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INTRODUCTION

Degenerative aortic valve stenosis (AS) is the most fre-
quent type of valvular heart disease in Europe and North 
America. The prevalence of the disease increases with age, 
and affects 2 to 7% of the population > 65 years1. Surgical 
aortic valve replacement (SAVR) is the recommended treat-
ment of symptomatic AS2 providing relief of symptoms and 
life prolongation3. Recently,  transcatheter aortic valve 
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Background For selected patients with symptomatic aortic stenosis, transcatheter aortic valve implantation (TAVI) is an alternative to surgical 
aortic valve replacement (AVR). In addition to co-morbidities, frailty has to be taken into account in the decision-making process. Criteria for patient 
 selection, according to current guidelines, include EuroSCORE and STS score but frailty is not easy to quantify. ISAR (Identifi cation of Seniors At Risk) detects 
seniors at risk for adverse health outcome after an emergency visit and SHERPA (Score Hospitalier d’Evaluation du Risque de Perte d’Autonomie) assesses 
the risk of functional decline after hospitalization. 

Objectives The aim of the present study was to evaluate the impact of ISAR and SHERPA scores in the prediction of patient outcome after TAVI.

Methods and results A prospective cohort of 30 consecutive octogenarian patients (16 males, 86 ± 3 y, EuroSCORE 34 ± 12%) underwent 
a transfemoral TAVI and a complete geriatric assessment in our institution. Survival at one year was 73%. The ISAR score was similar between both groups 
(3.1 ± 1 vs. 3.6 ± 1; P = 0.10) but the SHERPA score was signifi cantly higher in non-survivors (7.8 ± 1.6) than among survivors (4.9 ± 2.4; P = 0.001). With  multivariate 
analysis, SHERPA score and BMI were independent predictors of 1-year mortality. Kaplan-Meier analysis showed that 1-year survival was signifi cantly lower 
in patients with than in those without a SHERPA score > 7 (40 vs. 89%; P = 0.004).

Conclusions The result of this study showed that SHERPA score predicts 1-year survival after transfemoral TAVI and could be considered as a 
useful frailty score in patient selection. 

Keywords Aortic valve stenosis – transfemoral aortic valve implantation – frailty – survival.

implantation (TAVI) has offered an alternative for patients 
with symptomatic AS who are not candidates for SAVR4, 
showing a superiority versus medical treatment5 and a non-
inferiority as compared with surgery6. Patients denied 
 surgery are often elderly, with comorbidities leading to a 
high surgical risk quantified by the Society of Thoracic 
Surgeons (STS) score and/or logistic EuroSCORE7-8. These 
scores are not designed to evaluate the risk of TAVI9 and 
whether this mini-invasive approach is appropriate to 
improve the outcome of older patients. Frailty is a param-
eter of paramount importance in a geriatric population, 
which is usually evaluated by clinical judgement10 or specific 
assessment, including Comprehensive Geriatric Assess-
ment, and is not well quantified yet in the specific setting 
of TAVI screening. The ISAR (Identification of Seniors At 
Risk) tool detects seniors at risk for adverse health outcome 
after an emergency visit11. The SHERPA (Score Hospitalier 
d’Evaluation du Risque de Perte d’Autonomie) score assesses 
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to live independently in a community. The cognitive 
evaluation through an abbreviated Mini Mental State 
Evaluation (MMSE)15 and the prevalence of delirium 
was assessed at least once during hospitalization by the 
Confusion Assessment Method16: delirium was noted 
whether the score was ≥ 4. The ISAR score aimed at 
assessing the post-hospital risks of functional decline, 
institutionalization in a nursing home or death at 
6 months (table 1), and is based on 6 self-rated questions 
with dichotomous answers (baseline functional depend-
ence, recent increase in functional dependence, hospi-
talization in the last 6 months, impaired memory, 
impaired vision, daily use of 3 or more medications). 
Patients were considered at low risk if the score was 
0-1/6, intermediate risk if the score was 2-3/6 and high 
risk if the score was > 3/6. The SHERPA score developed 
five risk factors easily available upon hospital admission: 
age category, IADL evaluated by the Lawton scale, cog-
nitive decline (assessed by an abbreviated MMSE), his-
tory of fall in the previous year, and self-perceived health 
(table 2). Each factor has a weight proportional to its 
odds ratio. The resulting score ranges from 0 to 11.5, 
and stratifies elderly patients into high (> 6), moderate 
(5-6), mild (3.5-4.5) and low (0-3) risk groups for func-
tional decline in the 3 months following emergency 
hospitalization. 

The TAVI procedure was performed using a trans-
femoral Sapien valve (Edwards Lifesciences, Irvine, Cal-
ifornia, USA) implantation. After the procedure, major 
cardiac and cerebral adverse events (MACCE) were noted 
according to the VARC-2 consensus criteria17.

Patients were scheduled for a clinical follow-up 
30 days and 1 year after TAVI. Patient survival and 
occurrence of clinical events were determined from 
reviews of the medical records or direct patient and/or 
referring physician contact.

Statistics

Data are presented as mean ± 1 standard deviation 
unless otherwise stated. Differences between patient 
groups were analysed with a Student t test for continuous 
variables or χ2 test for categorical variables. Multivariate 
analysis of the predictive factors of death and MACCE 
was performed using the Cox proportional-hazards 
method. The receiver operating characteristic (ROC) 
curve was determined to evaluate the performance of the 
SHERPA score to predict survival. Optimal cut-off points 
for the SHERPA score were chosen with maximum sen-
sitivity and specificity. Survival curves according to the 
SHERPA score were established by the Kaplan-Meier 
estimation method. A p value < 0.05 was considered sta-
tistically significant. Analyses were performed using the 
SPSS version 15.0 (SPSS Inc., Chicago, Illinois). 

the risk of functional decline following hospitalization for 
older patients admitted through the emergency room12. The 
aim of the present study was to evaluate the impact of the 
frailty, detected by those scales, on the outcome of a popu-
lation of patients undergoing TAVI. 

METHODS

Study population

Octogenarian patients undergoing a transfemoral 
TAVI and a complete geriatric assessment in our insti-
tution between January 2009 and December 2011 were 
prospectively enrolled in the study. Patients were suf-
fering severe calcific aortic stenosis (aortic valve area 
< 1 cm2 and/or peak transvalvular velocity > 4 m/sec) 
and were eligible for transfemoral TAVI after team 
consensus. Anatomic exclusion criteria were ilio-fem-
oral artery diameter < 6 mm, congenital or non-calci-
fied aortic stenosis, unprotected left main lesion, 
coagulation disorder, endocarditis, recent myocardial 
infarction or stroke (within 1 month), aortic annulus 
diameter < 18 or > 25 mm, left ventricular ejection 
fraction < 20%, and severe tortuosity and/or calcifica-
tion of the aorta.

Study protocol

Baseline demographics, previous medical history and 
comorbidities were prospectively collected, allowing 
calculation of the Charlson index13 and the logistic Euro-
SCORE I. Physical examination was performed by a 
cardiologist; weight and height were noted to calculate 
the body mass index (BMI), patients were considered 
as underweight if BMI was < 23 kg/m2. A blood test, 
including albumin, brain natriuretic peptide (BNP), 
troponin-I (ULN = 0.08 ng/ml) and creatinine serum 
levels, was performed. Glomerular filtration rate (GFR) 
was estimated using the MDRD-4 formula14 and renal 
failure was defined as a GFR < 60 ml/ min/1.73m2. The 
aortic valve orifice area (AVA), the left ventricular ejec-
tion fraction (LVEF) and the transvalvular gradient were 
measured by transthoracic and/or transoesophageal 
echocardiography. 

Geriatric features were collected by the hospital ger-
iatric liaison team including the two frailty scores, ISAR 
and SHERPA. Geriatric assessment included evaluation 
of impairments in both basic and instrumental Activities 
of Daily Living (ADL). Basic ADL (BADL) consists of 
self-care tasks including dressing, eating, walking, toilet-
ing, hygiene, while Instrumental ADL (IADL: shopping, 
housekeeping, accounting, food preparation/medica-
tions, telephone/transportation) are not necessary for 
fundamental functioning, but they allow an individual 



Frailty scores and TAVI 601

 predictors of these procedural adverse events and were 
similar between patients with and those without MACCE 
(ISAR: 3.5 ± 1 vs. 3.1 ± 1, respectively, p=NS; SHERPA: 
7.1 ± 2 vs. 5.3 ± 2, respectively, p = NS). Patients were 
discharged at 7 ± 5 days; time to discharge was not influ-
enced by the frailty profile of the patients. 

Predictors of one-year survival after TAVI

Overall survival at 1 year was 73%. Causes of death 
were heart failure in 2 patients, pulmonary sepsis in 
2 other cases, one sudden death, one cancer and 
2 unknown reasons. Non-survivors were more fre-
quently males, with diabetes and low BMI (tables 3 and 
4); they have a higher tendency of pulmonary hyperten-
sion, atrial fibrillation, renal failure and high baseline 

RESULTS

Study population

Cardiovascular characteristics of patients are listed 
in table 3. The population of this study consists of octo-
genarian patients (mean age 86 years, range 81-95 years) 
with severe AS at very high risk for surgery (mean 
 logistic EuroSCORE I = 34%). The most frequent co- 
morbidity was hypertension followed by renal failure, 
coronary artery and peripheral vascular disease. 

Admission troponin-I level was higher than ULN in 
7 patients (23%). Nine patients (30%) had undergone 
balloon aortic valvuloplasty in the last 12 months.

The Charlson index showed a large variation among 
the patients, with a mean and a median index of 16 and 
20, respectively. The logistic EuroSCORE I was normally 
distributed with similar mean, median and mode values 
(34, 32 and 32%, respectively).

Table 4 provides the geriatric characteristics of the 
study population. Half of the 30 patients were dependent 
in some BADL. Malnutrition was not frequent as 
reflected by the prevalence of underweight (26%). Cog-
nitive deficits were frequent while acute delirium was 
rare (6%). A large majority of these octogenarian patients 
were living at home (83%). 

Frailty scores: ISAR and SHERPA

The ISAR score was low in 5 patients (17%), moder-
ate in 16 (53%) and high in 9 (30%). ISAR scores were 
normally distributed (mean 3.5 ± 1; mode 4; median 3). 
The prevalence of the six ISAR items by decreasing order 
of frequency was: daily use of ≥ 3 medications, hospi-
talization in the last six months, recent increase in func-
tional dependence, baseline functional dependence, 
impaired vision, and severe memory impairment. 

Using the SHERPA score, 8 patients were at low risk, 
11 patients at moderate, and 11 patients were assessed 
at high risk of functional decline. The SHERPA distribu-
tion was skewed to lower values (mode 9; mean 5.7 ± 1; 
median 6.3). The prevalence of the five SHERPA items 
was as follows: dependency in ≥ 4 IADL, age ≥ 85 years, 
fall in the previous year, short MMSE < 15/21, and self-
perceived lower health status as compared with other 
persons of the same age.

Procedural outcome

Procedural success was observed in all patients with-
out any procedural death. There were 5 in-hospital 
MACCE including 1 ischaemic minor stroke, 2 renal 
failures (one stage 3 and one stage 2 according to the 
AKIN criteria) treated conservatively and 3 minor vas-
cular complications. Frailty parameters were not 

Table 1 The ISAR score 

 Items

Prior to admission to the emergency room, 
did you need help at home? 1

Since the beginning of the symptoms that led you to the emergency room, 1

do you need more help at home?
Have you been hospitalized during the last six months? 1

In everyday life, do you have vision problems? 1

In everyday life, do you suff er of memory problems? 1

Do you take more than 3 drugs per day? 1

Table 2  The SHERPA score

  Items

MMSE < 15/21  YES 2

 NO 0

Year < 75 0

75-84 1.5

> 84 3

Perceived poor health  YES 1.5

NO 0

Fall in the last year YES 2

NO 0

Number of IADL realized in autonomous way before 
admission

6-7 0 

5  1

3-4  2

0-1-2  3

MMSE: minimal mental state examination, IADL: instrumental activities of daily 
living. 
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of 87%. Area under the curve (AUC) was 0.85. Kaplan-
Meier analysis showed that 1-year survival was signifi-
cantly lower in patients with than without a SHERPA 
score > 7 (40 vs. 89%; P = 0.004; figure 2). 

DISCUSSION

In this prospective analysis (focused on a geriatric 
population ≥ 80 years old), we found that the SHERPA 
score predicts 1-year mortality but not procedural out-
come, in patients who received transfemoral TAVI, while 
the ISAR score was not a predictor. 

troponin-I level. The ISAR score was similar between 
both groups (3.1 ± 1 vs. 3.6 ± 1; P = 0.10) but the SHERPA 
score was significantly higher in non-survivors (7.8 ± 1.6) 
than among survivors (4.9 ± 2.4; P = 0.001). Interestingly, 
the items of the SHERPA largely differing between sur-
vivors and non-survivors, were: cognitive dysfunction 
(MMSE), fall (in the previous year) and poor self- 
perceived health (table 4).

With multivariate analysis, SHERPA score and BMI 
were independent predictors of 1-year mortality 
(table 5). ROC analysis (figure 1) showed that the opti-
mal cut-off value of the SHERPA score to predict 1-year 
survival was 7 with a sensitivity of 80% and a specificity 

Table 3 Cardiovascular characteristics of patients

  All
n = 30

Survivors
n = 22

Non-survivors
n = 8

P-value
 

Age years 86 ± 3 85 ± 3 86 ± 2 0.2

Male gender n(%) 16 (53) 9 (41) 7 (87) 0.024

Aortic valve area cm² 0.58 ± 0.1 0.6 ± 0.1 0.5 ± 0.1 0.1

Peak gradient mmHg 65 ± 25 65 ± 26 64 ± 27 0.92

Mean gradient mmHg 42 ± 17 42 ± 17 42 ± 18 0.97

Left ventricular ejection fraction % 52 ± 14 54 ± 13 48 ± 15 0.34

B-type natriuretic peptide pg/ml 691 ± 643 583 ± 488 975 ± 921 0.1

Troponin I ng/ml 0.07 0.04 0.08 0.03

Glomerular fi ltration rate ml/min/1.73 m2 52 ± 17 55 ± 21 46 ± 14 0.2

Creatinine mg/dl 1.25 ± 0.44 1.18 ± 0.46 1.42 ± 0.45 0.20

Co-morbidities          

Hypertension n(%) 26 (87) 19 (86) 7 (88) 0.9

Atrial fi brillation n(%) 11 (40) 6 (27) 5 (63) 0.07

Stroke/transient ischaemic attack n(%) 5 (17) 3 (14) 2 (25) 0.4

Previous myocardial infarction n(%) 11 (33) 8 (32) 3 (38) 0.7

Previous coronary angioplasty n(%) 13 (43) 9 (41) 4 (50) 0.6

Coronary arterial by-pass graft n(%) 4 (14) 3 (14) 1 (13) 0.9

Previous balloon valvuloplasty n(%) 9 (30%) 5 (23) 4 (50) 0.16

Carotid stenosis n(%) 5 (17) 4 (18) 1 (13) 0.5

Peripheral arterial disease n(%) 12 (40) 7 (32) 5 (63) 0.1

Renal failure n(%) 18 (60) 11 (50) 7 (88) 0.06

Chronic obstructive pulmonary disease n(%) 6 (20) 4 (18) 2 (25) 0.6

Mediastinal radiation n(%) 1 (3) 1 (4) 0 1

Pulmonary hypertension n(%) 10 (33) 5 (22) 5 (62) 0.07

Pacemaker n(%) 4 (13) 3 (13) 1 (12) 1

Diabetes mellitus n(%) 6 (20) 2 (9) 4 (50) 0.02

Charlson index % 16 ± 20 16 ± 20 16 ± 24 0.9

EuroSCORE I % 34 ± 12 33 ± 11 40 ± 17 0.2
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Green et al.18 defined frailty score based on grip strength, 
gait speed, ADL and serum albumin and showed that it 
provides independent prognostic information of older 
adults undergoing TAVI. The MGA (Multidimensional 
Geriatric Assessment) of Stephan Stortecky et al.19 group-
ing MMSE, MNA (Mini Nutritional Assessment), TUG 
(Timed Get Up and Go test), BADL, mobility and pre-
clinical disability predict  all-cause mortality and MACCE 
in elderly patients undergoing TAVI. Contrary to these 
complex assessments requiring a performance test (e.g. 
grip strength) or a blood sample (albumin) or the  expertise 

The ISAR and SHERPA scores were developed to 
evaluate the risk of functional decline after hospitalization 
in older patients. This negative outcome is the conse-
quence of frailty. Our population shared some geriatric 
characteristics: older age, falls, dependence in BADL, 
cognitive impairment, which are all linked to frailty. 
Although pevious publications showed the impact of 
frailty in older adults with cardiac disease and after TAVI, 
this is the first time that the SHERPA score (not designed 
for mortality prediction, but easy to apply in daily prac-
tice) demonstrated a predictive value after TAVI. Philip 

Table 4 Geriatric characteristics of patients

 
 

All
n = 30

Survivors
n = 22

Non-survivors
n = 8

P-value
 

Age ≥ 85 n (%) 17 (56) 12 (59) 5 (75) 0.42

Nursing home n (%) 13 (43) 5 (23) 8 (100) 0.15

Function dependency BADL   8.1 ± 2.1 8.2 ± 2.4 8.1 ± 1.5 0.97

Nutritional status          

Weight kg 69 ± 11 69 ± 11 67 ± 10 0.49

Height m 1.63 ± 0.9 1.61 ± 0.9 1.69 ± 0.7 0.07

BMI kg/m² 25.1 ± 4 25.3 ± 4 24 ± 2 0.05

BMI < 23 n (%) 8 (26) 4 (18) 4 (50) 0.06

Albumin g/dl 3.5 ± 0.6 3.6 ± 0.6 3.4 ± 0.4 0.43

Cognitive function          

Delirium n (%) 2 (6) 1 (5) 1 (13) 0.49

Short MMSE   17.5 ± 3 18 ± 3 17 ± 3 0.33

Geriatric syndromes, others          

Multiple falls n (%) 10 (33) 5 (22) 5 (63) 0.04

Daily medications ≥ 7 n (%) 21 (70) 15 (68) 6 (75) 0.7

ISAR score   3.5 ± 1 3.1 ± 1 3.6 ± 1 0.1

Need for help in ADL n (%) 12 (40) 9 (41) 3 (38) 0.87

Increased need for help n (%) 19 (63) 12 (55) 7 (88) 0.09

Memory problems, serious n (%) 7 (23) 6 (27) 1 (13) 0.4

Vision problems n (%) 8 (27) 5 (23) 3 (38) 0.42

Hospital stay < 6 months n (%) 21 (70) 14 (64) 7 (88) 0.21

Drugs ≥ 3 daily n (%) 29 (97) 21 (95) 8 (100) 0.54

SHERPA score   5.7 ± 2.5 4.9 ± 2.4 7.8 ± 1.6 0.01

Age category   2.6 ± 0.7 2.5 ± 0.7 2.8 ± 0.5 0.31

Fall in last year  n (%) 13 (43) 7 (31) 6 (75) 0.04

Health perception  n (%) 4 (13) 1 (4) 3 (37) 0.02

IADL   1.8 ± 1.3 1.7 ± 1.3 2 ± 1.3 0.56

Short MMSE < 15/21 n (%) 7 (23) 3 (13) 4 (50) 0.04

BADL: basic activities of daily living, BMI: body mass index, CAM: confusion assessment method, MMSE: minimal mental state examination, IADL: instrumental 
activities of daily living.
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of a geriatric team for comprehensive geriatric assessment, 
the SHERPA score is a quick and simple test that can be 
done by a non-geriatric expert. Moreover, these scores 
target dimensions of the geriatric standardized assessment 
predictive of functional decline and mortality. SHERPA-
ADL refers to the ability of living independently at home 
and thus detects earlier manifestations of dependence. 
IADL are also associated with the probability of recovery 
after severe medical events such as pneumonia20 and can 
be a strong and independent predictor of heart failure21.

The ISAR score does not predict mortality. The 
SHERPA score included a cognitive evaluation (MMSE) 
more objectively than the single question used in the ISAR 
score “subjective memory complaints”. Moreover, falls are 
also an important geriatric syndrome probably associated 
with further medical complications and are not evaluated 
in the ISAR score. SHERPA is a composite index which 
captures a broader range of functional abilities. It helps to 
better discriminate the risk across the spectrum of frailty. 

Malnourishment is a poor prognostic factor. The 
obesity paradox has been observed in the general and 
cardio-surgical population22, partly explained by the lack 
of protective peripheral body fat or modified inflamma-
tory response. In our population, low BMI predicts 
1-year mortality after TAVI; this is consistent with other 
published series showing that underweight patients dis-
play a worse outcome after surgery. Due to the fact that 
the weight of decompensated patients could be influ-
enced by significant oedema, ideally, BMI should be 
evaluated after diuretics and optimal medical therapy 
in stable conditions.

The Logistic EuroSCORE does not predict mortality 
at one year in our population. This is not surprising 
because this score is designed and validated for the predic-
tion of peri-operative mortality of open heart surgery, 
including a logarithmic exponential risk calculation if 
several factors are presents. It is not explicitly designed 
for the prediction of long-term prognosis in TAVI patients 
with a risk of major overestimation. In addition to this, it 
does not include frailty, an important parameter. 

The SHERPA and ISAR scores do not predict proce-
dural outcome, which is probably more dependent on 
technical aspects, anatomic features of the patient and 
on the experience of the centre23 than on the frailty of 
the patient.

Study limitations

The main limitation of this study is the small number 
of participants. A larger cohort will more accurately 
identify which component of SHERPA is associated with 
various complications after TAVI, MACCE at 30 days 
and even admission to a nursing home. Our study did 
not include a functional evaluation after the procedure. 

Table 5  Univariate and multivariate analysis for predictors of 
1-year survival according to Cox models

  Univariate analysis

Variable HR 95% CI P value

SHERPA (1 point increase) 2.01 1.29-3.12 0.002

BMI (1 unit increase) 0.81 0.66-1.01 0.051

Pulmonary hypertension 4.29 1.02-17.99 0.047

Male gender 7.53 0.92-61.27 0.059

Diabetes 5.71 1.41-23.21 0.015

  Multivariate analysis

 HR 95% CI P value

SHERPA (1 point increase) 2.74 1.39-5.39 0.004

BMI (1 unit increase) 0.54 0.35-0.85 0.007

SHERPA: Score Hospitalier d’Evaluation du Risque de Perte d’Autonomie, 
BMI: body mass index, HR: hazard ratio, CI: confidence interval.

Fig. 1 ROC curve analysis showing the relation between the 
SHERPA score and 1-year survival. 
AUC: area under the curve.

Fig. 2 Kaplan-Meier analysis shows the effect of the SHERPA 
score on 1-year survival. Patients with a SHERPA > 7 had reduced 
survival.
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suggest that the SHERPA score could become a screen-
ing tool for TAVI like EuroSCORE for open heart  surgery. 
As a quick and easy score, the SHERPA could be con-
sidered as one of the key points on which to base clini-
cal decision to perform TAVI, providing cardiologists 
with clues about the relevancy of therapeutic choices in 
a population of elderly patients. Larger studies are 
needed to optimize the SHERPA score for use in clinical 
routine. 

CONFLICT OF INTEREST: none.

Indeed, as demonstrat ed by Schoenenberger et al.24, 
functional limitations prior to TAVI are predictors of 
functional decline after TAVI. A post-procedure func-
tional evaluation could have indicated which SHERPA 
items improved or regressed, allowing the development 
of preventive tools.

CONCLUSIONS

This study shows that the SHERPA score predicts 
mortality at one year after transfemoral TAVI. Our data 
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