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Key summary points
Aim  This study aimed to identify predictors of 2-year mortality in very old (aged 75+) after transcatheter aortic valve 
replacement (TAVR), with special attention to frailty, to develop a 2-year mortality risk score.
Findings  Frailty is prevalent in older patients with severe aortic stenosis (68%) and enhanced discriminative power of a 
newly developed 12-point score (OLD-TAVR) to estimate 2-year mortality after TAVR.
Message  During a pre-TAVR assessment of older patients, the use of specific risk scores of long-term mortality, encom-
passing a frailty measure such as the Clinical Frailty Scale, may improve the identification of older patients in which TAVR 
might be futile.

Abstract
Purpose  Decision-making on transcatheter aortic valve replacement (TAVR) in patients aged 75 years and older is complex. 
It could be facilitated by the identification of predictors of long-term mortality. This study aimed to identify predictors of 
2-year mortality to develop a 2-year mortality risk score.
Methods  Cohort study of consecutive patients aged ≥ 75 years who underwent TAVR after a comprehensive geriatric 
assessment (CGA) at our university hospital between 2012 and 2019. Predictors of 2-year mortality were determined using 
multivariable Cox regression. A point-based predictive model was developed based on risk factors and subsequently inter-
nally validated by fivefold cross-validation.
Results  The 345 patients (median age 87 years, 54% women) were fit/vulnerable (32%), mildly frail (37%), or moderately/
severely frail (31%). The overall 2-year mortality rate was 26%, predicted by atrial fibrillation, hemoglobin ≤ 10 g/dL, 
age ≥ 87 years, BMI ≤ 24, eGFR ≤ 50 ml/min, and moderate/severe frailty. The risk score (range 0–12), named OLD-TAVR 
score, for 2-year mortality showed good discriminative power (AUC 0.70) and remained consistent after fivefold cross-
validation (cvAUC 0.69). A risk score ≥ 8 (prevalence 20%) predicted a 45% (95%CI: 34–58%) two-year mortality, with 
high specificity (86%) and good positive predictive power (+ LR 2.43).
Conclusion  A 2-year mortality risk score (OLD-TAVR score) for very old patients undergoing TAVR was developed based 
on six bio-clinical items. A score ≥ 8 identified patients in whom 2-year mortality was very high and thereby the TAVR futile.
Trial registration number and date of registration  Study protocol B403, 26/09/2022, retrospectively registered.
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Introduction

Severe aortic stenosis (SAS) is a prevalent disease in older 
patients and threatens medium-term vital prognosis in those 
without valve replacement strategy. Transcatheter aortic 
valve replacement (TAVR) has revolutionized the treatment 
of SAS in particular in older patients considered unfit or at 
high risk for surgical aortic valve replacement. Since the 
advent of the first TAVR 20 years ago, the safety and feasi-
bility of TAVR in older patients have been well documented 
but also considerably improved [1–3]. Although older 
patients with severe SAS are often multi-morbid and/or frail, 
identifying those too unfit and thus unlikely to benefit from 
TAVR remains a challenge. Presently, during a pre-TAVR 
assessment, the use of scores able of predicting adverse out-
comes and mortality in individual patients is recommended 
by the cardiovascular Societies [4]. Whereas traditional sur-
gical risk scores are helpful to predict peri-interventional 
morbidity and mortality in surgical valve replacements, they 
repeatedly showed poor performance in estimating short and 
long-term mortality after TAVR [5–7]. Some TAVR-specific 
short-term (30-day) mortality scores have been developed 
and showed variable performance [8, 9]. Current mortality 
risk scores are often limited to 1-year given actual recom-
mendations of a minimal 1-year life expectancy to decide for 
aortic valve replacement, thereby limiting evidence of pre-
dictors of longer-term mortality after TAVR [10]. Few long-
term (≥ two years) mortality risk scores have been developed 
but they often lack a frailty assessment [11, 12]. However, 
frailty evaluation does enhance risk stratification in patients 
eligible for TAVR [13]. Among the large panel of frailty 
assessment tools that have been developed and studied in 
the last decade in TAVR, the Clinical Frailty Scale (CFS) 
has been shown to be useful in predicting 1-year mortality 
in older patients undergoing TAVR [14]. The CFS is a sim-
plified phenotypic geriatric scale that has proven to be easy 
to use and accessible with the support of validated decision 
trees [15, 16]. Whether the CFS is valuable in longer-term 
risk stratification in older patients undergoing TAVR, as well 
as compared to other medical conditions, remains unclear.

In this study, we, therefore, aimed to identify risk fac-
tors of 2-year mortality with special attention to the CFS to 
develop a specific risk score for older patients with SAS and 
assess its predictive performance.

Methods

Study design and patient inclusion

This cohort study was conducted at Cliniques Universitaires 
Saint-Luc, a tertiary hospital center in Brussels, Belgium. 

Medical records of all patients with symptomatic SAS 
who benefited from a TAVR between 2012 and 2019 were 
examined. All patients aged 75 years and older underwent a 
comprehensive geriatric assessment (CGA) before TAVR. 
Symptomatic SAS was defined according to ESC guidelines 
as an aortic peak jet velocity of ≥ 4 m/s, a mean transvalvular 
gradient of ≥ 40 mmHg or an aortic valve area < 1 cm2, and 
concomitant clinical symptoms compatible with SAS [4]. 
The Logistic European System for Cardiac Operative Risk 
Evaluation (EuroSCORE II) and the Society of Thoracic 
Surgeons Predictive Risk of Mortality (STS) score were used 
to estimate peri-operative risk. Treatment decision (TAVR, 
SAVR, medical treatment) was made for each patient by the 
multidisciplinary heart team (cardiologists, anesthetists, car-
diac surgeons, and geriatricians). Patients were followed-up 
until 2 years after TAVI for vital status.

The local Ethics Committee approved the study protocol 
B403 and due to the study design, the need for informed 
consent was waived. The study was performed following the 
ethical standards of the 1964 Declaration of Helsinki and its 
later amendments.

Data collection

Patients’ characteristics, general and cardiovascular his-
tory, echocardiographic findings, laboratory findings, chest 
angioscan, coronarography, and CGA findings as well as 
TAVR procedural variables derived from the routine pre-
TAVR assessment, which is prospectively encoded in an 
institutional database. The patient’s pre-TAVR assessment 
is consistently carried out within the three months before 
the valve intervention.

Atrial fibrillation (AF) at the time of pre-TAVR assess-
ment was diagnosed on a 12-lead ECG recording. Coronary 
artery disease (CAD) was defined as either past coronary 
artery bypass surgery, previous percutaneous angioplasty, 
past myocardial infarction, or significant coronary artery dis-
ease revealed on coronary angiography. Diagnosis of pulmo-
nary arterial hypertension was based on echocardiography 
and defined as trans-tricuspid pressure gradient ≥ 40 mmHg.

Baseline patient characteristics were used to calculate 
traditional surgical risk scores (STS, Logistic Euroscore 2). 
A cardiovascular burden was assessed using the items of 
the CHA2DS2VaSC score [17]. Frailty and functional status 
were assessed during the CGA by a trained geriatric team. 
The CGA addressed the place of living (at home or in a nurs-
ing home), the functional status two weeks before the assess-
ment based on the basic Activities of Daily Living (ADL) 
[18] and instrumental Activities of Daily Living (iADL) 
[19], number of daily drugs, Minimal Mental State Exami-
nation (MMSE), a recent history of falls or syncope, and 
nutrition status using the MNA-SF [20]. Cognitive impair-
ment was defined as either a previous diagnosis of dementia 
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or an MMSE score < 24/30 [21]. Additionally, the Clinical 
Frailty Scale (CFS) version 2.0 was used to determine clini-
cal frailty [22]. The CFS was derived from the CGA by two 
researchers independently, who followed a validated classi-
fication tree [16]. According to their CFS level (range 1–9), 
patients were classified as fit (CFS 1–3), vulnerable (CFS 4), 
mildly frail (CFS 5), moderately frail (CFS 6), or severely 
frail (CFS 7). As expected, no patient at high risk of dying 
within 6 months (CFS 8–9) underwent a TAVR.

TAVR procedures were most often performed via trans-
femoral access (82%) and under conscious sedation (85%). 
In the absence of transfemoral access, a trans carotid (4%), 
transapical (11%), or transaortic (3%) approach was per-
formed under general anesthesia. All procedures were per-
formed with a commercially available bioprosthetic valve. 
The choice of the bioprosthetic valve was made based on 
the patient’s anatomic characteristics and the experience of 
the treating physician. The procedures were elective in most 
cases.

Statistical analysis

Statistical analysis was performed using R (version 4.2.2), 
R Core Team, Vienna, Austria, 2022. Categorical variables 
were expressed as count with percentages and continuous 
variables as mean (± SD) or median [25th–75th percen-
tiles] as appropriate. Differences in characteristics between 
deceased patients and survivors at 2 years after TAVR were 
assessed using the χ2 test or Fischer Exact test for categori-
cal variables, and the Wilcoxon Rank-sum test for continu-
ous variables.

Model development: Several bivariable and multivariable 
Cox Proportional Hazard regression models were computed 
to develop the best predictive model. Variables were entered 
in the selection process if their p-value were < 0.1 in uni-
variate analysis (i.e., age, BMI, ADL, NYHA, AF, coronary 
artery disease, history of coronary bypass, pacemaker, pul-
monary hypertension, hemoglobin, Cockcroft-Gault based 
eGFR). CFS (p = 0.17) was included as it is clinically rel-
evant. Scores (STS, Euroscore II, CHA2DS2VASC) were 
not included in the selection process due to the high risk 
of multi-collinearity. The Youden Index (sensitivity + speci-
ficity -1) was used to identify appropriate cut-off points of 
numerical variables to classify patients according to their 
vital status at 2 years after TAVR. The prediction model 
was selected by the best subset method [23]. Goodness-of-fit 
between Cox models was tested with the Likelihood Ratio 
test. Variables showing collinearity i.e., a variance infla-
tion factor (VIF) greater than five, were excluded from the 
model. Patients with missing data in one of the studied vari-
ables were excluded from model analysis (total N included 
are reported). Only variables with less than 10% missing 
data were included in the analysis and model development.

Development of the OLD-TAVR score: A score was attrib-
uted to each variable included in the final model by dividing 
the beta coefficient of the variable by the lowest beta coef-
ficient in the model. A total score was calculated for each 
patient. The discriminative ability of this 2-year mortality 
score was determined by a receiver operating characteristic 
(ROC) curve.

The sample was divided into 3 risk strata (low, medium, 
high) based on approximate quartiles: given the lack of sig-
nificant difference between the middle two quartiles, they 
were pooled together.

The estimated probability of 2-year mortality was com-
puted for each risk strata and the differences between the 
strata were computed with χ2 test with p-value adjustment 
by Tukey’s method for multiple group comparisons. Survival 
analysis on different risk strata was conducted by Kaplan 
Meier and differences in survival curves were assessed by 
the Log-rank test.

Internal validation: A fivefold cross-validation process 
was used to internally validate the model. The total patient 
sample is partitioned randomly into 5 equal folds (parts) 
during this process. Four folds (training data) are used to 
compute the predictive model on which the 5th fold (consid-
ered as new data) is used to compute the AUC. This process 
is repeated for each cross-validation fold and is averaged to 
obtain one common performance estimate, in this case, an 
average AUC [24].

Throughout the analysis, a p-value below 0.05 was con-
sidered statistically significant, and a p-value between 0.05 
and 0.1 was considered a trend.

Results

Patient’s characteristics

Between 2012 and 2019, 345 patients with symptomatic 
SAS (median age 87 years [84–89]; 46% male) underwent 
a CGA followed by a TAVR at our institution. They had 
low dependency in basic ADL (median ADL score 7 on 24 
points, IQR [6–8]), few had cognitive impairment (8,3%) 
and most patients lived at home (95%). According to the 
CFS, patients were fit (11%), vulnerable (21%), mildly frail 
(37%), and moderately/severely frail (31%). The most fre-
quent cardiovascular conditions were arterial hypertension 
(87%), CAD (56%), AF (37%), PAD (31%), and CHF (26%). 
Cardiac echography showed the following median [IQR] 
values: LVEF 60% [50–60], aortic valve area (0.70 cm2 
[0.60–0.80], and peak aortic gradient 75 mmHg [62–93]. 
The median STS score and Euroscore2 were 5 [3.6–7.4] 
and 4.1 [2.4–6.6], respectively. Renal failure (estimated 
glomerular filtration rate < 50 ml/min) was present in 246 
patients (73%) and marked anemia (hemoglobin < 10 g/dl) 
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in 45 patients (13%). Endovascular TAVR (transfemoral 
or transcarotid) was performed in 293 patients (86%), and 
mini-surgical TAVR in the other 48 patients (14%). Balloon-
expandable valves were used in 124 patients (37%) while 
self-expandable valves were used in 209 patients (63%).

Two‑year mortality rate

Early mortality (30-day) was observed in 11 (3%) patients, 
whereas mid-term and long-term mortality (1-year and 
2-year) were observed in 56 (16%) and 89 (26%) patients, 
respectively. Differences in clinical characteristics between 
the 256 patients alive (74.2%) and the 89 deceased patients 
(25.8%) at 2 years after TAVR are reported in Table 1. 
Deceased patients were significantly older, more depend-
ent (higher ADL score), more often in atrial fibrillation, 
had lower eGFR, and were more often implanted with bal-
loon-expandable valves (p < 0.05 for all comparisons). The 
most appropriate cut-off value (see methods) of risk factors 
associated (p < 0.1) with 2-year mortality in this univari-
able analysis were age ≥ 87 years, ADL ≥ 9, BMI ≤ 24 kg/
m2, eGFR ≤ 50 mL/min, hemoglobin ≤ 10 g/dL, atrial fibril-
lation, NYHA III/IV, pulmonary hypertension, previous 
CABG, coronary artery disease, valve type, and presence 
of a pacemaker before intervention.

Risk score for two‑year mortality

These twelve items were introduced, alongside moderate/
severe clinical frailty (CFS 6–7), in the best subset selec-
tion process. The best multivariable Cox model to predict 
2-year mortality included six risk factors, namely atrial 
fibrillation (HR 2.01, p = 0.002), hemoglobin ≤ 10 g/dL 
(HR 2.03, p = 0.008), age ≥ 87 years (HR 1.77, p = 0.014), 
eGFR ≤ 50 mL/min (HR 1.64, p = 0.10), BMI ≤ 24 kg/m2 
(HR 1.67, p = 0.025) and CFS 6–7 (HR 1.62, p = 0.038) 
(Table 2). No significant interactions among the selected 
variables were found. Points were assigned to each risk fac-
tor (Table 3) and a cumulative risk score was computed by 
the sum of points for each patient (range 0 to 12). The result-
ing risk score (median 5, interquartile range = 3) showed a 
good discriminative power for 2-year mortality prediction 
(AUC 0.70, ROC curve).

The 2-year mortality rate risk was defined as low 
(0–3 points), medium (4–7 points), or high (8–12 points) 
(Table 4), which related to 2-year mortality rates of, respec-
tively, 10.5% (CI 5.3–19.7), 25% (CI 19.4–31.5) and 45.3% 
(CI 33.6–57.5) (Fig. 1). Compared to low-risk patients, 
medium-risk patients (HR 2.60, p-value 0.011) and high-risk 
patients (HR 5.45, p-value < 0.001) had a higher 2-year mor-
tality risk (Log-rank p-value < 0.001) (Fig. 2). The cut-off 
of 8 points, defining high-risk patients, could discriminate 
patients with 2-year mortality with a specificity of 86% and a 

sensitivity of 34% (positive likelihood ratio: 2.43). The mean 
AUC computed from the internal fivefold cross-validation 
process was 0.69, showing that the model remained robust 
toward new data (Fig. 3.).

Discussion

This study provides some important findings in very old 
patients undergoing a TAVR. First, 2-year mortality was 
associated with several baseline variables (medical, biologi-
cal, and functional) readily available at the time of Heart 
Team TAVR decision-making. Interestingly, atrial fibrilla-
tion was the strongest predictor of mortality. Second, moder-
ate to severe frailty (CFS 6–7) could significantly increase 
discrimination of those at higher risk of 2-year mortality 
in multivariable modeling. Third, a 2-year mortality risk 
score, the OLD-TAVR score, was developed based on the 
best-dichotomized cut-off values of six bio-clinical risk fac-
tors. At last, this simple risk score showed a fair predictive 
performance (AUC 0.70), robust against new data, and was 
able to identify patients with a poor vital prognosis after the 
TAVR procedure.

Decision-making regarding TAVR can be challenging in 
very old patients and should be oriented by the expected 
benefits and risks in those eligible for such an intervention. 
Long-term survival (two years and more) in this population 
is a key indicator. As traditional surgical risk scores failed to 
predict long-term survival, the identification of risk factors 
of long-term mortality is important [7, 13, 25].

In the present analysis, the overall two-year mortality 
(26%) was in line with the figures (16.9–38%) reported by 
three TAVR studies [2, 26, 27]. We paid special attention 
to the frailty status, as the clinical frailty score (CFS) has 
been shown to be associated with survival in the Japanese 
OCEAN-TAVI registry [14]. In our study, a non-significant 
trend (p = 0.17) was observed between moderate/severe 
frailty (CFS 6–7) and two-year mortality in univariable 
analysis. Considered along with other bio-clinical variables 
in multivariable analysis, frailty (CFS 6–7) did however sig-
nificantly contribute to discriminating patients at high risk of 
2-year mortality. The latter observation is due to the signifi-
cant cumulative effect of comorbidity and frailty. Therefore, 
we suggest that CFS 6–7, considered by itself, should not 
preclude a patient from receiving a TAVR. Hence, frailty 
should be integrated and interpreted with patients’ other 
morbidities.

As reported in the literature, several other bio-clinical 
markers contribute to the risk stratification of older patients. 
First, low BMI in older patients is associated with poor out-
come [28–30]. Our data similarly exposed lower BMI to be 
predictive of 2-year mortality with a cut-off value of 24 kg/
m2. Second, CKD has been shown to be frequent in older 
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Table 1   General characteristics 
of patients according to survival 
status

1 n (%); Median (IQR), ADL = Activities of Daily Living (Katz), iADL = instrumental Activities of Daily 
Living (Lawton), BMI = Body Mass Index, MNA-SF = Mini Nutrition Assessment Short Form, CFS 
= Clinical Frailty Scale, LVEF = Left Ventricul Ejection Fraction, AVA = Aortic Valve Area, CHF = 
Congestive Heart Failure, PH = Pulmonary Hypertension, eGFR = estimated Glomerular Filtration Rate, 
TAVR = Transcatheter Aortic Valve Replacement
2 Pearson's Chi-squared test; Fisher's exact test; Wilcoxon rank sum test

Missing Alive, N = 2561 Dead, N = 891 p-value2

Demographic
Age, years 0 (0%) 86 (83, 89) 87 (85, 90) 0.008
Female sex, % 5 (1.4%) 136 (54%) 47 (53%) 0.93
Nursing home, % 2 (0.6%) 11 (4.3%) 5 (5.6%) 0.57
BMI, kg/m2 3 (0.9%) 25.6 (23.5, 28.7) 24.7 (22.3, 27.7) 0.080
Scores
Euroscore 2 70 (20%) 4.2 (2.3, 6.7) 3.9 (2.5, 6.4) 0.81
STS score 37 (11%) 4.82 (3.59, 7.05) 6.17 (3.50, 8.00) 0.059
Charlson index 47 (14%) 2 (1, 3) 2 (1, 3) 0.79
CHA2DS2VASC 38 (11%) 5 (4, 6) 5 (4, 5) 0.29
NYHA 3–4 1 (0.3%) 167 (65%) 67 (76%) 0.059
Geriatric assessment
iADL 4 (1.2%) 5 (3, 6) 4 (3, 5) 0.70
ADL 3 (0.9%) 7 (6, 8) 7 (6, 9) 0.036
Cognitive impairment, % 8 (2.3%) 22 (8.7%) 6 (7.1%) 0.63
MNA-SF (0–14) 17 (4.9%) 11 (9, 13) 11 (8, 13) 0.40
Falls, % 20 (5.8%) 53 (22%) 20 (25%) 0.58
CFS, median [IQR] 0 (0%) 5 (4, 6) 5 (4, 6) 0.26
CFS 6–7, % 0 (0%) 75 (29%) 33 (37%) 0.17
Cardiac echography
LVEF 22 (6.4%) 60 (50, 61) 60 (49, 60) 0.17
AVA 3 (0.9%) 0.70 (0.60, 0.80) 0.65 (0.50, 0.80) 0.59
Peak gradient 2 (0.6%) 75 (63, 95) 75 (60, 87) 0.36
Mean gradient 7 (2.0%) 46 (38, 58) 44 (36, 54) 0.24
Cardiovascular history
Diabetes 1 (0.3%) 46 (18%) 15 (17%) 0.80
Arterial hypertension 1 (0.3%) 223 (87%) 75 (84%) 0.45
Coronary artery disease 34 (9.9%) 136 (58%) 38 (49%) 0.14
Pacemaker 34 (9.9%) 44 (19%) 22 (28%) 0.081
Atrial fibrillation 0 (0%) 86 (34%) 43 (48%) 0.013
CHF 0 (0%) 65 (25%) 25 (28%) 0.62
Stroke 34 (9.9%) 39 (17%) 11 (14%) 0.58
Peripheral arterial disease 34 (9.9%) 76 (33%) 21 (27%) 0.35
Previous PH 0 (0%) 55 (21%) 28 (31%) 0.058
Laboratory values
Creatinine, mg/dl 6 (1.7%) 1.10 (0.86, 1.37) 1.15 (0.91, 1.44) 0.25
Hemoglobin, g/dl 6 (1.7%) 12.10 (10.9, 13.1) 11.80 (10.3, 12.8) 0.093
eGFR (Cockcroft-Gault), ml/min 7 (2.0%) 241 (31, 53) 36 (27, 46) 0.009
TAVR procedure
Valve type 12 (3.5%) 0.015
Balloon expandable 83 (33%) 41 (48%)
Self-expandable 165 (67%) 44 (52%)
Valve access 4 (1.2%) 0.35
Endovascular 220 (87%) 73 (83%)
Mini -surgical 33 (13%) 15 (17%)
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patients undergoing TAVR (eGFR < 60 mL/min in 50–70%, 
eGFR < 30 mL/min in 8–12%) [31, 32] and has consistently 
been associated with lower survival across different national 

registries and a large-scale meta-analysis [32–35]. In the pre-
sent study, the best cut-off for eGFR was 50 ml/min/1.73m2, 
a value comparable to those of 45 ml/min and 47 ml/min 
found in studies of TAVR among CKD patients [31, 36]. 
Thirdly, anemia is one of the most frequent comorbidities 
in patients with aortic stenosis and is prevalent in more than 
50% of patients undergoing TAVR [37]. Pre-TAVR anemia 
has been shown to be associated (RR 1.43) with long-term 
mortality [38].

Along with those bio-clinical markers, pre-TAVR atrial 
fibrillation (AF) was frequent (37%) in our study, and com-
parable to the AF prevalence (41,5%) reported in a large 
observational study of TAVR patients [39]. Our analysis 
highlighted that atrial fibrillation (AF) was the strongest 
risk factor for two-year mortality in univariable and mul-
tivariable analyses. Numerous TAVR studies, including 
PARTNER, reported an association between AF and worse 

Table 2   Two-year mortality 
multivariable Cox regression 
model development

HR = Hazard Ratio, CI = Confidence Interval, ADL = Activities of Daily Living, BMI = Body Mass Index, 
CFS = Clinical Frailty Scale, LVEF = Left Ventricul Ejection Fraction
n = 336; N events = 86
Not Selected = variables that were not selected in the multivariable model

Univariable Multivariable

HR1 95% CI1 p-value HR 95% CI p-value

Atrial fibrillation 1.65 1.09, 2.50 0.018 2.01 1.29, 3.12 0.002
Age ≥ 87 years 1.86 1.21, 2.86 0.005 1.77 1.12, 2.80 0.014
BMI ≤ 24 kg/m2 1.69 1.11, 2.57 0.015 1.67 1.07, 2.61 0.025
Cockcroft-Gault ≤ 50 mL/

min/1.73m2
2.10 1.18, 3.72 0.011 1.64 0.91, 2.95 0.10

Hemoglobin ≤ 10 g/dL 2.04 1.23, 3.39 0.006 2.03 1.20, 3.43 0.008
CFS 6–7 1.35 0.88, 2.07 0.17 1.62 1.03, 2.54 0.038
NYHA 1.58 0.97, 2.58 0.067 Not selected
Pulmonary hypertension 1.62 1.04, 2.54 0.034 Not selected
Coronary artery disease 0.62 0.41, 0.94 0.026 Not selected
Valve type Not selected
Balloon expandable – – Not selected
Self-expandable 0.59 0.38, 0.90 0.015 Not selected
Pacemaker 1.52 0.93, 2.49 0.10 Not selected
ADL score > 9 1.66 1.05, 2.62 0.030 Not selected
LVEF ≤ 50 1.19 0.75, 1.88 0.46 Not selected

Table 3   Score development

CFS = Clinical Frailty Scale, BMI = Body Mass Index
Number of observations = 336, number of events = 86

Prevalence, N 
(N/Total %)

2-year mortal-
ity, n (n/N %)

Score

Atrial fibrillation 125 (37%) 42 (33%) 3
CFS 6–7 104 (31%) 32 (31%) 2
Age ≥ 87 year 169 (50%) 54 (32%) 2
BMI ≤ 24 kg/m2 112 (33%) 37 (33%) 2
Cockcroft-Gault < 50 ml/min 246 (73%) 72 (29%) 2
Hemoglobin ≤ 10 g/dL 45 (13%) 19 (38%) 3

Table 4   Risk group 
stratification and Cox regression 
model of the final score

HR = Hazard Ratio, CI = Confidence Interval, AUC = 0.70, specificity is 0.86 and sensitivity is 0.33 to 
detect high risk patient (score ≥ 8)
a Adjusted p-value by Tukey method for comparing a family of 4 estimates

Overall, N = 336 Survived, N = 250 Dead, N = 86 HR 95% CI p-valuea

Low risk [0,3] 76 (23%) 68 (89%) 8 (10.5%) – – ref
Medium risk [4–7] 196 (58%) 147 (75%) 49 (25%) 2.60 1.23, 5.48 0.012
High risk [8–12] 64 (19%) 35 (54%) 29 (45.5%) 5.45 2.49, 11.9  < 0.001
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mid and long-term outcomes (survival, bleeding, stroke, and 
rehospitalization) [40–42]. It has been suggested that AF is a 
surrogate for a “sicker” group of patients and identifies those 
patients with more complicated perioperative courses [43]. 
In older patients, AF has indeed been associated with several 
geriatric syndromes, including frailty, and higher co-morbid-
ity burden [44, 45]. These associations between AF, frailty, 
and poor general health are increasingly acknowledged [46, 

47]. Hence, considering these data, AF in an older patient 
with SAS should trigger attention during pre-TAVR heart 
team decision-making.

Based on those significant risk factors of two-year mor-
tality, we developed a simple predictive risk score, named 
OLD-TAVR score, which showed a fair predictive yield 
(AUC 0.70). Only a few other 2-year mortality scores in 
TAVR patients have been published. The score by Skaar 
et al. was developed in a rather small cohort (142 patients, 
mean age 83.4) and based on the Charlson index and CGA 
items (cognition, iADL, BMI, energy level, weight loss, limb 
strength, and Hospital Anxiety and Depression Scale) [28]. 
The score by Lee et al., from a cohort of 187 patients (mean 
age 81 years) was based on nine variables (age ≥ 90 years, 
BMI < 30 kg/m2, NYHA class IV, pulmonary hypertension, 
the critical hemodynamic state before TAVR, ≥ 2 episodes 
of pulmonary edema during the last year, respiratory insuffi-
ciency, dialysis, and non-transfemoral TAVR approach) and 
showed a rather low c-statistics (0.61) [12]. The latter score 
did not incorporate any geriatric variable. In contrast, our 
risk score has been developed in older patients and combines 
classical bio-clinical risk factors and frailty status. Interest-
ingly, the main bio-clinical risk factors in our study (i.e., 
BMI, AF, eGFR, and CFS) are those found in the recent 
mid-term (one-year) mortality risk score derived from the 
OCEAN TAVR registry (AUC 0.76).

Patients were classified into three risk groups in our study, 
namely low, medium, and high risk, with significantly dif-
ferent survival during the 2-year follow-up. Using the OLD-
TAVR score (range 0–12), the cut-off value at 8 (high risk) 
could identify 2-year mortality with high specificity (86%) 
and good predictive power (+ LR 2.4). Those high-risk 
patients have at least a 33% and up to 58% mortality risk at 
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Fig. 1   Probability of 2-year survival per risk strata. The 2-year mor-
tality risk was defined as low (0–3 points), medium (4–7 points), or 
high (8–12 points), which relates to 2-year mortality rates of, respec-
tively 10.5% (CI 5.3–19.7), 25% (CI 19.4–31.5) and 45.3% (CI 33.6–
57.5)

Fig. 2   Kaplan–Meier survival plot per risk strata i.e., low (0–3 
points), medium (4–7 points), or high (8–12 points) risk. Compared 
to low-risk patients, medium-risk patients (HR 2.60, p-value 0.011) 
and high-risk patients (HR 5.45, p-value < 0.001) have a higher 
2-year mortality risk (Log-rank p-value < 0.001)

Fig. 3   Receiver Operating Curves (ROC) of the different folds of 
the cross-validation process. Mean ROC is computed from ROC 
curves of the 5 folds. The mean cross validated Area Under the Curve 
(cvAUC) is 0.69
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two years (lower and upper boundary of the 95% CI around 
the estimate). The score might therefore be helpful for Heart 
Teams to identify those older patients with a too-low 2-year 
survival expectancy and thus those in which the interven-
tion may be futile. It must be noted that therapeutic futility 
has no clear definition and is rather a generic term referring 
to a lack of medical efficacy [48]. A published consensus 
paper suggested that TAVR may be futile in patients with 
a life expectancy < 1 year and in patients with a probability 
of “survival with benefit” lower than 25% at 2 years [49]. 
Survival with benefit, defined as improvement in functional 
class status, has not yet been well studied in older patients 
with TAVR [50].

Our study presents some limitations. First, it lacks func-
tional outcomes, which is, unfortunately, the case in most 
TAVR studies conducted in very old patients. However, data 
on functional recovery in such patients could help better 
define the patients with poor expected functional benefits 
from TAVR besides crude survival benefits. Nevertheless, 
based on the CGA data, the Heart Team might initiate or 
intensify geriatric interventions, aiming at functionality and 
quality of life. Second, due to its retrospective design, our 
study lacks data on the cause of death, particularly cardio-
vascular deaths versus non-cardiovascular ones. Third, some 
variables of interest in older patients, e.g., serum albumin, 
had > 10% missing data excluding them from the multivari-
able analysis. Finally, even though the score has shown to be 
robust through internal validation, it remains to be externally 
validated. The main strengths of our study are the comple-
tion of a comprehensive geriatric assessment, the use of the 
CFS, long-term follow-up, and the development of a risk 
score which may help in TAVR decision-making.

Conclusion

A risk score, named OLD-TAVR score, for 2-year mortal-
ity in very old patients undergoing TAVR was developed 
based on six bio-clinical items, including moderate/severe 
frailty (CFS 6–7). Using the score (range 0–12), a value ≥ 8 
could help identify very old patients in whom TAVR might 
be futile. Prospective validation of the score is needed 
before integrating it into TAVR decision-making in very 
old patients with SAS.
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