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Aortic stenosis is one of the most frequent valvular diseases in developed countries,
and its impact on public health resources and assistance is increasing. A substantial
proportion of elderly people with severe aortic stenosis is not eligible to surgery be-
cause of the advanced age, frailty, and multiple co-morbidities. Transcatheter aortic
valve implantation (TAVI) enables the treatment of very elderly patients at high or
prohibitive surgical risk considered ineligible for surgery and with an acceptable life
expectancy. However, a significant percentage of patients die or show no improve-
ment in quality of life (QOL) in the follow-up. In the decision-making process, it is
important to determine: (i) whether and how much frailty of the patient influences
the risk of procedures; (ii) how the QOL and the individual patient’s survival are
influenced by aortic valve disease or from other associated conditions; and (iii)
whether a geriatric specialist intervention to evaluate and correct frailty or other
diseases with their potential or already manifest disabilities can improve the out-
come of surgery or TAVI. Consequently, in addition to risk stratification with conven-
tional tools, a number of factors including multi-morbidity, disability, frailty, and
cognitive function should be considered, in order to assess the expected benefit of
both surgery and TAVI. The pre-operative optimization through a multidisciplinary
approach with a Heart Team can counteract the multiple damage (cardiac, neuro-
logical, muscular, respiratory, and kidney) that can potentially aggravate the
reduced physiological reserves characteristic of frailty. The systematic application in
clinical practice of multidimensional assessment instruments of frailty and cognitive
function in the screening and the adoption of specific care pathways should facilitate
this task.

Introduction

Aortic stenosis (AS) is one of the most common acquired
valvular abnormalities in developed countries, with an
increasing prevalence due to the ageing population.1–3 The
prognosis of AS is relatively benign in the absence of symp-
toms; however, an incidence of sudden death between 1%
and 3% must be taken into account. The onset of symptoms
coincides with a dramatic reduction in life expectancy,
with a median survival of 2–3 years in patients with angina
or syncope and only 1–2 years in symptomatic patients with
heart failure.3,4

Surgical aortic valve replacement (SAVR) remains the
gold standard of care;5 however, at least 40% of potential
patients are not candidate because of the prohibitive na-
ture of their co-morbidities and consequent perioperative
risk.6,7 Consistent with the epidemiological changes, in
clinical practice, about three-quarters of patients with iso-
lated SAVR receive a bioprosthesis.8 Advanced age alone
cannot be considered an obstacle to surgery, but medical
options are limited. Elderly patients who do not receive a
SAVR have a higher risk of mortality compared with those
treated surgically.9 Isolated SAVR can be performed in octo-
genarians with low post-operative mortality10 and result in
significant improvement in quality of life (QOL), symptoms,
and functional capacity.11 In addition, cost-effectiveness
analyses have shown that SAVR is convenient also for very
elderly patients.12

In the last years, transcatheter aortic valve implantation
(TAVI) has emerged as a less invasive treatment strategy in
high-risk patients, allowing the treatment of more com-
plex, elderly patients, with severe symptomatic AS, previ-
ously considered ineligible for surgery.13–15 However, even

today, a considerable percentage of these patients die or
do not present a significant improvement in dyspnoea, fa-
tigue, and functional impairment. This observation has
raised a lively discussion on the need to identify and recog-
nize the boundaries of indications for surgical and interven-
tional procedures and, consequently, identify a possible
futility in some patients.16 The decision-making process in
this population is difficult because of co-morbidity, disabil-
ity, frailty, and reduced life expectancy, and these factors,
as well as traditional ones, should be considered in risk
stratification. It is likely that TAVI will be used in an increas-
ing number of AS patients, but its exact role alongside
surgery will need to be defined in a judicious and evidence-
based manner. The assessment by a multidisciplinary team
is therefore essential to predict possible benefits and allow
to make complex decisions with a clear communication to
the patient. The decision that surgical treatment or with
TAVI is useless/futile should include alternative routes to
optimize the patient’s health state and to consider options
for assistance to the terminal stages.17

Heterogeneity and complexity

The peculiar feature of the elderly patient can be summar-
ized in two words: phenotypic heterogeneity and complex-
ity. In these two dimensions describe the effects of
cardiovascular ageing, heart disease, lifestyle, and socio-
environmental factors and three different entities: co-
morbidity, disability, and frailty (Figure 1).18 Complexity
considers not only the sum of all coexisting diseases and
geriatric conditions but also their mutual interactions.
From a conceptual point of view, therefore, the elderly
person is in himself/herself a complex patient.
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An accurate pre-operative/pre-procedural risk stratifi-
cation in the elderly person should identify those who
benefit from the intervention, exclude those who have a
prohibitive risk, and identify those who need more inten-
sive care in the post-operative period. In this sense, the
ideal tool for risk stratification in the elderly person wait-
ing for cardiac surgery should be reliable and targeted at
easily obtainable variables. Any tool should be tested in a
real-world ageing population with different degrees of
frailty or disability, pointing out that the two concepts are
interdependent but not synonymous. Pre-operative evalu-
ation in the elderly patient should collect information on
physical functional status, cognitive function, and non-
cardiac co-morbidities of prognostic importance.19

Co-morbidity is defined as the simultaneous presence of
two or more diseases in the same patient, an event that in-
creases with age.20 About 16% of patients >65 years have

co-morbidity with two or more diseases, a percentage that
increases to 35% in octogenarians.21 At this age, chronic co-
morbidities are associated with a higher risk of death,
rehospitalization, disability, and reduced QOL beyond
those related to individual disorders. Co-morbidity plays a
central role in the implementation of evidence-based
medicine in clinical geriatrics, because trials have often
excluded older subjects with co-morbidities, raising ques-
tions about the transferability of the results obtained in
the geriatric populations.22 Co-morbidity also becomes
crucial in influencing the diagnostic–therapeutic process,
because the onset of symptoms can be different from the
usual and makes the interpretation of symptoms and signs
of the index disease more difficult.

The elderly candidate to heart surgery is, regardless of
his death risk, susceptible to frequent serious complica-
tions. These often result in a cascade of negative events

Figure 1 Frailty, co-morbidity and disability. Modified from Afilalo et al.18 BADL: basic activities of daily living; IADL: instrumental ADL.
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that converge to lose autonomy in carrying out the activ-
ities of daily living, leading to significant health-care costs
and decreased QOL. This phenotype of reduced homeo-
static physiological reserves and greater vulnerability to
stressful events is described as frailty.23 The complex
pathophysiological substrate of frailty is described in
Figure 2.24 Frailty has been defined ‘a condition or syn-
drome that results from a multi-systemic reduction in
homeostatic reserve, to the extent that the physiological
systems are close to the threshold of symptomatic clinical
failure. Consequently the frail person is at increased risk of
disability and death for a minimum external stress’.25 The
concept of frailty (although the two conditions are fre-
quently overlapping) is not synonymous of disability nor is
equivalent to the concept of co-morbidity (Figure 1).

Given this definition, there are basically two conceptual
models of frailty: the ‘frailty phenotype’26 and the ‘clinical
frailty phenotype’.27 The first substantially recognizes a set
of five domains such as unintentional weight loss, muscle
strength measured by handgrip, self-reported fatigue, gait
speed, and self-reported physical activity.26 The second
model is based on a ‘deficit accumulation model of frailty’
and has been built from a list multiple items, both functional
and clinical, exploring the physical, cognitive, and inde-
pendence in activities of daily living, with a final score rang-
ing from 0 to 7 for increasing frailty.27 Both models have
been tested in the stratification of the elderly patient’s sur-
gical risk but also showing some of the limitations related to
the complexity of their clinical routine implementation.

The negative impact of frailty on prognosis of cardiovas-
cular diseases has been demonstrated in a wide range of
conditions, including stable cardiovascular disease,28 heart
failure,29 ischaemic heart disease and acute coronary syn-
dromes,30 cardiac surgery,31,32 and TAVI.33,34

Disability is defined by the level of dependence in per-
forming basic and instrumental activities of daily living,
i.e. basic activities of daily living (BADL)35 and instrumental
activities of daily living (IADL).36

In the recent US TAVI guidelines,16 a specific section—
Frailty and futulity versus Utility—was included, demon-
strating that when deciding a therapeutic intervention in
elderly subjects, the assessment of frailty and the risk of

disability is a key variable for deciding the effectiveness
and utility of the intervention itself.

Outcomes of surgical and interventional
procedures in the elderly persons

Results of surgical aortic valve replacement
Overall, the outcomes of surgery for severe AS are excellent
in patients with moderate-to-low surgical risk. A meta-
analysis of 48 observational studies in 13 216 patients >80
years, undergoing isolated aortic valve surgery10 showed an
immediate post-operative mortality of 6.7% (5.8% for pa-
tients treated from 2000 to 2006 and 7.5% in patients
treated from 1982 to 1999). The post-operative stroke rate
was 2.4%, dialysis of 2.6%, and pacemaker implant 4.6%. The
1-, 3-, 5-, and 10-year mortality rates after isolated SAVR
were approximately 12.4%, 21.3%, 34.7% and 70.3%, re-
spectively. These data confirm that advanced age, as the
only risk factor, cannot be considered a contraindication to
conventional isolated SAVR. In the Society of Thoracic
Surgeons (STS) database, mortality at 30 days after isolated
SAVR over 80 years was 3.7% in low-risk patients but rose to
10% and 17%, respectively, in patients with STS score�5 and
�10.37 Octogenarians also report improvements in symp-
toms and ventricular function.38

Results of transcatheter aortic valve implantation
in patients at high or prohibitive risk
On the basis of two main randomized trials and various ob-
servational studies, recent guidelines2 indicate TAVI as an
option of choice in patients deemed inoperable because a
prohibitive risk (with results far superior to medical ther-
apy alone) and a reasonable alternative to SAVR in those at
high risk (Table 1).13–15,39–47

In the PARTNER trial (Cohort A), which included patients
with high operative risk,44 patients undergoing SAVR had a
higher incidence of bleeding and a lower incidence of vascu-
lar complications, compared with those undergoing TAVI at 5
years. The percentage of residual aortic moderate and se-
vere insufficiency was 14% in patients undergoing TAVI and
1% of patients undergoing SAVR (P<0.0001) and, ifmoderate
and severe, correlatedwith an increase inmortality.

Figure 2 Pathophysiology of fragility. Modified fromWalston et al.24
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The data of Registries confirm those of trials. In the
GARY (Germany Aortic Valve Registry)48 hospital mortality
was 5.2% and serious complications occurred in 5% in pa-
tients undergoing TAVI from 2011 to 2013. In the FRANCE
TAVI Registry, enrolling 6827 patients undergoing TAVI in
2013 and 2014, the hospital mortality was 5.9%, the inci-
dence of major bleeding was 9.3%, stroke 2.2%, need for
pacemaker 15%, and severe aortic insufficiency 1.2%.49

The Italian OBSERVANTstudy analysed propensity-matched
patients undergoing TAVI or SAVR. The mean logistic
EuroSCORE 1 was 10.2 in SAVR group and 9.5 in the TAVI
group. No significant differences were recorded in mortal-
ity (13.6% and 13.8%), MACE rate (17.6% vs. 18.2%), and in
hospitalizations for cardiac causes.50

The recent STS–TVT Registry confirms that typical TAVI pa-
tients are highly symptomatic, frail elderly with multiple co-
morbidities, a high STS predicted risk of mortality (STS
PROM) score, advanced functional class, and a poor health
status. From 2012 to 2014, in-hospital mortality decreased
from 5.3% to 4.4%, vascular complications from 5.6% to 4.2%,
while stroke rates remained stable at 2.2%.51 In this Registry,
�16% of patients were aged>90 years. Although 30-day and
1-year mortality rates were statistically higher compared
with younger patients, the absolute and relative differences
were clinically modest. TAVI also improved QOL to the same
degree in nonagenarians as in younger patients.52

Results of transcatheter aortic valve
implantation in low-intermediate risk patients
NOTION study randomized low-risk patients >70 years to
SAVR or TAVI (STS score 2.9% vs. 3.1%.53 At 1 year, the primary
endpoint (death, stroke, or myocardial infarction) showed no

significant differences. Patients undergoing surgery had a bet-
ter functional outcome and those who underwent TAVI had a
significantly higher incidence of moderate or severe peri- or
intraprosthetic regurgitation (15.7% vs, 0.9%, P<0.001).53

In PARTNER 2 study,54 patients at intermediate risk
(mean STS score 5.8%, mean age 81.6 years) randomized to
TAVI with self-expandable SAPIEN XT prosthesis and SAVR.
There was no significant difference in the primary endpoint
of death from any cause or disabling stroke at 2 years be-
tween the two groups. Another randomized trial, SURTAVI,
designed to evaluate the safety and efficacy of TAVI in
intermediate surgical risk patients, will evaluate 2500 pa-
tients with STS score between 4 and 10. The primary end-
point is composed of mortality and disabling stroke at 24
months. Patients will be followed for 5 years (www.clinical
trials.gov).

Procedural complications of transcatheter aortic
valve implantation
Mortality is strongly conditioned by periprocedural compli-
cations, represented by stroke (1–5%), pacemaker implant-
ation (7–40%), and vascular complications (up to 20%).55–57

The improvement of the femoral approach techniques has
resulted in a reduction in major bleeding.56 In a recent
meta-analysis57 of randomized trials and observational
studies, the incidence of stroke was 2.9%, regardless the
prosthesis used. That effect was not, however, different
than in patients treated with SAVR.47

The main Achilles heel of TAVI compared with SAVR is rep-
resented by periprosthetic leak, that, if moderate to severe,
is one of the major predictors of mortality.14,39,57–59

Numerous studies have shown that, for this complication,

Table 1 Risk assessment combining STS risk estimate, frailty, major organ system dysfunction, and procedure-specific
impediments4

Low risk (must
meet all criteria
in this column)

Intermediate risk
(any 1 criterion
in this column)

High risk (any 1
criterion in this column)

Prohibitive risk
(any 1 criterion
in this column)

STS PROMa <4% AND 4–8% OR >8% OR Predicted risk with surgery
of death or major morbidity
(all-cause) >50% at 1 year OR

Frailtyb None AND 1 Indice (lieve) OR �2 Indices
(moderate-severe) OR

Major organ system
compromise not to be
improved postoperativelyc

None AND 1 Organ system OR No more than
2 organ system OR

�3 Organ system OR

Procedurespecific
impedimentd

None Possible Possible Severe

aUse of the STS PROM to predict risk in a given institution with reasonable reliability is appropriate only if institutional outcomes are within 1 stand-
ard deviation of STS average observed/expected ratio for the procedure in question.

bSeven frailty indices: Katz activities of daily living (independence in feeding, bathing, dressing, transferring, toileting, and urinary continence)
and independence in ambulation (no walking aid or assist required or 5 m walk in< 6 s). Other scoring systems can be applied to calculate no, mild-,
or moderate-to-severe frailty.

cExamples of major organ system compromise: Cardiac—severe LV systolic or diastolic dysfunction or RV dysfunction, fixed pulmonary hypertension;
CKD Stage 3 or worse; pulmonary dysfunction with FEV1 <50% or DLCO2 <50% of predicted; CNS dysfunction (dementia, Alzheimer’s disease,
Parkinson’s disease, CVA with persistent physical limitation); GI dysfunction—Crohn’s disease, ulcerative colitis, nutritional impairment, or serum al-
bumin<3.0; cancer—active malignancy; and liver—any history of cirrhosis, variceal bleeding, or elevated INR in the absence of VKA therapy.

dExamples include tracheostomy present, heavily calcified ascending aorta, chest malformation, arterial coronary graft adherent to posterior chest
wall, and radiation damage.
CKD, chronic kidney disease; CNS, central nervous system; CVA, stroke; DLCO2, diffusion capacity for carbon dioxide; FEV1, forced expiratory vol-

ume in 1 s; GI, gastrointestinal; INR, international normalized ratio; LV, left ventricular; PROM, predicted risk of mortality; RV, right ventricular; STS,
Society of Thoracic Surgeons; and VKA, vitamin K antagonist.
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results are in favour of surgery.59 In the recent PARTNER 2,
the incidence and severity of paravalvular regurgitation
after TAVI were more frequent compared with SAVR, and
TAVI patients with moderate-to-severe paravalvular regurgi-
tation at 30 days had a higher mortality at 2 years than those
without or with mild regurgitation.53 Proper sizing of the an-
nulus, a better understanding of the procedure and opti-
mization of the immediate result, may lead to a gradual
reduction in incidence of this complication.

In the subgroup of inoperable, symptomatic patients at
excessive risk for TAVI, valvuloplasty balloon can be a pro-
cedure of choice or bridge for further treatment.60 In this
context, valvuloplasty could also be used to verify whether
the patient’s frailty is related to valvular disease or not.

Clinical risk assessment

Clinical and imaging parameters
Risk stratification has assumed a key role in patient selec-
tion and recent guidelines from the European Society of
Cardiology have stressed the importance of a multidiscip-
linary ‘Heart Team’ approach to help determine this risk.42

Appropriate selection is critical for the success of aortic
procedures and must take into consideration several clin-
ical and anatomical factors, also in asymptomatic patients,
in which treatment remains controversial.61–64 Even pa-
tients with mild-to-moderate asymptomatic AS have an ex-
cess of mortality and cardiovascular events than the
general population.65 Many parameters have been shown
to have an important role in predicting adverse events and
therefore considered useful for the prognostic
stratification.

The echocardiographic parameters include speed of the
transvalvular jet,65 average and maximum transvalvular
gradients, changes of these parameters over time,66 de-
gree of valve calcification, left ventricular hypertrophy,
and excess mass compared with the predicted values (in-
appropriate mass)67 and increased left atrial systolic force.
Main clinical parameters include coexistence of coronary
artery disease, advanced age,66 diabetes mellitus,67

increased body mass index,68 worse functional capacity,
cigarette smoking, and high arterial blood pressure.4

Finally, biological parameters include increased serum lev-
els of brain-type natriuretic peptide measured at baseline
conditions and/or C-reactive protein.4,69

A system to further improve the prognostic stratifica-
tion of AS patients may also consist in the use of indexes
alternative to the classical method of the equation of
continuity, such as energy loss index,70 stroke work
loss,71 and valvuloarterial impedance.72 A correct strati-
fication must also include a quantification of aortic valve
calcifications.

The assessment of systolic function and left ventricle
(LV) geometry plays an important role in stratifying a pa-
tient’s prognosis. Ejection fraction remains normal for a
long time even in the presence of a high chronic pressure
overload, while myocardial contractility is reduced signifi-
cantly.73–75 A reduced midwall shortening has been associ-
ated with the onset of symptoms and a worse prognosis.76

The use of recent technologies such as speckle tracking

enables to analyse the reduced longitudinal myocardial de-
formation that identify the AS patients with the greatest
risk to transit from the compensatory phase to the patho-
logical remodelling77 and worst prognosis after valve re-
placement.78 In addition to subclinical deterioration of
systolic function parameters, also the changes in LV geom-
etry and hypertrophy are able prognosticators of poor out-
come. The presence of an LV mass in excess with respect to
the aforementioned theoretical values in the individual pa-
tient (inappropriate mass) identifies a subgroup of subjects
at higher risk compared with subjects having the same de-
gree of AS but appropriate LV mass.73 An intrinsic myocar-
dial dysfunction in the presence of preserved ejection
fraction and severe low flow/low gradient is of clinical and
prognostic significance.77–79

Clinical and echocardiographic prognostic scores
A useful method for more accurate risk stratification in pa-
tients with AS is based on multiparametric scores.69,80,81

Monin et al.69 first proposed a score based on three vari-
ables: female sex, the maximum speed of the transvalvular
aortic jet, and baseline BNP. The SEAS score,80 validated in
mild-to-moderate AS, is based on seven parameters: age,
sex, smoking, heart rate, serum bilirubin, serum levels of C-
reactive protein, and LV mass. The ‘CAIMAN–ECHO score’,81

validated in moderate-to-severe AS, is based on three echo-
cardiographic parameters: aortic valve calcium score as-
sessed with conventional transthoracic echocardiography
(TTE), maximum speed of transvalvular aortic flow, and in-
appropriate mass, measured as the ratio of measured and
predictedmass.

Role of imaging in patient selection before
transcatheter aortic valve implantation or
surgical aortic valve replacement
Multimodality imaging plays an essential role in patient se-
lection and procedural planning, performance, and follow-
up. In each of these steps, optimal imaging can help to en-
hance successful outcome. Non-invasive imaging methods
used for the selection of patients for TAVI are echocardiog-
raphy,82 computed tomography (CT), and, less frequently,
nuclear magnetic resonance.16,61 There is variability in the
preferred imaging protocols in individual institutions, as a
result of institutional and individual experience and equip-
ment, and patient characteristics. The aim of the imaging
is to: (i) confirm the severity of aortic stenosis; (ii) evaluate
the anatomical suitability of revalving procedure and vas-
cular accesses; and (iii) evaluate associated cardiovascular
diseases.
Baseline TTE is usually adequate to confirm severity

based on ACC/AHA/ESC criteria.61,83,84 A rigorous method-
ology that takes into account the possible technical diffi-
culties and sources of error is however necessary. In the
elderly people, the frequent coexistence of LV dysfunction
can cause a discrepancy between low gradients and
reduced area (ASwith low flow and low gradient). In doubt-
ful cases, low-dose dobutamine stress and anatomical
evaluation using planimetric transoesophageal echocardi-
ography (TEE) (preferably with three-dimensional recon-
struction) can help differentiate a true AS by a pseudo-
stenosis and to assess contractile reserve.85
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The evaluation of the anatomic suitability for revalving
procedure includes the study of the vascular iliofemoral
axis accessibility and of the aortic valve. Multilayer CT is
the method of choice for assessing the size of the vessel,
inner diameter, tortuosity, degree and extent of calcifica-
tion, presence of high risk of dissection of complex pla-
ques. This information is required to express an opinion on
the possibility of introducing and advancing the guides and
catheters and to assess the risk of any vascular complica-
tions. In the case of apical access, TTE verify the absence
of apical aneurysm with thrombosis that represents a
contraindication to this approach.

The anatomy of aortic cuspsmust have certain character-
istics that make it suitable for the proper anchoring of the
bioprosthesis.84 The bicuspid valve86 is a relative contraindi-
cation to TAVI for the risk of spontaneous aortic dissection or
of an incorrect opening of the bioprosthesis due to the ellip-
tical orifice. A mildly calcified aortic valve is also a contra-
indication to TAVI.87 CT is the method of choice for the study
of quantification and distribution of calcifications. Particular
attention should be paid in the study of asymmetric distribu-
tion that could prevent perfect adhesion of the bioprosthesis
and increase the risk of compressing the coronary ostia. The
TTE and evenmore TEE can be used for the study of the num-
ber of cusps, their mobility, thickness, and calcification. The
aortic rings are four (virtual basal ring, ventricular–arterial
ring, crown-like ring, sino-tubular ring).88 The correct aortic
valve size ring is crucial to choose the size of the prosthesis89

and prevent complications related to an inadequate size
prosthesis implant. The measurement of virtual basal ring,
corresponding to the implant of the cusps (nadir) is used for
the implantation of the bioprosthesis, rather than the ven-
tricular–arterial ring (located more distally within the aortic
root). Multi-slice CT is the method currently considered as
the gold standard. The extent of the area of the virtual basal
ring, rather than the diameters or the perimeter, is used in
many centres to choose the size of the prosthesis.90 Three-
dimensional TEE, bymultiplanar reconstruction of the rings,
is a reliable alternative to CT.91 An outflow tract deformed
by the hypertrophied septum similar to that of hypertrophic
cardiomyopathy is a contraindication to TAVI. Aortic valve
calcifications extending to the outflow tract are associated
with a high risk of breaking the ring in case of a balloon-
expandable bioprosthesis implant.92 The sigmoid septum,
with a very acute angle between outflow and aortic vessel,
canmake the implantation of a self-expandable bioprosthe-
sis and therefore prefer implantation of a balloon-
expandable bioprosthesis difficult.93 A suitable distance be-
tween the aortic ring and coronary ostia is required, be-
cause compression of calcific aortic valve, during
implantation of a balloon-expandable bioprosthesis can oc-
clude the coronary ostium. The distance of the coronary
ostia does not affect the self-expandable type. Computed
tomography is themethod of choice for this measure.94

A dilated ascending aorta is a relative contraindication
to the system of self-expandable bioprosthesis, because
the upper portion is positioned in the ascending aorta to
direct the flow from the valve. Computed tomography and
TTE or TEE provide equivalent information.

Left ventricular dysfunction is not a contraindication to
TAVI also in view of the improvement observed in many

patients undergoing this procedure. The TTE is the method
of choice for evaluation of left ventricular function. Mitral
regurgitation may be secondary to LV dysfunction or annu-
lus dilation due to atriomegalia/atrial fibrillation, or recog-
nize an organic cause, most frequently the annulus
calcification and more rarely a myxoid degeneration or
fibroelastica deficiency. The TTE/TEE are the methods of
choice for the anatomical and functional assessment of mi-
tral regurgitation.95,96 Severe pulmonary hypertension and
right ventricular dysfunction represent a contraindication
for TAVI. The TTE/TEE are the methods of choice for the
study of this associated pathology.

Conventional and new pre-procedural risk scores
Surgical risk stratification requires objective and reliable
methods. Of the many risk scores published over the years,
those most frequently used for the estimation of short-term
mortality risk in adult cardiac surgery are basically three:
the EuroSCORE II (online calculator http://www.euroscore.
org/calc.html),97 the STS score (online calculator http://
riskcalc.sts.org/stswebriskcalc/#/calculate version 2.81),98

and the ACEF score.99 While the EuroSCORE II and ACEF are
models applicable for the estimation of the risk of both cor-
onary artery bypass surgery to valvular procedures or com-
bined interventions, STS score offer separate models for
isolated valve surgery98 or in combination with myocardial
revascularization. The use of these risk scores is recom-
mended by the European Society of Cardiology/European
Association for Cardio-Thoracic Surgery (ESC/EACTS)42 and
the American Heart Association/American College of
Cardiology (AHA/ACC)2 guidelines.

The EuroSCORE was developed over 15 years ago, mainly
in candidates for bypass coronary artery, while only one-
third of patients were candidate for valve surgery.100

Considering the year of publication, the EuroSCORE I is
defined ‘out of date’ by the authors and should not be used
in favour of the updated version, the EuroSCORE II in which
some new variables have been introduced while others
have been modified.97 The STS risk score, unlike the
EuroSCORE, was developed to identify the risk of death or
perioperative complications, taking into consideration the
specific type of intervention, coronary surgery, mitral, aor-
tic, or combined.

The main features of a risk score are the power of dis-
crimination—the ability to differentiate between low- and
high-risk patients101—and calibration—the ratio between
observed and predicted mortality. Table 2 shows the char-
acteristics of EuroSCORE, EuroSCORE II and STS score. A dif-
ference between these scores is that the calculation
algorithms for EuroSCORE (I and II) and ACEF score are
freely available but not periodically updated to the pro-
gressive change of patient’s clinical characteristics, while
the algorithms of the STS risk scores are not freely avail-
able, but are regularly updated on the basis of the STS
database. In SAVR, the performance of these algorithms is
satisfactory for predicting the risk of category (high or low
risk), with areas under the receiver-operating characteris-
tics (ROC) curve ranging between 0.7 (fair discrimination)
and 0.8 (good discrimination), even in octogenarians.102–105

These models tend to show more performance problems in
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calibration, in particular in the assessment of patients usu-
ally defined as ‘high’ and ‘very high’ risk.103 In high-risk pa-
tients, EuroSCORE, EuroSCORE II, and ACEF overestimate
mortality, while STS score tends to underestimate the risk.
With regard to the medium- and long-term mortality,
these scores show little satisfactory performances both
in discrimination (AUC between 0.6 and 0.7) and in
calibration.106,107

Several studies have recently addressed the issue of the
applicability of these risk scores to TAVI candidates.
Overall, the acceptable discrimination allows to estimate
with good approximation risk category, but poor calibration
performance prevents from using these scores to estimate
the individual operative mortality, especially in the high-
risk category.108 In several studies, an average area under
the curve around 0.6–0.7 was observed,104,109 a lower per-
formance that could be obtained with surgery.

EuroSCORE II and STS score performance was assessed in
a meta-analysis of patients undergoing SAVR or TAVI. In the
SAVR group, the difference between observed and ex-
pected mortality was not statistically significant with
EuroSCORE II, while for the STS score the relationship was
closer to 1. On the contrary, both the EuroSCORE II and the
STS score have underestimated the risk of death in patients
undergoing TAVI, confirming problems with calibration of
these scores in this procedure.110

The proportion of patients considered at high surgical
risk on the basis of a single score (EuroSCORE II >7%, logis-
tic EuroSCORE >20% and STS score >10%) and the correl-
ation between scores were assessed in patients considered
at high surgical risk based on a multiparameter stratifica-
tion and candidates for TAVI. About half of the patients did
not reach the value of high-risk threshold on the basis of
the only score. The correlation between logistic
EuroSCORE, EuroSCORE II, and STSwas modest.111

A recent analysis of the PARTNER trial suggests that per-
formances for prediction of mortality with STS score and
the logistic EurSCORE are even less satisfactory (AUCs
�0.6) for both SAVR and TAVI in very elderly patients.112

In summary, traditional risk scores seem to be inad-
equate as the only way to identify older patients with se-
vere symptomatic AS at high risk and candidates for TAVI.
There is a need to develop and validate specific score for
this population.
An Italian multicentre study enrolling patients undergo-

ing TAVI identified a previous stroke, creatinine clearance,
and pulmonary hypertension as independent predictors of
death at 1 year and calculated a score that showed a better
performance than the STS score.113

The TAVI2 score has been developed in a study of pa-
tients thought to be at high or prohibitive surgical
risk.114 Variables independently associated with mor-
tality at 1 year include: porcelain aorta, anaemia, low
ejection fraction, recent myocardial infarction, male
gender, mean aortic gradient >70mmHg, age >85 years,
creatinine clearance <30 mL/min. For each variable, a
score was assigned and the sum identified the predicted
risk of death at 1 year. The TAVI2 score showed improved
power of discrimination and calibration compared with
logistic EuroSCORE, EuroSCORE II, and the STS score.114

The OBSERVANTstudy (Efficacy And Effectiveness of AVR-
TAVI Procedures For the Treatment Of Symptomatic
Severe Aortic Stenosis) has proposed another 30 days
death risk score in patients undergoing TAVI.115 Seven in-
dependent variables related to the risk of death at 30
days were identified and integrated into a risk score.

Multidimensional assessment
In recent years, the availability of new techniques has ex-
tended to an older and frail population effective AS

Table 2 Comparison of EuroSCORE, EuroSCORE II, and STS score (modified from Nashef et al.97 and O’Brien et al.98)

EuroSCORE EuroSCORE II STS score

Outcome In-hospital mortality 30-day Mortality Mortalit�ay and post-operative
complications

Surgery Mainly CABG Not specific Specific for surgery
High risk threshold >20% >7% >10%
Discrimination: ability to dif-
ferentiate between low and
high-risk patients (assessed
using the ‘under the ROC
curve area’ or the c-index)

AUC for valvular
surgery ¼ 0.72;

AUC ¼ 0.81 AUC

Acceptable Acceptable For lone valvular surgery ¼
0.80

For valvular surgery þ CABG ¼
0.75 Acceptable

Calibration: report predicted/
observed mortality

Greatly overestimated mortal-
ity in all categories of risk,
especially in the high-risk
group: suboptimal.
Documented calibration loss
in time because of the up-
date to EuroSCORE II I

Low-risk group calibration:
good

Low-risk group calibration:
good

Overestimated mortality in
high-risk group: suboptimal

Underestimated mortality in
high-risk group: suboptimal

Discrimination in TAVI Not acceptable Not acceptable Not acceptable
Calibration in TAVI Not acceptable Not acceptable Not acceptable

TAVI, transcatheter aortic valve implantation.

Risk stratification in older patients before aortic valve surgery and TAVI D361

Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text:  (
Deleted Text: <sup>111</sup>
Deleted Text: ).
Deleted Text: s
Deleted Text:  (
Deleted Text: <sup>112</sup>
Deleted Text: ).
Deleted Text:  
Deleted Text:  (
Deleted Text: <sup>114</sup>
Deleted Text: ).
Deleted Text: AUCs 
Deleted Text: -
Deleted Text:  (
Deleted Text: <sup>109</sup>
Deleted Text: ),
Deleted Text: ,
Deleted Text:  (
Deleted Text: ).
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text:  (
Deleted Text: <sup>117</sup>
Deleted Text: ).
Deleted Text: &thinsp;
Deleted Text:  (
Deleted Text: <sup>118</sup>
Deleted Text: ).
Deleted Text:  
Deleted Text: e
Deleted Text:  (
Deleted Text: <sup>119</sup>
Deleted Text: ).
Deleted Text: -
Deleted Text:  (
Deleted Text: <sup>120</sup>
Deleted Text: ).
Deleted Text: one 
Deleted Text: were
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: l
Deleted Text: -
Deleted Text: to
Deleted Text:  (
Deleted Text: <sup>120</sup>
Deleted Text: ).
Deleted Text:  (
Deleted Text: <sup>121</sup>
Deleted Text: ).
Deleted Text: 3. 


treatments, however, currently used risk scores do not
seem to be adequate in these patients.34,116–119 Therefore,
it seems necessary to include other variables—i.e. co-mor-
bidities and geriatric conditions—to improve risk stratifica-
tion and compare the results of the procedures. Functional
status is a multidimensional variable and also includes the
ability of an individual to carry out daily activities within
all functional domains. An overall assessment of functional
status often requires multiple validated instruments, but
on the other hand, a too complex battery may be little ap-
plicable and useful in clinical settings. The major open
issues are the uncertainty of an operational definition of
‘frailty’ and what measurement tools to validate and use.
However, there is no doubt that cardiac risk assessment of
elderly people with heart disease should be performed,
taking into account two fundamental points: (i) the instru-
ment is valid, reproducible, and easy to use and (ii) is able
to further stratify perioperative risk.

The European Valve Academic Research Consortium
(VARC)120 described the importance of measuring clinical
benefits such as functional status, but acknowledged the un-
certainty that accompanied the choice of various measuring
instruments and the overall lack of standardization.121 The
Canadian Cardiovascular Society has also encouraged the use
of an ‘objective assessment of function and neuro-cognitive
Frailty’ to evaluate candidates for TAVI.122 Without providing
an operational definition, the American Heart Association
(AHA) recommended to include a functional assessment in
the selection of elderly TAVI candidates.16

Different tools have been proposed to identify
frailty.26,123,124 The frailty index26,123 includes five easily de-
tectable characteristics: muscle strength (handgrip), gait
speed, weight loss, exhaustion, and level of activity. The sub-
ject that has no deficiency in any item is considered ‘robust’,
‘pre–frail’ if it has a deficit in one or two, ‘frail’ if it is positive
in three ormore of the items.26 The predictive value of frailty
is independent of co-morbidities and clinical disability. The
identification of frailty in the elderly people should not be
made only for prognosis but should lead to ‘pre-rehabilita-
tion’ interventions125 that have proven effective in the pre-
vention of functional decline andmortality.

It is still debatedwhether disability and cognitive impair-
ment should be considered frailty domains or just modulat-
ing factors that catalyse the transition from frailty to
manifest disability.126

The clinical evaluation of frailty as accumulation of def-
icits requires the evaluation of up to 70 symptoms, signs,
morbidities, disability, and frailty, and for this reason, a
simplified version was developed.127 However, disability,
generally defined as difficulty or dependency in ADL or
IADL, should be distinguished from frailty. Disability is more
accurately conceptualized as a negative outcome associ-
ated with frailty or as an entirely separate entity. The
International Academy Nutrition and Aging Frailty Task
Force128 prefers the functional approach, stating that co-
morbidity and disability must be separated from frailty.

A simple means for identification of frailty is the Short
Physical Performance Battery (SPPB), which consists of
three items129: reduced gait speed, weakness in standing
up from a chair, and reduced balance in three positions.
A score from 0 to 4 is assigned to each item, where a total

score >5 of 12 indicates the presence of frailty. The SPPB
predicts the risk of disability and death in the elderly gen-
eral population130 and with heart failure.131 As an alterna-
tive to these composite scores, individual variables such as
gait speed on 4–5 m distance and handgrip force have been
proposed as a single valid, simple, and reliable marker of
frailty.132,133

Several instruments and measures to assess the various
components of functional status, QOL, disability, cognitive
impairment, and variousmeasures of frailty have been con-
sidered in pre-operative evaluation before TAVI.116–118

In PARTNER study,134 TAVI resulted in significant improve-
ment in NYHA Class and QOL, without reporting results on
disability.

Another study reported that elderly patients undergoing
TAVI were significantly more likely to develop clinically sig-
nificant cognitive decline than those who underwent SAVR,
but it is difficult to determine whether the results can be
attributed to old age, reduced level of education, co-mor-
bidity, or to the different treatment.135

Therefore, recent studies have focused their interest on
the concept of frailty and its importance in risk stratifica-
tion before SAVRor TAVI.

Afilalo et al.31 have shown in elderly patients undergoing
coronary and valvular surgery that a low gait speed on 5 m
identified a subpopulation at high-risk mortality and mor-
bidity. The speed of <0.83 m/s was chosen as the optimal
threshold based on ROC curves. Importantly, gait speed
had an incremental value when combined with the STS
score in predicting incidence of mortality/morbidity. There
was tendency towards interaction for female patients and
those undergoing SAVR, both of which had a much higher
relative risk in the presence of frailty.

Lee et al.136 and Sündermann et al.137,138 have demon-
strated that pre-operative frailty is associated with post-op-
erative 30-day and long-term mortality. These two studies
differed in frailty scales used and in the results. Lee
et al.,136 defined frailty as a dependency in walking, disabil-
ity in ADLs, or dementia, a definition that includes more a
concept of disability than frailty. Sündermann et al.137,138

defined frailty as an aggregate of 35 criteria reporting a
prevalence of 50%.

In another study, Afilalo et al.32 observed a prevalence
of 46% and 20% of frailty, using respectively, gait speed and
Fried index, and a 5% prevalence of ADL disability; the
measurement of gait speed alone was superior to the other
scales in predicting outcomes.

Some studies have been conducted specifically on pa-
tients undergoing TAVI. Ewe et al.140 found that one-third
of patients undergoing TAVI were frail according to Fried
index and that frailty was among the most powerful pre-
dictors of death, myocardial infarction, stroke, or heart
failure at 9 months. Frailty was not a significant predictor
of outcome if defined only according to subjective judge-
ment of the physician in the study by Rodés-Cabau et al.39

Green et al.33 observed that frailty was predictive of
1-year mortality, but not at 30 days. There was a trend to-
wards increased risk for major bleeding, vascular complica-
tions, and length of stay in frail patients. A gait speed of
0.50 m/s was selected as the optimal threshold, slower
than the 0.65–0.85 m/s reported in other settings. The
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authors observed that>80% of their patients would be con-
sidered frail if they had used the traditional cut-off values.
Only 19%–35% of patients were able to complete the gait
speed test. This significant percentage of non-walkers,
larger than usually reported for other cohorts, may reflect
the heavy burden of morbidity and disability in patients
undergoing TAVI. The impossibility to complete gait speed
test was an indicator of advanced frailty or ADL disability.

In another study,34,139 where the vast majority of pa-
tients were able to complete the timed-up-and-go (TUG)
test (which requires getting up from a chair and walk 3 m),
61% were able to do it in faster than 20 s. The frailty com-
posite index used included TUG test, limitation of mobility,
BADL and IADL disability, cognitive impairment, and nutri-
tional assessment. Frailty was predictive of a three- to
four-fold increase of functional decline in BADL at 6 months
and higher incidence of cardiac and cerebral adverse
events at 1 year. A trend for frailty and mortality was
observed, which was stronger at 30 days compared with
1 year, although the number of events was small.

In all these studies, the overall approach to the evalu-
ation of frailty aimed at predicting morbidity and mortality
following TAVI involved the use of multidimensional assess-
ment tools, including cognitive function, gait, nutritional
status, and activities of daily living.34,139

The presence of disability is uncommon in the cardiac
surgery population, partly because disabled patients are
less likely to be considered for surgery. Therefore, the
scales of disability for basic ADL are relatively insensitive
to screen elderly patients in this context. Higher level dis-
ability scales such as the Nagi Scale145 are more sensitive
and better predict outcomes. An interaction between
frailty and disability was still observed, with the prognostic
weight of frailty which decreases progressively in patients
withmore advanced stages of disability.32

An attempt to combine clinical risk scores and geriatric
evaluation is reported in recent guidelines,16 where frailty
indices proposed include gait speed and disability indica-
tors such as those that contribute to the ADL score (Table
1). Frailty is summarily stratified as follows: not frail (able
to carry out all ADL and to walk 5 m in <6 s), pre-frail (un-
able to perform one ADL or to walk 5 m >6 s), and moder-
ately–severely frail (unable to perform >2 ADL). In
addition to this risk classification, it would be appropriate
to defer any kind of intervention in patients with reduced
life expectancy.

In summary, it is not yet clear whether the standard of
frailty assessment tools (frailty index) or surrogate meas-
ures, such as single physical performance test (gait speed,
SPPB, and handgrip) are sufficiently valid if used alone, or
if these measures should be combined with disability (in-
ability to walk, low albumin, and ADL disability), a cogni-
tive and nutritional screening or psychoemotional state to
better discriminate the risk.126

In clinical practice, the feasibility of variables and speed
of execution are fundamental as much as the reliability of
the instruments themselves. Future studies should aim to
develop more reliable and reproducible ways to identify
frailty and validate its use to estimate risk and expected
benefits.

Recent studies incorporate measures of frailty such as
CoreValve,53 and Partner II.118 FRAILTY-AVR (NCT01845207)
compared different frailty instruments to determine which
is more predictive in high-risk patients with AS undergoing
TAVI and SAVR.142 A European register (European CGA-TAVI
registry) has been scheduled for the same purpose.143

Gait speed over 5 m has been added to the STS database.
In this database, patients undergoing TAVI were classified
in very slow walkers (<0.5 m/s), slow walkers (0.5–0.83 m/
s), and normal walkers (>0.83 m/s), and 30-day all-cause
mortality rates were 8.4%, 6.6%, and 5,4%, respectively
(P<0.001). Each decrease of 0.2 m/s speed corresponded
to an increase of 11% in 30-day mortality. Very slowwalkers
had 35% higher 30-day mortality compared with normal,
longer hospital admissions and were less likely to be dis-
charged home.144 Pending further results, it is reasonable
to apply a decision algorithm based on an initial screening
carried out with a gait speed test, followed by a more thor-
ough multidimensional assessment in patients with indica-
tive results of Frailty (Figure 3).147

Conclusions

TAVI enables the treatment of very elderly patients with se-
vere AS considered ineligible for surgery and with an ac-
ceptable life expectancy,42 with good results in terms of
survival and symptoms. However, many patients still de-
velop complications and die or show no improvement in
QOL at follow-up. These issues raise important questions
on the need to identify and recognize the possible futility
of treatments in some patients approaching the final stages
of life, where the clinical condition is too advanced and in
which even a technically successful procedure is useless
and does not improve health outcomes. Thus, in the
decision-making process, it is important to determine: (i)
whether and how much frailty affects the risk of the pro-
cedures; (ii) whether the QOL and the individual survival
are influenced by aortic valve disease alone or from other
factors; (iii) whether a geriatric specialist intervention to
evaluate and correct co-morbid diseases, frailty, and dis-
abilities can further improve outcomes.

Figure 3 Decision-making algorithm for the initial screening of the
frailty and the selection of elderly patients with SA. Modified from
Lilamand et al.151
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Although futilitymay be invoked to justify the refusal to
treat an individual patient, the threshold for the definition
of futility itself is still not clear. In inoperable patients,
therefore, a clear definition of the conditions that may ad-
versely affect survival and QOL, despite the procedural
success is essential to ensure that this therapy is properly
used in patients who can benefit or not. These patients
should receive targetedmedical and palliative care.148

As TAVI patients are usually very elderly, with high risk
score, advanced functional class, and frailty,144,51 to assess

the expected benefit of TAVI, a number of variables should be
considered in addition to the traditional risk scores. The
evaluation of patient’s complexity can provide a valuable
prognostic contribution and assist cardiologists and cardiac
surgeons in the definition of the optimal treatment in the indi-
vidual patient.17 Moreover, complexity therefore is not a suffi-
cient reason to refuse a certain treatment but rather ameans
to choose a personalized andmore patient-centred care.

At present time, the evaluation of the operative risk is
carried out using standard indices that have not been

Figure 4 Algorithm decision by the multidisciplinary team of patients undergoing TAVI. Modified fromLindman et al.17

Table 3 Pre-procedure screening recommendations. Modified from ref.150

Laboratory indices Full blood count, serum urea, creatinine and electrolytes, C-reactive protein, serum transamin-
ases, serum albumin, coagulation profile, blood culture, sputum culture, mid-stream urine,
glycosylated haemoglobin, human immunodeficiency virus, and hepatitis serology

Physical indices Height, weight, and body mass index
Clinical data to calculate
logistic EuroSCORE or STS score

Detailed clinical history, examination and current medication list, 12-lead electrocardiography,
echocardiography (transthoracic/transoesophageal), coronary angiography, peripheral vas-
cular screening (contrast angiography/multidetector computed tomography), pulmonary
function testing, and right heart catheterization

Clinical parameters of
co-morbid conditions

Pulmonary function tests, carotid, and vertebral and abdominal ultrasonography

Frailty and cognitive functiona Grip strength, graded exercise testing, walk test, physical activity level, and mini-mental score
Confirmation of aortic stenosis
severity and assessment of
associated pathology

Echocardiography (transthoracic/transesophageal), exercise stress testing, and stress
echocardiography

Procedural planning Multidetector computed tomography/transoesophageal echocardiography
Aortic annulus: dimensions (minimal, maximal, and mean diameter; area; perimeter) and se-
verity/distribution of calcification

Other: Height of coronary arteries, sinus of valsalva dimensions, ascending aorta dimensions
Iliofemoral vessels: minimal luminal diameter, tortuosity, calcium distribution
Aorta: aortic plaque distribution, descending aortic tortuosity, proximal ascending aortic
diameter

STS, Society of Thoracic Surgeons.
aFried frailty index.
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calibrated to intercept all the risk factors of very elderly pa-
tients and do not estimate frailty with specific parameters.
An attempt is reported in the recent guidelines,2 where a
combination of frailty (reduced gait speed), disability indi-
cators, and cognitive deficit are proposed. Probably the
combination of traditional risk scores such as EuroSCORE II
and STS score with indices of frailty and co-morbidity could
better refine the assessment of the operative risk in SAVR,
while specific risk scores should be used in TAVI.

Moreover, because frailty is a physiological phenotype and
may be reversible in some cases, it is premature to consider
this a permanent feature of the patient. To the extent that
AS may contribute to the decline in functional status, SAVR
or TAVI may reduce or cancel the amount of frailty which de-
pends on it. In this case, frailty can be a marker to identify
the benefit of treatment. Conversely, if the individual is frail
due to the decline of multiple organ systems, frailty may be
a riskmarker. Pre-operative optimization through amultidis-
ciplinary approach with a Heart Team can counteract the
multiple damage that can potentially aggravate the reduced
physiological reserves characteristic of frailty (Figure 4).

Finally, ensuring the best appropriateness and cost-
effectiveness of care in times of economic restraints is vital
for modern health systems.149 Technological progresses in
new implants and techniques could lead to a reduction in
costs and procedural complications, while the systematic
application of a standardized multidimensional assess-
ment150 (Table 3) should improve outcomes.
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53. Hørsted Thyregod HG, Steinbrüchel DA, Ihlemann N, Nissen H, Kjeldsen
BJ, Petursson P, Chang Y, Franzen OW, Engstrøm T, Clemmensen P,
Hansen PB, Andersen LW, Olsen P, Søndergaard L. Transcatheter versus
surgical aortic valve replacement in patients with severe aortic valve
stenosis1-year results from the all-comers NOTION Randomized Clinical
Trial. J Am Coll Cardiol 2015;65:2184–2194.

54. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK,
Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D, Cohen
DJ, Pichard AD, Kapadia S, Dewey T, Babaliaros V, Szeto WY,
Williams MR, Kereiakes D, Zajarias A, Greason KL, Whisenant BK,
Hodson RW, Moses JW, Trento A, Brown DL, Fearon WF, Pibarot P,
Hahn RT, Jaber WA, Anderson WN, Alu MC, Webb JG; PARTNER 2
Investigators. Transcatheter or Surgical Aortic-Valve Replacement
in Intermediate-Risk Patients. N Engl J Med 2016;374:1609–1620.

55. Gurvitch R, Tay EL, Wijesinghe N, Ye J, Nietlispach F, Wood DA,
Lichtenstein S, Cheung A, Webb JG. Stroke after transcatheter
aortic valve replacement: incidence, risk factors, prognosis, and
preventive strategies. Clin Cardiol 2014;12:756–764.

56. Gurvitch R, Tay EL, Wijesinghe N, Ye J, Nietlispach F, Wood DA,
Lichtenstein S, Cheung A, Webb JG. Transcatheter aortic valve im-
plantation: Lesson from the learning courve of the first 270 high-
risk patients. Catheter Cardiovasc Inter 2011;78:977–984.

57. Khatri PJ, Webb JG, Rodés-Cabau J, Fremes SE, Ruel M, Lau K,
Guo H, Wijeysundera HC, Ko DT. Adverse effects associated with
transcatheter aortic valve implantation: a metanalysis of contem-
porary studies. Ann Intern Med 2013;158:35–46.

58. Sinning JM, Hammerstingl C, Vasa-Nicotera M. Aortic regurgitation
index defines severity of peri-prosthetic regurgitation and pre-
dicts outcome in patients after transcatheter aortic valve implant-
ation. J Am Coll Cardiol 2012;59:1134–1141.

59. Makkar Miller DC, Blackstone EH, Mack MJ. Transcatheter (TAVI)
versus surgical (AVR) aortic valve replacement: occurrence, haz-
ard, risk factors, and consequences of neurologic events in the
PARTNER trial. J Thorac Cardiovasc Surg 2012;143:832–843.

60. Ussia GP, Capodanno D, Barbanti M. Balloon aortic valvuloplasty
for severe aortic stenosis as a bridge to high-risk transcatheter
aortic valve implantation. J Invasive Cardiol 2010;22:161–166.

61. The Joint Task Force on the Management of Valvular Heart Disease
of the European Society of Cardiology (ESC) and the European
Association for Cardio-Thoracic Surgery (EACTS). Guidelines on
the management of valvular heart disease (version 2012). Eur J
Cardiothorac Surg 2012;42:S1–S44.

62. Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon DP,
Freed MD, Gaasch WH, Lytle BW, Nishimura RA, O’Gara PT,
O’Rourke RA, Otto CM, Shah PM, Shanewise JS. 2006 Writing
Committee Members; American College of Cardiology/American
Heart Association Task Force. 2008 focused update incorporated
into ACC/AHA 2006 guidelines for the management of patients
with valvular heart disease: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation 2008;118:523–661.

63. Otto CM. Aortic stenosis: even mild disease is significant. Eur
Heart J 2004;25:185–187.

64. Cioffi G, Tomasi C, Rossi A, Nistri S, Tarantini L, Faden G, Mazzone
C, Di Lenarda A, Ettori F, Stefenelli C, Faggiano P. Does treatment
assignment influence the prognosis of patients with symptomatic
severe aortic stenosis? Cardiovasc Ultrasound 2015;13:2.

65. Rosenhek R, Klaar U, Schemper M, Scholten C, Heger M, Gabriel
H, Binder T, Maurer G, Baumgartner H. Mild and moderate aortic
stenosis. Natural history and risk stratification by echocardiog-
raphy. Eur Heart J 2004;25:199–205.

66. Nistri S, Faggiano P, Olivotto I. Hemodynamic progression and out-
come of asymptomatic aortic stenosis in primary care. Am J
Cardiol 2012;109:718–723.

67. Cioffi G, Faggiano P, Vizzardi E, Tarantini L, Cramariuc D, Gerdts
E, de Simone G. Prognostic effect of inappropriately high left ven-
tricular mass in asymptomatic severe aortic stenosis. Heart
2011;97:301–307.

68. Kamalesh M, Ng C, El Masry H. Does diabetes accelerate progression
of calcific aortic stenosis?. Eur J Echocardiogr 2009;10:723–725.

69. Monin JL, Lancellotti P, Monchi M. Risk score for predicting out-
come in patients with asymptomatic aortic stenosis. Circulation
2009;120:69–75.

70. Bahlmann E, Gerdts E, Cramariuc D, Gohlke-Baerwolf C, Nienaber
CA, Wachtell K, Seifert R, Chambers JB, Kuck KH, Ray S.
Prognostic value of energy loss index in asymptomatic aortic sten-
osis. Circulation 2013;127:1149–1156.

71. Tobin JR, Jr, Rahimtoola SH, Blundell PE. Percentage of left ventricu-
lar stroke work loss. A simple hemodynamic concept for estimation
of severity in valvular aortic stenosis. Circulation 1967;35:868–879.

72. Zito C, Salvia J, Cusm�a-Piccione M, Antonini-Canterin F, Lentini S,
Oreto G, Di Bella G, Montericcio V, Carerj S. Prognostic signifi-
cance of valvuloarterial impedance and left ventricular longitu-
dinal function in asymptomatic severe aortic stenosis involving
three-cuspid valves. Am J Cardiol 2011;108:1463–1469.

73. Cramariuc D, Cioffi G, Rieck AE, Devereux RB, Staal EM, Ray S,
Wachtell K, Gerdts E. Low-flow aortic stenosis in asymptomatic pa-
tients: valvular-arterial impedance and systolic function from the
SEAS Substudy. J Am Coll Cardiol Cardiovasc Imaging 2009;2:390–399.

74. Bartko PE, Heinze G, Graf S, Clavel MA, Khorsand A, Bergler-Klein
J, Burwash IG, Dumesnil JG, Sénéchal M, Baumgartner H,
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84. Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM,
Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, Hahn RT,
Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodès-
Cabau J, Vranckx P, Webb JG, Windecker S, Serruys PW, Leon MB.
Updated standardized endpoint definitions for transcatheter aor-
tic valve implantation: the valve academic research consortium-2
consensus document. Eur Heart J 2012;33:2403–2418.

85. Monin JL, Quere JP, Monchi M, Petit H, Baleynaud S, Chauvel C,
Pop C, Ohlmann P, Lelguen C, Dehant P, Tribouilloy C, Gueret P.
Low-gradient aortic stenosis: operative risk stratification and pre-
dictors for long-term outcome: a multicenter study using dobut-
amine stress hemodynamics. Circulation 2003;108:319–324.

86. Himbert D, Pontnau F, Messika-Zeitoun D, Descoutures F, Detaint
D, Cueff C, Sordi M, Laissy JP, Alkhoder S, Brochet E, Iung B,
Depoix JP, Nataf P, Vahanian A. Feasibility and outcomes of trans-
catheter aortic valve implantation in high-risk patients with sten-
otic bicuspid aortic valves. Am J Cardiol 2012;110:877–883.

87. Jilaihawi H, Kashif M, Fontana G, Furugen A, Shiota T, Friede G,
Makhija R, Doctor N, Leon MB, Makkar RR. Cross-sectional com-
puted tomographic assessment improves accuracy of aortic annu-
lar sizing for transcatheter aortic valve replacement and reduces
the incidence of paravalvular aortic regurgitation. J Am Coll
Cardiol 2012;59:1275–1286.

88. Piazza N, De Jaegere P, Schultz C, Becker AE, Serruys PW,
Anderson RH. Anatomy of the aortic valvar complex and its impli-
cations for transcatheter implantation of the aortic valve. Circ
Cardiovasc Interv 2008;1:74–81.

89. Messika-Zeitoun D, Serfaty JM, Brochet E, Ducrocq G, Lepage L,
Detaint D, Hyafil F, Himbert D, Pasi N, Laissy JP, Iung B, Vahanian
A. Multimodal assessment of the aortic annulus diameter: implica-
tions for transcatheter aortic valve implantation. J Am Coll
Cardiol 2010;55:186–194.

90. Willson AB, Webb JG, LaBounty TM, Achenbach S, Moss R, Wheeler M,
Thompson C, Min JK, Gurvitch R, Norgaard BL, Hague CJ, Toggweiler
S, Binder R, Freeman M, Poulter R, Poulsen S, Wood DA, Leipsic J.
Three-dimensional aortic annular assessment by multidetector com-
puted tomography predicts moderate or severe paravalvular regurgi-
tation after transcatheter aortic valve replacement. A multicenter
retrospective analysis. J Am Coll Cardiol 2012;59:1287–1294.

91. Jilaihawi H, Doctor N, Kashif M, Chakravarty T, Rafique A, Makar M,
Furugen A, Nakamura M, Mirocha J, Gheorghiu M, Stegic J, Okuyama
K, Sullivan DJ, Siegel R, Min JK, Gurudevan SV, Fontana GP, Cheng W,
Friede G, Shiota T, Makkar RR. Aortic annular sizing for transcatheter
aortic valve replacement using crosssectional 3-dimensional transeso-
phageal echocardiography. J Am Coll Cardiol 2013;61:908–916.

92. Barbanti M, Yang TH, Rodes Cabau J, Tamburino C, Wood DA, Jilaihawi
H, Blanke P, Makkar RR, Latib A, Colombo A, Tarantini G, Raju R,
Binder RK, Nguyen G, Freeman M, Ribeiro HB, Kapadia S, Min J,
Feuchtner G, Gurtvich R, Alqoofi F, Pelletier M, Ussia GP, Napodano M,
De Brito FS Jr, Kodali S, Norgaard BL, Hansson NC, Pache G, Canovas
SJ, Zhang H, Leon MB, Webb JG, Leipsic J. Anatomical and procedural
features ssociated with aortic root rupture during balloon expandable
transcatheter aortic valve replacement. Circulation 2013;128:244–253.

93. Al-Lamee R, Godino C, Colombo A. Transcatheter aortic valve im-
plantation: current principles of patient and technique selection
and future perspectives. Circ Cardiovasc Interv 2011;4:387–395.

94. Binder RK, Webb JG, Willson AB, Urena M, Hansson NC, Norgaard
BL, Pibarot P, Barbanti M, Larose E, Freeman M, Dumont E,
Thompson C, Wheeler M, Moss RR, Yang TH, Pasian S, Hague CJ,
Nguyen G, Raju R, Toggweiler S, Min JK, Wood DA, Rodes-Cabau J,
Leipsic J. The impact of integration of a multidetector computed

tomography annulus area sizing algorithm on outcomes of trans-
catheter aortic valve replacement: a prospective, multicenter,
controlled trial. J Am Coll Cardiol 2013;62:431–438.

95. Saikrishnan N, Kumar G, Sawaya FJ, Lerakis S, Yoganathan AP.
Accurate assessment of aortic stenosis. A review of diagnostic
modalities and Hemodynamics. Circulation 2014;129:244–253.

96. O’Sullivan CJ, Stortecky S, Buellesfeld L, Wenaweser P, Windecker
S. Preinterventional screening of the TAVI patient: how to choose
the suitable patient and the best procedure. Clin Res Cardiol
2014;103:259–274.

97. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon
R. European system for cardiac operative risk evaluation
(EuroSCORE). Eur J Cardiothorac Surg 1999;16:9–1314.

98. O’Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB,
Normand SL, DeLong ER, Shewan CM, Dokholyan RS, Peterson ED,
Edwards FH, Anderson RP. Society of Thoracic Surgeons Quality
Measurement Task Force. The Society of Thoracic Surgeons 2008
cardiac surgery risk models: part 2–isolated valve surgery. Ann
Thorac Surg 2009;88(1 Suppl):S23–S42.

99. Ranucci M, Castelvecchio S, Menicanti L, Frigiola A, Pelissero G.
Risk of assessing mortality risk in elective cardiac operations: age,
creatinine, ejection fraction, and the law of parsimony. Circulation
2009;119:3053–3061.

100. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR,
Lockowandt U. EuroSCORE II. Eur J Cardiothorac Surg 2012;41:734–744.

101. Hanley JA, McNeil BJ. The meaning and use of the area under a re-
ceiver operating characteristic (ROC) curve. Radiology 1982;143:29–36.

102. Basraon J, Chandrashekhar YS, John R, Agnihotri A, Kelly R, Ward H,
Adabag S. Comparison of risk scores to estimate perioperative mortality
in aortic valve replacement surgery. Ann Thorac Surg 2011;92:535–540.

103. Barili F, Pacini D, Capo A, Ardemagni E, Pellicciari G, Zanobini M, Grossi
C, Shahin KM, Alamanni F, Di Bartolomeo R, Parolari A. Reliability of
new scores in predicting perioperative mortality after isolated aortic
valve surgery: a comparison with the society of thoracic surgeons score
and logistic EuroSCORE. Ann Thorac Surg 2013;95:1539–1544.

104. Wendt D, Thielmann M, Kahlert P, Kastner S, Price V, Al-Rashid F,
Patsalis P, Erbel R, Jakob H. Comparison between different risk
scoring algorithms on isolated conventional or transcatheter aortic
valve replacement. Ann Thorac Surg 2014;97:796–802.

105. Vanhuyse F, Maureira P, Folliguet T, Villemot JP. Predictive value of
five risk scores to predict outcomes after aortic valve replacement
in octogenarians. J Heart Valve Dis 2013;22:517–523.

106. Barili F, Pacini D, D’ovidio M, Ventura M, Alamanni F, Di Bartolomeo
R, Grossi C, Davoli M, Fusco D, Perucci C, Parolari A. Reliability of
modern scores to predict long-term mortality after isolated aortic
valve operations. Ann Thorac Surg 2016;101:599–605.

107. Osnabrugge RL, Speir AM, Head SJ, Fonner CE, Fonner E, Kappetein
AP, Rich JB. Performance of EuroSCORE II in a large US database:
implications for transcatheter aortic valve implantation. Eur J
Cardiothorac Surg 2014;46: 400–408.

108. Rosenhek R, Iung B, Tornos P, Antunes MJ, Prendergast BD, Otto CM,
Kappetein AP, Stepinska J, Kaden JJ, Naber CK, Acarturk E, Gohlke-
Barwolf C. (2012) ESC working group on valvular heart disease pos-
ition paper: assessing the risk of interventions in patients with
valvular heart disease. Eur Heart J 2012;33:822–828.

109. Durand E, Borz B, Godin M, Tron C, Litzler PY, Bessou JP, Dacher JN,
Bauer F, Cribier A, Eltchaninoff H. Performance analysis of
EuroSCORE II compared to the original logistic EuroSCORE and STS
scores for predicting 30-day mortality after transcatheter aortic
valve replacement. Am J Cardiol 2013;111:891–897.

110. Takagi H, Niwa M, Mizuno Y, Yamamoto H, Goto SN, Umemoto T; All
Literature Investigation Of Cardiovascular Evidence Group; A meta-
analysis comparing observed 30-dayall-cause mortality with the
Society of Thoracic Surgeons Predicted Risk of Mortality in contem-
porary studies using Valve Academic Research Consortium defin-
itions. Int J Cardiol 2013;168:1598–1602.

111. Arangalagea D, Cimadevilla C, Alkhoderc S, Chiampana A, Himberta
D, Brocheta E, Iunga B, Natafc P, Depoixd JP, Vahaniana A,
Messika-Zeitouna D. Agreement between the new EuroSCORE II, the
Logistic EuroSCORE and the Society of Thoracic Surgeons score: im-
plications for transcatheter aortic valve implantation. Archives of
Cardiovascular Disease 2014;107:353–360.

112. Beohar N, Whisenant B, Kirtane AJ, Leon MB, Tuzcu EM, Makkar R,
Svensson LG, Miller DC, Smith CR, Pichard AD, Herrmann HC, Thourani

D368 G. Pulignano et al.



VH, Szeto WY, Lim S, Fischbein M, Fearon WF, O’neill W, Xu K, Dewey T,
Mack M. The relative performance characteristics of the logistic European
System for Cardiac Operative Risk Evaluation score and the Society of
Thoracic Surgeons score in the Placement of Aortic Transcatheter Valves
trial. J Thorac Cardiovasc Surg 2014;148:2830–2837.

113. D’Ascenzo F, Capodanno D, Tarantini G, Nijhoff F, Ciuca C, Rossi ML,
Brambilla N, Barbanti M, Napodano M, Stella P, Saia F, Ferrante G,
Tamburino C, Gasparetto V, Agostoni P, Marzocchi A, Presbitero P, Bedogni
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