility, nutrition, and activities of daily living) were evaluated to
predict 1-year all-cause mortality using Cox proportional hazards regression (providing hazard ratios [HRs] with
conﬁdence intervals [CIs]) and measures of test performance (providing likelihood ratio [LR] chi-square test statistic and
C-statistic [CS]).
RESULTS All risk scores were predictive of the outcome (EuroSCORE, HR: 1.90 [95% CI: 1.45 to 2.48], LR chi-square
test statistic 19.29, C-statistic 0.67; STS score, HR: 1.51 [95% CI: 1.21 to 1.88], LR chi-square test statistic 11.05, C-statistic 0.64;
frailty index, HR: 3.29 [95% CI: 1.98 to 5.47], LR chi-square test statistic 22.28, C-statistic 0.66). A combination
of the frailty index with either EuroSCORE (LR chi-square test statistic 38.27, C-statistic 0.72) or STS score (LR chi-square
test statistic 28.71, C-statistic 0.68) improved mortality prediction. The frailty index accounted for 58.2% and 77.6% of
the predictive information in the combined model with EuroSCORE and STS score, respectively. Net reclassiﬁcation
improvement and integrated discrimination improvement conﬁrmed that the added frailty index improved risk prediction.
CONCLUSIONS This is the ﬁrst study showing that the assessment of frailty signiﬁcantly enhances prediction of 1-year
mortality after TAVR in combined risk models with conventional risk scores and relevantly contributes to this improvement.
(J Am Coll Cardiol Intv 2018;11:395–403) © 2018 by the American College of Cardiology Foundation.

R

isk stratiﬁcation before transcatheter aortic

intervention. The Society of Thoracic Surgeons (STS)

valve

important

score and European System for Cardiac Operative

when selecting those patients with severe

Risk Evaluation (EuroSCORE) are frequently used for

aortic stenosis who will most likely beneﬁt from the

risk evaluation before TAVR, but both have been

implantation

(TAVR)

is

From the aDepartment of Geriatrics, Inselspital, Bern University Hospital, and University of Bern, Bern, Switzerland; bInstitute of
Social and Preventive Medicine, University of Bern, Bern, Switzerland; cDepartment of Cardiology, Swiss Cardiovascular Center
Bern, Bern University Hospital, Bern, Switzerland; and the dDepartment of Cardiovascular Surgery, Swiss Cardiovascular Center
Bern, Bern University Hospital, Bern, Switzerland. This study was supported by research grants from Bern University Hospital,
Bern, Switzerland; and a grant of the Swiss National Science Foundation, Bern, Switzerland (SNF Grant 32003B_135807).
Dr. Windecker has received institutional research grant support from Bracco, Boston Scientiﬁc, and Terumo. All other authors
have reported that they have no relationships relevant to the contents of this paper to disclose. Drs. Schoenenberger and Moser
contributed equally to the manuscript.
Manuscript received September 12, 2017; revised manuscript received November 6, 2017, accepted November 9, 2017.

ISSN 1936-8798/$36.00

https://doi.org/10.1016/j.jcin.2017.11.012

396

Schoenenberger et al.

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 11, NO. 4, 2018
FEBRUARY 26, 2018:395–403

Improvement of Risk Prediction After TAVR

ABBREVIATIONS

developed for conventional cardiac surgery

patients, a geriatric baseline examination was per-

AND ACRONYMS

procedures and are therefore not precise

formed in addition to the cardiologic examination.

and complete enough for patients being

We also excluded patients who died while waiting for

considered for TAVR (1–6). So far, TAVR-

TAVR and patients in whom the time between geri-

speciﬁc variables are missing in conventional

atric baseline examination and TAVR was >3 months.

BADL = basic activities of daily
living

CI = conﬁdence interval
CS = C-statistic
EuroSCORE = European

risk scores. In recent years, evidence has

The ﬁnal study population consisted of all patients in

grown that functional assessment, in partic-

whom TAVR and the geriatric baseline examination

ular frailty measures, may improve risk strat-

was performed during the study period. This study

Risk Evaluation

iﬁcation in patients undergoing TAVR (7–19).

complies with the Declaration of Helsinki and was

HR = hazard ratio

So far, the previous studies provided evi-

approved by the local ethics committee.

IADL = instrumental activities

dence that frailty measures are predictors of

of daily living

worse outcomes independent of the conven-

LVEF = left ventricular ejection

tional risk scores (STS score or EuroSCORE)

fraction

and thus have the potential to improve risk

LR = likelihood ratio

prediction of the conventional risk scores

MGA = multidimensional

(7–19). However, no previous study has eval-

geriatric assessment

uated the potential improvement, when

MMSE = Mini-Mental State

frailty measures are added to the conven-

System for Cardiac Operative

Exam

tional risk scores in combined prediction

MNA = Mini Nutritional

models. Thus, the present work evaluates

Assessment

whether a frailty score based on multidimen-

STS = Society of Thoracic

sional

Surgeons

TAVR = transcatheter aortic

geriatric

assessment

(MGA)

may

improve prediction of 1-year mortality after

valve replacement

TAVR in combined models with the conven-

TUG = Timed Up and Go test

tional risk scores and determined the magni-

VARC = Valve Academic

tude of the added value.

BASELINE DATA. All participating patients received

an extensive cardiologic baseline examination during
an in-hospital evaluation. In addition to the recording
of the patient’s history, transthoracic or transesophageal echocardiography (for determination of
left ventricular ejection fraction [LVEF], aortic valve
oriﬁce area, and transvalvular mean gradient) and
cardiac catheterization (for determination of transvalvular gradient, cardiac output, aortic valve area,
right side ﬁlling pressures, and presence of coronary
artery disease) were performed. Anemia was deﬁned
based on a cutoff point of 122 g/l hemoglobin concentration for women and 132 g/l for men. Based on
the gathered information, the logistic EuroSCORE and
the STS score were calculated. All participating patients also received a geriatric baseline examination

Research Consortium

consisting of the following validated instruments:
SEE PAGE 404

Mini-Mental State Exam (MMSE) for cognitive function (20), Timed Up and Go test (TUG) for gait func-

METHODS

tion (21), Mini Nutritional Assessment (MNA) for

STUDY POPULATION. Between September 1, 2009,

and June 30, 2013, consecutive patients $70 years of
age

with

symptomatic,

severe

aortic

stenosis,

referred for TAVR evaluation to Bern University
Hospital, Switzerland, were eligible for this prospective cohort study. Aortic stenosis was considered
severe, if the effective oriﬁce area was <1 cm2
2

or <0.6 cm /m

2

body surface area. An interdisci-

plinary team of interventional cardiologists and cardiac surgeons formed a consensus on treatment
selection (TAVR, surgical aortic valve repair, or
medical treatment). The consensus was based on
several parameters including underlying comorbidities, general clinical condition, and perioperative

nutritional status (22), basic activities of daily living
(BADL) (23), and instrumental activities of daily living
(IADL) (24). For the purpose of this analysis, the instruments were dichotomized at standard cutpoints
that were deﬁned a priori according to current literature: MMSE at <27 points (cognitive impairment)
versus $27 points (normal cognitive function), TUG
at $20 s (mobility impairment) versus <20 s (normal
gait function), and MNA at <12 points (at risk
of malnutrition) versus $12 points (not at risk of
malnutrition) (20–22). BADL and IADL were considered abnormal, if the patient had a difﬁculty in
performing 1 or more activities (23,24).
FRAILTY INDEX. We used the frailty index previously

risk as calculated with the logistic EuroSCORE and the

developed by Schoenenberger et al. (8). This frailty

STS score. We excluded patients who received a

index was developed a priori (i.e., there was no

treatment other than TAVR (i.e., surgical aortic valve

derivation cohort and no speciﬁc intention to predict

repair or medical treatment), patients in whom TAVR

mortality). The index was calculated as summary

was performed as emergency procedure, patients

score from the following baseline components: 2

who lived abroad and were unable to undergo follow-

points were assigned, if MMSE was <21 points; 1 point

up evaluation, and patients who refused geriatric

was assigned for each of the following: MMSE $21

baseline examination or in whom the examination

and <27 points, TUG $20 s, MNA <12 points, BADL $1

was not possible due to logistic reasons. In all other

limited activity, IADL $1 limited activity, and a
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preclinical mobility disability (deﬁned as decreased

reported the difference of LR chi-square test statistic

frequency of walking 200 m or of climbing stairs

to investigate whether the frailty index (B) added

during the preceding 6 months). Thus, the frailty in-

predictive information to the conventional risk score

dex had a range from 0 to 7 points.

(A) (null hypothesis: AþB>A), and vice versa (null

TAVR PROCEDURE. TAVR was performed within a

hypothesis: AþB>B) (29,30). Speciﬁcally, we reported

maximum of 3 months after the cardiologic and
geriatric baseline examination. It was performed according to local expertise as previously described
(25). Either a CoreValve (Medtronic Inc., Minneapolis,
Minnesota) or a SAPIEN XT bioprosthesis (Edwards
Lifesciences, Irvine, California) was implanted.
FOLLOW-UP AND OUTCOMES. One year after the

TAVR procedure, mortality was assessed by specially
trained research assistants. The assistants ﬁrst contacted the patients. If the patients were unavailable,
the assistants contacted the relatives, the general
physician, or, if both were unavailable, the town hall.
Using this approach, we obtained information on
mortality from all patients. No patient was lost to
follow-up. In patients who died, the research assistant obtained the death certiﬁcate. Clinical endpoints

the differences of LR chi-square test statistic from a
combined risk score model AþB minus the LR chisquare test statistic from the single frailty index
model (B) or the single cardiologic risk score (A) (29).
If the LR chi-square test difference from the latter is
greater than from the former, then the frailty index
adds more to the combined model than the cardiologic risk scores. Further, we reported the ratio of LR
chi-square test from the model with the single frailty
index (B) in the nominator and the LR chi-square test
statistic from the combined risk score model (AþB)
(29). If this ratio is equal to 1 the frailty index contains
all the predictive information from the combined risk
score model, and the cardiologic risk scores contain
no predictive information. When the ratio is equal to
0 the frailty index contains no predictive information
in the combined model. Third, overall model perfor-

were systematically adjudicated by an independent

mance was reported by Nagelkerke’s R 2 (29,31).

clinical event committee of the Swiss TAVR registry

Nagelkerke’s R2 ranges from 0 to 1, with higher values

(26). In the present study, mortality corresponded to
all-cause

mortality.

We

reported

standardized

endpoint deﬁnitions of the Valve Academic Research
Consortium (VARC) within 1 year, including myocardial infarction, stroke, bleeding, acute kidney injury,
and vascular complications (27).

indicating better model performance. Fourth, to
assess discriminative ability, we used the C-statistic
(31). The C-statistic is a unitless index of predictive
discrimination, with a value of 0.5 indicating random
prediction, and a value of 1 indicating perfect prediction. Fifth, we reported 2 reclassiﬁcation-related

STATISTICAL ANALYSIS. We described the study

measures, namely the continuous conditional net

population by using frequency and percentage and

reclassiﬁcation improvement and the conditional in-

median (interquartile range [IQR]). Time at risk star-

tegrated discrimination improvement, among alive

ted at date of surgery and ended 1 year after surgery

(nonevent) and death (event) individuals (32–34). The

or date of death. Patients could have multiple VARC

conditional net reclassiﬁcation improvement can be

endpoints and we calculated for each patient the total

interpreted as the net proportion of events (or non-

number of VARC endpoints. We calculated mortality

events) assigned to a higher risk category, among

rates and VARC rates with 95% conﬁdence intervals

dead individuals (or alive individuals) (33). The con-

(CIs) across frailty index categories using Poisson

ditional integrated discrimination improvement can

regression models. Monotonic trend across categories

be interpreted as the difference in predicted risk

of frailty index was assessed by a Mann-Kendall test

probabilities between a new model and an old model,

(28). We used several statistical approaches to deter-

among dead individuals (or alive individuals) (34). In

mine the predictive information of frailty index and

sensitivity analyses we added known risk factors (i.e.,

conventional risk scores. First, we investigated the

anemia, atrial ﬁbrillation, and LVEF <35%) to the

association of covariates on survival using Cox pro-

conventional risk scores to analyze the predictive

portional hazards models, reporting hazard ratios

performance in addition to the frailty index. The

(HRs)

hazards

p values reported from LR chi-square test statistics or

assumption was tested by Schoenfeld’s test. Because

Wald test statistics were 2 sided. All continuous var-

age and sex were a priori expected to be related with

iables were a priori modeled as quadratic relation-

1-year survival and the investigated risk scores, all

ship. Because for none of the continuous variables a

models were adjusted for those variables. Second, to

quadratic relationship was found, continuous vari-

assess predictive information of the risk scores and

ables were ﬁnally modeled as linear variables. The

the components of the frailty index, we reported

frailty index was modeled in survival regression

likelihood ratio (LR) chi-square test statistics. We

models as a linear variable, despite its ordinal

with

95%

CI.

The

proportional
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F I G U R E 1 Flow Chart

Subject ﬂow in the cohort. TAVR ¼ transcatheter aortic valve replacement.

character, because of overﬁtting issues. The sample

The study population ﬁnally consisted of 330 pa-

size calculation was based on the 10 events per pre-

tients. None of these patients was lost during the

dictor rule (35,36). We assumed that 4 degrees of

1-year follow-up.

freedom would be spent in Cox proportional hazards

Baseline characteristics of the study population are

models (i.e., predictors age, sex, frailty index, and 1

shown in Table 1. The median age of the study popu-

cardiologic risk score). Further, we assumed that 20%

lation was 83.6 years (IQR: 80.9 to 86.7 years), and

of the patients would die within 1 year. This led to a

56.4% of the patients were women. A majority of the

sample size of 200 individuals. All statistical analyses

study population had hypertension (88.5%), roughly

were done in R 3.2.3 (R Project for Statistical

one-quarter (25.8%) had diabetes. Dyspnea New York

Computing, Vienna, Austria) using packages rms,

Heart Association functional class III or IV was present

pROC, and survIDINRI (37–39).

in two-thirds of the patients. The median logistic
EuroSCORE was 19.2% (IQR: 11.8% to 28.4%), and the

RESULTS

median STS score 6.0% (IQR: 4.3% to 8.6%). The median frailty index was 3.0 points (IQR: 1.0 to 4.0

BASELINE DATA. Between September 1, 2009, and

points). The components of the frailty index indicated

June 30, 2013, 613 patients at least 70 years of age

that one-third of the study population had cognitive

with severe aortic stenosis were referred for TAVR

impairment and almost one-third had mobility

evaluation (Figure 1). Of these, 283 patients fulﬁlled

impairment. TAVR was performed transfemorally in

an exclusion criterion; the vast majority of these pa-

309 (93.6%) patients, transapically in 19 (5.8%) pa-

tients were excluded, because a treatment other than

tients, and using the subclavian artery in 2 (0.6%)

TAVR was selected. Of the remaining patients, who

patients.

were eligible for study inclusion, we had to exclude
34 patients because they did not receive the geriatric

ONE-YEAR MORTALITY AND VARC BY CATEGORY

baseline assessment. In 16 patients, the geriatric

OF FRAILTY INDEX. We investigated 330 patients at

baseline assessment was not performed due to logis-

baseline with 52 deaths within 1 year (total 295.3

tic problems and 18 patients refused this assessment.

person-years). Overall 1-year mortality rate was 0.18
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T A B L E 1 Baseline Characteristics of Study Population (N ¼ 330)

Age, yrs

83.6 (80.9–86.7)

Female

186 (56.4)

Body mass index, kg/m2

25.2 (23.0–28.1)

categories of the frailty index (p value for monotonic
trend ¼ 0.02).
PREDICTION OF 1-YEAR SURVIVAL. Table 3 summa-

rizes the modeling results of the evaluated risk scores

Comorbidities
Hypertension

292 (88.5)

and components of the frailty index for the prediction

Dyslipidemia

222 (67.3)

of 1-year mortality. EuroSCORE, STS score, and frailty

85 (25.8)

index showed strong evidence for an association with

219 (66.4)

1-year mortality in Cox proportional hazards regres-

Previous MI

46 (13.9)

Atrial ﬁbrillation

sion models. However, C-statistics for all 3 single risk

110 (33.3)

Previous stroke

34 (10.3)

scores were <0.70. Among the 3 risk scores, the frailty

Diabetes
CAD

index showed the best model performance (Nagel-

PAD

44 (13.3)

COPD

48 (14.6)

kerke R 2 0.078), whereas the logistic EuroSCORE was

219 (66.4)

found best for discriminative ability among all risk

Anemia

scores (C-statistic 0.67).

Symptoms
NYHA functional class III/IV

219 (66.4)

The LR chi-square test statistic from a model with

Angina CCS 3/4

43 (13.0)

the single logistic EuroSCORE was 19.29 (model A1),

Previous syncope

48 (14.6)

Medication

from a model with the single STS score 11.05
(model A2), and from the single frailty index 22.28

Beta-blocker

175 (53.0)

ACE inhibitor/ARB

195 (59.1)

(model B). The LR chi-square test statistic from a model

Diuretics

241 (73.0)

with a combination of the frailty index and the

Calcium antagonist

67 (20.3)

LVEF <35%

39/329 (11.8)

Mean gradient aortic valve, mm Hg

41.0 (30.0–52.0)

AVA, cm2

0.60 (0.50–0.80)

Laboratory measurements
Creatinine, mmol/l

conventional risk scores was 38.27 for the logistic
EuroSCORE (model A1þB) and 28.71 for the STS score

Echocardiography

90.0 (74.0–112.0)

(model A2þB). The difference in LR chi-square test
statistic between model A1þB and model A1 was
18.98, whereas the LR chi-square test statistic difference between model A1þB and model B was 15.99.
Thus, the frailty index contributed more predictive

Risk scores
Logistic EuroSCORE, %

19.2 (11.8–28.4)

information to the combined model than the logistic

STS score, %

6.0 (4.3–8.6)

EuroSCORE. The LR chi-square test statistic differ-

Frailty index

3.0 (1.0–4.0)

ence between model A2þB and model A2 was 17.66,

Components of frailty index

whereas the LR chi-square test statistic difference

MMSE <27 points

110 (33.3)

TUG $20 s

113 (34.2)

MNA <12 points

154 (46.7)

between model A2þB and model B was 6.43. Thus,
the frailty index contributed more predictive infor-

BADL $1 activity with limitation

82 (24.9)

mation to the combined model than the STS score.

IADL $1 activity with limitation

218 (66.1)

Speciﬁcally, the frailty index accounted for 58.2% of

Preclinical mobility disability

205 (62.1)

the predictive information (LR chi-square test statistic ratio B/[A1þB]) in the model A1þB, and

Values are median (interquartile range) or n (%).
ACEI ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
AVA ¼ aortic valve area; BADL ¼ basic activities of daily living; BP ¼ blood
pressure; CAD ¼ coronary artery disease; COPD ¼ chronic obstructive pulmonary
disease; IADL ¼ instrumental activities of daily living; LVEF ¼ left ventricular
ejection fraction; MI ¼ myocardial infarction; MMSE ¼ Mini-Mental State Exam;
MNA ¼ Mini Nutritional Assessment; NYHA ¼ New York Heart Association; PAD ¼
peripheral artery disease; STS ¼ Society of Thoracic Surgeons; TUG ¼ Timed Up
and Go test.

accounted for 77.6% of the predictive information
(LR chi-square test statistic ratio B/[A2þB]) in the
model A2þB. Of note, the increase in Nagelkerke R 2
indicated a relevant increase in model performance
for the combined scores, and the C-statistics of the
combined models increased to 0.72 for the combination of the logistic EuroSCORE with the frailty
index. Sensitivity analyses showed that the frailty
index improved risk prediction for survival, even

(95% CI: 0.13 to 0.23). Table 2 shows 1-year mortality

when known risk factors (i.e., anemia, atrial ﬁbril-

and VARC rates by category of the frailty index.

lation, and LVEF <35%) were added to conventional

One-year mortality rates were very low in nonfrail

risk scores. Net reclassiﬁcation improvement and

patients and steadily increased along with increasing

integrated discrimination improvement conﬁrmed

frailty (p value for monotonic trend ¼ 0.004). One-

that the frailty index improved risk prediction when

year VARC rates showed evidence for a trend across

added to the conventional risk scores.
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T A B L E 2 One-Year Mortality and VARC Rates by Category of the Frailty Index

Category of
Frailty Index

Study Participants
at Baseline

Study Participants Deceased
at 1-Year Follow-Up

VARC
Endpoints*

Person-Years
at Risk

Mortality Rate†
(95% CI)

VARC Rate*‡
(95% CI)

0

27

1

21

26.2

0.04 (0.01–0.27)

0.80 (0.52–1.23)

1

59

5

50

54.8

0.09 (0.04–0.22)

0.91 (0.69–1.20)

2

75

9

73

71.4

0.13 (0.07–0.24)

1.02 (0.81–1.29)

3

66

13

67

56.7

0.23 (0.13–0.39)

1.18 (0.93–1.50)

4

50

5

37

47.0

0.11 (0.04–0.26)

0.79 (0.57–1.09)
1.26 (0.91–1.73)

5

36

9

37

29.5

0.31 (0.16–0.59)

6

14

7

16

9.03

0.78 (0.37–1.63)

1.77 (1.09–2.89)

7

3

3

6

0.76

3.94 (1.27–12.2)

7.87 (3.54–17.52)

Overall

330

52

307

295.3

0.18 (0.13–0.23)

1.04 (0.93–1.16)

*Composite Valve Academic Research Consortium (VARC) score including myocardial infarction, stroke, access site complication, bleeding, and kidney injury. Patients could
have multiple VARC endpoints. †Monotonic trend from Mann-Kendall test; p ¼ 0.004. ‡Monotonic trend from Mann-Kendall test; p ¼ 0.02.
CI ¼ conﬁdence interval; other abbreviations as in Table 1.

The 5 components of the frailty index also showed

improves prediction of 1-year mortality in patients

evidence for an association with 1-year mortality,

undergoing TAVR, when combined with the conven-

except for IADL and preclinical mobility disability.

tional

Among the components of the frailty index, the TUG

Furthermore, this study proves that 1-year mortality

showed best model performance (Nagelkerke R2

gradually increases with increasing frailty.

risk

scores

(STS

score

or

EuroSCORE).

Previous research has documented that frailty en-

0.070), and high predictive ability for 1-year mortality
(LR chi-square test 19.84).

hances conventional risk models in patients under-

DISCUSSION

the best of our knowledge, this study is the ﬁrst

going surgical procedures other than TAVR (40). To
providing evidence that the same is true for TAVR
For the ﬁrst time, this prospective cohort study pro-

patients. Previous studies have shown that frailty and

vides evidence that a frailty index based on MGA

other functional measures may predict outcomes in

T A B L E 3 Modeling Results of Risk Scores and Components of the Frailty Index on the Prediction of 1-Year All-Cause Survival

Model

HR (95% CI)*

(A1) Logistic EuroSCORE (per IQR increase, 16.6%)

Nagelkerke R2

p Value

LR Chi-Square Test Statistic

C-Statistic

1.90 (1.45–2.48)

<0.001

19.29

0.068

0.67

1.51 (1.21–1.88)

<0.001

11.05

0.039

0.64

3.29 (1.98–5.47)

<0.001

22.28

0.078

0.66

<0.001†

38.27

0.131

0.72

0.100

0.68

Single risk score
(A2) STS score (per IQR increase, 4.3%)
(B) Frailty index (per IQR increase, 3 points)
Combined frailty index and logistic EuroSCORE (A1þB)
Logistic EuroSCORE (per IQR increase, 16.6%)

1.85 (1.40–2.44)

<0.001

15.99‡

Frailty index (per IQR increase, 3 points)

3.05 (1.84–5.05)

<0.001

18.98‡

<0.001†

28.71

Combined frailty index and STS score (A2þB)
STS score (per IQR increase, 4.3%)

1.38 (1.10–1.73)

0.005

6.43‡

Frailty index (per IQR increase, 3 points)

3.07 (1.82–5.17)

<0.001

17.66‡

Component of frailty index
MMSE (<27 vs. $27)

2.35 (1.33–4.14)

0.003

8.65

0.031

0.59

TUG ($20 s vs. <20 s)

3.41 (1.95–5.97)

<0.001

19.84

0.070

0.67

0.003

MNA (<12 vs. 12 points)
BADL ($1 limited activity)

2.37 (1.34–4.20)
2.00 (1.14–3.50)

10.02

0.036

0.63

0.02

6.23

0.022

0.59

IADL ($1 limited activity)

1.23 (0.67–2.28)

0.50

1.26

0.005

0.53

Preclinical mobility disability (disability vs. no disability)

1.29 (0.72–2.30)

0.40

1.53

0.006

0.55

*All models were adjusted for age and sex. In all models the p value from Wald test of association for predictors age and sex was >0.05. †p value from Wald test of the joint null
hypotheses: A1 ¼ B ¼ 0 or A2 ¼ B ¼ 0 (log odds scale). ‡Difference of likelihood ratio (LR) chi-square test statistic of nested model A1þB or A2þB minus single risk score model
(A1, A2, or B [i.e., the value of the nested LR explained by the listed single risk score: A1, A2, or B]).
HR ¼ hazard ratio; other abbreviations as in Tables 1 and 2.
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TAVR patients (7–19). However, only few studies

prediction of adverse outcomes (10). Our study doc-

showed that functional measures predict outcomes

uments that it is important to use performance-based

independent of the conventional risk scores (STS

tests such as the TUG, and not measures based on

score or EuroSCORE) and thus have the potential to

self-report such as preclinical mobility disability.

improve risk prediction (7,11–13,15). None of the pre-

Whereas the TUG was an excellent predictor, pre-

vious studies proved that risk prediction of the con-

clinical mobility disability was not.

ventional risk scores (STS score or EuroSCORE) is
truly improved in combined prediction models (7–19).

STUDY LIMITATIONS. First, patients who underwent

In a preliminary analysis of an initial subsample of

TAVR were a selection of elderly, high-risk patients.

the present cohort, the number of participants and

Older patients with low risk were frequently allo-

the respective number of endpoints were not pow-

cated to open heart surgery, whereas elderly pa-

ered

The

tients with excessive risk were sometimes assigned

improvement in risk prediction found in this study is

to medical treatment. Therefore, the predictive

of clinical relevance. By adding information from the

value of the frailty index has to be reconﬁrmed in

frailty index, the only moderate predictive informa-

patients with lower risk. Second, the results of this

tion from the conventional risk scores, when used

study are based on data from a single center.

to

document

an

improvement

(7).

alone, may be increased so that a good predictor re-

Therefore, conﬁrmation in an independent sample

sults. We therefore see the need for multicentric trials

would be needed to document generalizability of

to develop better risk prediction models combining

our ﬁndings. Nevertheless, there is meanwhile

information from conventional risk scores with the

enough evidence supporting the importance of

information

frailty measures in the risk prediction of patients

from

functional

assessments.

Even

though further research is needed, we emphasize that

undergoing TAVR and surgical procedures (7–19,41).

frailty should already now be part of every pre-TAVR

Therefore, this limitation should not give rise to

clinical evaluation, as it may improve clinical decision

argue against the implementation of frailty mea-

making.

sures into clinical practice. Third, frailty is a rela-

Our study also shows that 1-year mortality in-

tively novel concept, and there is not yet a

creases with increasing frailty. We previously showed

generally accepted operational deﬁnition of frailty

that frailty may also be the consequence of severe

in the literature (41,42). In the present study, frailty

aortic stenosis and may be reversed by TAVR (8).

was deﬁned as an index based on validated in-

However, this study suggests that there might be a

struments

level of frailty, which is irreversible. One-year mor-

frailty and disability in old age. The advantage of

tality in the highest 2 frailty categories exceeded 50%,

this operational deﬁnition of frailty is the inclusion

and

considered

of cognitive function, an aspect not covered in

unacceptably high for performing TAVR. Therefore,

other operational deﬁnitions of frailty (41). Fourth,

our frailty index might have the potential to guide

though we report on one of the largest prospective

triage in patients being evaluated for TAVR and

cohorts assessed with geriatric baseline examination

to recommend palliative treatment in these highest-

allowing to determine frailty to date, the number of

risk patients. As the number of patients was low

patients with high frailty index remains low. Fifth,

in the 2 highest frailty categories, it is too early to

according to the recruitment period, patients were

derive clinical recommendations from our ﬁndings,

treated with ﬁrst generation devices. There is a

but we see an urgent need for further research in this

small risk that results might be slightly different, if

ﬁeld. In addition to triage patients, using a frailty

newer devices are used.

this

mortality

rate

might

be

covering

key

subdomains

related

to

index based on MGA has further advantages. In
contrast to other frailty scores, information from MGA

CONCLUSIONS

(e.g., information on cognition, mobility, nutrition,
disability) may be used to improve therapeutic

The present study provides evidence that our frailty

decisions.

index enhances the risk prediction of conventional

Among the components of the frailty index, the

risk models in patients undergoing TAVR. We

TUG was the functional measure with the best pre-

therefore recommend adding frailty assessment to

diction of 1-year mortality. Hereby, our study con-

conventional risk scores such as STS score or Euro-

ﬁrms the ﬁndings of a previous study showing that

SCORE. In addition, our frailty index has the po-

mobility impairment is extremely important for the

tential to triage patients, because interventional risk

401

402
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is unacceptably high in the highest frailty categories.
Therefore, frailty evaluation should be part of every
clinical evaluation of patients who are considered
for TAVR. We recommend using a frailty evaluation
based on MGA, because MGA reveals further important information that may be used to improve clinical decision making. Because frailty may be the
consequence of severe aortic stenosis (and, as such,
may potentially be reversible after TAVR) or the
result of other underlying conditions (and, as such,
may

be

irreversible),

experienced

geriatricians

should be part of the heart teams, at least when
higher-risk patients are discussed.

PERSPECTIVES
WHAT IS KNOWN? Frailty is an important measure
in determining which of the patients undergoing TAVR
beneﬁt from the intervention and which do not. So
far, conventional risk scores (EuroSCORE or STS score)
have not been evaluated in combined models with
frailty for mortality prediction after TAVR.
WHAT IS NEW? The assessment of frailty signiﬁcantly enhances prediction of 1-year mortality after
TAVR in combined risk models with the conventional
risk scores. Frailty should be measured in all patients
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who undergo TAVR before the intervention.
WHAT IS NEXT? Frailty should be added to the
currently used conventional risk scores. The best way
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