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Introduction
The diagnosis of aortic stenosis (AS) marks the 
beginning of a lifelong journey. Management 
options for aortic stenosis are often spectro-
metric rather than dichotomous. While the 
evidence continues to evolve, from cellular 
pathology to population-based studies, un-
folding new theories and discoveries, several 
important preventative and therapeutic chal-
lenges remain. In this article, we discuss some 
of the common challenges in the lifetime man-
agement of AS, the literature underpinning the 
current opinion and the existing gaps in the 
evidence.

Epidemiology
The exact prevalence and incidence of AS re-
main underdetermined due to a marked varia-
bility between the studies in terms of design, 
targeted populations, recruitment methods 

and diagnostic definitions of AS [1–3]. Many 
studies predominantly pertain to symptomatic 
patients with a severe disease or the analysis of 
surgical databases, excluding asymptomatic 
patients, patients with a less than severe AS 
and those with significant comorbidities pre-
cluding surgical treatment [4]. Further, genetic 
and socioeconomic factors also influence the 
prevalence of AS [5].

In a pooled population-based study, 11,911 
adults were assessed prospectively using echo-
cardiography. Within this population, the 
prevalence of AS was 0.2% in individuals aged 
55 to 64 years and rose sharply to 2.8% in indi-
viduals over 75 years old [6]. In a large-scale 
community echocardiographic screening for 
undiagnosed valve disease in individuals aged 
≥65 years in the United Kingdom, mild and 
significant (moderate/severe) calcific aortic 
valve disease was found in 34.6 and 0.7% of the 
screened population, respectively [2]. Further-

more, several studies and registries have shown 
a consistent and significant association be-
tween age and the prevalence of AS [1, 3, 4], 
forecasting an upward trend in the incidence 
of AS in the aging populations.

Pathophysiology and Natural 
History
A wealth of knowledge already exists about the 
pathophysiology of rheumatic and infectious 
aortic valve disease, but our knowledge about 
degenerative non-rheumatic aortic valve dis-
ease has evolved only recently. Degenerative 
non-rheumatic aortic valve disease is no longer 
attributed to mere passive wear and tear, but to 
a rather active inflammatory, infiltrative and 
proliferative process in which genetic and ac-
quired factors are translated into the fibro-
calcific remodeling of the valve [7, 8]. The ac-
tive pathological processes involved and the 
identified risk factors for calcific valve disease 
are analogous to those seen in atherosclerosis, 
sparking a contemporary belief that calcific 
aortic valve disease is modifiable through 
preventative methods and therapeutic targets 
[7, 9].

The natural history of the disease is char-
acterized by an asymptomatic latent period 
followed by a symptomatic phase with a pre-
dictable adverse outcome unless the valve is 
replaced [10]. The progression rate of leaflet 
calcification into hemodynamically relevant 
AS and symptomatic disease varies significant-
ly between individuals [11].

Once hemodynamically significant, the 
natural history of AS becomes slightly more 
predictable, although considerable individual-
ity remains. The hemodynamic progression of 
AS can be associated with extra-valvular cardi-
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ac damage, which adds significantly to the ad-
versity of the disease and is strongly associated 
with clinical outcomes in both symptomatic 
and asymptomatic AS, even after the valve 
replacement [12, 13]. This conceptualizes the 
contemporary shift from simple grading to a 
more outcome-associated staging of the AS 
and opens the debate on the optimal timing of 
intervention [12].

Prevention of Disease 
Progression
In the quest for pharmacological agents to slow 
the progression of AS, efforts have been made 
to elucidate the molecular pathways linked to 
the pathogenesis of the disease. Among the key 
pathways involved, lipid metabolism, adiposity 
and inflammation have received significant 
attention as potential therapeutic targets [8].

The statin’s pleiotropy extends to all path-
ways mentioned above, therefore, its potential 
effect on the progression of AS was probed in 
several studies. A meta-analysis of four rand-
omized controlled trials (RCTs) examining the 
impact of statin therapy on the progression 
and clinical outcomes of mild to moderate AS 
showed no impact of statin therapy on the 
echocardiographic parameters or the clinical 
outcomes of AS (median follow-up 2.1–4.4 
years), despite a significant reduction in LDL 
levels (36–55%) [14]. Nevertheless, one of the 
trials included in the meta-analysis provided 
further insight into the role of oxidized phos-
pholipids and their main carrier, lipopro-
tein(a), in the progression of AS. A follow-up 
study has shown that elevated lipoprotein(a) 
and oxidized phospholipids were strong pre-
dictors of the progression rate of AS [15]. Fur-
thermore, rosuvastatin therapy was associated 
with an annual increase of lipoprotein(a) and 
oxidized phospholipids by 20 and 46%, respec-
tively [15]. This further supports the lipopro-
tein(a) and oxidized phospholipids theory and 
may explain the failure of statin therapy to 
modify the course of AS.

Dedicated testing of the lipoprotein(a) and 
oxidized phospholipids hypothesis has been 
conducted in several studies, all of which have 
suggested a strong pro-inflammatory effect 
and an abundant presence in the diseased aor-
tic valve [16–18].

PCSK9 inhibition, a non-selective lipo-
protein(a) lowering therapy, has shown a 
promising signal in slowing the progression 
of AS [19], advocating a potential role for spe-
cific lipoprotein(a) and oxidized phospholip-
ids lowering or targeting therapies in slowing 
the progression of AS, a concept that is cur-
rently being investigated in ongoing studies 
[17].

Selective lipoprotein(a) lowering agents 
have been developed and investigated in pa-
tients with atherosclerotic disease. Olpasiran, a 
small interfering RNA that reduces lipopro-
tein(a) synthesis in the liver, is an effective cir-
culating lipoprotein(a) lowering agent [20], 
but its effect on cardiovascular disease is yet to 
be determined. Pelacarsen, an investigational 
specific lipoprotein(a) lowering agent that 
inhibits the production of apolipoprotein(a) in 
the liver, is currently being investigated in AS 
(NCT05646381). Meanwhile, there is no clini-
cally approved medical treatment for halting 
the progression of AS. Similarly, the benefit of 
therapies that could modify the extra-valvular 
modeling or damage in the context of signifi-
cant AS, especially before valve replacement, is 
not established.

Timing of Intervention
While it is universally recognized that sympto-
matic severe aortic valve stenosis is a clear and 
robust indication for valve replacement, inter-
vening in asymptomatic severe disease and less 
than severe AS has been a debating point re-
cently. As a general concept, we are transition-
ing from grading to staging of disease. While 
grading of AS largely relies on measurements 
of the aortic valve area and transvalvular gradi-
ents, staging of disease considers secondary 
cardiac damage resulting from the increase in 
afterload and includes the evaluation of left 
ventricular mass and function, left atrial di-
mensions, mitral and right ventricular dam-
age, as well as the extent of pulmonary hyper-
tension.

Severe Asymptomatic Aortic Stenosis
Asymptomatic AS is no longer considered a 
benign disease. Despite a relatively low risk of 
sudden cardiac death (0.2–3.1% per year) [21], 
observational studies have shown rates of 
event-free survival (defined by freedom of all-
cause death without an indication for aortic 
valve replacement [AVR]) of around 70 and 
25% at one and four years of follow-up, respec-
tively, in patients with asymptomatic severe AS 
with preserved left ventricular systolic func-
tion (table 1).

RCTs have tried to seek a more objective 
verdict on the matter. The RECOVERY trial 
randomly assigned 145 asymptomatic patients 
with very severe AS (aortic valve area 
<0.75 cm2 plus aortic jet velocity >4.5 m/s or 
mean transcatheter gradient >50  mm  Hg) to 
early surgery or conservative care. During an 
entire follow-up period of six years, the prima-
ry composite endpoint of operative mortality 
and cardiovascular mortality occurred in 0.7 
and 15% in the early surgery and conservative 

care groups, respectively, driven solely by car-
diovascular mortality [22]. Patients in the RE-
COVERY trial were younger than 80 years of 
age (mean age 64 years), had a low prevalence 
of ischemic heart disease and a low predicted 
cardiac operative risk (EuroSCORE II 0.9%). A 
majority of patients had bicuspid aortic valve 
disease and the mean transvalvular gradient 
across the aortic valve was >60 mm Hg. Argu-
ably, the benefit of early surgery may be less 
profound in patients with less severe AS.

Compared to RECOVERY, the AVATAR 
trial recruited 157 strictly asymptomatic pa-
tients (negative exercise tolerance test) with 
less critical and predominantly degenerative 
tricuspid AS with similarly low surgical risk. 
The rate of the primary composite endpoint of 
all-cause mortality, myocardial infarction, 
stroke and unplanned hospitalization for heart 
failure at three years was higher in the conserv-
ative treatment group compared to the early 
surgical group (34.7% vs 15.22%, hazard ratio 
0.46, 95% confidence interval 0.23–0.9). How-
ever, the rate of cardiovascular death was com-
parable between the groups and rather inter-
estingly, no non-cardiac death occurred in 
the early surgical group during the follow-up 
period compared to an 11% rate of non-cardi-
ac deaths in the conservative management 
group [23].

Trials recruiting older participants with 
more comorbidities and including transcathe-
ter intervention would help shed more light 
on  the management of asymptomatic severe 
AS. Several RCTs are underway (EVoLVeD 
NCT03094143, EARLY TAVR NCT03042104, 
ESTIMATE NCT02627391); meanwhile, ob-
servational studies reporting on the natural 
history of asymptomatic or less than severe AS 
remain invaluable in revealing prognostically 
important characteristics in patients with un-
operated asymptomatic severe AS along with 
the outcomes.

Moderate Aortic Stenosis
The debate is also extended to less-than-severe 
AS. We are going through an evidence-backed 
transition from grading based solely on the se-
verity of AS to staging, where the stage of the 
disease is stratified according to the presence 
and extent of cardiac damage, which is strong-
ly associated with clinical outcomes [12]. Re-
cent observational literature signaled a superi-
or survival with transcatheter AVR compared 
to medical therapy in patients with less than 
severe AS with reduced ejection fraction [24]. 
This encouraged the instigation of RTCs that 
take a look at the benefits of AS intervention in 
moderate AS with symptoms (Evolute Expand 
TAVR II Pivotal Trial NCT 05149755), with 
evidence of cardiac damage (PROGRESS, 
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NCT04889872), with heart failure (TAVR UN-
LOAD NCT02661451) and with mitral regur-
gitation (TIAMAR trial NCT05310461).

A comprehensive assessment of AS re-
quires an integrative approach. Consideration 

of symptom status, parameters of AS severity, 
markers of myocardial injury and extra-valvu-
lar imaging characteristics has the potential to 
optimize intervention timing and refine the 
risk stratification of AVR.

Quality of Life
A wealth of evidence suggests that aortic 
valve intervention offers both survival and 
quality of life benefits for the majority of pa-
tients with symptomatic AS. However, out-

Table 1: Survival and Predictors of Outcomes in Asymptomatic Severe AS in Observational Studies

Study 
Size 
(n) 

Age Mean ± 
SD/Median 
(range)

Mean 
gradient 
mmHg (SD)

AVA  
cm2 LVEF (%) Endpoint

Follow up 
(months) 
Mean ± SD/
range Prognosis

Predictors  
of mortality

Avakian, et 
al. 2008 [47]

133 66 ± 13 NA NA “Normal” Typical angina, 
dyspnea, 
syncope, and 
sudden death.

40 ± 22 Event-free survival 
90.2%, 73%, and 
33.3% at 1, 2 and 
5 years, respec-
tively.

Low ejection 
fraction.

Rosenhek, 
et al. 2010 
[48]

116 67 ± 15 74 0.63 NA Cardiac death  
or indication  
for aortic valve 
replacement.

41 [26–63] Event free survival 
64%, 36%, 25%, 
12%, and 3% at 1, 
2, 3, 4, and 6 
years, respectively.

Aortic valve 
velocity.

Yingchon-
charoen, et 
al. 2012 [49]

79 77 ± 12 36.8 ± 12.6 0.75 ± 
0.12

63.4 ± 7.9 Cardiac death  
or indication  
for aortic valve 
replacement.

16 Event free survival 
72%, 50%, and 
24% at 1, 2 and 4 
years, respectively.

Global 
longitudinal 
strain was 
associated 
with events, 
as well as 
STS-PROM, 
aortic valve 
calcification 
score, aortic 
valve area, 
and valvu-
lo-arterial 
impedance.

Zilberszac, 
et al. 2017 
[50]

103 77 ± 5 58 ± 17 0.7 ± 
0.2

61.0 ± 5.9 Cardiac death  
or indication  
for aortic valve 
replacement.

19 [9–36] Event free survival 
73%, 43%, 23%, 
and 16% at 1, 2, 
3, and 4 years, 
respectively.

Aortic valve 
velocity.

Lancellotti, 
et al. 2018 
[51]

861 72 ± 12 37 ± 17 0.94 ± 
0.3

65.5 ± 7.4 All-cause 
mortality.

27 ± 24 Event free survival 
75%, 54%, 32%, 
and 12% at 1, 2, 
4, and 8 years, 
respectively.

Age, dyslipi-
demia, 
chronic 
obstructive 
pulmonary 
disease, 
higher systolic 
blood 
pressure, 
peak aortic jet 
velocity, and 
LVEF.

Kvaslerud, 
et al. 2021 
[52]

114 83 (77-87) 53 ± 16 0.68 ± 
0.16

<50% in 
11% of 
patients

All-cause 
mortality, 
subsequent  
AVR in patients 
originally advised 
against AVR, and 
the composite 
endpoint of 
MACE (all-cause 
mortality, stroke, 
transient 
ischemic attack, 
myocardial 
infarction and 
hospitalization 
for heart failure).

67 ± 42 Event free survival 
88%, 75% and 
39% at 1, 2, and 5 
years, respectively.

Age, NT-
proBNP 
and previous 
history of 
ischemic 
heart disease.

AVR: Aortic valve replacement; AVA: Aortic valve area; LVEF: Left ventricular ejection fraction; MACE: Major adverse cardiovascular events; NA: Not available; NT-proBNP: N-terminal prohormone of brain natriuretic 
peptide; SD: Standard deviation; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality score. AVR: Aortic valve replacement; AVA: Aortic valve area; LVEF: Left ventricular ejection fraction; MACE: 
Major adverse cardiovascular events; NA: Not available; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; SD: Standard deviation; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortal-
ity score.
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side the strict inclusion and exclusion criteria 
of landmark trials, the outcomes might be less 
comprehensive. In fact, up to one quarter of 
patients experience poor or no symptomatic 
or functional improvement one year after 
transcatheter aortic valve implantation 
(TAVI), even after a technically successful 
procedure [25, 26]; a sobering reality that re-
quires careful consideration. The priorities of 
individual patients with symptomatic severe 
AS are likely to be variable, with some prior-
itizing quality of life over quantity and others 
expecting the latter or aspiring to have both. 
Several studies looked at cardiac, extra-cardi-
ac and frailty-related factors and conditions 
affecting the outcome of TAVI [25, 27]. 
Additionally, several risk scores have been 
developed and validated for the prediction of 
short- and long-term mortality after TAVI, 
albeit with modest predictive power [27]. 
However, only a limited number of reports 
focus specifically on the predictability of 
functional improvement after TAVI [28]. Fig-
ure 1 lists some comorbidities that are sus-
pected to negatively impact the functional 
outcomes of AV interventions.

It is likely that the lack of compensatory 
mechanisms and the degree and reversibility 
of cardiac damage affect the development of 
cardiac dysfunction and its regression after 
aortic valve intervention. However, while 
advanced cardiac damage is well validated as 
a strong predictor of mortality at one year 
[13], in a cohort of 144 consecutive post-TA-
VI patients, several parameters of cardiac 
damage at baseline did not appear to be 
associated independently with symptomatic 
nonresponse at one year post-TAVI [28]. 
Intriguingly, low (<800  ng/l) or very high 
(>10 000  ng/l) baseline N-terminal pro
hormone of brain natriuretic peptide 
(NT-proBNP) values were strong independ-
ent predictors of symptom persistence at one 
year [28], suggesting that a non-cardiac cause 
of disease or an advanced degree of cardiac 
damage might determine the degree of func-
tional improvement after aortic valve inter-
vention.

Further research is needed to identify 
other markers that could predict the futility of 
symptomatic relief. The value of those mark-
ers should be validated within multi-parame-
ter risk scores. A holistic assessment of the 
patient’s symptoms and the quantification of 
the symptomatic contribution of each of the 
associated comorbidities helps to predict the 
reversibility of symptoms after aortic valve 
intervention. Above all, the patient’s priorities 
and expectations should be addressed and in-
corporated during the decision-making pro-
cess.

Treatment Modalities
The treatment modality is determined by ana-
tomic and non-anatomic feasibility, durability 
of the valve in relation to life expectancy and, if 
applicable, forward planning of iterative valve 
interventions. Middle-aged patients are pri-
marily candidates for a mechanical AVR to re-
duce the risk of repeated interventions. The 
durability of mechanical aortic valves, with a 
reoperation rate as low as 3% within 15 years, 
comes at the expense of a lifelong commitment 
to anticoagulation therapy and the associated 
risks. However, lower rates of reoperation after 
mechanical compared to bioprosthetic AVR 
did not translate into a survival benefit with 
mechanical AVR in RCTs [29, 30].

The Ross procedure is an alternative 
treatment modality to the mechanical AVR, 
particularly for young patients. In the Ross 
procedure, the aortic valve is replaced with the 
patient’s own pulmonary valve, while the latter 
is replaced by a pulmonary homograft. A me-
ta-analysis including 13,129 children and 
young adults showed a low late mortality rate 
(0.54% and 0.59% per patient-year for children 
and adults, respectively) and a low rate of aor-
tic autograft reintervention (1.28 and 0.83% 
per patient-year) [32]. In the 2,444 patients 
(mean age 44.1 ± 11.7 years) included in the 
Ross registry up until 2018, 75.8% of the pa-
tients survived 25 years post procedure, with a 
low rate of aortic autograft intervention (0.69% 
per patient-year) and right ventricular outflow 
tract reintervention (0.62% per patient-year) 
[32].

Yet another alternative to conventional 
surgical valve replacement is the aortic valve 
neocuspidization (AVNeo). During AVNeo, 
the three aortic cusps are independently re-
placed with natural-size glutaraldehyde-fixed 
autologous pericardial cusps [33]. In 850 pa-
tients (median age 71 years, range: 13–90 
years) who underwent AVNeo procedure (in-
cluding 534 patients with AS), freedom from 

death, reoperation and recurrent moderate or 
greater aortic regurgitation was 85.9, 4.2 and 
7.3%, respectively, within a mean follow-up 
period of 53.7 ± 28.2 months [34]. Data on the 
long-term durability and outcome of this tech-
nically challenging procedure is not yet availa-
ble. However, the low tissue reactivity could 
potentially be associated with a slower rate of 
degeneration and a more straightforward redo 
surgery [35].

Bioprosthetic valve replacement, per-
formed by a surgical or transcatheter approach, 
is the treatment of choice for elderly patients. 
A series of RCTs compared TAVI with surgical 
aortic valve replacement (SAVR) across the en-
tire spectrum of surgical risk and established 
TAVI as a mainstay of treatment and a valuable 
alternative to SAVR in patients with suitable 
anatomy [36]. A detailed discussion of TAVI 
versus SAVR in the treatment of AS goes be-
yond the scope of the present article. However, 
it is important to note that while the short-
term outcomes of TAVI and SAVR are compa-
rable, more light should be shed on the long-
term implications of both treatment modalities 
in patients requiring valve-in-valve interven-
tions.

The First Valve Sets the Stage 
for the Repeat Interventions
In a standard scenario, in addition to the surgi-
cal risk, several considerations are made in the 
decision-making process when choosing the 
first valve. Anatomical feasibility and challeng-
es based on the implantation zone and implan-
tation access are directly linked to the out-
comes of the first implantation. Annulus 
dimensions, aortic leaflet, left ventricular out-
flow tract calcification, take-off of the coronary 
ostia, morphology of the sinus of Valsalva, aor-
tic angulation, bicuspidity of the valve, vascu-
lar and alternative access, risk and relevance of 
coronary access restriction, and risk of con-

Figure 1: Comorbidities impacting the functional outcomes of aortic valve replacement.
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duction disturbance are all important consid-
erations for the feasibility and challenges of 
TAVI, but less so for SAVR or surgically recon-
structed autograft procedures. Other non-ana-
tomical characteristics, such as suitability for 
anticoagulation considered contextually with 
preexisting comorbidities, compliance, life-
style, occupation, family planning and patient 
preferences, are important when considering 
mechanical SAVR [37].

After passing the feasibility test, the dura-
bility of the valve and the possibility of repeat 
interventions come into play. For candidates 
for a bioprosthesis who are expected to out-
live their first valve, strategies for potential 
repeat interventions need to be considered 
upfront, at the time of the first valve implanta-
tion. The feasibility, risk and outcomes of sec-

ond and subsequent repeat valve interven-
tions are dictated by the modality of the first 
valve and the contemporary risk profile. Fig-
ure 2 summarizes the potential issues associ-
ated with different strategies of sequential 
valvular interventions depending on the 
choice of the first and subsequent biopros-
thetic valve. Outcomes and challenges of 
transcatheter valve-in-valve (ViV) implanta-
tion as a second or third valve strategy vary, 
depending on the modality and type of the 
preceding (initial) as well as the successive 
(subsequent) valve. Younger patients are like-
ly to outlive the second bioprosthesis and to 
require a second or even third redo interven-
tion, calling for even more thoughtful and 
cautious planning and consideration of the 
sequence of the implanted prostheses [38].

Transcatheter Aortic Valve in Surgical 
Aortic Valve Implantation (TAV-in-
SAV)
Clinical outcomes of TAV-in-SAV implanta-
tions depend on the mechanism of failure of 
the first valve and the valve size. Patients with 
AS as the mechanism of failure of the biopros-
thetic valve have a higher mortality compared 
to patients with aortic regurgitation, and pa-
tients with small bioprosthetic valves have a 
higher mortality compared to those with 
large bioprosthetic valves [39]. Two particular 
concerns in ViV implantation are the risk of 
coronary obstruction and the patient-pros-
thesis mismatch. Coronary obstruction can 
be differentiated mechanistically into direct 
and indirect obstruction. While the former is 
caused by  an obstruction at the level of the 

Figure 2: Clinical considerations with sequential aortic valve intervention. 
PPM: Patient-prothesis mismatch; SAVR: Surgical aortic valve replacement; SVD: Structural valve deterioration; TAVI: Transcatheter aortic valve implan-
tation.

Published under the copyright license “Attribution – Non-Commercial – NoDerivatives 4.0”. No commercial reuse without permission. See: http://emh.ch/en/services/permissions.html



2024;27(3):71–76  |  Cardiovasc Med76
Review Article

coronary take-off, the latter is caused by the 
sequestration of the sinus at the level of the 
sinotubular junction. In addition to anatomi-
cal features of the aortic valvular complex 
such as valve-to-coronary distance and 
valve-to-sinotubular distance, the risk of cor-
onary obstruction is determined by the de-
sign of the surgical bioprosthesis. Bioprosthe-
ses with externally mounted leaflets have the 
highest risk of coronary obstruction, followed 
by stentless bioprostheses and valves with 
internally mounted leaflets [40]. Acute coro-
nary obstruction occurs in 2 to 5% of TAV-in-
SAV implantations and is caused by the ne-
oskirt created by the permanently opened 
leaflets of the first valve prosthesis. In com-
parison, delayed coronary obstruction occurs 
in less than 1% of interventions and may be 
caused by continuing expansion of the tran-
scatheter heart valve, thrombus formation, or 
fibrosis [41].

Techniques for transcatheter electrosurgi-
cal leaflet modification, such as BASILICA 
(bioprosthetic aortic scallop intentional lacera-
tion to prevent iatrogenic coronary artery ob-
struction), are effective in reducing the risk of 
coronary obstruction but are technically com-
plex.

Patient-prosthesis mismatch is another 
concern in ViV implantation and is associat-
ed with a worse outcome. High residual gra-
dients (mean gradient >20 mm Hg) were ob-
served in 28% of patients in the Valve-in-Valve 
International Data (VIVID) registry and are 
of particular concern in patients with small 
bioprostheses [39]. In these patients, ViV-TA-
VI with a supra-annular, self-expanding valve 
has been associated with better valve hemod-
ynamics as compared to ViV-TAVI with an 
intra-annular, balloon-expandable valve [42]. 
The bioprosthetic valve fracture technique us-
ing high-pressure balloon inflation has been 
developed to reduce patient-prosthesis mis-
match but is associated with considerable 
periprocedural risk [43].

Transcatheter Aortic Valve in Tran-
scatheter Aortic Valve Implantation 
(TAV-in-TAV)
Compared to TAV-in-SAV, TAV-in-TAV has 
been associated with higher procedural suc-
cess, numerically lower rates of coronary ob-
struction, lower residual gradients and a 
larger aortic valve area; however, 30-day and 
1-year mortality rates were comparable be-
tween TAV-in-TAV and TAV-in-SAV [44]. In 
contrast to surgical bioprostheses, the taller 
stent frame of transcatheter bioprostheses 
frequently extends beyond the take-off of the 
coronary arteries and may complicate coro-
nary access with the implantation of a second 

transcatheter heart valve. Strategies for TAV-
in-TAV depending on the initial and sub
sequent TAV type are a current matter of 
debate. Conceptually, supra-annular valves 
generate a higher neoskirt with the implanta-
tion of a second valve and thus a higher risk 
of  coronary obstruction or inaccessibility. 
Therefore, a balloon-expandable valve is of-
ten preferred if the implantation of a second 
transcatheter valve is anticipated, particular-
ly in patients with coronary artery disease. 
Alignment of the commissures of the first 
transcatheter heart valve with the native 
commissures facilitates coronary access after 
TAVI and allows for a BASILICA procedure 
prior to TAV-in-TAV implantation. Against 
this background, commissural alignment in 
the cusp overlap technique is the standard of 
care in contemporary TAVI if the cusp of the 
bioprosthesis is expected to extend beyond 
the take-off of the coronary arteries.

Redo Surgery and Explantation of 
Transcatheter Heart Valves
SAVR remains an alternative to ViV tech-
niques. However, redo SAVR is associated 
with relatively high operative mortality 
(9.5%) and post-operative complications 
[45]. Similarly, the risk of TAVI explantation 
cannot be dismissed. Neo-endothelialization 
of the stent frame of a transcatheter heart 
valve into the aortic wall requires intense en-
darterectomy and potentially extensive aortic 
root repair, for which special surgical tech-
niques might be required. In the multicenter, 
international EXPLANT-TAVR registry, the 
in-hospital mortality rate post explantation 
was 11.9%, while the stroke rate was 5.9% 
[46].

Conclusions
Evidence on the management of severe AS 
continues to evolve, but many gaps in our un-
derstanding of the disease, the optimal timing 
of intervention and the optimal sequence of 
treatment modalities remain. Upstream in-
terventions for preventing or slowing down 
the progression of the disease have yet to be 
developed.

In the presence of several gaps in the evi-
dence, the individuality of the cases should 
always be considered the norm rather than 
the exception, and management strategies 
should always be centered around patients’ 
expectations and priorities, guided by a holis-
tic assessment of the disease and associated 
comorbidities, as well as the prognostic inter-
play between them.
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