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Key concurrences and divergences of ESC/EACTS and ACC/AHA Guidelines. ACC/AHA, American College of Cardiology/American Heart 
Association; AS, aortic stenosis; AVR, aortic valve replacement; ESC/EACTS, European Society of Cardiology/European Association for Cardio- 
Thoracic Surgery; LVEF, left ventricular ejection fraction; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.

Abstract

Aortic stenosis (AS) is a serious and complex condition, for which optimal management continues to evolve rapidly. An understanding of current 
clinical practice guidelines is critical to effective patient care and shared decision-making. This state of the art review of the 2021 European Society of 
Cardiology/European Association for Cardio-Thoracic Surgery Guidelines and 2020 American College of Cardiology/American Heart Association 
Guidelines compares their recommendations for AS based on the evidence to date. The European and American guidelines were generally congru-
ent with the exception of three key distinctions. First, the European guidelines recommend intervening at a left ventricular ejection fraction of 55%, 
compared with 60% over serial imaging by the American guidelines for asymptomatic patients. Second, the European guidelines recommend a 
threshold of ≥65 years for surgical bioprosthesis, whereas the American guidelines employ multiple age categories, providing latitude for patient 
factors and preferences. Third, the guidelines endorse different age cut-offs for transcatheter vs. surgical aortic valve replacement, despite limited 
evidence. This review also discusses trends indicating a decreasing proportion of mechanical valve replacements. Finally, the review identifies gaps in 
the literature for areas including transcatheter aortic valve implantation in asymptomatic patients, the appropriateness of Ross procedures, concomi-
tant coronary revascularization with aortic valve replacement, and bicuspid AS. To summarize, this state of the art review compares the latest 
European and American guidelines on the management of AS to highlight three areas of divergence: timing of intervention, valve selection, and sur-
gical vs. transcatheter aortic valve replacement criteria.

Keywords Aortic stenosis • TAVI • SAVR • Guidelines • Valvular heart disease • Aortic valve

Introduction
Aortic stenosis (AS) is the most common non-rheumatic valvular heart 
disease (VHD), affecting 2%–5% of adults over 65 years.1 The past decade 
has seen a rapid succession of randomized clinical trials (RCTs) examining 
transcatheter interventions in high, intermediate, and recently low surgical 
risk AS patients. Since the 2017 European Society of Cardiology (ESC)/ 
European Association for Cardio-Thoracic Surgery (EACTS)2 and the 
2014 American College of Cardiology (ACC)/American Heart 
Association (AHA) Guidelines,3 new evidence has shifted how AS is man-
aged in clinical practice. The 2021 ESC/EACTS4 and 2020 ACC/AHA5

Guidelines differ on the roles of transcatheter aortic valve implantation 
(TAVI) and thresholds for intervention, despite being based on a shared 
body of literature with few exceptions. A critical examination of the evi-
dence supporting these recommendations may assist clinicians caring for 
patients with AS. This state of the art review will focus on surgical and 
transcatheter recommendations for managing AS in the 2021 ESC/ 
EACTS and 2020 ACC/AHA Guidelines.

I. Heart team management and 
decision-making
A. Heart team
Both the ESC/EACTS and ACC/AHA Guidelines emphasize the im-
portance of the Heart Team through a Class of Recommendation 
(COR) I/1, Level of Evidence (LOE) C statement. The Heart Team is 
responsible for taking a multidisciplinary appraisal of patient and pro-
cedural factors to devise an optimal treatment strategy. Both guidelines 
refer to the Heart Team as an ‘underlying principle’ highlighted by a 
2019 VHD consensus statement (Table 1).6

Both the ACC/AHA and ESC/EACTS concur that high volume cen-
tres are associated with better outcomes while acknowledging the in-
fluence of other performance indicators.4,5 The ACC/AHA suggests 
that Heart Valve Centres are particularly useful for complex patients, 
such as ‘asymptomatic patients with severe VHD’ or ‘patients with 

multiple comorbidities for whom valve intervention is considered’ 
(COR 2a LOE C-LD).5 Unlike guidelines from other jurisdictions and 
the evidence indicating a volume-outcome relationship, neither the 
American nor European guidelines recommend minimum cases for 
Heart Valve Centres to perform TAVI and surgical aortic valve replace-
ment (SAVR). The ESC/EACTS Guidelines state that ‘the Heart Team 
approach is particularly advisable for the management of high-risk and 
asymptomatic patients…’ but this is not provided as a formal recom-
mendation. The 2021 ESC/EACTS revised its 2017 criteria to empha-
size Heart Team involvement in SAVR vs. TAVI decision-making, 
stating that the choice ‘must be based upon careful evaluation of clinical, 
anatomical and procedural factors by the Heart Team’ (COR I LOE C).4

While multidisciplinary care has always existed, the contemporary 
Heart Team approach was initially designed for eligibility evaluation 
in the SYNTAX (NCT00114972) and subsequently PARTNER 
(NCT00530894) trials, as well as the commercially funded Medtronic 
CoreValve Trial (NCT01240902). In the USA, formalization of the 
Heart Team approach was incentivized by Medicare and Medicaid reim-
bursement rules, which required that TAVIs be conducted jointly with 
an interventional cardiologist and cardiac surgeon.17 Although the ori-
gins and context-specific implementation of the Heart Team may differ 
between countries, the Heart Team has expanded to become central 
to both the American and European guidelines on AS.18

Observational studies examining the Heart Team approach to cor-
onary artery disease (CAD) have found it results in a formalized 
decision-making process while introducing perspectives possibly asso-
ciated with improved clinical outcomes. However, there remains a 
need to study the potential benefits of a Heart Team approach and fac-
tors central to its posited success, which may vary by region and health-
care system.17,19

B. Risk stratification
TAVI vs. SAVR decision-making is now mainly based on predicted life 
expectancy in relation to prosthetic durability and patient preferences. 
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However, risk scores remain one central aspect of the preprocedural 
workup in patients with AS. Both the ESC/EACTS and ACC/AHA sup-
port the Society of Thoracic Surgeons’ Predicted Risk of Mortality 
(STS-PROM) score, the most widely used risk score throughout both 
guidelines to assess suitability for surgery. Although this is a COR 1 rec-
ommendation by the ACC/AHA (the ESC/EACTS make no formal re-
commendations regarding the choice of risk scores), both groups 
acknowledge that risk scores are only one component of overall 
Heart Team discussions that incorporate clinical status, anatomy and 
patient preferences (Table 1).4,5

Another major consideration of risk stratification is frailty when con-
sidering SAVR or TAVI intervention. Both the ESC/EACTS and the 
ACC/AHA guidelines recommend using quantitative and standardized 
frailty scores, such as the Katz Index of Independence.4,5 The ACC/ 
AHA goes further to establish a cut-off of two on the Katz Index as 
‘prohibitive surgical risk’.5

The ESC/EACTS and ACC/AHA also concur on their definition of 
‘futility’ for AS patients undergoing evaluation for SAVR as <12 months 
of life expectancy. This is briefly mentioned by the ACC/AHA but ela-
borated on by the ESC/EACTS via supplementary tables with detailed 
factors that impact futility such as STS-PROM, frailty, malnutrition, ma-
jor organ failure, and cognitive dysfunction.4

II. Timing and thresholds for intervention
In the following sections, we present an algorithm that unifies both 
guidelines for managing AS (Figure 1) and deconstructs the sequential 
approach to the timing of intervention (Figure 2).

A. Symptomatic aortic stenosis
Both the ESC/EACTS and ACC/AHA make a COR I/1 for intervention 
in symptomatic patients with severe high-gradient AS.4,5 The European 
guidelines consider this recommendation to be supported with an LOE 
B instead of its LOE A designation in the American guidelines (Table 2). 
The ESC/EACTS’s lower LOE may be explained by its cited evidence of 
natural history studies from 1988 and 1990.20,21 In addition to natural 
history studies, the ACC/AHA guidelines referenced more recent STS 
risk models and observational studies20,22,23 and the PARTNER 1B trial, 
which demonstrated improved survival outcomes with TAVI compared 
with medical therapy for symptomatic patients at prohibitive surgical 
risk.24

Low-flow low-gradient aortic stenosis with reduced left ventricular 
ejection fraction
Low-flow low-gradient (LFLG) AS may be categorized as either ‘classic-
al AS’ or ‘paradoxical AS’ based on left ventricular ejection fraction 
(LVEF). In ‘classical’ LFLG AS with an LVEF <50%, it becomes crucial 
to distinguish between true-severe and pseudo-severe AS, as the for-
mer must be corrected with valve replacement and the latter is treated 
with medical therapy for underlying cardiomyopathy.35 Both guidelines 
require dobutamine stress echocardiography (DSE) to confirm the 
presence of true-severe AS, upon which the European guidelines con-
cur in a COR I/1 LOE B recommendation for intervention (Table 2).4,5

Unfortunately, the utility of DSE becomes limited in situations where 
the contractile reserve is <20% and aortic valve area cannot be accurate-
ly predicted using the continuity equation. Other non-invasive modalities 

Figure 1 Factors influencing mode of intervention in aortic stenosis. AS, aortic stenosis; LVEF, left ventricular ejection fraction; PCI, percutaneous 
coronary intervention; SAVR, surgical aortic valve replacement; STS-PROM, Society of Thoracic Surgeons’ Predicted Risk of Mortality; TAVI , transcath-
eter aortic valve implantation.
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Figure 2 ESC/EACTS vs. ACC/AHA on timing of intervention. AS, aortic stenosis; BNP, blood natriuretic peptide; CCT, Cardiac CT; LVEF, left ven-
tricular ejection fraction.
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have been suggested for these patients, such as multi-slice computed 
tomography (CT), cardiac magnetic resonance imaging, positron emis-
sion tomography scan, and B-type natriuretic peptide (BNP) levels.36

Unlike their American counterparts, the ESC/EACTS makes an additional 
COR IIa LOE C recommendation for intervention in LFLG AS without 
contractile reserve, ‘particularly when cardiac CT (CCT) calcium scoring 
confirms severe AS’ (Table 2).4 Overall, there is sparse and conflicting evi-
dence in patients with LFLG AS without contractile reserve, as exempli-
fied by small registries such as the TOPAS-TAVI study by Ribeiro and 
colleagues which found DSE to be an unreliable predictor of severe AS, 
and thus clinical outcomes.37 The European guidelines acknowledge his-
torical evidence indicating that LFLG AS patients without contractile re-
serve who undergo TAVI or SAVR have higher periprocedural 
mortality, but also emphasize findings from Tribouilloy and colleagues 
that patients who survive intervention have enjoyed better LVEF and long- 
term outcomes than traditional medical management.4,25,26 The COR IIa 
recommendation can be seen as tolerating greater operative risk to avoid 
underestimating the severity of AS. Nonetheless, it is contextualized by 
stating that ‘decision-making for such patients should take account of co-
morbidities, degree of valve calcification, extent of CAD, and feasibility of 
revascularization’.4 In contrast, the ACC/AHA speculates these high-risk 
patients may also benefit from SAVR but decisions ‘must be individualized 
because outcomes are poor with either surgical or medical therapy’.5

Regarding the mode of intervention, the ACC/AHA primarily re-
commends SAVR for LFLG AS with reduced LVEF, stating ‘the role 
TAVI in these patients is under investigation’.5 The ESC/EACTS cites 
a substudy of the TOPAS-TAVI Registry, implying that TAVI can be 
used for this patient population, but this lacked a SAVR comparison 
group.27 A 2014 GARY registry study reported higher rates of 
post-TAVI mortality in those with low-gradient AS with reduced ejec-
tion fraction compared with patients with high-gradient AS.38

Low-flow low-gradient aortic stenosis with preserved left ventricular 
ejection fraction
Approximately 10%–15% of patients have LFLG AS with preserved 
LVEF, classified as ‘paradoxical AS’. Much remains uncertain about 
paradoxical AS, which is reflected by the ESC/EACTS’ recommenda-
tion for an ‘integrated approach’ in their Figure 3 algorithm ending in 
CCT assessment, and intervention ‘after careful confirmation that the 
AS is severe’ (COR IIa LOE C).4 The ACC/AHA guidelines more spe-
cifically state ‘aortic valve replacement is recommended if AS is the 
most likely cause of symptoms’, which may be suspected for a ‘severe-
ly calcified aortic valve and a valve area ≤1.0 cm2’ (COR 1 LOE 
B-NR).5 The ESC/EACTS states that data surrounding valve interven-
tion is ‘controversial’ in paradoxical AS which contrasts the ACC/ 
AHA’s stronger COR 1 (Table 2).4 Three cohort studies are cited 
as providing unclear implications by the ESC/EACTS guidelines, which 
likely contributed to the COR IIa.28–30 Two of these studies, by Clavel 
and colleagues and Mehrotra and colleagues, compared LFLG severe 
AS to either moderate- or high-gradient severe AS. Both reported 
that LFLG AS was associated with significantly worse survival, but 
Clavel and colleagues additionally found that survival could be im-
proved with intervention.29,30 The third study by Jander and collea-
gues found LFLG AS with preserved LVEF to have similar outcomes 
to moderate AS.28 Another study by Tribouilloy and colleagues was 
referenced by the European guidelines for normal-flow low-gradient 
(NFLG) AS, but also supported LFLG AS with preserved LVEF as hav-
ing a comparable prognosis to mild-to-moderate AS that was not im-
proved with surgery.31
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By contrast, the ACC/AHA guidelines cite more recent literature to 
support their COR 1, including a 2018 prospective cohort which found 
low-flow AS with preserved LVEF to be associated with greater 5-year 
mortality than moderate or high-flow AS.32 Finally, while the benefit of 
TAVI is deemed unclear by the ESC/EACTS, the ACC/AHA cites a 
small prospective cohort of patients with paradoxical AS who exhibited 
an increase in post-TAVI valvular flow, thus indicating its positive hemo-
dynamic benefits.33

B. Asymptomatic aortic stenosis
Left ventricular ejection fraction
Asymptomatic AS presents ongoing challenges to the timing of the 
intervention. The potential benefits of valve replacement in asymptom-
atic AS must be weighed against the risks of surgery. One major consid-
eration is LVEF.

NFLG AS with preserved LVEF is the most common form of low- 
gradient AS and can present with or without symptoms. When asymp-
tomatic, NFLG AS is considered to be ‘moderate’ by both European 
and North American guidelines.4,5 Regular follow-up is recommended 
as the patient can deteriorate rapidly into symptomatic severe AS, at 
which point intervention is necessary.

Both the ESC/EACTS and ACC/AHA guidelines recommend valve 
intervention in patients with asymptomatic severe AS and LVEF 
<50% (COR I/1 LOE B).4,5 Notably, both guidelines introduced recom-
mendations for intervention in patients with asymptomatic AS and 
LVEF >50%, which were not specifically defined in previous versions. 
The ACC/AHA states that aortic valve replacement may also be con-
sidered in those with severe high-gradient AS (Stage C1) and progres-
sive decrease in LVEF over three serial imaging studies to <60% (COR 
2b LOE B-NR).5 Likewise, a COR IIa was added to the 2021 ESC/ 
EACTS guidelines specifying that asymptomatic AS with an LVEF 
<55% could be considered for intervention ‘in the absence of another 
cause’ (Table 3).4

In the absence of adverse features (see below), the optimal LVEF 
threshold for asymptomatic patients remains controversial and both 
groups reference the same cohort studies.39,40 The ESC/EACTS re-
commends a threshold of LVEF <55% based on Bohbot and colleagues’ 
findings that patients with LVEF <55% displayed higher mortality com-
pared with LVEF ≥60%’.40 The ACC/AHA establishes a higher LVEF 
cut-off of <60% (outlined by Lancellotti and colleagues39) but requires 
echocardiography to show a progressive decline in LVEF over three 
serial examinations which may reduce the impact of inter-rater differ-
ences in performing and interpreting imaging. As such, the serial decline 
required for intervention by the ACC/AHA guidelines may be consid-
ered by some to be more conservative despite having a higher LVEF 
threshold than the European guidelines.

The new ESC/EACTS recommendation for intervention with 
low-risk patients with an LVEF >55% and an aortic Vmax of 
≥5 m/s reflect the potential survival benefits of early SAVR in 
asymptomatic AS, shown by the RECOVERY trial.41 The 2021 
AVATAR trial was the first RCT to implement systematic exercise 
testing and conventional echocardiographic assessments to isolate 
truly asymptomatic severe AS. Although its results were published 
after the most recent guidelines were released, AVATAR found 
that early SAVR likewise reduced major adverse cardiovascular 
and cerebrovascular events compared with conservative manage-
ment.56 These trials align with previous studies that informed the 
decision to lower Vmax from ≥5.5 m/s to ≥5 m/s57 and establish 
a 60 mmHg mean gradient cut-off,39,48 marking the first time the 

ESC/EACTS and ACC/AHA have aligned in their definitions of 
very severe AS. In Europe, the new criteria will allow more low-risk 
patients to receive early intervention.

Adverse prognostic features
In asymptomatic patients, the ACC/AHA and ESC/EACTS endorse ex-
ercise stress testing and subsequent intervention with decreased exer-
cise tolerance, irrespective of LVEF. Both guidelines also identify other 
adverse prognosticators for early intervention such as Vmax >5 m/s, 
Vmax progression ≥0.3 m/s/year, or elevated BNP (COR II/2a LOE B 
for both guidelines), but only when procedural risk is low.4,5

Although not official recommendations, the ESC/EACTS also consider 
left ventricular hypertrophy and global longitudinal strain, indexed 
stroke volume, and left atrial volume as additional criteria for interven-
tion in low-risk patients.4

Regular follow-up
For asymptomatic patients with severe AS who are deemed inappro-
priate for intervention, follow-up via serial testing is strongly recom-
mended by the ESC/EACTS due to the potential for rapid 
deterioration. Although not official recommendations, the European 
guidelines emphasize a minimum of 6-month follow-ups for severe 
AS, serial echocardiograms, exercise testing for early symptom detec-
tion, and BNP levels.4

C. Concomitant cardiac surgery
The American guidelines advise patients with asymptomatic severe AS al-
ready undergoing cardiac surgery to receive concomitant SAVR, as it may 
diminish the risks associated with late intervention and redo TAVI (COR 1 
LOE B-NR).5 The ESC/EACTS does not directly recommend intervention 
with cardiac surgery for patients with asymptomatic AS (Table 3).4

However, the European guidelines provide a general recommendation 
of SAVR for patients with severe AS (COR 1 LOE C) and or moderate 
AS (COR 2a LOE C) undergoing coronary artery bypass grafting 
(CABG) or surgical intervention on the ascending aorta or another valve.4

D. Tavi vs. savr
The decision-making algorithm for TAVI vs. SAVR is discussed in detail 
in Section V. In the context of asymptomatic AS, the ACC/AHA applies 
the same TAVI vs. SAVR treatment selection algorithm as symptomatic 
patients despite lacking randomized evidence (COR 1 LOE B-NR).5

The ESC/EACTS avoids this liberal approach by stating that suitability 
for TAVI is determined by the Heart Team once the intervention has 
already been decided and defers to future RCT evidence from 
EARLY TAVR (NCT03042104), EASY-AS (NCT04204915) and 
EVoLVeD (NCT03094143) for guidance (Table 4).4 Notably, whereas 
the presence of adverse prognosticators was previously an indication 
for SAVR alone, the 2021 ESC/EACTS guidelines have expanded inter-
vention options to include TAVI.

IV. Bioprosthetic vs. mechanical valve
A. Age thresholds
The choice between bioprosthetic vs. mechanical aortic valve repair has 
become increasingly complicated with the rise of TAVI, especially the 
potential for valve-in-valve interventions following bioprosthetic failure. 
The ESC/EACTS and ACC/AHA guidelines agree that valve choice is in-
fluenced by Heart Team discussion, informed patient preferences, and 
contraindications to anticoagulation (COR I/1 LOE C) but differ in 
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recommended age thresholds.4,5 The ACC/AHA states that ‘patients 
<50 years without contraindications to anticoagulation should get 
mechanical aortic prosthesis’, ‘patients >65 years should get a biopros-
thetic valve’ and shared decision-making and patient factors should de-
termine valve choice for 50–65 years (COR 2a LOE B-NR).5

Meanwhile, the ESC/EACTS guidelines state that mechanical valves 
should be considered in patients <60 years (COR IIa LOE B), and bio-
prosthetic valves in patients >65 years (COR IIa LOE C) (Table 5).4

Both the ACC/AHA and ESC/EACTS reference a 2017 retrospective 
cohort study by Goldstone and colleagues that found mechanical pros-
theses were associated with lower 15-year mortality for ages 45–54 
but similar survival in ages >55.58 Additionally, retrospective data showed 
comparable long-term survival in ages 50–6596 and an RCT by Stassano 
and colleagues in ages 55–70 found a long-term survival advantage but 
increased risk of bioprosthetic valve failure beginning at 10 years of fol-
low-up.62 Of note, this was not performed with contemporary 
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Table 3 Asymptomatic aortic stenosis

2020 ACC/AHA guideline5 2021 ESC/EACTS guideline4 Comparison of the evidence

3.2.3. COR 1 LOE B-NR: in asymptomatic 
patients with severe AS and LVEF < 50%, AVR 
may be considered. 3.2.3. COR 2b LOE 
B-NR: in asymptomatic patients with severe 
high-gradient AS and a progressive decrease 
in LVEF on at least 3 serial imaging studies to 
<60%, AVR may be considered.

5.2.2. COR I LOE B: intervention is recommended 
in asymptomatic AS and systolic LV dysfunction 

(LVEF <50%) without another cause. 5.2.2. COR 
IIa LOE B: intervention should be considered in 
asymptomatic AS and LV systolic dysfunction 

(LVEF <55%) without another cause.

Shared Evidence: Bohbot et al. (2019) and 
Lancellotti et al. (2018).39,40 Bohbot et al. (2019): 
cohort study examining conservative vs. surgical 

management in patients with asymptomatic AS and 
various LVEFs: < 55% (n = 239), 55%–59% (n = 
331) and ≥ 60% (n = 1108). Outcomes: 5-year 

mortality Conclusions: patients with LVEF <55% 
had higher mortality rates compared with both 

LVEF 55%–60% (P < 0.001) and LVEF >60% (P < 
0.001). Patients with LVEF 55%–60% and >60% had 

a comparable prognosis. In patients with LVEF 
<55%, initial surgical management reduces all-cause 
mortality risk (P < 0.001). Lancellotti et al. (2018): 
registry cohort study of the natural history of 1375 

patients with asymptomatic AS. Outcomes: 
patients with severe AS at baseline, Vmax >5 m/s 
and LVEF <60% were at increased risk of all-cause 

mortality. Anticipating trials on the suitability of 
TAVI for asymptomatic disease such as 

RECOVERY.41

Exercise testing

3.2.3. COR 2a LOE B-NR: in apparently 
asymptomatic patients with severe AS and 
low surgical risk, AVR is reasonable when: (1) 
Exercise test demonstrates decreased 
exercise tolerance (normalized for age and 
sex) or a fall in SBP of ≥10 mm Hg from 
baseline to peak exercise. (2) Serum B-type 
natriuretic peptide (BNP) level is >3 times 
normal 3. At least 3 serial imaging studies 
shows an increase in aortic velocity ≥0.3 m/s 
per year. 3.2.3. COR 2a LOE B-R: In 
asymptomatic patients with very severe AS 
(defined as an aortic velocity of ≥5 m/s) and 
low surgical risk, AVR is reasonable.

5.2.2. COR I LOE C: intervention is 
recommended in asymptomatic patients with 
demonstrable symptoms on exercise testing. 

5.2.2. COR IIa LOE B: intervention should be 
considered in asymptomatic patients with LVEF 

>55% and a normal exercise test if the procedural 
risk is low and one the following parameters is 
present: (1) very severe aortic stenosis (mean 

gradient ≥60 mmHg or Vmax >5 m/s). (2) Severe 
valve calcification (ideally assessed by CCT) and 
Vmax progression ≥ 0.3 m/s/year. (3) Markedly 

elevated BNP levels (>3 × age- and sex-corrected 
normal range) confirmed by repeated 

measurements and without other explanation. 
5.2.2. COR IIa LOE C: intervention should be 

considered in asymptomatic patients with a 
sustained fall in BP (>20 mmHg) during exercise 

testing.

ACC/AHA Evidence: prospective cohort studies 
and registry studies to support use of exercise 
testing and BNP levels.42–46 Peak aortic Vmax 

supported by registry studies and the RECOVERY 
trial which set the inclusion criteria for early surgery 
as Vmax ≥4.5 m/s.39,41,47 ESC/EACTS Evidence: 
recommendations surrounding peak aortic Vmax 

and mean gradient were supported by prospective 
cohort and retrospective database studies.39,48

CCT scoring and progression of Vmax 
recommendations supported by a 2018 registry 

study49 and historical studies from 2000 to 
1997.48,50,51 BNP recommendations supported by 

2 large studies completed in 2014 (one registry 
study and one prospective cohort study).52,53

Concomitant cardiac surgery

3.2.3. COR 1 LOE B-NR: in asymptomatic 
patients with severe AS who are undergoing 
cardiac surgery for other indications, AVR is 
indicated.

No specific recommendations. ACC/AHA Evidence: prospective cohort studies 
examining the risk factors for asymptomatic AS are 

cited to suggest a lower risk associated with 
concomitant AVR than future reoperation.39,41,54,55

Abbreviations as in Tables 1 and 2. LV, left ventricular; SBP, systolic blood pressure.
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Table 4 Mechanical vs bioprosthetic valve

2020 ACC/AHA guideline5 2021 ESC/EACTS guideline4 Comparison of the evidence

3.2.4. COR 1 LOE C-EO: the choice of prosthetic 
valve should be based on a shared 
decision-making process that accounts for the 
patient’s values and preferences and includes a 
discussion of the indications for and risks of 
anticoagulant therapy and the potential need 
for and risks associated with valve 
reintervention. 3.2.4. COR 1 LOE C-EO: for 
patients of any age requiring AVR for whom 
VKA anticoagulant therapy is contraindicated, 
cannot be managed appropriately, or is not 
desired, a bioprosthetic AVR is recommended

11.1. COR I LOE C: a mechanical prosthesis is 
recommended according to the desire of the 

informed patient and if there are no 
contraindications to long-term anticoagulation. 

11.1. COR I LOE C: a bioprosthesis is 
recommended according to the desire of the 

informed patient. 11.1. COR I LOE C: a 
bioprosthesis is recommended when good-quality 
anticoagulation is unlikely and in those patients 

whose life expectancy is lower than the presumed 
durability of the bioprosthesis.

Recommendations based largely on expert 
opinion instead of evidence for both guidelines.

3.2.4. COR 2a LOE B-R: for patients <50 years 
without contraindications to anticoagulation, it 
is reasonable to choose a mechanical aortic 
prosthesis over a bioprosthetic valve. 3.2.4. 
COR 2a LOE B-R: for patients >65 years of age 
who require AVR, it is reasonable to choose a 
bioprosthesis over a mechanical valve. 3.2.4. 
COR 2a LOE B-NR: for patients 50–65 years of 
age who require AVR and who do not have a 
contraindication to anticoagulation, it is 
reasonable to individualize the choice of either a 
mechanical or bioprosthetic AVR with 
consideration of individual patient factors and 
after informed shared decision-making.

11.1. COR IIa LOE B: a mechanical prosthesis 
should be considered in patients aged <60 years. 
11.1. COR IIa LOE C: a bioprosthetic valve should 

be considered in patients >65 years of age.

Shared Evidence: Goldstone et al. (2017):58

prospective cohort study following close to 10 
000 patients from 1996 to 2013. Outcome: 

mechanical prosthesis was associated with lower 
15-year mortality for patients of 45–54 years only. 
ACC/AHA Evidence: large retrospective studies 
examining older valves for 50–65 range, with all 
studies published near or before 2010.59–61 For 
>60 age group: supported by a randomized trial by 

Stassano et al. examining mechanical AVR vs. 
bioprosthetic AVR in patients 55–70 years of age. 

Found that 10-year risk of bioprosthetic valve 
failure was significantly increased.62 Acknowledges 

lack of definitive data about anticoagulation vs. 
deterioration for 50–65 age group. ESC/EACTS 

Evidence: more contemporary studies; 2 
systematic reviews by Head et al. (2017) and Diaz 

et al. (2019) to support age thresholds.63,64

11.2. COR 2a LOE B-R: for patients with a 
bioprosthetic TAVI, aspirin 75–100 mg daily is 
reasonable in the absence of other indications 
for oral anticoagulants. 11.2. COR 2b LOE 
B-NR: for patients with a bioprosthetic TAVI 
who are at low risk of bleeding, anticoagulation 
with a VKA to achieve an INR of 2.5 may be 
reasonable for at least 3 months after valve 
implantation.

11.3. COR I LOE B: OAC is recommended 
lifelong for TAVI patients who have other 

indications for OAC. 11.3. COR I LOE A: lifelong 
SAPT is recommended after TAVI in patients with 

no baseline indication for OAC.

Shared Evidence: Maes et al. (2018): SAPT vs. 
DAPT showed higher rates of adverse events with 
DAPT with a lack of clinical benefits on ischaemic 
events.65 ACC/AHA Evidence: Rodés-Cabau et al. 
(2017): ARTE trial of SAPT vs. DAPT (n = 222) 
following TAVI indicating SAPT was superior in 
reducing adverse events.66 Zuo et al. (2019): 

meta-analysis of SAPT vs. DAPT showing 
decreased 30-day mortality associated with 
SAPT.67 Jochheim et al. (2019): prospective 

cohort studies (n = 962) showed NOACs and 
VKAs had comparable 1-year bleeding but VKAs 

had fewer events.68 Jose et al. (2017): 
retrospective cohort study showing that OACs 

prevented transcatheter valve thrombosis.69

Makkar et al. (2015) and Chakravarty et al. (2019): 
secondary analyses RCTs showing that OACs 
improved valve hemodynamics after TAVI.70,71

ESC/EACTS Evidence: Brouwer et al. (2020): RCT 
(n = 331) of SAPT vs. DAPT in TAVI patients with 
no other indication for anticoagulation showed 

fewer adverse bleeding events with SAPT.72

Nijenhuis et al. (2020): RCT (n = 157) of SAPT vs. 
DAPT in TAVI patients showed that 1-month and 

1-year bleeding was lower in SAPT.73

Continued 
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bioprosthetic valves and more recent studies were not cited in the ACC/ 
AHA guidelines.97,98 The European guidelines include more contempor-
ary literature, such as a 2017 systematic review of observational studies 
by Head and colleagues which favours mechanical valves for patients <60 
years of age.63 Another meta-analysis by Diaz and colleagues stated that 
mechanical valves had a mortality benefit between 50 and 70 years 
(Table 5).64 Although mechanical prostheses have demonstrated lower 
long-term reoperation risk, the overall survival benefit has only been 
shown in few studies that predominantly examined young patients.

The shift towards patient-centred care combined with greater con-
fidence in the durability of bioprosthetic valves has led to a surge in the 
number of bioprosthetic AVRs, with Goldstone and colleagues report-
ing an increase from 11.5% in 1996 to 51.6% in 2013.58 Similarly, an ana-
lysis of the STS Adult Cardiac Surgery Database found that the 
percentage of mechanical AVRs declined dramatically from 2004 to 
2016.99 Part of this change may be attributed to a shifting attitude to-
ward avoiding lifelong anticoagulation in younger patients. This is likely 
combined with assumptions that newer generation bioprosthetic valves 
are long-lasting and that valve-in-valve TAVI can be performed to sal-
vage a degenerated valve. The ACC/AHA emphasizes the importance 
of shared decision-making that considers patient preferences, anticoa-
gulation, and reintervention risk (COR 1 LOE C-EO) (Table 5).5 With 
regard to anticoagulation, the ACC/AHA guidelines recommend aspirin 
of 75–100 mg daily following TAVI as a COR 2a recommendation. VKA 
anticoagulation is only COR 2b for TAVI indicating greater uncertainty.5

On the other hand, the ESC/EACTS does not provide specific recom-
mendations for TAVI patients other than recommending lifelong single 
antiplatelet therapy, with oral anticoagulation reserved for patients 
with other indications as COR I.4 The importance of patient preference 
may be greatest in treatment decisions where there is uncertainty in 
long-term risks and benefits. In this scenario, a careful explanation of 
different strategies should be clearly presented to the patient and their 
preference may be the ultimate arbitrator in decision-making.

B. Ross procedure
Renewed interest in the Ross procedure highlights another option in 
young-to-middle aged patients with AS. The Ross procedure involves 
implanting the patient’s own pulmonary valve in the aortic position 
and replacing the right ventricular outflow with a cadaveric pulmonary 
homograft.100–103 The ACC/AHA and ESC/EACTS, respectively, state 
that a Ross procedure may be considered ‘in patients <50 years of age 

[with] appropriate anatomy […] at a comprehensive valve centre’ 
(COR 2b LOE B-NR)5 or in ‘selected patients […] but high expertise 
in aortic root surgery is required’4 (Table 5). Although early iterations 
of the Ross procedure suffered from higher rates of valve failure, obser-
vational studies since have suggested improved long-term survival when 
compared with mechanical or bioprosthetic SAVR.100–103 The ESC/ 
EACTS and ACC/AHA both cite observational studies but generally 
consider the evidence insufficient for a strong recommendation given 
concerns for confounding and bias. While outcomes have been excel-
lent from centres of expertise, observations from the STS Adult 
Cardiac Surgical Database show that early mortality is 2.7% across 
American centres; more than double that of conventional SAVR.104

Thus, poor generalizability of this procedure limits its COR. Thus, the 
ESC/EACTS and ACC/AHA guideline statements that a Ross proced-
ure ‘may be performed’ is appropriate given the current state of evi-
dence but may strengthen should encouraging data continue to 
accumulate (Table 5).

V. Tavi vs. SAVR
Supplementary material online, Figure S1 summarizes key considera-
tions in the decision-making process between TAVI and SAVR.

A. Risk categories and age thresholds
In the past two decades, landmark trials such as PARTNER 1A and the 
CoreValve High Risk Study have shown that TAVI is an effective alter-
native for patients at high surgical risk. Based on this evidence, both the 
ESC/EACTS and ACC/AHA guidelines recommend TAVI over medical 
therapy for patients for whom surgery is prohibitive or with 
STS-PROM/EuroSCORE II >8% (COR I/1 LOE A) (Table 4).4,5 More re-
cently, PARTNER 3 and the Evolut Low Risk Trial demonstrated 1-year 
superiority and 2-year non-inferiority of TAVI in low-risk groups, 
respectively.78,80

Previous ACC/AHA and ESC/EACTS guidelines based their TAVI re-
commendations on risk scores. With TAVI now considered across the 
risk spectrum in elderly patients, both guidelines have highlighted age 
(surrogate for life expectancy) as the main consideration after account-
ing for patient preferences, comorbidities, and anatomical characteris-
tics.4,5 The ACC/AHA strongly recommends SAVR for ages <65 or 
with life expectancy >20 years, TAVI for ages >80 or with life expect-
ancy <10 years, and shared decision-making about the‘balance between 
expected patient longevity and valve durability’ for ages 65–80 (COR 1 
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Table 4 Continued  

2020 ACC/AHA guideline5 2021 ESC/EACTS guideline4 Comparison of the evidence

3.2.4. COR 2b LOE B-NR: in patients <50 years 
of age who prefer a bioprosthetic AVR and have 
appropriate anatomy, replacement of the aortic 
valve by a pulmonic autograft (the Ross 
procedure) may be considered at a 
Comprehensive Valve Centre.

No specific recommendations. ‘The best aortic 
valve substitute for younger adults remains 
unclear. In appropriately selected patients, 

replacement of the aortic valve using an autograft 
may be performed, with long-term survival rates 
and valve-related reoperation that are comparable 
to those achieved with a mechanical heart valve, 

but high expertise in aortic root surgery is 
required.’

ACC/AHA Evidence: three observational studies 
support increased survival benefits of the Ross 

procedure over a wide age range and long 
follow-up times.74–76 ESC/EACTS Evidence: 

David et al. (2019): observational study of young 
patients for 18 years.77 Newer observational 

studies contribute mounting evidence which may 
impact future recommendations.

Abbreviations as in Tables 1–3. VKA , vitamin K antagonist; SAPT, single antiplatelet therapy; DAPT, dual antiplatelet therapy; OAC, oral anticoagulant; NOAC, non-vitamin K antagonist 
oral anticoagulant.
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Table 5 SAVR vs. TAVI

2020 ACC/AHA guideline5 2021 ESC/EACTS guideline4 Comparison of the evidence

Age thresholds

3.2.4.2. COR 1 LOE A: in symptomatic and 
asymptomatic patients with severe AS: (1) < 65 
years of age or with a life expectancy >20 years, 
SAVR is recommended. (2) 65–80 years of age 
and with no anatomic contraindication to 
transfemoral TAVI, SAVR or transfemoral TAVI is 
recommended after shared decision-making 
about the balance between expected patient 
longevity and valve durability. Consider vascular 
access, cardiac and non-cardiac factors, function, 
mechanical vs. prosthetic. 1. > 80 years or for 
younger patients with a life expectancy <10 years 
and no anatomic contraindication to transfemoral 
TAVI, transfemoral TAVI is recommended in 
preference to SAVR. Consider patient anatomy 
for balloon-expandable or self-expanding valve.

5.2.3. COR I LOE B: SAVR is recommended in 
younger patients (<75 years) and who are low 

risk for surgery (STS-PROM/EuroSCORE II <4%) 
or in patients who are operable and unsuitable 
for transfemoral TAVI. 5.2.3. COR I LOE A: 
TAVI is recommended in older patients (≥75 

years), or in those who are high risk (STS-PROM/ 
EuroSCORE II >8%) or unsuitable for surgery. 

5.2.3. COR I LOE B: SAVR or TAVI are 
recommended for the remaining patients 

according to individual clinical, anatomical, and 
procedural characteristics.

ACC/AHA Evidence: PARTNER-3: randomized 
trial reporting 1-year TAVI superiority compared 

with SAVR.78,79 Evolut Low Risk Trial: 
randomized trial supporting non-inferiority of 

TAVI at 2 years.80 Siemieniuk et al. (2016): 
meta-analysis of 4 RCTs in comparing TAVI to 

SAVR.81 Kumer et al. (2019): prospective cohort 
study (n = 276) finding higher rates of valve 

deterioration amongst young patients.82 Siontis 
et al. (2019): meta-analysis of 7 major RCTs and 

8020 patients finding that overall TAVI was 
associated with a reduction of 2-year all-cause 
mortality regardless of the STS risk score and 

method of TAVI.83 ESC/EACTS Evidence: 
registry data for intermediate and high-risk 

patients, most of whom were elderly, indicate 
valve integrity up to 8 years. However, the data 
for the durability of TAVI for low-risk patients is 
only available for up to 2 years. Barbanti et al. 

(2018): REPLACE registry of bioprosthetic valves 
in 288 patients with a mean age of 80 years. At 8 
years after TAVI, bioprosthetic valve failure and 
severe structural valve dysfunction occurred in 
4.5% and 2.4% of patients, respectively.84 Didier 
et al. (2018): FRANCE-2 Registry study showing 

that the rate of severe structural valve 
deterioration was 2.5% at 5 years and moderate 

deterioration was 13.3%.85

Bicuspid aortic valve

5.1.2.2. COR 2b LOE B-NR: 2. In patients with BAV 
and symptomatic, severe AS, TAVI may be 
considered as an alternative to SAVR after 
consideration of patient-specific procedural risks, 
values, trade-offs, and preferences, and when the 
surgery is performed at a Comprehensive Valve 
Centre.

No specific recommendations. ACC/AHA Evidence: Makkar et al. 2019: registry 
study of 2691 propensity-score matched patients 
undergoing TAVI for bicuspid vs. tricuspid AS.86

Takagi et al. (2019): systematic review and 
meta-analysis of 12 TAVI studies comparing 

bicuspid vs. tricuspid aortic valves.87

Kanjanahattakij et al. (2018): systematic review 
and meta-analysis of nine studies reporting TAVI 

outcomes in bicuspid vs. tricuspid AS.88 ESC/ 
EACTS Evidence: Forrest et al. (2020): STS/ACC 
Transcatheter Valve Therapy Registry study of 
932 bicuspid valve patients vs. 26 154 tricuspid 
valve patients undergoing TAVI.89 Halim et al. 

(2020): STS/ACC Transcatheter Valve Therapy 
Registry study of 5412 bicuspid valve patients 

tricuspid valve patients undergoing TAVI.90 Yoon 
et al. (2017): observational study of 561 patients 
undergoing TAVI for bicuspid vs. tricuspid AS.91

TAVI for asymptomatic AS

3.2.4.2. COR 1 LOE B-NR: in asymptomatic 
patients with severe AS and an LVEF <50% who 
are ≤80 years of age and have no anatomic 
contraindication to transfemoral TAVI, the 
decision between TAVI and SAVR should follow 

No specific recommendations. ACC/AHA Evidence: cites the same studies used 
to inform TAVI vs. SAVR decision-making in 

symptomatic AS.

Continued 
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LOE A).5 The ESC/EACTS uses a blanket age cut-off, stating that ‘SAVR 
is recommended in younger patients <75 years who are low risk for 
surgery (STS-PROM/EuroSCORE II <4%)’ and ‘TAVI is recommended 
in patients ≥75 years’ (COR I LOE A) (Table 4).4 The authors indicate 
that the age cut-off is meant to substitute life expectancy and is only 
relevant when considering overall surgical risk and frailty.

The age disparities between guidelines and the perceived crudeness 
of this approach have incited some controversy. The ACC/AHA cites a 
mix of systematic reviews, RCTs, and observational studies to recom-
mend SAVR for <65 years based on a lack of TAVI follow-up data be-
yond 5 years. Siemieniuk and colleagues’ 2016 meta-analysis of four 
randomized trials, which proposed a cut-off of 65 and 80 years for 
TAVI and SAVR, respectively, found the longest study follow-up time 
to be 3 years.81 The only cited evidence of TAVI inferiority for patients 
<65 years was a prospective cohort study by Kumar and colleagues, 
which found that amongst 276 TAVI recipients, higher rates of valve de-
terioration were prominent amongst younger patients.82 PARTNER 3 
and the Evolut Low Risk Trial are referred by the ACC/AHA as evi-
dence supporting ‘no difference’ between SAVR and TAVI for patients 
65–80 years of age.5 While PARTNER 3 demonstrated a lower risk of 
1-year mortality, stroke, and rehospitalization associated with TAVI, 
the longer term outcomes of the PARTNER 3 trial remain uncertain.78

This trend may be anticipated based on the Evolut Low Risk Trial, which 

reported non-inferiority between TAVI and SAVR after 2 years.78,80

Finally, the ACC/AHA appeared to base its recommendation in patients 
>80 years on a 2019 meta-analysis of seven major RCTs by Siontis and 
colleagues, which found a reduction in 2-year all-cause mortality in 
TAVI regardless of STS risk score; this study was acknowledged but 
not considered as supporting evidence under ESC/EACTS guidelines.83

The ESC/EACTS guidelines cite observational registries such as 
REPLACE and FRANCE-2, the latter of which demonstrated a 5-year 
rate of severe structural valve deterioration of 2.5% and moderate de-
terioration of 13.3% after TAVI.85 These studies contrasted against a 
2015 study of >12 500 SAVR patients that revealed a 10-year explant 
rate of only 5.6% for patients <60% and 8.1% for patients 60–80 years 
(Table 4).105

None of the aforementioned data provides robust evidence for the 
age thresholds established by the ACC/AHA and ESC/EACTS guide-
lines. Since the release of the 2021 ESC/EACTS guidelines, results 
from the NOTION and UK TAVI trials provided more clarity about 
low-to-intermediate risk patients ≥70 years of age with a EuroSCORE 
II <4%. As the first pragmatic, investigator-initiated trial allowing the 
use of any CE-marked valve, the UK TAVI trial’s findings of TAVI non- 
inferiority compared with SAVR at 1-year reinforced that TAVI can 
be applicable to low-risk patients in real-world settings.106 Eight-year 
follow-up data from the NOTION trial, which reported no difference 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Continued  

2020 ACC/AHA guideline5 2021 ESC/EACTS guideline4 Comparison of the evidence

the same recommendations as for symptomatic 
patients. 3.2.4.2. COR 1 LOE B-NR: for 
asymptomatic patients with severe AS and an 
abnormal exercise test, very severe AS, rapid 
progression, or an elevated BNP (COR 2a 
indications for AVR), SAVR is recommended in 
preference to TAVI.

Non-transfemoral TAVI

No specific recommendations. 5.2.3. COR IIb LOE C: non-transfemoral TAVI 
may be considered in patients who are 

inoperable and unsuitable for transfemoral TAVI.

ACC/AHA Evidence: PARTNER-1 substudy by 
Elmariah et al. in 2017 showed a 

disproportionately higher risk of cardiac mortality 
in patients with LV dysfunction who underwent 

transapical TAVI.92

Bystander coronary artery disease

14.1.2. COR 2a LOE C-LD: in patients undergoing 
valve repair or replacement with significant 
proximal CAD, CABG is reasonable for selective 
patients. 14.1.1. COR 2a LOE C-LD: in patients 
undergoing TAVI with significant left main or 
proximal CAD with or without angina, 
revascularization by PCI before TAVI is 
reasonable. 14.1.1. COR 2a LOE C-LD: in 
patients with significant AS and significant CAD 
consisting of complex bifurcation left main and/or 
multivessel CAD with a SYNTAX score >33, 
SAVR and CABG are reasonable and preferred 
over TAVI and PCI.

5.2.3. COR I LOE C: SAVR is recommended in 
patients with severe aortic stenosis undergoing 
CABG or surgical intervention on the ascending 
aorta or another valve. 5.2.3. COR IIa LOE C: 

SAVR should be considered in patients with 
moderate aortic stenosis undergoing CABG or 
surgical intervention on the ascending aorta or 
another valve after Heart Team discussion. ‘PCI 
and TAVI may be undertaken as combined or 

staged procedures according to the clinical 
situation, pattern of CAD, and extent of 

myocardium at risk’

ACC/AHA Evidence: references a systematic 
review by Bajaj et al. (2017) and the TAVR-LM 

Registry by Chakravarty et al. (2016).93,94

References an observational study by Thalji et al. 
that shows favourable results for those with 

concomitant coronary artery disease with CABG 
and SAVR over SAVR alone.95 ESC/EACTS 

Evidence: does not address pre-TAVI PCI. Both 
guidelines await data from ACTIVATION and 

TAVR-PCI.

Abbreviations as in Tables 1–4. CAD, coronary artery disease; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; SAVR , surgical aortic valve replacement; 
STS-PROM, Society of Thoracic Surgeons’ Predicted Risk of Mortality.
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in all-cause mortality, stroke, myocardial infarction, or valve failure be-
tween TAVI and SAVR, indicates that the benefits of TAVI results 
may extend long-term.107 Finally, the 5-year results of the SURTAVI trial 
also support the durability of TAVI in intermediate-risk patients.108

These findings, in addition to the 5-year UK TAVI and 10-year 
NOTION results expected shortly, may provide greater clarity to guide-
lines and the current uncertainty regarding the optimal age threshold for 
TAVI and the degree to which age should play a factor in the overall 
decision-making process after considering patient comorbidities, prefer-
ences, and anatomical presentation.

B. Bicuspid aortic valve
TAVI is increasingly considered for low-risk and younger patients, many 
of which may have bicuspid valve anatomy. The ACC/AHA guidelines 
continue to recommend these patients be treated with SAVR, with 
TAVI receiving a COR 2b (LOE B-NR) as an alternative.5 This is because 
all large RCTs comparing SAVR and TAVI have specifically excluded bi-
cuspid valve disease. While ESC/EACTS offer no official recommenda-
tions for bicuspid aortic valves specifically, their guidelines state that 
‘SAVR remains more appropriate’ in bicuspid AS and in those with as-
sociated aortopathy (Table 4).4 To date, NOTION-2 (NCT02825134) 
is the only TAVI vs. SAVR trial that includes patients with bicuspid AS, 
which highlights the need for randomized trials specifically examining 
the role of TAVI in this population.

C. Non-transfemoral tavi
While transfemoral access is preferred, patients with contraindications 
to transfemoral access may benefit from alternative approaches such as 
axillary access. Still, there is no robust evidence supporting their safety 
and effectiveness.109 The ESC/EACTS guidelines acknowledge the lim-
ited role of alternative access through a new recommendation that 
‘non-transfemoral TAVI may be considered in patients who are inoper-
able and unsuitable for transfemoral TAVI’ (COR IIb LOE C).4 The 
ACC/AHA does not make direct recommendations but warns that 
based on a 2017 PARTNER I substudy, transapical TAVI is associated 
with increased mortality and should be a last resort (Table 4).5,92

VI. Other considerations
A. Bystander coronary artery disease
Observational studies have suggested that the prevalence of CAD with 
severe AS may range from 40%–75%, depending on the definition of 
CAD used.110,111 However, large RCTs such as NOTION, SURTAVI, 
and the Evolut Low Risk Trial have traditionally excluded patients with 
left main CAD (LMCAD), SYNTAX score >22 or percutaneous coron-
ary intervention (PCI) within 30 days, resulting in an unremarkable num-
ber of revascularized patients.80,112,113 The recent PARTNER 3 trial 
excluded patients with a SYNTAX score >32, complex CAD, and 
LMCAD, but a small subset of the TAVI (6.5%) and SAVR cohorts 
(12.8%) underwent revascularization.78 Based on longstanding observa-
tional data, the ESC/EACTS and ACC/AHA guidelines support perform-
ing SAVR for moderate or asymptomatic AS during CABG when 
appropriate. The ESC/EACTS lists severe (COR I LOE C) and moderate 
AS (COR IIa LOE C) as indications for concomitant SAVR with CABG.4

However, they opt not to address pre-TAVI PCI, instead suggesting ‘PCI 
and TAVI may be undertaken as combined or staged procedures ac-
cording to the clinical situation, pattern of CAD, and extent of myocar-
dium at risk’.4 In contrast, the ACC/AHA states that pre-TAVI PCI is 
reasonable in patients with significant LMCAD or proximal CAD 
(COR 2a LOE C-LD), and references a meta-analysis by Bajaj and 

colleagues of observational studies and the TAVR-LM Registry 
study.5,93,94 Ultimately, the evidence for TAVI plus PCI remains uncer-
tain. The ACC/AHA adds that in ‘significant CAD (luminal reduction 
>70% diameter, fractional flow reserve <0.8, instantaneous wave-free 
ratio <0.89), complex bifurcation LMCAD and/or multivessel CAD 
with a SYNTAX score >33’, CABG and SAVR remains the preferred 
intervention (COR 2a LOE C) (Table 5).4 Although the ACC/AHA is 
more specific in defining parameters of CAD amenable to intervention 
in VHD, both guidelines await data from the ongoing ACTIVATION 
(ISRCTN75836930) and TAVR-PCI (NCT04310046) trials. 
Furthermore, while there is comparatively more evidence for SAVR 
plus CABG, it is chiefly observational and indicates greater early peri-
operative risk with the potential for better long-term outcomes com-
pared with those who are not revascularized at the time of SAVR.95

B. Concomitant mitral valve disease
Mitral stenosis and regurgitation can be observed with severe AS, either 
as a primary valvular condition or secondary to increased left ventricu-
lar pressures. Both guidelines recommend transthoracic echocardiog-
raphy to differentiate between primary and secondary mitral disease. 
Severe primary mitral regurgitation is an indication for mitral valve sur-
gery alongside SAVR, which is not supported by official recommenda-
tions but described in both guidelines.4,5

Summary of evidence comparison
The optimal approach to managing AS continues to evolve. TAVI has 
played a key role in disrupting long-held notions about patients suitable 
for intervention, their options, and their prognosis. As expected, the 
ACC/AHA and ESC/EACTS guidelines were generally congruent 
where evidence was available. Areas of divergence represent fields 
where emerging evidence may have substantial implications (Figure 1). 
Both guidelines relied heavily on observational data in these areas, 
which are subject to confounding and bias and therefore have limited 
reliability in informing treatment recommendations.

Variations in COR and LOE definitions may also have influenced the 
ACC/AHA and ESC/EACTS recommendations. The ACC/AHA 
guidelines offered more granularity between LOEs in specifying whether 
non-randomized studies (B-NR), randomized studies (B-R), limited data 
(C-LD), or expert opinions (C-EO) informed the recommendation. 
Nevertheless, of approximately 25 categories of recommendations 
that were discussed, 12 were classified with the same COR, and eight 
also shared identical LOEs. When the guidelines diverged, they mainly 
differed by small degrees, with five CORs being one level apart. We 
found one instance where the same COR and cited evidence resulted 
in a higher LOE by the ACC/AHA than the ESC/EACTS.

Overall, citations were sparser in the ESC/EACTS guidelines, making 
it difficult to ascertain the rationale for some recommendations. 
Furthermore, the ESC/EACTS makes fewer official recommendations 
than the ACC/AHA, as exemplified by its generalized approach to 
pre-TAVI PCI, TAVI in asymptomatic patients, bicuspid AS, and the 
Ross procedure. This review highlighted 26 ACC/AHA and 24 ESC/ 
EACTS recommendations. The ACC/AHA made six recommendations 
not discussed by the ESC/EACTS, compared with three ESC/EACTS 
recommendations not discussed by the ACC/AHA.

Conclusions
New evidence continues to overturn current recommendations for AS 
management. The 2021 ESC/EACTS and 2020 ACC/AHA guidelines 
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were largely congruent and differed mainly on (i) LVEF intervention 
thresholds in asymptomatic AS, (ii) age thresholds for SAVR vs. TAVI, 
and (iii) age thresholds for mechanical vs. bioprosthetic valves 
(Graphical abstract). What remains constant is the importance of adapt-
ing population-level frameworks to serve individuals by unifying patient 
preferences with Heart Team recommendations.

Acknowledgements
None.

Supplementary data
Supplementary data is available at European Heart Journal online.

Data availability
No new data were generated or analysed in support of this review.

Conflict of interest: G.B.-Z. has consulted for Cardionovum, 
Crannmedical, Innovheart, Guidotti, Meditrial, Opsens Medical, Replycare, 
Teleflex, and Terumo. D.Y.T. has consulted for Medtronics Inc (Canada) 
and Edwards Life Sciences (Canada). M.G. has received research grants 
from the Canadian Institute of Health Research and the National Institute 
of Health. S.F. has received grants from the the Canadian Institute of 
Health Research and is the site co-Principal Investigator for the 
Medtronic SURTAVI, Medtronic Low Risk, and Boston NeoAccurate IDE 
trials. The other authors have no conflicts to disclose.

Funding
All authors declare no funding for this contribution.

References
1. Lindroos M, Kupari M, Heikkilä J, Tilvis R. Prevalence of aortic valve abnormalities in the 

elderly: an echocardiographic study of a random population sample. J Am Coll Cardiol 
1993;21:1220–1225. https://doi.org/10.1016/0735-1097(93)90249-Z

2. Baumgartner H, Falk V, Bax JJ, De BM, Hamm C, Holm PJ, et al. 2017 ESC/EACTS 
guidelines for the management of valvular heart disease. Eur Heart J 2017;38: 
2739–2791. https://doi.org/10.1093/eurheartj/ehx391

3. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, Guyton RA, et al. 2014 
AHA/ACC guideline for the management of patients with valvular heart disease: a re-
port of the American College of Cardiology/American Heart Association Task Force 
on Practice Guidelines. J Am Coll Cardiol 2014;63:e57–e185. https://doi.org/10.1016/j. 
jacc.2014.02.536

4. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021 ESC/ 
EACTS guidelines for the management of valvular heart disease. Eur Heart J 2022;43: 
561–632. https://doi.org/10.1093/eurheartj/ehab395

5. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F, et al. 2020 
ACC/AHA guideline for the management of patients with valvular heart disease: a 
Report of the American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation 2021;143:E72–E227. https:// 
doi.org/10.1161/CIR.0000000000000923

6. Nishimura RA, O’Gara PT, Bavaria JE, Brindis RG, Carroll JD, Kavinsky CJ, et al. 2019 
AATS/ACC/ASE/SCAI/STS expert consensus systems of care document: a proposal 
to optimize care for patients with valvular heart disease: a Joint Report of the 
American Association for Thoracic Surgery, American College of Cardiology, 
American Society of Echocardiography, Society for Cardiovascular Angiography and 
Interventions, and Society of Thoracic Surgeons. Catheter Cardiovasc Interv 2019;94: 
3–26. https://doi.org/10.1002/ccd.28196

7. Online STS Risk Calculator https://riskcalc.sts.org/stswebriskcalc/calculate (23 April 
2022).

8. Thourani VH, O’Brien SM, Kelly JJ, Cohen DJ, Peterson ED, Mack MJ, et al. 
Development and application of a risk prediction model for in-hospital stroke after 
transcatheter aortic valve replacement: a report from the society of thoracic sur-
geons/American college of cardiology transcatheter valve therapy registry. Ann 
Thorac Surg 2019;107:1097–1103. https://doi.org/10.1016/j.athoracsur.2018.11.013

9. Kiani S, Kamioka N, Black GB, Lu MLR, Lisko JC, Rao B, et al. Development of a risk 
score to predict new pacemaker implantation after transcatheter aortic valve replace-
ment. JACC Cardiovasc Interv 2019;12:2133–2142. https://doi.org/10.1016/j.jcin.2019. 
07.015

10. Greason KL, Eleid MF, Nkomo VT, King KS, Williamson EE, Sandhu GS, et al. 
Predictors of 1-year mortality after transcatheter aortic valve replacement. J Card 
Surg 2018;33:243–249. https://doi.org/10.1111/jocs.13574

11. Pilgrim T, Franzone A, Stortecky S, Nietlispach F, Haynes AG, Tueller D, et al. 
Predicting mortality after transcatheter aortic valve replacement: external validation 
of the transcatheter valve therapy registry model. Circ Cardiovasc Interv 2017;10: 
e005481. https://doi.org/10.1161/CIRCINTERVENTIONS.117.005481

12. Edwards FH, Cohen DJ, O’Brien SM, Peterson ED, Mack MJ, Shahian DM, et al. 
Development and validation of a risk prediction model for in-hospital mortality after 
transcatheter aortic valve replacement. JAMA Cardiol 2016;1:46–52. https://doi.org/10. 
1001/jamacardio.2015.0326

13. Afilalo J, Alexander KP, Mack MJ, Maurer MS, Green P, Allen LA, et al. Frailty assess-
ment in the cardiovascular care of older adults. J Am Coll Cardiol 2014;63:747–762. 
https://doi.org/10.1016/j.jacc.2013.09.070

14. Afilalo J, Lauck S, Kim DH, Lefèvre T, Piazza N, Lachapelle K, et al. Frailty in older adults 
undergoing aortic valve replacement: the FRAILTY-AVR study. J Am Coll Cardiol 2017; 
70:689–700. https://doi.org/10.1016/j.jacc.2017.06.024

15. Schoenenberger AW, Moser A, Bertschi D, Wenaweser P, Windecker S, Carrel T, 
et al. Improvement of risk prediction after transcatheter aortic valve replacement 
by combining frailty with conventional risk scores. JACC Cardiovasc Interv 2018;11: 
395–403. https://doi.org/10.1016/j.jcin.2017.11.012

16. Lytwyn J, Stammers AN, Kehler DS, Jung P, Alexander B, Hiebert BM, et al. The impact 
of frailty on functional survival in patients 1 year after cardiac surgery. J Thorac 
Cardiovasc Surg 2017;154:1990–1999. https://doi.org/10.1016/j.jtcvs.2017.06.040

17. Head SJ, Kaul S, Mack MJ, Serruys PW, Taggart DP, Holmes DR, et al. The rationale for 
heart team decision-making for patients with stable, complex coronary artery disease. 
Eur Heart J 2013;34:2510–2518. https://doi.org/10.1093/eurheartj/eht059

18. Coylewright M, Mack MJ, Holmes DR, O’Gara PT. A call for an evidence-based ap-
proach to the heart team for patients with severe aortic stenosis. J Am Coll Cardiol 
2015;65:1472–1480. https://doi.org/10.1016/j.jacc.2015.02.033

19. Young MN, Kolte D, Cadigan ME, Laikhter E, Sinclair K, Pomerantsev E, et al. 
Multidisciplinary heart team approach for complex coronary artery disease: single cen-
ter clinical presentation. J Am Heart Assoc 2020;9:e014738. https://doi.org/10.1161/ 
JAHA.119.014738

20. Horstkotte D, Loogen F. The natural history of aortic valve stenosis. Eur Heart J 1988; 
9:57–64. https://doi.org/10.1093/eurheartj/9.suppl_E.57

21. Lund O. Preoperative risk evaluation and stratification of long-term survival after valve 
replacement for aortic stenosis. Reasons for earlier operative intervention. Circulation 
1990;82:124–139. https://doi.org/10.1161/01.CIR.82.1.124

22. O’Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The society of 
thoracic surgeons 2008 cardiac surgery risk models: part 2—isolated valve surgery. 
Ann Thorac Surg 2009;88:S23–S42. https://doi.org/10.1016/j.athoracsur.2009.05.056

23. Kvidal P, Bergström R, Hörte LG, Stahle E. Observed and relative survival after aortic 
valve replacement. J Am Coll Cardiol 2000;35:747–756. https://doi.org/10.1016/S0735- 
1097(99)00584-7

24. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al. Transcatheter 
aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N 
Engl J Med 2010;363:1597–1607. https://doi.org/10.1056/NEJMoa1008232

25. Monin JL, Quéré JP, Monchi M, Petit H, Baleynaud S, Chauvel C, et al. Low-gradient 
aortic stenosis. Circulation 2003;108:319–324. https://doi.org/10.1161/01.CIR. 
0000079171.43055.46

26. Tribouilloy C, Lévy F, Rusinaru D, Guéret P, Petit-Eisenmann H, Baleynaud S, et al. 
Outcome after aortic valve replacement for low-flow/low-gradient aortic stenosis 
without contractile reserve on dobutamine stress echocardiography. J Am Coll 
Cardiol 2009;53:1865–1873. https://doi.org/10.1016/j.jacc.2009.02.026

27. Maes F, Lerakis S, Barbosa Ribeiro H, Gilard M, Cavalcante JL, Makkar R, et al. 
Outcomes from transcatheter aortic valve replacement in patients with low-flow, low- 
gradient aortic stenosis and left ventricular ejection fraction less than 30%: a substudy 
from the TOPAS-TAVI registry. JAMA Cardiol 2019;4:64–70. https://doi.org/10.1001/ 
jamacardio.2018.4320

28. Jander N, Minners J, Holme I, Gerdts E, Boman K, Brudi P, et al. Outcome of patients 
with low-gradient severe aortic stenosis and preserved ejection fraction. Circulation 
2011;123:887–895. https://doi.org/10.1161/CIRCULATIONAHA.110.983510

29. Clavel MA, Dumesnil JG, Capoulade R, Mathieu P, Sénéchal M, Pibarot P. Outcome of 
patients with aortic stenosis, small valve area, and low-flow, low-gradient despite pre-
served left ventricular ejection fraction. J Am Coll Cardiol 2012;60:1259–1267. https:// 
doi.org/10.1016/j.jacc.2011.12.054

30. Mehrotra P, Jansen K, Flynn AW, Tan TC, Elmariah S, Picard MH, et al. Differential left 
ventricular remodelling and longitudinal function distinguishes low flow from normal- 
flow preserved ejection fraction low-gradient severe aortic stenosis. Eur Heart J 2013; 
34:1906–1914. https://doi.org/10.1093/eurheartj/eht094

31. Tribouilloy C, Rusinaru D, Maréchaux S, Castel A-L, Debry N, Maizel J, et al. 
Low-gradient, low-flow severe aortic stenosis with preserved left ventricular ejection 
fraction. J Am Coll Cardiol 2015;65:55–66. https://doi.org/10.1016/j.jacc.2014.09.080

32. Rusinaru D, Bohbot Y, Ringle A, Maréchaux S, Diouf M, Tribouilloy C. Impact of low 
stroke volume on mortality in patients with severe aortic stenosis and preserved left 

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/10/796/6986028 by Sapienza U

niversità di R
om

a user on 05 M
arch 2024

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac803#supplementary-data
https://doi.org/10.1016/0735-1097(93)90249-Z
https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1016/j.jacc.2014.02.536
https://doi.org/10.1016/j.jacc.2014.02.536
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1002/ccd.28196
https://riskcalc.sts.org/stswebriskcalc/calculate
https://doi.org/10.1016/j.athoracsur.2018.11.013
https://doi.org/10.1016/j.jcin.2019.07.015
https://doi.org/10.1016/j.jcin.2019.07.015
https://doi.org/10.1111/jocs.13574
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005481
https://doi.org/10.1001/jamacardio.2015.0326
https://doi.org/10.1001/jamacardio.2015.0326
https://doi.org/10.1016/j.jacc.2013.09.070
https://doi.org/10.1016/j.jacc.2017.06.024
https://doi.org/10.1016/j.jcin.2017.11.012
https://doi.org/10.1016/j.jtcvs.2017.06.040
https://doi.org/10.1093/eurheartj/eht059
https://doi.org/10.1016/j.jacc.2015.02.033
https://doi.org/10.1161/JAHA.119.014738
https://doi.org/10.1161/JAHA.119.014738
https://doi.org/10.1093/eurheartj/9.suppl_E.57
https://doi.org/10.1161/01.CIR.82.1.124
https://doi.org/10.1016/j.athoracsur.2009.05.056
https://doi.org/10.1016/S0735-1097(99)00584-7
https://doi.org/10.1016/S0735-1097(99)00584-7
https://doi.org/10.1056/NEJMoa1008232
https://doi.org/10.1161/01.CIR.0000079171.43055.46
https://doi.org/10.1161/01.CIR.0000079171.43055.46
https://doi.org/10.1016/j.jacc.2009.02.026
https://doi.org/10.1001/jamacardio.2018.4320
https://doi.org/10.1001/jamacardio.2018.4320
https://doi.org/10.1161/CIRCULATIONAHA.110.983510
https://doi.org/10.1016/j.jacc.2011.12.054
https://doi.org/10.1016/j.jacc.2011.12.054
https://doi.org/10.1093/eurheartj/eht094
https://doi.org/10.1016/j.jacc.2014.09.080


European vs. American guidelines on aortic stenosis                                                                                                                                        811

ventricular ejection fraction. Eur Heart J 2018;39:1992–1999. https://doi.org/10.1093/ 
eurheartj/ehy123

33. Eleid MF, Padang R, Al-Hijji M, Pislaru S V, Greason KL, Maltais S, et al. Hemodynamic 
response in low-flow low-gradient aortic stenosis with preserved ejection fraction 
after TAVR. J Am Coll Cardiol 2019;73:1731–1732. https://doi.org/10.1016/j.jacc. 
2019.01.034

34. Zheng Q, Djohan AH, Lim E, Ding ZP, Ling LH, Shi L, et al. Effects of aortic valve re-
placement on severe aortic stenosis and preserved systolic function: systematic review 
and network meta-analysis/692/4019/592/1540/692/4019/592/75/591 article. Sci 
Reports 2017;7:5092. https://doi.org/10.1038/s41598-017-05021-9

35. Pibarot P, Dumesnil JG. Low-flow, low-gradient aortic stenosis with normal and de-
pressed left ventricular ejection fraction. J Am Coll Cardiol 2012;60:1845–1853. 
https://doi.org/10.1016/j.jacc.2012.06.051

36. Choudhary KV, Kakouros N, Aurigemma GP, Parker MW, Fitzgibbons T. 
Differentiating pseudo versus true aortic stenosis in patients without contractile re-
serve: a diagnostic dilemma. Cureus 2021;13:e14086. https://doi.org/10.7759/cureus. 
14086

37. Ribeiro HB, Lerakis S, Gilard M, Cavalcante JL, Makkar R, Herrmann HC, et al. 
Transcatheter aortic valve replacement in patients with low-flow, low-gradient aortic 
stenosis: the TOPAS-TAVI registry. J Am Coll Cardiol 2018;71:1297–1308. https://doi. 
org/10.1016/j.jacc.2018.01.054

38. Lauten A, Figulla HR, Möllmann H, Holzhey D, Kötting J, Beckmann A, et al. TAVI For 
low-flow, low-gradient severe aortic stenosis with preserved or reduced ejection frac-
tion: a subgroup analysis from the German aortic valve registry (GARY). 
EuroIntervention 2014;10:850–859. https://doi.org/10.4244/EIJV10I7A145

39. Lancellotti P, Magne J, Dulgheru R, Clavel MA, Donal E, Vannan MA, et al. Outcomes of 
patients with asymptomatic aortic stenosis followed up in heart valve clinics. JAMA 
Cardiol 2018;3:1060–1068. https://doi.org/10.1001/jamacardio.2018.3152

40. Bohbot Y, de Meester de Ravenstein C, Chadha G, Rusinaru D, Belkhir K, Trouillet C, 
et al. Relationship between left ventricular ejection fraction and mortality in asymp-
tomatic and minimally symptomatic patients with severe aortic stenosis. JACC 
Cardiovasc Imaging 2019;12:38–48. https://doi.org/10.1016/j.jcmg.2018.07.029

41. Kang DH, Park SJ, Lee SA, Lee S, Kim DH, Kim HK, et al. Early surgery or conservative 
care for asymptomatic aortic stenosis. N Engl J Med 2020;382:111–119. https://doi. 
org/10.1056/NEJMoa1912846

42. Bergler-Klein J, Klaar U, Heger M, Rosenhek R, Mundigler G, Gabriel H, et al. 
Natriuretic peptides predict symptom-free survival and postoperative outcome in se-
vere aortic stenosis. Circulation 2004;109:2302–2308. https://doi.org/10.1161/01.CIR. 
0000126825.50903.18

43. Gerber IL, Stewart RAH, Legget ME, West TM, French RL, Sutton TM, et al. Increased 
plasma natriuretic peptide levels reflect symptom onset in aortic stenosis. Circulation 
2003;107:1884–1890. https://doi.org/10.1161/01.CIR.0000060533.79248.0C

44. Lancellotti P, Donal E, Magne J, Moonen M, O’Connor K, Daubert JC, et al. Risk strati-
fication in asymptomatic moderate to severe aortic stenosis: the importance of the 
valvular, arterial and ventricular interplay. Heart 2010;96:1364–1371. https://doi.org/ 
10.1136/hrt.2009.190942

45. Taniguchi T, Morimoto T, Shiomi H, Ando K, Kanamori N, Murata K, et al. Initial sur-
gical versus conservative strategies in patients with asymptomatic severe aortic sten-
osis. J Am Coll Cardiol 2015;66:2827–2838. https://doi.org/10.1016/j.jacc.2015.10.001

46. Lim P, Monin JL, Monchi M, Garot J, Pasquet A, Hittinger L, et al. Predictors of outcome 
in patients with severe aortic stenosis and normal left ventricular function: role of 
B-type natriuretic peptide. Eur Heart J 2004;25:2048–2053. https://doi.org/10.1016/j. 
ehj.2004.09.033

47. Taniguchi T, Morimoto T, Shiomi H, Ando K, Kanamori N, Murata K, et al. Sudden 
death in patients with severe aortic stenosis: observations from the CURRENT AS 
registry. J Am Heart Assoc 2018;7:e008397. https://doi.org/10.1161/JAHA.117.008397

48. Bohbot Y, Kowalski C, Rusinaru D, Ringle A, Marechaux S, Tribouilloy C. Impact of 
mean transaortic pressure gradient on long-term outcome in patients with severe aor-
tic stenosis and preserved left ventricular ejection fraction. J Am Heart Assoc 2017;6: 
e005850. https://doi.org/10.1161/JAHA.117.005850

49. Pawade T, Clavel MA, Tribouilloy C, Dreyfus J, Mathieu T, Tastet L, et al. Computed 
tomography aortic valve calcium scoring in patients with aortic stenosis. Circ Cardiovasc 
Imaging 2018;11:e007146. https://doi.org/10.1161/CIRCIMAGING.117.007146

50. Otto CM, Burwash IG, Legget ME, Munt BI, Fujioka M, Healy NL, et al. Prospective 
study of asymptomatic valvular aortic stenosis. Circulation 1997;95:2262–2270. 
https://doi.org/10.1161/01.CIR.95.9.2262

51. Rosenhek R, Binder T, Porenta G, Lang I, Christ G, Schemper M, et al. Predictors of 
outcome in severe, asymptomatic aortic stenosis. N Engl J Med 2000;343:611–617.

52. Clavel MA, Malouf J, Michelena HI, Suri RM, Jaffe AS, Mahoney DW, et al. B-Type natri-
uretic peptide clinical activation in aortic stenosis: impact on long-term survival. J Am 
Coll Cardiol 2014;63:2016–2025. https://doi.org/10.1016/j.jacc.2014.02.581

53. Clavel MA, Pibarot P, Messika-Zeitoun D, Capoulade R, Malouf J, Aggarval S, et al. 
Impact of aortic valve calcification, as measured by MDCT, on survival in patients 
with aortic stenosis: results of an international registry study. J Am Coll Cardiol 2014; 
64:1202–1213. https://doi.org/10.1016/j.jacc.2014.05.066

54. Pellikka PA, Sarano ME, Nishimura RA, Malouf JF, Bailey KR, Scott CG, et al. Outcome 
of 622 adults with asymptomatic, hemodynamically significant aortic stenosis during 
prolonged follow-up. Circulation 2005;111:3290–3295. https://doi.org/10.1161/ 
CIRCULATIONAHA.104.495903

55. Rosenhek R, Zilberszac R, Schemper M, Czerny M, Mundigler G, Graf S, et al. Natural 
history of very severe aortic stenosis. Circulation 2010;121:151–156. https://doi.org/ 
10.1161/CIRCULATIONAHA.109.894170

56. Banovic M, Putnik S, Penicka M, Doros G, Deja MA, Kockova R, et al. Aortic valve 
ReplAcemenT versus conservative treatment in asymptomatic SeveRe aortic stenosis: 
the AVATAR trial. Circulation 2022;145:648–6581. https://doi.org/10.1161/ 
CIRCULATIONAHA.121.057639

57. Bohbot Y, Rusinaru D, Delpierre Q, Marechaux S, Tribouilloy C. Risk stratification of 
severe aortic stenosis with preserved left ventricular ejection fraction using peak aortic 
jet velocity: an outcome study. Circ Cardiovasc Imaging 2017;10:e006760. https://doi. 
org/10.1161/CIRCIMAGING.117.006760

58. Goldstone AB, Chiu P, Baiocchi M, Lingala B, Patrick WL, Fischbein MP, et al. 
Mechanical or biologic prostheses for aortic-valve and mitral-valve replacement. N 
Engl J Med 2017;377:1847–1857. https://doi.org/10.1056/NEJMoa1613792

59. Weber A, Noureddine H, Englberger L, Dick F, Gahl B, Aymard T, et al. Ten-year com-
parison of pericardial tissue valves versus mechanical prostheses for aortic valve re-
placement in patients younger than 60 years of age. J Thorac Cardiovasc Surg 2012; 
144:1075–1083. https://doi.org/10.1016/j.jtcvs.2012.01.024

60. Chan V, Jamieson WRE, Germann E, Chan F, Miyagishima RT, Burr LH, et al. 
Performance of bioprostheses and mechanical prostheses assessed by composites 
of valve-related complications to 15 years after aortic valve replacement. J Thorac 
Cardiovasc Surg 2006;131:1267–1273. https://doi.org/10.1016/j.jtcvs.2005.11.052

61. Hammermeister K, Sethi GK, Henderson WG, Grover FL, Oprian C, Rahimtoola SH. 
Outcomes 15 years after valve replacement with a mechanical versus a bioprosthetic 
valve: final report of the veterans affairs randomized trial. J Am Coll Cardiol 2000;36: 
1152–1158. https://doi.org/10.1016/S0735-1097(00)00834-2

62. Stassano P, Di Tommaso L, Monaco M, Iorio F, Pepino P, Spampinato N, et al. Aortic 
valve replacement. A prospective randomized evaluation of mechanical versus bio-
logical valves in patients ages 55 to 70 years. J Am Coll Cardiol 2009;54:1862–1868. 
https://doi.org/10.1016/j.jacc.2009.07.032

63. Head SJ, Çelik M, Kappetein AP. Mechanical versus bioprosthetic aortic valve replace-
ment. Eur Heart J 2017;38:2183–2191. https://doi.org/10.1093/eurheartj/ehx141

64. Diaz R, Hernandez-Vaquero D, Alvarez-Cabo R, Avanzas P, Silva J, Moris C, et al. 
Long-term outcomes of mechanical versus biological aortic valve prosthesis: system-
atic review and meta-analysis. J Thorac Cardiovasc Surg 2019;158:706–714.e18. 
https://doi.org/10.1016/j.jtcvs.2018.10.146

65. Maes F, Stabile E, Ussia GP, Tamburino C, Pucciarelli A, Masson JB, et al. Meta-Analysis 
comparing single versus dual antiplatelet therapy following transcatheter aortic valve 
implantation. Am J Cardiol 2018;122:310–315. https://doi.org/10.1016/j.amjcard.2018. 
04.006

66. Rodés-Cabau J, Masson JB, Welsh RC, Garcia del Blanco B, Pelletier M, Webb JG, et al. 
Aspirin versus aspirin plus clopidogrel as antithrombotic treatment following trans-
catheter aortic valve replacement with a balloon-expandable valve: the ARTE (aspirin 
versus aspirin + clopidogrel following transcatheter aortic valve implantation) rando-
mized clinical trial. JACC Cardiovasc Interv 2017;10:1357–1365. https://doi.org/10.1016/ 
j.jcin.2017.04.014

67. Zuo W, Yang M, He Y, Hao C, Chen L, Ma G. Single or dual antiplatelet therapy after 
transcatheter aortic valve replacement: an updated systemic review and meta-analysis. 
J Thorac Dis 2019;11:959–968. https://doi.org/10.21037/jtd.2019.01.87

68. Jochheim D, Barbanti M, Capretti G, Stefanini GG, Hapfelmeier A, Zadrozny M, et al. 
Oral anticoagulant type and outcomes after transcatheter aortic valve replacement. 
JACC Cardiovasc Interv 2019;12:1566–1576. https://doi.org/10.1016/j.jcin.2019.03.003

69. Jose J, Sulimov DS, El-Mawardy M, Sato T, Allali A, Holy EW, et al. Clinical bioprosthetic 
heart valve thrombosis after transcatheter aortic valve replacement: incidence, char-
acteristics, and treatment outcomes. JACC Cardiovasc Interv 2017;10:686–697. 
https://doi.org/10.1016/j.jcin.2017.01.045

70. Makkar RR, Fontana G, Jilaihawi H, Chakravarty T, Kofoed KF, De Backer O, et al. 
Possible subclinical leaflet thrombosis in bioprosthetic aortic valves. N Engl J Med 
2015;373:2015–2024. https://doi.org/10.1056/NEJMoa1509233

71. Chakravarty T, Patel A, Kapadia S, Raschpichler M, Smalling RW, Szeto WY, et al. 
Anticoagulation after surgical or transcatheter bioprosthetic aortic valve replacement. 
J Am Coll Cardiol 2019;74:1190–1200. https://doi.org/10.1016/j.jacc.2019.06.058

72. Brouwer J, Nijenhuis VJ, Delewi R, Hermanides RS, Holvoet W, Dubois CLF, et al. 
Aspirin with or without clopidogrel after transcatheter aortic-valve implantation. N 
Engl J Med 2020;383:1447–1457. https://doi.org/10.1056/NEJMoa2017815

73. Nijenhuis VJ, Brouwer J, Delewi R, Hermanides RS, Holvoet W, Dubois CLF, et al. 
Anticoagulation with or without clopidogrel after transcatheter aortic-valve implant-
ation. N Engl J Med 2020;382:1696–1707. https://doi.org/10.1056/NEJMoa1915152

74. Buratto E, Shi WY, Wynne R, Poh CL, Larobina M, O’Keefe M, et al. Improved survival 
after the ross procedure compared with mechanical aortic valve replacement. J Am Coll 
Cardiol 2018;71:1337–1344. https://doi.org/10.1016/j.jacc.2018.01.048

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/10/796/6986028 by Sapienza U

niversità di R
om

a user on 05 M
arch 2024

https://doi.org/10.1093/eurheartj/ehy123
https://doi.org/10.1093/eurheartj/ehy123
https://doi.org/10.1016/j.jacc.2019.01.034
https://doi.org/10.1016/j.jacc.2019.01.034
https://doi.org/10.1038/s41598-017-05021-9
https://doi.org/10.1016/j.jacc.2012.06.051
https://doi.org/10.7759/cureus.14086
https://doi.org/10.7759/cureus.14086
https://doi.org/10.1016/j.jacc.2018.01.054
https://doi.org/10.1016/j.jacc.2018.01.054
https://doi.org/10.4244/EIJV10I7A145
https://doi.org/10.1001/jamacardio.2018.3152
https://doi.org/10.1016/j.jcmg.2018.07.029
https://doi.org/10.1056/NEJMoa1912846
https://doi.org/10.1056/NEJMoa1912846
https://doi.org/10.1161/01.CIR.0000126825.50903.18
https://doi.org/10.1161/01.CIR.0000126825.50903.18
https://doi.org/10.1161/01.CIR.0000060533.79248.0C
https://doi.org/10.1136/hrt.2009.190942
https://doi.org/10.1136/hrt.2009.190942
https://doi.org/10.1016/j.jacc.2015.10.001
https://doi.org/10.1016/j.ehj.2004.09.033
https://doi.org/10.1016/j.ehj.2004.09.033
https://doi.org/10.1161/JAHA.117.008397
https://doi.org/10.1161/JAHA.117.005850
https://doi.org/10.1161/CIRCIMAGING.117.007146
https://doi.org/10.1161/01.CIR.95.9.2262
https://doi.org/10.1016/j.jacc.2014.02.581
https://doi.org/10.1016/j.jacc.2014.05.066
https://doi.org/10.1161/CIRCULATIONAHA.104.495903
https://doi.org/10.1161/CIRCULATIONAHA.104.495903
https://doi.org/10.1161/CIRCULATIONAHA.109.894170
https://doi.org/10.1161/CIRCULATIONAHA.109.894170
https://doi.org/10.1161/CIRCULATIONAHA.121.057639
https://doi.org/10.1161/CIRCULATIONAHA.121.057639
https://doi.org/10.1161/CIRCIMAGING.117.006760
https://doi.org/10.1161/CIRCIMAGING.117.006760
https://doi.org/10.1056/NEJMoa1613792
https://doi.org/10.1016/j.jtcvs.2012.01.024
https://doi.org/10.1016/j.jtcvs.2005.11.052
https://doi.org/10.1016/S0735-1097(00)00834-2
https://doi.org/10.1016/j.jacc.2009.07.032
https://doi.org/10.1093/eurheartj/ehx141
https://doi.org/10.1016/j.jtcvs.2018.10.146
https://doi.org/10.1016/j.amjcard.2018.04.006
https://doi.org/10.1016/j.amjcard.2018.04.006
https://doi.org/10.1016/j.jcin.2017.04.014
https://doi.org/10.1016/j.jcin.2017.04.014
https://doi.org/10.21037/jtd.2019.01.87
https://doi.org/10.1016/j.jcin.2019.03.003
https://doi.org/10.1016/j.jcin.2017.01.045
https://doi.org/10.1056/NEJMoa1509233
https://doi.org/10.1016/j.jacc.2019.06.058
https://doi.org/10.1056/NEJMoa2017815
https://doi.org/10.1056/NEJMoa1915152
https://doi.org/10.1016/j.jacc.2018.01.048


812                                                                                                                                                                                                G. Lee et al.

75. Martin E, Mohammadi S, Jacques F, Kalavrouziotis D, Voisine P, Doyle D, et al. Clinical 
outcomes following the ross procedure in adults: a 25-year longitudinal study. J Am Coll 
Cardiol 2017;70:1890–1899. https://doi.org/10.1016/j.jacc.2017.08.030

76. El-Hamamsy I, Eryigit Z, Stevens LM, Sarang Z, George R, Clark L, et al. Long-term out-
comes after autograft versus homograft aortic root replacement in adults with aortic 
valve disease: a randomised controlled trial. Lancet 2010;376:524–531. https://doi.org/ 
10.1016/S0140-6736(10)60828-8

77. David TE, Ouzounian M, David CM, Lafreniere-Roula M, Manlhiot C. Late results of 
the ross procedure. J Thorac Cardiovasc Surg 2019;157:201–208. https://doi.org/10. 
1016/j.jtcvs.2018.06.037

78. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al. Transcatheter 
aortic-valve replacement with a balloon-expandable valve in low-risk patients. N Engl J 
Med 2019;380:1695–1705. https://doi.org/10.1056/NEJMoa1814052

79. Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, Tuzcu EM, et al. 5-year Outcomes 
of transcatheter aortic valve replacement or surgical aortic valve replacement for high 
surgical risk patients with aortic stenosis (PARTNER 1): a randomised controlled trial. 
Lancet 2015;385:2477–2484. https://doi.org/10.1016/S0140-6736(15)60308-7

80. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, et al. Transcatheter 
aortic-valve replacement with a self-expanding valve in low-risk patients. N Engl J 
Med 2019;380:1706–1715. https://doi.org/10.1056/NEJMoa1816885

81. Siemieniuk RA, Agoritsas T, Manja V, Devji T, Chang Y, Bala MM, et al. Transcatheter 
versus surgical aortic valve replacement in patients with severe aortic stenosis at low 
and intermediate risk: systematic review and meta-analysis. BMJ 2016;354:i5130. 
https://doi.org/10.1136/bmj.i5130

82. Kumar A, Sato K, Banerjee K, Narayanswami J, Betancor J, Menon V, et al. 
Hemodynamic durability of transcatheter aortic valves using the updated valve aca-
demic research consortium-2 criteria. Catheter Cardiovasc Interv 2019;93:729–738. 
https://doi.org/10.1002/ccd.27927

83. Siontis GCM, Overtchouk P, Cahill TJ, Modine T, Prendergast B, Praz F, et al. 
Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treat-
ment of symptomatic severe aortic stenosis: an updated meta-analysis. Eur Heart J 
2019;40:3143–3153. https://doi.org/10.1093/eurheartj/ehz275

84. Barbanti M, Costa G, Zappulla P, Todaro D, Picci A, Rapisarda G, et al. Incidence of 
long-term structural valve dysfunction and bioprosthetic valve failure after transcath-
eter aortic valve replacement. J Am Heart Assoc 2018;7:e008440. https://doi.org/10. 
1161/JAHA.117.008440

85. Didier R, Eltchaninoff H, Donzeau-Gouge P, Chevreul K, Fajadet J, Leprince P, et al. 
Five-year clinical outcome and valve durability after transcatheter aortic valve replace-
ment in high-risk patients. Circulation 2018;138:2597–2607. https://doi.org/10.1161/ 
CIRCULATIONAHA.118.036866

86. Makkar RR, Yoon SH, Leon MB, Chakravarty T, Rinaldi M, Shah PB, et al. Association 
between transcatheter aortic valve replacement for bicuspid vs tricuspid aortic sten-
osis and mortality or stroke. JAMA 2019;321:2193–2202. https://doi.org/10.1001/jama. 
2019.7108

87. Takagi H, Hari Y, Kawai N, Kuno T, Ando T. Meta-analysis of transcatheter aortic valve 
implantation for bicuspid versus tricuspid aortic valves. J Cardiol 2019;74:40–48. 
https://doi.org/10.1016/j.jjcc.2019.03.018

88. Kanjanahattakij N, Horn B, Vutthikraivit W, Biso SM, Ziccardi MR, Lu MLR, et al. 
Comparing outcomes after transcatheter aortic valve replacement in patients with 
stenotic bicuspid and tricuspid aortic valve: a systematic review and meta-analysis. 
Clin Cardiol 2018;41:896–902. https://doi.org/10.1002/clc.22992

89. Forrest JK, Kaple RK, Ramlawi B, Gleason TG, Meduri CU, Yakubov SJ, et al. 
Transcatheter aortic valve replacement in bicuspid versus tricuspid aortic valves 
from the STS/ACC TVT registry. JACC Cardiovasc Interv 2020;13:1749–1759. https:// 
doi.org/10.1016/j.jcin.2020.03.022

90. Halim SA, Edwards FH, Dai D, Li Z, Mack MJ, Holmes DR, et al. Outcomes of trans-
catheter aortic valve replacement in patients with bicuspid aortic valve disease: a re-
port from the society of thoracic surgeons/American college of cardiology 
transcatheter valve therapy registry. Circulation 2020;141:1071–1079. https://doi. 
org/10.1161/CIRCULATIONAHA.119.040333

91. Yoon SH, Bleiziffer S, De BO, Delgado V, Arai T, Ziegelmueller J, et al. Outcomes in 
transcatheter aortic valve replacement for bicuspid versus tricuspid aortic valve sten-
osis. J Am Coll Cardiol 2017;69:2579–2589. https://doi.org/10.1016/j.jacc.2017.03.017

92. Elmariah S, Fearon WF, Inglessis I, Vlahakes GJ, Lindman BR, Alu MC, et al. Transapical 
transcatheter aortic valve replacement is associated with increased cardiac mortality in 
patients with left ventricular dysfunction: insights from the PARTNER I trial. JACC 
Cardiovasc Interv 2017;10:2414–2422. https://doi.org/10.1016/j.jcin.2017.09.023

93. Chakravarty T, Sharma R, Abramowitz Y, Kapadia S, Latib A, Jilaihawi H, et al. 
Outcomes in patients with transcatheter aortic valve replacement and left main stent-
ing: the TAVR-LM registry. J Am Coll Cardiol 2016;67:951–960. https://doi.org/10.1016/ 
j.jacc.2015.10.103

94. Bajaj A, Pancholy S, Sethi A, Rathor P. Safety and feasibility of PCI in patients undergo-
ing TAVR: a systematic review and meta-analysis. Hear Lung J Cardiopulm Acute Care 
2017;46:92–99. https://doi.org/10.1016/j.hrtlng.2016.12.003

95. Thalji NM, Suri RM, Daly RC, Greason KL, Dearani JA, Stulak JM, et al. The prognostic 
impact of concomitant coronary artery bypass grafting during aortic valve surgery: im-
plications for revascularization in the transcatheter era. J Thorac Cardiovasc Surg 2015; 
149:451–460.e2. https://doi.org/10.1016/j.jtcvs.2014.08.073

96. Chiang YP, Chikwe J, Moskowitz AJ, Itagaki S, Adams DH, Egorova NN. Survival and 
long-term outcomes following bioprosthetic vs mechanical aortic valve replacement 
in patients aged 50 to 69 years. JAMA 2014;312:1323–1329. https://doi.org/10.1001/ 
jama.2014.12679

97. Sakamoto Y, Yoshitake M, Matsumura Y, Naruse H, Bando K, Hashimoto K. Choice of 
aortic valve prosthesis in a rapidly aging and long-living society. Ann Thorac Cardiovasc 
Surg 2016;22:333–339. https://doi.org/10.5761/atcs.oa.16-00104

98. Okamoto Y, Yamamoto K, Yoshii S. Early and late outcomes of aortic valve replace-
ment using bioprosthetic versus mechanical valve in elderly patients: a propensity ana-
lysis. J Card Surg 2016;31:195–202. https://doi.org/10.1111/jocs.12719

99. Tam DY, Rocha RV, Wijeysundera HC, Austin PC, Dvir D, Fremes SE. Surgical valve 
selection in the era of transcatheter aortic valve replacement in the society of thoracic 
surgeons database. J Thorac Cardiovasc Surg 2020;159:416–427.e8. https://doi.org/10. 
1016/j.jtcvs.2019.05.081

100. Aboud A, Charitos EI, Fujita B, Stierle U, Reil JC, Voth V, et al. Long-term outcomes of 
patients undergoing the ross procedure. J Am Coll Cardiol 2021;77:1412–1422. https:// 
doi.org/10.1016/j.jacc.2021.01.034

101. Mazine A, David TE, Rao V, Hickey EJ, Christie S, Manlhiot C, et al. Long-term out-
comes of the ross procedure versus mechanical aortic valve replacement. Circulation 
2016;134:576–585. https://doi.org/10.1161/CIRCULATIONAHA.116.022800

102. Ouzounian M, Mazine A, David TE. The ross procedure is the best operation to treat 
aortic stenosis in young and middle-aged adults. J Thorac Cardiovasc Surg 2017;154: 
778–782. https://doi.org/10.1016/j.jtcvs.2017.03.156

103. Romeo JLR, Papageorgiou G, da Costa FFD, Sievers HH, Bogers AJJC, El-Hamamsy I, 
et al. Long-term clinical and echocardiographic outcomes in young and middle-aged 
adults undergoing the ross procedure. JAMA Cardiol 2021;6:539–548. https://doi.org/ 
10.1001/jamacardio.2020.7434

104. Tam DY, Wijeysundera HC, Ouzounian M, Fremes SE. The ross procedure versus 
mechanical aortic valve replacement in young patients: a decision analysis. Eur J 
Cardiothorac Surg 2019;55:1180–1186. https://doi.org/10.1093/ejcts/ezy414

105. Johnston DR, Soltesz EG, Vakil N, Rajeswaran J, Roselli EE, Sabik JF, et al. Long-term 
durability of bioprosthetic aortic valves: implications from 12,569 implants. Ann 
Thorac Surg 2015;99:1239–1247. https://doi.org/10.1016/j.athoracsur.2014.10.070

106. Fairbairn T, Kemp I, Young A, Ronayne C, Barton J, Crowe J, et al. Effect of transcath-
eter aortic valve implantation vs surgical aortic valve replacement on all-cause mortal-
ity in patients with aortic stenosis: a randomized clinical trial. JAMA 2022;327: 
1875–1887. https://doi.org/10.1001/jama.2022.5776

107. Jørgensen TH, Thyregod HGH, Ihlemann N, Nissen H, Petursson P, Kjeldsen BJ, et al. 
Eight-year outcomes for patients with aortic valve stenosis at low surgical risk rando-
mized to transcatheter vs. surgical aortic valve replacement. Eur Heart J 2021;42: 
2912–2919. https://doi.org/10.1093/eurheartj/ehab375

108. Van MN, Deeb GM, Søndergaard L, Grube E, Windecker S, Gada H, et al. 
Self-expanding transcatheter vs surgical aortic valve replacement in intermediate-risk 
patients: 5-year outcomes of the SURTAVI randomized clinical trial. JAMA Cardiol 
2022;7:1000–1008. https://doi.org/10.1001/jamacardio.2022.2695

109. Madigan M, Atoui R. Non-transfemoral access sites for transcatheter aortic valve re-
placement. J Thorac Dis 2018;10:4505–4515. https://doi.org/10.21037/jtd.2018.06.150

110. Weferling M, Hamm CW, Kim WK. Percutaneous coronary intervention in transcath-
eter aortic valve implantation patients: overview and practical management. Front 
Cardiovasc Med 2021;8:653768. https://doi.org/10.3389/fcvm.2021.653768

111. Smith WT, Ferguson TB, Ryan T, Landolfo CK, Peterson ED. Should coronary artery 
bypass graft surgery patients with mild or moderate aortic stenosis undergo concomi-
tant aortic valve replacement? J Am Coll Cardiol 2004;44:1241–1247. https://doi.org/10. 
1016/j.jacc.2004.06.031

112. Sondergaard L, Steinbruchel DA, Ihlemann N, Nissen H, Kjeldsen BJ, Petursson P, et al. 
Two-year outcomes in patients with severe aortic valve stenosis randomized to trans-
catheter versus surgical aortic valve replacement: the all-comers Nordic aortic valve 
intervention randomized clinical trial. Circ Cardiovasc Interv 2016;9:e003665. https:// 
doi.org/10.1161/CIRCINTERVENTIONS.115.003665

113. Søndergaard L, Popma JJ, Reardon MJ, Van MN, Deeb GM, Kodali S, et al. Comparison 
of a complete percutaneous versus surgical approach to aortic valve replacement and 
revascularization in patients at intermediate surgical risk. Circulation 2019;140: 
1296–1305. https://doi.org/10.1161/CIRCULATIONAHA.118.039564

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/10/796/6986028 by Sapienza U

niversità di R
om

a user on 05 M
arch 2024

https://doi.org/10.1016/j.jacc.2017.08.030
https://doi.org/10.1016/S0140-6736(10)60828-8
https://doi.org/10.1016/S0140-6736(10)60828-8
https://doi.org/10.1016/j.jtcvs.2018.06.037
https://doi.org/10.1016/j.jtcvs.2018.06.037
https://doi.org/10.1056/NEJMoa1814052
https://doi.org/10.1016/S0140-6736(15)60308-7
https://doi.org/10.1056/NEJMoa1816885
https://doi.org/10.1136/bmj.i5130
https://doi.org/10.1002/ccd.27927
https://doi.org/10.1093/eurheartj/ehz275
https://doi.org/10.1161/JAHA.117.008440
https://doi.org/10.1161/JAHA.117.008440
https://doi.org/10.1161/CIRCULATIONAHA.118.036866
https://doi.org/10.1161/CIRCULATIONAHA.118.036866
https://doi.org/10.1001/jama.2019.7108
https://doi.org/10.1001/jama.2019.7108
https://doi.org/10.1016/j.jjcc.2019.03.018
https://doi.org/10.1002/clc.22992
https://doi.org/10.1016/j.jcin.2020.03.022
https://doi.org/10.1016/j.jcin.2020.03.022
https://doi.org/10.1161/CIRCULATIONAHA.119.040333
https://doi.org/10.1161/CIRCULATIONAHA.119.040333
https://doi.org/10.1016/j.jacc.2017.03.017
https://doi.org/10.1016/j.jcin.2017.09.023
https://doi.org/10.1016/j.jacc.2015.10.103
https://doi.org/10.1016/j.jacc.2015.10.103
https://doi.org/10.1016/j.hrtlng.2016.12.003
https://doi.org/10.1016/j.jtcvs.2014.08.073
https://doi.org/10.1001/jama.2014.12679
https://doi.org/10.1001/jama.2014.12679
https://doi.org/10.5761/atcs.oa.16-00104
https://doi.org/10.1111/jocs.12719
https://doi.org/10.1016/j.jtcvs.2019.05.081
https://doi.org/10.1016/j.jtcvs.2019.05.081
https://doi.org/10.1016/j.jacc.2021.01.034
https://doi.org/10.1016/j.jacc.2021.01.034
https://doi.org/10.1161/CIRCULATIONAHA.116.022800
https://doi.org/10.1016/j.jtcvs.2017.03.156
https://doi.org/10.1001/jamacardio.2020.7434
https://doi.org/10.1001/jamacardio.2020.7434
https://doi.org/10.1093/ejcts/ezy414
https://doi.org/10.1016/j.athoracsur.2014.10.070
https://doi.org/10.1001/jama.2022.5776
https://doi.org/10.1093/eurheartj/ehab375
https://doi.org/10.1001/jamacardio.2022.2695
https://doi.org/10.21037/jtd.2018.06.150
https://doi.org/10.3389/fcvm.2021.653768
https://doi.org/10.1016/j.jacc.2004.06.031
https://doi.org/10.1016/j.jacc.2004.06.031
https://doi.org/10.1161/CIRCINTERVENTIONS.115.003665
https://doi.org/10.1161/CIRCINTERVENTIONS.115.003665
https://doi.org/10.1161/CIRCULATIONAHA.118.039564

	ESC/EACTS vs. ACC/AHA guidelines �for the management of severe aortic stenosis
	Introduction
	I. Heart team management and decision-making
	A. Heart team
	B. Risk stratification

	II. Timing and thresholds for intervention
	A. Symptomatic aortic stenosis
	Low-flow low-gradient aortic stenosis with reduced left ventricular ejection fraction
	Low-flow low-gradient aortic stenosis with preserved left ventricular ejection fraction

	B. Asymptomatic aortic stenosis
	Left ventricular ejection fraction
	Adverse prognostic features
	Regular follow-up

	C. Concomitant cardiac surgery
	D. Tavi vs. savr

	IV. Bioprosthetic vs. mechanical valve
	A. Age thresholds
	B. Ross procedure

	V. Tavi vs. SAVR
	A. Risk categories and age thresholds
	B. Bicuspid aortic valve
	C. Non-transfemoral tavi

	VI. Other considerations
	A. Bystander coronary artery disease
	B. Concomitant mitral valve disease

	Summary of evidence comparison

	Conclusions
	Acknowledgements
	Supplementary data
	Data availability
	Conflict of interest
	Funding
	References
	References




