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Understanding STS score, EuroSCORE, and frailty indices.
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Risk Assessment for 
Transcatheter Aortic 
Valve Replacement

D
uring the past decade, transcatheter aortic 
valve replacement (TAVR) has advanced from a 
treatment option in symptomatic patients with 
severe aortic valve stenosis and extreme or high 

surgical risk to recently also being indicated in patients 
with intermediate surgical risk.1,2 In addition, several 
ongoing randomized clinical trials are comparing TAVR 
with surgical aortic valve replacement (SAVR) in patients 
with low surgical risk (NCT02675114, NCT02701283, 
NCT02825134). 

According to the American College of Cardiology/
American Heart Association (ACC/AHA) and European 
Society of Cardiology/European Association for Cardio-
Thoracic Surgery (ESC/EACTS) guidelines for the man-
agement of valvular heart disease, a central component 
for considering treatment for severe symptomatic aortic 
valve stenosis with TAVR is assessing the underlying risk 
of SAVR, partly guided by Society of Thoracic Surgeons 
(STS) score or European System for Cardiac Operative 
Risk Evaluation (EuroSCORE) II.1,2 The STS scores are 
conveniently categorized as low (< 4%), intermediate 
(4%–8%), or high (> 8%) surgical risk in the ACC/AHA 
guidelines, whereas the ESC/EACTS guidelines use low 
(STS score or EuroSCORE II < 4%) or increased (STS score 
or EuroSCORE II > 4%) surgical risk.1,2 Similar definitions 
re-emerge in major randomized controlled trials, but 
show significant differences in predicted and observed 
30-day mortality after TAVR (Figure 1).3-9 

Risk models are invaluable measures for objectifying 
something as complex as risk assessment, as they aid in 
the clinical decision-making and comparison of study 
populations. However, the STS score and EuroSCORE II 
are based on 67,292 patients from the United States 
and 22,381 primarily European patients undergoing 

open heart surgery, respectively.10,11 The risk models are 
designed to give an accurate estimate of the observed 
average mortality rate within 30 days of SAVR but have 
been found to be limited in risk assessment among 
patients being considered for TAVR. 

CONVENTIONAL RISK SCORES
The original additive EuroSCORE was developed 

almost 2 decades ago based on a patient population that 
underwent cardiac surgery (primarily coronary artery 
bypass grafting) and proved to be a valuable tool for risk 
assessment in relation to cardiac surgery.12 In 2003, the 
logistic EuroSCORE followed, and Michel et al13 found 
both risk models to be accurate with an area under the 
receiver operating characteristic curve (AUC) of 0.78. 
A subsequent meta-analysis including data from surgi-
cal valve operations concluded that the additive and 
logistic EuroSCORE performed poorly in isolated valve 

Figure 1.  Risk of 30-day mortality as predicted by the STS 

score and EuroSCORE II (only available in the NOTION trial) 

and observed 30-day mortality after TAVR.3-9
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TABLE 1.  REVIEWED TAVR STUDIES EVALUATING FRAILTY ASSESSMENT TOOLS
Frailty Index 
(0–7-point scale*)19

Essential Frailty Toolset 
(0–5-point scale*)16

“Fried Scale” (0–5-point scale*)18 Rockwood CFS 
(multipoint scale  
(≥ 7-point scale†)17

Association 
between frail 
versus frailty 
improbable and 
outcome

Univariable Adjusted Adjusted Adjusted
30-d mortality: OR, 8.33 
(P = .03) 

30-d MACCE: OR, 4.78 
(P = .05)

1-y mortality: OR, 3.68 
(P = .02) 

1-y MACCE: OR, 4.89 
(P = .003)

1-y mortality: OR, 3.42 
(95% CI, 2.29–5.12) 

6-mo mortality; poor or declined 
QOL: OR, 1.33 (P = .002)

1-y mortality; poor or declined 
QOL: OR, 1.42 (P < .001) 

Late mortality:  
HR (per 1 CFS group 
increment), 1.28 
(P = .001)

Assessment tools Timed get up and go test: 
• ≥ 20 s, moderate/

severe limitation of 
mobility (1 point)

Mini Mental State Exam:
• 21–26 points: 

cognitive impairment 
probable (1 point)

• < 21 points: severe 
cognitive impairment 
probable (2 points)

Mini Nutritional 
Assessment:
• < 12 points: 

malnutrition probable 
(1 point)

Activities of daily living:
• Basic: 1 ≥ activity with 

limitation: abnormal 
(1 point)

• Instrumental: 
1 ≥ activity with 
limitation: abnormal 
(1 point)

Decreased frequency 
in walking 200 m or 
climbing stairs during the 
preceding 6 mo: 
• Preclinical mobility 

disability present 
(1 point)

Time to stand 5 times 
without using arms:
• ≥ 15 s: muscle 

weakness (1 point)
• Unable to complete: 

severe muscle 
weakness (2 points)

Mini Mental State Exam:
• < 24 points: 

cognitive 
impairment  
probable (1 point)

Hemoglobin:
• < 13.0 g/dL (men)
• < 12.0 g/dL (women

Both scenarios 
interpreted as anemic 
(1 point)

Serum albumin:
• < 3.5 g/dL: 

 malnutrition 
(1 point)

Mini Nutritional 
Assessment:
Only if serum albumin 
not measures < 8 points: 
malnutrition probable 
(1 point)

5-m walk test:
• ≤ 0.65 m/s (height ≤ 159 cm) 

or
• ≤ 0.76 m/s (height > 159 cm) 

or
• Inability to complete test: 

slowness (1 point)

Dominant hand grip strength 
(average of 3 trials): 
• ≤ 17 kg (BMI ≤ 23 kg/m2) or
• ≤ 23 kg (BMI > 23 and 

≤ 26 kg/m2) or
• ≤ 18 kg (BMI > 26 and 

≤ 29 kg/m2) or
• ≤ 21 kg (BMI ≥ 29 kg/m2): 

weakness (1 point)
Unintentional weight loss ≥ 5 lb 
during preceding 6 mo: 
• Weight loss (1 point)

Response to question six in SF-12 
questionnaire (5-category scale):
• Part 1: “Does your health now 

limit you in moderate activi-
ties, such as moving a table, 
pushing a vacuum cleaner, 
bowling, or playing golf?”  
  –  Lowest response: inactivity 

(1 point)
• Part 2: “How much of the time 

during the past 4 weeks did 
you have a lot of energy?” 
  –  Lowest two responses: 

exhaustion (1 point)

Semiquantitative 
evaluation of 
accumulated health 
deficits based on 
mobility, inactivity, 
exhaustion, and 
disability of activities 
of daily life

Abbreviations: BMI, body mass index; CFS, clinical frailty scale; CI, confidence interval; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascu-
lar event rate; OR, odds ratio; QOL, quality of life; SF-12, 12-item Short Form Health Survey; TAVR, transcatheter aortic valve replacement.
*Scale scoring < 3 points = frailty improbable and ≥ 3 points = frail.
†1–3 = nonfrail; 4 = vulnerable; 5 = mildly frail; 6 = moderately frail; ≥ 7 = severely frail.
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surgery and overestimated the risk of 30-day mortal-
ity.14 Meanwhile, TAVR had emerged, and the logistic 
EuroSCORE and STS score were used for risk assessment 
in these study populations. As a consequence, the logis-
tic EuroSCORE is mentioned in the recently published 
ESC/EACTS guidelines, but is only suggested to be used 
for comparison, as it was applied in many previous TAVR 
studies and is no longer recommended for risk assess-
ment of SAVR or TAVR.2 

The STS score and EuroSCORE II have fair accuracy 
in predicting 30-day mortality risk after SAVR.10,11 
However, a meta-analysis of 24 studies including 12,346 
TAVR patients concluded that discrimination of 30-day 
mortality based on the STS score, logistic EuroSCORE, 
and EuroSCORE II was weak to modest, as all risk 
models reached an AUC of 0.62.15 Further, the logistic 
EuroSCORE substantially overestimated 30-day mortality, 
the EuroSCORE II marginally overestimated 30-day mor-
tality, and the STS score both underestimated 30-day 
mortality at lower predicted mortality scores and over-
estimated 30-day mortality at higher predicted mortality 
scores.15 Despite the recommend use of STS score and 
EuroSCORE II, the guidelines stress that the risk models 
have significant limitations in concordance with the 
aforementioned factors and the lack of consideration of 
important risk factors such as frailty.1,2

FRAILTY
Factors other than clinical comorbidities need to be 

considered when predicting the risk of death and mor-
bidity after TAVR; otherwise, the very elderly patient 
with no comorbidities could be classified as a low 
surgical risk candidate according to the STS score or 
EuroSCORE II. The typically elderly patient population 
indicated for TAVR is very heterogeneous with regard to 
(sub)clinical risk factors such as nutritional status, physi-
cal and cognitive impairments, and psychosocial status. 
A reduced homeostatic reserve and decreased resiliency 
to stressors accompanying impairment of such factors 
has been termed frailty.16 

Guidelines for the management of patients with aortic 
valve stenosis recommend objectively assessing frailty in 
addition to the general risk scores and discourage relying 
on the “eyeball test,” as this tends to be subjective and 
inconsistent.1,2 However, to date, there is no standard-
ized method for frailty assessment, although many dif-
ferent general and TAVR-specific frailty scales have been 
developed, repeatedly showing an association between 
frailty and increased risk of mortality and morbidity after 
TAVR (Table 1).16-19 The AHA/ACC guidelines recom-
mend using a simple questionnaire including six activities 
of daily life and evaluation of ambulation for assessing 

no, mild, or moderate-to-high frailty correlating to a low, 
moderate, or high surgical risk, respectively. However, it 
is specified that other frailty scales can be applied.1

Afilalo et al compared seven frailty scales in patients 
undergoing SAVR or TAVR and found that the Essential 
Frailty Toolset scale consisting of four items (time to 
stand five times, cognitive assessment, and hemoglobin 
and serum albumin levels) was the most robust predic-
tor of 1-year mortality, leading to an increase in AUC of 
0.071 (from 0.713 to 0.784) when combined with the STS 
score.16 Still, there is no consensus on the optimal frailty 
scale to use for potential TAVR candidates, limiting its 
use in clinical practice. 

NEW RISK MODELS
The addition of frailty to conventional risk scores such 

as the STS score or EuroSCORE II could increase their value 
for risk assessment after TAVR but would still lack other 
potentially relevant clinical risk factors (eg, expected access 
route for TAVR). Further, adding extra variables to a risk 
model is not necessarily beneficial, as this could increase 
the risk of overfitting and make assessment more cumber-
some to complete.20 The development of a TAVR-specific 
risk model could be a valuable tool for risk prediction. 
Edwards et al recently developed a Transcatheter Valve 
Therapy (TVT) Registry risk model predicting in-hospital 
mortality based on TAVR patients and found it to have 
favorable discrimination and calibration indices when 
compared with the STS score, EuroSCORE II, or the TAVR-
specific FRANCE-2 model.21 The TVT Registry model con-
sists of nine covariates, but is subject to change as more 
data are gathered, with planned evaluation of the impact 
of frailty as a covariate and the capabilities of predicting 
of 30-day and 1-year mortality and, importantly, quality 
of life after TAVR.21 As a minority of patients continue 
to have poor quality of life after TAVR, predicting the 
absence of symptom improvement could also be an 
important aspect to help prepare patients with realistic 
expectations. 

CONCLUSION
The risk of death and morbidity related to the proce-

dure has to be assessed as favorable compared with the 
risk of the natural history of severe aortic valve stenosis 
before recommending SAVR or TAVR. The STS score 
and EuroSCORE II were developed for risk prediction 
after cardiac surgery and do not include potential impor-
tant variables such as frailty or TAVR-specific factors 
such as access route or valve type. Consequently, the 
conventional risk models have subpar accuracy for risk 
prediction after TAVR. Adapting the existing STS score 

(Continued on page 45)
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or EuroSCORE II or developing new a TAVR-specific risk 
model could separate the expected results of SAVR ver-
sus TAVR (eg, intermediate risk for SAVR and low risk for 
TAVR) in an almost completely objective manner, aiding 
the decision-making process. n
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