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Abstract

Purpose of review Appropriate management of asymptomatic patients with severe aortic
stenosis (AS) is increasingly debated given recent improvements in options for aortic valve
replacement (AVR). The goal of this review is to provide an updated approach to evalu-
ation and management of patients with asymptomatic severe AS and to discuss the

rationale for early AVR. ) ] )
Recent findings Registry data, retrospective studies, and one small randomized controlled

clinical trial suggest a mortality benefit to AVR before symptom onset, although larger
randomized trials are needed given potential biases of observational data. Other promis-
ing approaches to risk stratification of asymptomatic adults with severe AS include cardiac
biomarkers (such as serum B-type natriuretic peptide levels), left ventricular global
longitudinal strain, and myocardial fibrosis detected on cardiac magnetic resonance
]ST?n%TJ%/ Routine close clinical follow-up, periodic imaging, patient education, and shared
decision-making are essential in caring for asymptomatic patients with severe AS but there
is not yet enough evidence to support early AVR in most patients. Ongoing clinical trials
and evaluation of biomarkers will illuminate whether intervention before symptom onset
will improve the length or quality of life in adults with severe AS.
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Introduction

Disease overview

The prevalence of calcific aortic stenosis (AS) increases
with age, with severe AS affecting up to 3.4% of people
75 years of age or older [1, 2]. Moderate AS is even more
common and typically progresses to severe AS within 5
to 10 years. At the time of diagnosis, 30-50% of patients
with severe AS are asymptomatic [3, 4]. Morbidity and
mortality are closely linked to AS disease severity and the
emergence of symptoms in patients who initially are
asymptomatic [5]. Generally, the goals of aortic valve
replacement (AVR) for severe AS are to prolong life,
reduce symptoms, and prevent heart failure long-term.
Although AVR is clearly indicated in patients with symp-
toms from valve obstruction, the balance of risks and
benefits is less clear in patients who are asymptomatic.
After all, patients without symptoms will not have
symptomatic benefit with AVR. The hypothesis that
asymptomatic patients with severe AS may benefit from
AVR before symptom onset is often referred to as “early
AVR.”

In addition to procedural morbidity and mor-
tality, a bioprosthetic AVR carries the long-term risk
of valve degeneration, often requiring reinterven-
tion, especially in adults under 65 years of age. If
a mechanical prosthesis is implanted, the risks of
bleeding and thrombosis must be considered in
addition to the inconvenience and life-style limita-
tions with long-term vitamin-K antagonist anticoa-
gulation. Thus, AVR is recommended primarily for
symptomatic patients with severe AS because this
population most clearly derives benefit from an
intervention that justifies the short and long-term
risks [6-8]. AVR for asymptomatic patients with
severe AS is not routinely recommended unless
the patient has a low left ventricular (LV) ejection
fraction, very severe AS, rapid disease progression,
symptoms provoked on exercise testing, or is un-
dergoing other cardiac surgery [6, 8] (Table 1).
However, some data suggest a possible mortality
benefit with early surgery [4, 9-13]. Therefore, de-
termining whether patients and which patients may
benefit from earlier intervention is increasingly de-
bated with several randomized trials now underway
aimed at addressing these questions.

In this review, we will discuss the definition of “se-
vere” AS, consider the challenges in ensuring patients are
truly asymptomatic, and review current guidelines for

intervention. We then go on to present the research
rationale for early AVR and emerging parameters to
identify patients most likely to benefit from early inter-
vention. We also discuss the current clinical manage-
ment of patients with asymptomatic severe AS, with
practical guidance, including a framework for shared
decision-making regarding the risks and considerations
related to valve intervention. Lastly, we will summarize
the ongoing trials testing the hypothesis that early AVR
might be beneficial for prolonging life and reducing
long-term adverse outcomes.

Defining severe aortic stenosis

Severe AS might best be defined as the degree of
valve obstruction that results in symptom onset in
each patient. However, there is no single numerical
measure of AS severity that reliably predicts symp-
toms in all patients. In addition, there is evidence
of adverse effects of valve obstruction on the left
ventricle, even before the onset of symptoms. Our
current definition of severe AS is derived from
natural history studies showing that the rate of
symptom onset corresponds closely with the degree
of valve obstruction, with symptom onset occurring
within a short time period once aortic velocity
reaches 4 m/s or higher [14-18].

In current guidelines, severe AS is defined as a
maximum aortic valve velocity (Vi.x) 24 m/s or
mean aortic valve gradient (mean AP)>40 mmHg.
Typically, aortic valve area (AVA) is 1.0 cm” or less
(or aortic valve area indexed to body surface area
(AVAi) £0.6 cm?/m?) but may be higher with mixed
stenosis and regurgitation or with a high cardiac
output. A high aortic velocity (or pressure gradient)
alone is adequate for diagnosis of severe AS, regard-
less of valve area calculations. In addition to high-
gradient severe AS, some patients with severe AS
have a calcified immobile valve with a small AVA
but a lower velocity and gradient due to a low trans-
aortic flow rate. Low-gradient, low-flow severe AS
may be associated with a low LV ejection fraction
(<50%) or with a normal ejection fraction but low
transaortic stroke volume (<35 ml/min/m?) [6, 19].

Identification of symptoms is critical in the evalua-
tion of patients with severe AS. The initial symptoms are
reduced exercise tolerance and exertional dyspnea; frank
angina, syncope, and heart failure are end-stage
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symptoms. Even if mild symptoms are present, candi-
dacy for AVR is pursued. However, determining exercise
tolerance and the presence of mild symptoms is chal-
lenging in many older patients. Patients and providers
alike may have difficulty in recognizing the early onset
of subtle symptoms, particularly in an elderly popula-
tion, because of limited mobility and patient adaptation
to decreased exercise tolerance [20]. Conversely, there
are many alternate causes for reduced exercise capacity
or exertional dyspnea in older adults. For patients with
unclear exercise tolerance or ambiguous symptoms, ex-
ercise tolerance testing allows the assessment of physio-
logical changes and symptoms with exercise. An abnor-
mal exercise test—fall in blood pressure, decreased exer-
cise tolerance, symptoms of severe AS, marked ST-de-
pression, or ventricular arrhythmias—predicts symptom
onset and cardiac events at 1 year [21-23]. Therefore,
exercise testing is reasonable in selected patients to con-
firm the absence of symptoms and exclude high-risk
features in patients with severe AS who deny overt symp-
toms [6, 8]. Of course, given the demographics of
patients with severe AS, many patients are unable to
undergo exercise testing secondary to limited exercise
capacity, comorbidities, frailty, or advanced age [24].
In the USA, only about 30-40% of patients with severe
asymptomatic AS undergo exercise treadmill testing [11,
25, 26]. Whether this is an appropriate level of exercise
testing or whether more exercise testing would improve
clinical outcomes has not been studied.

Current indications for AVR in patients with
asymptomatic severe aortic stenosis

American and European guidelines for evaluation
and management of asymptomatic patients with
severe AS are shown in Table 1 [6-8]. Indications
for valve replacement include LVEF <50%, abnor-
mal exercise tolerance test, rapidly progressing
valve obstruction (AV.c>0.3 m/s/year), or if a
patient is already planned to undergo cardiac sur-
gery for another reason. Surgical aortic valve re-
placement (SAVR) rather than transcatheter aortic
valve implantation (TAVI) is recommended in
asymptomatic patients requiring intervention. The
European guidelines also specify that valve replace-
ment should be considered for patients with a
markedly elevated BNP or pulmonary artery systol-
ic pressure > 60 mmHg and low surgical risk. Gen-
erally, patients with very severe AS and low surgical
risk are recommended to undergo SAVR, rather
than TAVI, although the definitions for very severe
AS differ slightly between European and American
guidelines. In the European guidelines, the defini-
tion of very severe AS is an aortic Vi,,4>5.5 m/s
whereas the breakpoint in the American guidelines
is an aortic V=5 m/s or mean AP>60 mmHg.
Both guidelines likely will be updated soon with
possible changes in the recommendations for the
timing of AVR and the choice between SAVR versus
TAVI. Fig. 1

Rationale for early aortic valve replacement

Prevention of left ventricular dysfunction

A key element underlying the rationale for early AVR in asymptomatic patients
with severe AS is the concept that removing the high afterload due to valve
obstruction might prevent end-organ LV damage and thus reduce long-term
symptoms and adverse outcomes from diastolic and systolic heart failure.
Advanced cardiac imaging demonstrates that subclinical LV damage occurs
early in the disease course of adults with AS [27]. Many of these changes persist
or fail to fully resolve after valve replacement [28]. Chronic pressure overload
leads to LV myocyte hypertrophy which contributes to reduced coronary flow
reserve and chronic ischemia [29]. Apoptosis of ischemic myocytes with subse-
quent irreversible replacement fibrosis leads to changes in LV myocardial
longitudinal function, even when global ejection fraction is maintained. These
subclinical LV myocardial changes contribute to diastolic dysfunction, pulmo-
nary hypertension, heart failure, and cardiac death [30]. With early AVR, the
hope is to prevent these LV changes and eventual heart failure.
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Fig. 1. Approach to evaluation and management of asymptomatic severe aortic stenosis

BNP levels

There are emerging methods and indices which show promise in detecting
subdlinical LV dysfunction which are not yet routine clinical practice but may
be recommended in the future and can be used in individual cases when needed
to identify patients that might benefit from early interventions. In patients with
AS and a preserved LV ejection fraction, B-type natriuretic peptide (BNP)
elevation is associated with heart failure hospitalization, need for AVR, and
increased risk of mortality [31-34]. Elevations in BNP greater than or equal to
three times the upper limit of normal for age and sex may be most predictive of
adverse outcomes [32]. Notably, BNP is influenced by a patient’s comorbidities,
age, and sex; thus, if measured, clinicians must be reasonably sure that eleva-
tions are secondary to valvular disease rather than an alternative etiology. In
European guidelines, markedly elevated BNP and low surgical risk for a patient
with severe asymptomatic AS is an indication to consider valve replacement.
Although it was not included in the 2017 American guidelines, an update is in
progress and there remains significant clinical interest in using this biomarker
for risk stratifying patients with asymptomatic severe AS.

-
Global longitudinal strain

Two-dimensional echocardiographic LV strain imaging also has prognostic
ability in aortic stenosis. In patients with asymptomatic severe AS and a normal
LV ejection fraction, LV global longitudinal strain (GLS) is reduced compared
with patients without AS, supporting the concept that myocardial damage
occurs before symptom onset [35]. In addition, impaired LV GLS in
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asymptomatic patients with severe AS is associated with an increased risk of
mortality, suggesting this might be a useful biomarker for identifying which
patients might benefit from earlier AVR [36-38]. However, it is challenging to
identify a specific absolute strain value reliable enough to be considered a
trigger for valve replacement. Additionally, technical differences among vendors
in the measurement of GLS, as well as intra- and interobserver variability in
recording and measuring the data, further contribute to the lack of reliability in
using GLS for decision-making in patients with severe AS. It is hoped that 3D
echocardiographic strain imaging might avoid some of the limitations of 2D
strain imaging, with preliminary studies suggesting that 3D GLS is a predictor of
major adverse events including death, ventricular arrhythmias, and hospital
admission in patients with AS [39].

Myocardial fibrosis

LV myocardial fibrosis on cardiac magnetic resonance imaging (CMR) is an-
other promising approach to risk stratification of asymptomatic patients with
severe AS. Late gadolinium enhancement (LGE) identifies regions of replace-
ment fibrosis, with a mid-wall LGE pattern identifying myocardial scarring
distinct from infarct, and is associated with an increased risk of mortality in
patients with AS [40-44]. Mid-wall LGE is present in the ventricle of patients
with severe AS, even when ejection fraction is normal, and remains unchanged
after AVR suggesting that subclinical myocardial fibrosis is irreversible, at least
in the short-term [45]. Unfortunately, despite the association of mid-wall LGE
with mortality in patient with AS, it is difficult to define a specific level of LGE
that might justify early valve replacement. Variability between studies contrib-
utes to this uncertainty with differing approaches to the quantification of the
amount of myocardium affected (absolute or relative) as well as some studies
simply reporting the presence or absence of LGE. CMR T1 mapping is also
abnormal in patients with AS. Interstitial fibrosis, secondary to myofibroblast
infiltration and extracellular expansion, accompanies the earlier pathological
changes of myocyte hypertrophy and ischemia and can be detected with T1
mapping [45].

Similar to LGE, T1 mapping also predicts mortality after AVR [28]. Intersti-
tial fibrosis, as identified by T1 mapping, appears reversible and thus has the
potential to detect reversible subclinical LV dysfunction [46]. In contrast, LGE
identifies replacement fibrosis, which remains unchanged even after AVR [28].
Currently, LGE and T1 mapping are not commonly used for clinical decision-
making in patients with AS but given their prognostic ability, they remain the
focus of ongoing research.

Reduction in mortality

The other major hypothesis underlying clinical trials of valve intervention
before symptom onset in adults with severe asymptomatic AS is that early
AVR will improve long-term survival. Asymptomatic patients with severe AS
generally have a low risk of sudden cardiac death (< 1% per year) [47-52]. In
data from one contemporary registry that included 861 asymptomatic patients
with severe AS treated conservatively, cardiovascular death-free survival rate
was 96% at 2 years, 87% at 4 years, and 71% at 8 years with nearly all patients
undergoing AVR during the follow-up period [26]. There were 64 deaths during
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medical management, 50% were due to a cardiovascular cause but only 4 were
classified as sudden death [26].

Several recent retrospective studies have shown a lower all-cause mortality
with a strategy of early AVR in adults with severe asymptomatic AS compared
with patients who did not undergo AVR [4, 9-13] (Table 2). Additionally, early
AVR was associated with fewer heart failure hospitalizations in these studies.
However, these observational data are limited by potential differences between
those who did or did not undergo AVR and uncertainty about whether AVR was
performed promptly once symptoms supervened. Additionally, observational
studies can only show an association, not a cause-effect relationship.

The Randomized Comparison of Early Surgery versus Conventional Treat-
ment in Very Severe Aortic Stenosis (RECOVERY) trial is the first randomized
trial data for early treatment of asymptomatic patients with very severe AS,
defined in this study as an aortic valve area 0.75 cm? or less with either an aortic
velocity of 4.5 m/s or greater or a mean gradient of 50 mmHg or greater [53°].
The primary endpoint of operative mortality or death from cardiovascular
causes was 1% at both 4 and 8 years in the early-surgery group, compared with
6% at 4 years and 26% at 8 years in the conservative-care group (P = 0.003). The
cumulative incidence of sudden death in the conservative care group was higher
than expected—4% at 4 years and 14% at 8 years—with no sudden deaths in
the surgical group. These data are very encouraging but may not be directly
applicable to most patients with AS seen in our practices. The subjects in this
randomized trial, were young (mean age 63.4 years), had a high prevalence of
bicuspid aortic valves (54%), had very severe AS (mean Vi, 5.04 + 0.44 m/s
and mean AVA 0.64 + 0.09 cm?), low surgical risk scores (EuroSCORE I 0.9%),
and 50% received a mechanical AVR. On the other hand, the reduction in the
risk of sudden death in this study should give us pause and certainly supports
the current recommendations for AVR in asymptomatic adults with very severe
AS.

Approach to management of asymptomatic patients with severe AS

When evaluating a patient with asymptomatic severe AS, careful imaging and
clinical evaluation are of utmost importance (Table 1). Transthoracic echocar-
diography at time of diagnosis and routinely thereafter is necessary to deter-
mine accurate valve hemodynamics and LV function. Clinical history to deter-
mine the presence of even the mildest symptoms is also equally important as
symptom onset triggers referral for AVR. These symptoms may present as a
slight decrease in exercise tolerance as opposed to the more dramatic symptoms
of syncope. Generally, patients are seen every 6 months to 1 year to evaluate
echocardiographic data, clinical history, and physical examination. Patient
education centered around “red flag” symptom awareness, such as angina,
exertional syncope, and dyspnea or simply a gradual reduction in exercise
tolerance, takes place at each clinic visit. If the history is ambiguous, an exercise
tolerance test may be considered to confirm the absence of symptoms. Addi-
tionally, evaluating novel markers such as BNP or GLS may be helpful to
determine the presence of subclinical LV dysfunction. Clinicians also need to
be alert to the indications for AVR in asymptomatic patients with severe AS to
ensure optimal timing of intervention [6, 7]. Even though routine AVR is not
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recommended for most asymptomatic patients with severe AS, clinical decision-
making in an individual patient also includes other clinical and nonclinical
factors. For example, patients who need treatment for other conditions, such as
cancer, may benefit from AVR to improve hemodynamics during chemothera-
py. Similarly, AVR might be considered before symptom onset in a young
woman considering pregnancy. Another example is the patient who lives in a
remote location with likely long delays in access to clinical care when symptoms
occur and thus may benefit from consideration of earlier AVR. AS is a progres-
sive disease; once severe AS is present, hemodynamic progression and symptom
onset are inevitable. Many factors enter the decision to consider AVR earlier in
the disease course than recommended in guidelines. We recommend both
active patient involvement in decision-making and referral to a Comprehensive
Valve Center when this option is being considered [54].

Risks and considerations of valve replacement

When considering valve replacement, the risk of intervention must be balanced
against the benefit. SAVR and TAVI both carry periprocedural risk. In a popu-
lation with low surgical risk, SAVR has low periprocedural mortality risk (~
1%), ~ 1-3% stroke risk, and 21-40% risk of atrial fibrillation [53, 55, 56]. Life-
threatening or disabling bleeding risk is as high as 12% [56]. Conversely, TAVI
has a periprocedural mortality ~ 0.4-0.8%, 0.6-3% stroke risk, ~ 2% risk of life-
threatening or disabling bleed, and carries a risk for permanent pacemaker
placement (6-17% depending on the type of valve deployed) [55, 56]. These
data are predominantly from studies on symptomatic patients and thus may
not reflect the risks for an asymptomatic patient population. With higher risk
patients, the risks of intervention increase with both SAVR and TAVI. In asymp-
tomatic populations, since the patient is not pursuing intervention for symp-
tomatic relief, the onus of determining true benefit from early intervention falls
heavily on the clinician.

Choice of valve type and valve durability is also important to evaluate when
considering AVR. The main risks to balance include the risk of anticoagulation
versus risk of valve degeneration when considering mechanical or bioprosthetic
valve replacement. For patients under 60 years of age, mechanical aortic valve
replacement is generally recommended over bioprosthetic valves [6-8]. Me-
chanical prostheses have lower rates of valve degeneration, lower rates of
reoperation, and better rates of survival in patients < 60 years [57-64]. The risk
of bioprosthetic valve degeneration is higher in patients who are implanted at a
younger age [65]. However, mechanical prostheses carry the lifelong risk of
anticoagulation and thus bleeding risk and contraindications to anticoagula-
tion should be evaluated. In elderly patients, bioprosthetic SAVR or TAVI may
be considered since valve degeneration requiring reintervention may not occur
in the patient’s lifetime. Overall, national trends show an increase in biopros-
thetic valve use, even in younger populations [66, 67]. Therefore, a careful
discussion including risks, benefits, and patient preference is required.

Aortic valve replacement timing: ongoing trials

There are currently at least six trials underway to determine the benefit of
early valve replacement for patients with asymptomatic severe AS [68-73]
(Table 3). The EARLY TAVR trial will compare TAVR versus clinical
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surveillance, whereas AVATAR and ESTIMATE will evaluate SAVR com-
pared with watchful waiting [69, 70, 73]. The remaining three trials
(DANAVR, EVoLVeD, and EASY-AS) will compare both SAVR and TAVR
versus watchful waiting [68, 71, 72]. Notably, the DANAVR trial will aim
to recruit patients that have signs of elevated filling pressure or subclinical
LV dysfunction including impaired GLS. This may shed light on whether
GLS is an appropriate biomarker to use when considering early interven-
tion. Similarly, the EVoLVeD trial will randomize patients after an initial
CMR to assess the presence of mid wall fibrosis, and thus will clarify the
prognostic value of CMR when determining appropriate timing of AVR.

Conclusions

Asymptomatic patients with severe AS require routine close follow-up to deter-
mine onset of signs or symptoms requiring valve replacement. If AVR is
required, shared decision-making is critical for determining the choice of valve
and implantation approach. There remains ongoing debate of whether early
AVR in asymptomatic severe AS is appropriate, with ongoing trials dedicated to
this question.
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