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Abstract 

This manuscript represents the official position of the Korean Society of Echocardiography on valvular heart diseases. 
This position paper focuses on the clinical management of valvular heart diseases with reference to the guidelines 
recently published by the American College of Cardiology/American Heart Association and the European Society 
of Cardiology. The committee tried to reflect the recently published results on the topic of valvular heart diseases 
and Korean data by a systematic literature search based on validity and relevance. In part I of this article, we will 
review and discuss the current position of aortic valve disease in Korea.
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Background
The purpose of this position paper is to support health-
care professionals in selecting the best management 
strategies for individual patients by assessing each 
patient’s clinical condition, considering the risks and ben-
efits of a specific diagnosis and treatment methods, and 
understanding the likely effects on the outcome. Many 
academic societies and organizations have published 
guidelines and recommendations for various diseases to 
facilitate the decision-making of healthcare profession-
als. Because established guidelines significantly influ-
ence clinical decisions, the quality standards for the 

established guidelines should be defined so that all deci-
sion-making processes can be transparently disclosed.

This position paper represents the official position of 
the Korean Society of Echocardiography (KSE) on val-
vular heart diseases and will be revised regularly. The 
recommendations were prepared to help healthcare 
professionals make decisions in their daily practice by 
evaluating and summarizing the existing evidence about 
clinical problems, but the final decision for each individ-
ual patient should be made by healthcare providers after 
sufficient discussion and negotiation with the patient and 
their caregivers.

To develop this position paper, professional members 
of the guideline-making committee of the KSE, all experts 
in the field of valvular heart disease, were selected. The 
selected experts comprehensively reviewed published 
evidence associated with the management of valvular 
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heart disease (diagnosis, treatment, prevention, and reha-
bilitation, etc.). This position paper focuses on the clini-
cal management of valvular heart diseases by referring to 
guidelines recently published by the American College of 
Cardiology/American Heart Association (ACC/AHA) [1] 
and the European Society of Cardiology/European Asso-
ciation of Cardio-Thoracic Surgeons (ESC/EACTS) [2]. 
The committee conducted a systematic literature search 
based on validity and relevance to ascertain the recently 
published results on the topic of valvular heart diseases. 
This position paper was developed after careful consid-
eration of recently available scientific and clinical knowl-
edge and evidence. The writing committee reviewed this 
paper carefully and revised it to ensure overall uniform-
ity. Then, it was reviewed by external experts from other 
related scientific societies and revised based on their sug-
gestions. The final documents will be published on the 
KSE website. The committee members who participated 
in drafting and reviewing this position paper disclosed all 
interests that could be potential conflicts. This position 
paper was created without financial support from related 
industries to exclude their interests.

In the future, follow-up investigations will be con-
ducted to verify whether daily clinical practice follows the 
recommendations in this position paper. It is necessary 
to establish a cycle of clinical research, preparation and 
dissemination of guidelines, clinical application, and revi-
sion of guidelines to reflect clinical practice. Although 
this position paper should be applied in daily clinical 
practice to prevent, diagnose, and treat valvular heart 
diseases, individual clinicians have both the right and the 
responsibility to make clinical decisions in consultation 
with patients and guardians and with full consideration 
of each patient’s clinical condition. In addition, it is the 
responsibility of individual healthcare providers to check 
related regulations, such as the need for various approv-
als and insurance benefits, that might influence choices 
about medications and devices. In these two articles, 
we review and share current information about valvular 
heart disease in Korea; part I focuses on aortic stenosis 
and regurgitation, and part II will focus on mitral regur-
gitation and stenosis and tricuspid regurgitation.

Aortic stenosis
Etiology
Aortic stenosis (AS) is the most common valvular disease 
leading to surgical or transcatheter valve replacement 
[3]. The prevalence of AS is increasing due to the aging 
population [4, 5]. In addition to its degenerative etiology, 
which is increasing rapidly in developed countries, the 
rheumatic etiology is still frequently observed in many 
parts of the world [3, 4]. Bicuspid aortic valve (BAV), a 
common congenital valve anomaly affecting 0.5% to 2.0% 

of adults with a 3:1 male to female predominance, is com-
mon in younger patients with AS [6].

Stages
Disease progression is classified based on patient symp-
toms, valve anatomy, hemodynamic severity, and left 
ventricular (LV) and vascular response. Table  1  shows 
the stages of AS, ranging from patients at risk of AS 
(stage A) or with progressive hemodynamic obstruction 
(stage B) to severe asymptomatic (stage C) and sympto-
matic AS (stage D) [1]. The severity of valve dysfunction 
is best characterized by the maximum transaortic veloc-
ity or mean pressure gradient at the normal transaortic 
flow rate. Some patients with AS have a low transaortic 
flow rate because of LV systolic dysfunction with a low 
LV ejection fraction (EF) or because of a small, hypertro-
phied LV with low stroke volume (SV). Severe AS with 
low flow is classed as D2 (with low LVEF) or D3 (with 
normal LVEF). Stage D4 AS is defined as normal-flow, 
low-gradient, symptomatic AS with preserved LVEF. 
Careful attention to detail is required when assessing 
valvular hemodynamics, either by Doppler echocardiog-
raphy or cardiac catheterization, and the inherent vari-
ability of measurements and calculations should always 
be considered in clinical decision-making.

Korean data
Among patients with valvular heart disease (VHD) in 
the nationwide retrospective cohort for the Korean Valve 
Survey [7], nearly 30% had moderate to severe AS (mean 
age, 76 ± 11 years; 47% male sex), and the most common 
comorbidity in patients with AS was hypertension (67%). 
LV size (LV end-diastolic dimension [LVEDD], 49 ± 7 mm; 
LV end-systolic dimension [LVESD], 32 ± 8 mm) and sys-
tolic function (LVEF, 60% ± 12%) were generally within 
the normal range, and only 9% had an LVEF of ≤ 40%. As 
measures of AS severity, peak transaortic velocity and 
mean transaortic pressure gradient were 3.9 ± 0.9  m/sec 
and 37 ± 19  mmHg, respectively, and aortic valve area 
was 1.0 ± 0.2  cm2 by two-dimensional (2D) planimetry 
and 1.0 ± 0.3  cm2 by the continuity equation method. 
Degenerative disease was the most common cause of AS 
(79%), followed by congenital disease (e.g., BAV; 9%) and 
rheumatic disease (8%).

Important studies on early intervention in asympto-
matic patients with severe AS have been conducted in 
Korea and have influenced the recent guidelines [1, 2]. 
In an observational study, Kang et  al. [8] demonstrated 
the benefit of early surgery in asymptomatic patients 
with very severe AS, defined as critical stenosis in aor-
tic valve area (≤ 0.75  cm2) accompanied by peak aor-
tic jet velocity ≥ 4.5  m/sec or mean transaortic pressure 
gradient ≥ 50  mmHg. They showed that early surgery 
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was associated with significantly lower 6-year cardiac 
mortality (0% in the surgical group vs. 24% ± 5% in the 
conventional treatment group, P < 0.001) and all-cause 
mortality (2% ± 1% in the surgical group vs. 32 ± 6% in the 
conventional treatment group, P < 0.001). In 57 propen-
sity score-matched pairs, the risk of all-cause mortality 
was significantly lower in the surgical group than in the 
conventional treatment group (hazard ratio [HR], 0.135; 
95% confidence interval [CI], 0.030–0.597; P = 0.008).

Recent results from a prospective randomized con-
trolled trial (RCT) comparing early surgery with con-
servative management also confirm the benefit of early 
surgery in asymptomatic patients with very severe AS. In 
the RECOVERY trial, Kang et al. [9] showed that the inci-
dence of the composite outcome of operative mortality or 
death from cardiovascular causes during follow-up was 
significantly lower in those who underwent early aor-
tic valve replacement (AVR) surgery than in those who 
received conservative care. The primary endpoint event 
occurred in one patient in the early surgery group (1%) 
and in 11 of 72 patients (15%) in the conservative care 
group (HR, 0.09; 95% CI, 0.01–0.67; P = 0.003). Death 
from any cause occurred in five patients (7%) in the early 

surgery group and 15 patients (21%) in the conservative 
care group (HR, 0.33; 95% CI, 0.12–0.90). In the con-
servative care group, the cumulative incidence of sudden 
death was 4% at 4 years and 14% at 8 years.

Diagnosis and follow‑up
Echocardiography
Transthoracic echocardiography (TTE) is the standard 
diagnostic tool for AS. A comprehensive TTE examina-
tion for AS should include not only stenosis severity, but 
also LV function, LV wall thickness, size of the left atrium, 
diameter of the LV outflow tract (LVOT), any abnormal 
structure in the LVOT, and anatomy of the aortic root 
[10, 11]. In AS, the aortic valve (AV) typically shows 
thickening, stiffening, and calcification, with some differ-
ent features according to underlying etiology. The most 
common etiology, degenerative AS, usually presents with 
prominent calcification in the middle of the cusp tips. 
BAV-related AS presents with two asymmetrical cusps 
with an ovoid valvular orifice [10, 12]. Rheumatic AS 
shows commissural fusion and is usually combined with 
mitral valve pathologies [10, 13]. In BAV-related AS and 
rheumatic AS, the AV frequently shows systolic doming; 

Table 1  Stages of aortic stenosis

BAV Bicuspid aortic valve, AVA-CE Aortic valve area by continuity equation, Vmax Peak aortic jet velocity, MSPG Mean systolic pressure gradient, AVAi Aortic valve area 
index, LV Left ventricular, RWT​ Relative wall thickness, LVEF Left ventricular ejection fraction, NF Normal flow, HG High gradient, LF Low flow, LG Low gradient, pLF 
paradoxical low flow, DOE Dyspnea on exertion, EI Exercise intolerance
a AVA < 1.0 cm2 with AV Vmax > 4.0 m/sec during dobutamine stress echocardiography in D2
b Stroke volume index < 35 mL/m2

c Cardinal symptoms include heart failure, angina, presyncope, and syncope

Characteristic Stage

A B C1 C2 D1 D2 D3

Definition At risk Progressive Asymptomatic 
severe

Symptomatic severe

Severity Normal 
to trivial

Mild Moderate Severe

Echocardiography

  Morphology

    Leaflet BAV, sclerosis Calcified, fibro-thickening, 
commissure fusion

Severe calcified, fibro-thickening, commissure fusion

    Motion Normal Mild to moderate systolic 
motion reduction

Severely reduced opening

  AVA-CE (cm2) - 1.5–2.0 1.0–1.5 ≤1.0 ≤1.0 ≤1.0 ≤1.0a ≤1.0

  Vmax (m/sec) <2.0 2.0–2.9 3.0–3.9 ≥4.0 ≥4.0 ≥4.0 <4.0a <4.0

  MSPG (mmHg) - <20 20–39 ≥40 ≥40 ≥40 <40 <40

  AVAi (cm2) - ≥1.0 0.6–0.9 <0.6

  LV diastolic dysfunction None Early Mild Significant Restrictive

  LV hypertrophy None Mild Mild Significant ↑RWT, ↓Cavity

  LVEF Normal Normal Normal <50 Normal <50 Normalb

  Flow-gradient Normal Normal NF-HG NF-HG NF-HG LF-LG NF-LG/pLF-LG

Symptom None None None DOE, EI, cardinal symptomsc
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thus, the AV opening in short-axis images can be over-
estimated compared with the true orifice, and examiner 
caution is required.

The key echocardiographic parameters of AS are peak 
velocity, mean pressure gradient (MG), and AV area 
(AVA) [10]. For hemodynamic assessment of AS, normal 
SV is an important condition [14, 15]. If hypertension is 
combined with AS, it is an additional afterload on the LV, 
which can reduce both the SV and the pressure gradient 
across the AV [16, 17]. Therefore, hypertension should 
be controlled before echocardiographic evaluation for 
AS [1]. To assess peak velocity, the Doppler beam should 
be parallelized with blood flow across the AV [10]. The 
peak velocity should be measured through every avail-
able location, such as the LV apical, right parasternal, 
suprasternal, and subcostal windows [10].

Patients who are diagnosed with severe AS (defined 
as AVA ≤ 1  cm2) are subdivided into four hemody-
namic categories according to MG, SV indexed by body 
surface area (SVi), and LVEF: (1) high-gradient AS 
(MG ≥ 40  mmHg, peak velocity ≥ 4.0  m/sec); (2) low-
flow, low-gradient AS with reduced EF (MG < 40 mmHg, 
LVEF < 50%, SVi ≤ 35 mL/m2); (3) low-flow, low-gradient 
AS with preserved EF (MG < 40  mmHg, LVEF ≥ 50%, 
SVi ≤ 35  mL/m2); and (4) normal-flow, low-gradient 
AS with preserved EF (MG < 40  mmHg, LVEF ≥ 50%, 
SVi > 35 mL/m2) (Table 1) [2, 18]. In high-gradient AS, the 
diagnosis is clear because the reduced AVA and increased 
MG are concordant. On the other hand, low-gradient AS 
is a condition in which MG is underestimated due to the 
reduced flow rate despite reduced AVA. It is defined as 
“classical low flow” if the origin of the low flow is reduced 
LVEF (< 50%) [2]. In this situation, low-dose dobutamine 
stress echocardiography can be considered for definite 
diagnosis [1, 2, 19]. If AV peak velocity and MG are both 
increased (≥ 4 m/sec and ≥ 40 mmHg, respectively) with 
increased flow rate caused by dobutamine stress and 
the reduced AVA is fixed (≤ 1  cm2), severe AS can be 
diagnosed [1, 2]. In contrast, if the AVA increases with 
increased flow rate but MG remains lower than severe 
AS, it can be diagnosed as pseudo-severe AS [1, 2]. If the 
increase in SV does not reach 20% of baseline, it is deter-
mined to be “lack of contractile (or flow) reserve” [20, 
21]. In low-gradient AS with preserved EF, measurement 
error should first be excluded because it is important to 
avoid underestimating the LVOT diameter [10]. After 
measurement error is excluded, common clinical factors 
that cause low flow status are old age, small body size, 
high blood pressure, severe LV hypertrophy, and diastolic 
dysfunction [14, 15, 21, 22]. Significant mitral regurgita-
tion, tricuspid regurgitation, right ventricular dysfunc-
tion, and ventricular septal defects are also causal factors 
for reduced SV [2, 23, 24]. Normal-flow, low-gradient 

AS with preserved EF shows a clinical course similar to 
that of moderate AS [2, 25]. As such, confirming severe 
AS can be difficult in  situations with discordant hemo-
dynamic parameters. The most important points are the 
physician’s assessment of the patient’s abnormal symp-
toms and whether they are relevant to the severity of 
AS [1, 2, 12]. Other echocardiographic parameters, the 
Doppler velocity index (dimensionless index) [26], and 
LV global longitudinal strain [27, 28] can also be used in 
diagnosis. An elevated serum B-type natriuretic peptide 
level more than threefold of the age- and sex-corrected 
normal range is also an important clue for significant 
LV loading [29, 30]. In cases that remain unclear despite 
conventional testing, multimodality imaging should be 
considered.

Multimodality imaging
In asymptomatic patients with AS, exercise testing is a 
useful tool for identifying hidden symptoms [1, 2, 31]. 
Patient symptoms are subjective, and AS detection in 
elderly patients is especially difficult due to their low 
level of physical activity. In this situation, exercise test-
ing is useful and can be applied directly to clinical deci-
sion-making: AVR is recommended for patients with 
severe AS who develop clear symptoms or hemody-
namic abnormalities during exercise testing [1, 2]. Safety 
issues with exercise testing in AS have been addressed, 
and it can be performed safely under supervision by an 
experienced physician [31, 32]. For patients with symp-
tomatic AS, on the other hand, exercise testing is con-
traindicated because frequent adverse events have been 
reported [1, 33].

In cases in which TTE returns discrepant hemody-
namic parameters, other imaging modalities need to be 
considered. Transesophageal echocardiography (TEE) is 
frequently used for 2D measurement of the AVA (direct 
planimetry) [10]. This is a very useful approach in cases 
with a heavily calcified AV, in which planimetric assess-
ment by TTE can be limited. Additionally, TEE can be 
used for the combined assessment of aortic regurgitation, 
mitral valve function, and anatomy of the aortic root [10]. 
Cardiac computed tomography (CT) is a unique modal-
ity for quantifying vascular and valvular calcification [34, 
35]. The AV calcification score is an additional diagnostic 
parameter for severe AS, and it is a powerful predictor 
of adverse clinical outcomes [1, 2, 34, 35]. Diagnostic cri-
teria for severe AS are defined based on sex. The cutoff 
points for Agatston units in men and women are 2,000 
and 1,300, respectively [1]. Additionally, the accurate 
aortic diameter, which is perpendicular to the long axis 
of the aorta, can be measured from 3D CT images and 
is useful for detecting combined aortic aneurysms [36]. 
Cardiac magnetic resonance imaging (CMR) is a unique 
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modality for quantifying ventricular fibrosis, and its 
parameters have been reported to be associated with the 
long-term clinical outcomes of AS [37–40]. As an inva-
sive diagnostic modality, cardiac catheterization is not 
frequently used for purely diagnostic purposes. It is con-
sidered for cases in which the diagnosis from non-inva-
sive imaging modalities remains inconclusive [20, 41]. It 
has an additional role of assessing coronary anatomy and 
can be performed when planning AVR [1].

To prepare for transcatheter AV replacement (TAVR), 
special imaging studies are required [2]. Cardiac CT is 
a representative imaging modality that can comprehen-
sively assess the AV structure, severity of calcification, 
LVOT diameter, appropriate size for the prosthetic valve, 
distance between the annuls plane and coronary ostium, 
and compatibility of vascular access [2]. TEE is a very 
useful modality for real-time monitoring of the proce-
dure because it can demonstrate the hemodynamics and 
occurrence of paravalvular leakage after valve implanta-
tion [42].

Follow‑up
The progression of AS varies according to the patient’s 
clinical factors, but rapid deterioration is common after 
development of symptoms [12]. Therefore, it is impor-
tant to instruct patients to promptly visit the clinic at 
symptom initiation [2]. Follow-up echocardiography for 
AS is needed periodically because a patient’s symptoms 
are frequently subjective and have ambiguous progres-
sion [1, 2]. It is recommended that follow-up TTE should 
be performed every 6 months (at least) in patients with 
severe AS, every 12  months in patients with moder-
ate AS, and every 2 to 3 years in those with mild AS [2]. 
Moreover, in  situations of hemodynamic fluctuation 
(e.g., major surgery, pregnancy, systemic infection, sig-
nificant bleeding, anemia), additional TTE is reasonable 
to optimize loading conditions and systemic circula-
tion [1]. AV sclerosis is a condition of cusp thickening 
and calcification without meaningful stenosis (AV peak 
velocity < 2.0  m/sec), but its progression rate to signifi-
cant AS is not negligible (10% in 5 years) [1, 43]. Thus, 
it is reasonable to consider patients with AV sclerosis as 
targets for clinical follow-up [1].

Medical therapy
Currently, no medical therapy for AS improves its clini-
cal prognosis or modifies its progression [1, 2, 12]. For 
patients with AS and coexisting hypertension, control of 
blood pressure according to hypertension guidelines is 
recommended to prevent additional hemodynamic load 
on the LV [1, 2, 44, 45]. No evidence supports the use of 
a specific antihypertensive medication for AS. However, 
diuretics are not recommended due to concerns about 

reduced SV and excessive reduction of blood pressure 
[1].

A large RCT, Simvastatin and Ezetimibe in Aortic Ste-
nosis, reported that statins could not delay the progres-
sion of AS [46]. However, the patient group under statin 
therapy showed a significantly lower ischemic event rate; 
thus, statin therapy in AS is reasonable for primary and 
secondary prevention of concomitant coronary artery 
disease [1, 46–49]. Among patients undergoing TAVR, 
those taking renin-angiotensin system inhibitors showed 
significantly lower frequencies of mortality and heart fail-
ure than the control group [50, 51]. An RCT tested anti-
calcifying agents for AS and found that denosumab and 
bisphosphonate showed no significant effects in delaying 
AS progression compared with placebo [52]. However, in 
a recent Korean retrospective study, the use of dipepti-
dyl peptidase-4 inhibitors with favorable heart to plasma 
concentration ratios and anticalcification ability reduced 
the risk of AS progression [53].

Timing of intervention
In the current guidelines, symptoms related to VHD 
should be present before considering surgical AV replace-
ment (SAVR) or TAVR in patients with severe AS. The 
schematic in Fig. 1 shows that symptoms are the first cri-
terion when considering the need for intervention [1, 2].

Nonetheless, the guidelines recommend intervention 
for very severe AS (MG ≥ 60  mmHg or peak aortic jet 
velocity [Vmax] > 5  m/sec) with LVEF > 55% and a nor-
mal exercise test even in the absence of symptoms [1, 
2]. Kang et al. [8, 9] reported the results of a trial involv-
ing patients with asymptomatic, very severe AS, defined 
as Vmax ≥ 4.5 m/sec or MG ≥ 50 mmHg, randomized to 
SAVR or conservative management (clinical follow-up 
and observation). The outcomes were significantly bet-
ter for patients who underwent SAVR promptly (within 
approximately 2 months of randomization) than for those 
randomized to conservative care.

A meta-analysis of early intervention versus conserva-
tive management for severe, asymptomatic AS supports 
the association of early intervention for patients with 
severe, asymptomatic AS with reduced all-cause, cardio-
vascular, and noncardiovascular mortality during follow-
up without an increase in any procedure-related clinical 
outcomes [54]. A large body of data indicates that many 
patients with severe, asymptomatic AS develop an indi-
cation for AV intervention, and their deaths are mostly of 
cardiac origin, including sudden cardiac arrest [2, 55–58].

A study using CMR to guide early AVR in patients with 
severe, asymptomatic AS is also being conducted. The 
EVOLVED study is the first multicenter RCT to com-
pare early AVR guided by the presence of a focal scar on 
late gadolinium enhancement imaging to routine care in 
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severe, asymptomatic AS [59]. If this study demonstrates 
a role for CMR in guiding the timing of intervention, 
then the next target for CMR-guided early intervention 
will be moderate AS with evidence of myocardial decom-
pensation [60]. Everett et al. [61] asserted that it is ideal 
to intervene in patients with severe AS just as the LV is 
starting to decompensate but before substantial irreversi-
ble damage has accrued, which they judged to be the time 
at which the short-term and long-term risks of interven-
tion are outweighed by the risks of not intervening.

However, arguing for caution about early AVR, Lancel-
lotti and Vannan [62] suggested that instead of directly 
extending existing results to patients with severe, asymp-
tomatic AS, we should wait for guidance from the results 
of large, randomized studies of early TAVR in patients 
with severe, asymptomatic AS. In the real clinical field, 
optimizing the timing of AV intervention for severe AS 
is very difficult. Management of severe, asymptomatic AS 
is controversial, and the decision to intervene requires 
careful assessment of the benefits and risks for each 
patient [2].

We also take much interest in moderate AS. A recent 
study presented results of early operations for moderate 

AS. Among patients with moderate AS, those with 
decreased LVEF or SVi are at high risk. Patients with 
elevated E/e’ ratios are at intermediate risk even if the 
two parameters are preserved. The authors of that study 
recommend further investigation to assess whether ear-
lier intervention could improve outcomes and reduce 
cardiac-related death among patients at high and 
intermediate risk [63]. A study by Jean et  al. [64] ana-
lyzed patients with both heart failure with reduced EF 
(HFrEF) and moderate AS. That multicenter retrospec-
tive study included 262 patients diagnosed with both 
HFrEF (defined as LVEF < 50%) and moderate AS and 
reported that the conditions were associated with a 
marked incremental risk of mortality. AVR (especially 
TAVR) during follow-up was associated with improved 
survival in patients with HFrEF and moderate AS [64, 
65]. In patients with moderate AS, follow-up and echo-
cardiographic evaluation for symptoms and EF are very 
important.

Choice of intervention
The current guidelines from the ACC/AHA [1] and ESC/
EACTS [2] recommend AV intervention for patients 

Fig. 1  Treatment of aortic stenosis (AS): timing of intervention. AVA, aortic valve area; AVR, aortic valve replacement; BNP, B-type natriuretic 
peptide; EF, ejection fraction; HG, high gradient; LEF, low ejection fraction; LF, low flow; LG, low gradient; LVEF, left ventricular ejection fraction; MG, 
mean pressure gradient; NEF, normal ejection fraction; NF, normal flow; SE, stress echocardiography; SVI, stroke volume index; Vmax, peak aortic 
jet velocity. aThe American College of Cardiology/American Heart Association guideline [1] and the European Society of Cardiology guidelines 
[2] recommend AVR for asymptomatic AS patients with Vmax ≥ 5.0 m/sec. bTransesophageal echocardiography, cardiac computed tomography 
with aortic valve calcium score, or cardiac magnetic resonance imaging should be considered
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diagnosed with severe symptomatic or asymptomatic AS 
[1, 2].

The selection of a prosthetic valve type is influenced by 
several factors, including patient age, values, and prefer-
ences; expected bioprosthetic valve durability, avoidance 
of patient–prosthesis mismatch, the potential need for 
and timing of reintervention; and the risks associated 
with long-term vitamin K antagonist anticoagulation 
therapy with mechanical valve replacement [1]. Despite 
the significantly higher rate of structural valve deterio-
ration observed with bioprostheses in younger patients 
compared with older patients [56, 57, 60, 62, 66–70], 
many patients choose to avoid mechanical prostheses 
because they do not want to undergo long-term vitamin 
K antagonist therapy, which involves the inconvenience 
of monitoring, dietary restrictions, medication inter-
actions, and the need to restrict participation in some 
types of athletic activity. A mechanical valve might be a 
prudent choice for patients for whom a second surgical 
procedure would involve very high risk (e.g., those with 
porcelain aorta or prior radiation exposure). The availa-
bility of TAVR has changed the choice between mechani-
cal and bioprosthetic valves for younger patients [71–77].

In patients considering a bioprosthetic, the next step is 
the choice between SAVR and TAVR (Fig. 2). In patients 
whose risk for SAVR is high or prohibitive, decision-
making focuses on TAVR versus palliative care. When 
the surgical risk is not high or prohibitive, the merits 
and demerits of each procedure are assessed. When both 
SAVR and TAVR are options, a prime consideration is 
the limited data about TAVR durability. SAVR has been 
used for more than 50  years, and ample durability data 
are available for specific valve types across age groups. 

Currently, robust durability data for TAVR extend to only 
about 5 years. SAVR valve deterioration typically occurs 
after > 10 years, so longer-term TAVR durability data are 
needed. A key factor in decision-making is the ratio of 
patient life expectancy to known valve durability, with 
patient age often used as a surrogate for life expectancy 
[1, 2]. Many large multicenter, randomized clinical trials 
comparing TAVR with standard therapy and SAVR have 
been performed in high-risk, intermediate, and low-risk 
patients with severe AS [74–81]. Although it has not 
been tracked for a long time, TAVR has shown high clini-
cal value and safety.

Decision-making should be individualized based on 
patient-specific factors that affect longevity or quality of 
life, such as comorbid cardiac and noncardiac conditions, 
frailty, and dementia. The implantation approach should 
be chosen in a shared decision-making process that con-
siders patient values and preferences and includes a dis-
cussion of the indications for and against each approach 
and the potential need for and risks associated with valve 
reintervention [1, 2, 82–85].

In summary, prosthetic heart valve durability is a key 
consideration in younger patients (< 75 years) at low sur-
gical risk, and SAVR (if feasible) is the preferred treat-
ment option. Conversely, durability is a lower priority in 
older patients (≥ 75 years) and those who are inoperable 
or at high risk for surgery, and TAVR is preferred in those 
groups (particularly if it is feasible via the transfemoral 
approach). The Heart Team should make tailored rec-
ommendations for remaining patients based on their 
individual characteristics. This guidance should be read-
dressed when further data about the long-term durability 
of TAVR become available [1].

Fig. 2  Treatment of aortic stenosis (AS): choice of intervention. AVR, aortic valve replacement; SAVR; surgical aortic valve replacement; STS, Society 
of Thoracic Surgeons; PROM, 30-day predicted risk of mortality score; TAVR, transcatheter aortic valve replacement
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Although several registries have reported excellent 
outcomes from TAVR in patients with a BAV who were 
unsuitable for surgery [86, 87], SAVR remains more 
appropriate in patients with AS affecting a BAV and in 
those with associated disease (e.g., aortic root dilatation, 
complex coronary disease, or severe mitral regurgitation) 
requiring surgery [1]. Many studies on the incidence and 
characteristics of VHD, including BAV, have been per-
formed in Korea [88–92]. In addition, TAVR procedures 
are performed in many centers in Korea, and many stud-
ies on TAVR have been conducted [93–97].

Aortic regurgitation
Etiology
Aortic regurgitation (AR) can have acquired and con-
genital causes and results in failure of the cusps to coapt. 
This condition can induce symptoms of heart failure, and 
the regurgitant volume causes direct overload on the LV, 
ultimately leading to LV decompensation.

The etiology of AR can be categorized into primary 
AV diseases and secondary aortic root abnormalities. 
Primary AV diseases causing AR include degenerative 
calcific, rheumatic, and congenital valvular anomalies 
[98, 99], with BAV being the most common congenital 
AV anomaly. Unicuspid or quadricuspid valves are rare 
causes of AR. Acute AR can be related to infective endo-
carditis or blunt chest trauma, and iatrogenic AV injury 
during transcatheter procedures is emerging as a cause 
of acute AR in high-income countries [100]. Aortic root 
diseases involving the aortic sinuses or ascending aorta, 
including those in connective tissue diseases such as 
Marfan syndrome or Ehlers-Danlos syndrome, sinus of 
Valsalva aneurysm, or proximal aortitis related to Behçet 
disease, Takayasu arteritis, or ankylosing spondylitis, can 
also be associated with AR. In aortic dissection, acute dil-
atation of the aortic root, often combined with prolapse 
of the dissection flap, results in acute AR.

Degenerative calcific valves, BAV, and aortic root 
abnormalities are common etiologies of chronic AR in 
high-income countries, whereas rheumatic AR is the 
most common cause of AR in developing countries [99]. 
Chronic AR typically develops in patients with abnor-
malities of AV anatomy or aortic root geometry and 
progresses slowly. In patients with moderate to severe 
chronic AR, the LV gradually dilates due to volume over-
load, which is eventually followed by impairment of LV 
systolic function, particularly in those with severe AR 
[99].

Stages
The stages of chronic AR are based on valve anatomy 
and hemodynamics, LV size and function, and symptoms 

(Table  2) [1]. Stage A of AR includes patients at risk of 
AR but with no or trace AR and no symptoms. Stage B 
is mild to moderate AR with compensated LV and no 
symptoms. Stage C indicates severe, asymptomatic AR 
with compensated LV (C1) or decompensated LV (C2). 
Severe, symptomatic AR is called stage D, regardless of 
LV compensation status. The severity of AR is assessed 
based on jet width, vena contracta, regurgitant volume, 
regurgitant fraction, effective regurgitant orifice, and 
angiographic grade.

Korean data
A large Korean study of 4,089 patients with moderate to 
severe VHD, the Korean Valve Survey registry [7], was 
recently published. The registry reported AR in 22.6% of 
Korean patients (926 of 4,089) with significant VHD. The 
mean age of patients with AR was 70.4 ± 13.4 years, and 
52.4% of them were female. Degenerative changes were 
identified as the most common etiology of AR, account-
ing for 64.3% of cases.

Another Korean study examined 23,254 asympto-
matic healthy adults older than 50 years who underwent 
a comprehensive health checkup, and 9.4% were newly 
diagnosed with VHD [89]. AR was the second most com-
monly diagnosed VHD after tricuspid regurgitation. That 
study also found that at least moderate VHD was diag-
nosed in 0.8% of the healthy subjects, and AR was again 
the second most common significant VHD after tricuspid 
regurgitation.

Several studies have been conducted in Korea to evalu-
ate the predictors of postoperative outcomes in patients 
with AR. One study showed that preoperative indexed 
LVESD and LVEDD were independent predictors of res-
toration of LV systolic function at 6  months after AVR 
in patients with preoperative LV systolic dysfunction 
(EF < 50%) or severe LV dilatation (LVEDD ≥ 70  mm or 
LVESD ≥ 50  mm) [101]. Kim et  al. [102] reported the 
long-term results of 280 patients who underwent AVR 
for isolated AR. The 10-year survival rates were 87.3% 
and 80.1% in the groups with preoperative LVEF ≥ 50% 
and < 50%, respectively. The 10-year cardiac mortal-
ity–free survival rates in the two groups were 97.2% and 
92.9%, respectively. In patients with LVEF < 50%, the pre-
operative E/e’ ratio was an independent predictor of all-
cause mortality during follow-up.

Diagnosis and follow‑up
Diagnosis
TTE is the key diagnostic tool for determining the eti-
ology, severity, and chronicity of AR, as well as for 
evaluating the aortic root and LV. Assessments of the 
morphology of the AV and aorta can identify the underly-
ing mechanisms and feasibility of surgical treatment. AR 
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can be classified according to changes in AV morphology, 
such as aortic dilatation, leaflet prolapse, restrictive valve 
motion, and leaflet perforation.

The aortic root and ascending aorta can be measured at 
the aortic annulus, sinus of Valsalva, sinotubular junction, 
and tubular ascending aorta. A sinus of Valsalva > 45 mm 
or any aortic diameter > 40  mm is considered an aortic 
aneurysm, which is important in the classification of AR 
provided above. TEE can be used to better discriminate 
the mechanism of AR.

The hemodynamics and cardiac adaptation in acute AR 
differ from those of chronic AR. In severe acute AR, the 
LV end-diastolic pressure might increase abruptly because 
the LV is not sufficiently dilated to compensate for the 
increase in volume. The acute increase of preload results 
in pulmonary edema and low forward cardiac output. In 
chronic AR, gradual LV dilation occurs, and the systolic 
function remains preserved until later stages. Therefore, 
echocardiography to detect changes in LV geometry and 
function is essential in the evaluation of chronic AR. Early 
detection of LV remodeling can be achieved with 2D 
strain imaging and 3D echocardiography [103].

For severity assessment, color Doppler, pulsed wave, 
and continuous wave Doppler echocardiography are 
necessary. The echocardiographic criteria for severe AR 
are the following: (1) central jet width assessed by color 

Doppler ≥ 65% of the width of LVOT at a Nyquist limit of 
50–60 cm/sec; (2) vena contracta width > 0.6 cm; (3) regur-
gitant fraction ≥ 50%; (4) regurgitant volume ≥ 60  mL/
beat; (5) effective regurgitant orifice area ≥ 0.30  cm2; and 
(6) presence of holodiastolic flow reversal in the proximal 
abdominal aorta. The continuous wave Doppler of the 
AR jet shows a rapid deceleration time in patients with 
severe AR. A pressure half-time < 300 ms on the AR veloc-
ity curve indicates rapid equalization of the aortic and LV 
pressures during diastole.

Cardiac CT is helpful in evaluating valve morphology 
and detecting aortopathy. Especially in acute AR, acute 
aortic dissection can be accurately detected or excluded 
with chest CT angiography. In patients with poor echo-
cardiographic images, when there is discordance between 
clinical and echocardiographic profiles, or in patients 
with ambiguous valve morphology, CMR can be useful. 
The mechanism of AR, degree of AR severity, changes in 
LV geometry, and combined aortopathy can be assessed 
precisely with CMR [104, 105].

Follow‑up
Reassessment of AR can be performed every 2  years 
in patients with mild to moderate AR. Asymptomatic 
patients with severe AR and normal LV function should 
be followed closely with serial echocardiography once a 

Table 2  Stages of chronic aortic regurgitation

BAV Bicuspid aortic valve, LVOT Left ventricular outflow tract, JCSA Jet cross section area, EROA Effective regurgitant orifice area by two-dimensional proximal 
isovelocity surface area method, LVEF Left ventricular ejection fraction, LVESD Left ventricular endsystolic dimension, DOE Dyspnea on exertion, HF Heart failure
a LVESD index (mm/m2)
b Doppler flow in the descending aorta

Characteristic Stage

A B C1 C2 D

Definition At risk Progressive Asymptomatic severe Symptomatic severe

Severity Normal to none Mild Moderate Severe

Echocardiography

  Morphology

    Leaflet Congenital, BAV, sclerosis Calcification or rheumatic 
changes

Severe calcification or rheumatic changes

    Sinus/ascending aorta - Dilated Dilated

  Vena contracta width (mm) - <3 3–6 ≥6

  Jet width (% of LVOT) - <25 25–64 ≥65

  JCSA (% of LVOT) - <5 5–59 ≥60

  EROA (cm2) - <0.1 0.1–0.3 ≥0.3

  Regurgitant volume (mL) - <30 30–59 ≥60

  Regurgitant fraction (%) - <30 30–49 ≥50

  Diastolic flow reversalb - Brief, early Intermediate Holodiastolic (end-diastolic velocity >20 cm/sec)

  LVEF (%) Normal Normal >50 ≤50 Any

  LVESD (mm) Normal Normal <50 >50 (25a) Dilation ↑↑
Symptom None None None DOE, Angina, HF
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year. In patients with rapid changes in LV diameter and/
or LVEF or approaching surgical standards, the follow-up 
interval should be shortened to 6 months. If the ascend-
ing aorta is dilated with a dimension > 40  mm and/or 
shows an increase > 3 mm compared with baseline, chest 
CT angiography or CMR should be performed.

Medical therapy
In patients with symptomatic chronic AR, angiotensin-
converting enzyme inhibitors or dihydropyridines can 
provide symptomatic improvement. Concomitant use 
of β-blockers helps to relieve symptoms in patients with 
heart failure after valvular surgery. The use of β-blockers 
should also be considered in patients with Marfan syn-
drome to reduce shear stress.

Timing of intervention
Acute AR is often difficult to treat medically because it is 
mainly caused by infective endocarditis, aortic dissection, 
or traumatic valve destruction. Therefore, urgent surgi-
cal intervention should be considered. In patients with 
severe chronic AR, the decision to recommend surgery is 
based on various factors including symptoms, LV systolic 
function (EF), LV dilatation, and whether any other open-
heart surgery is being performed (Fig.  3). Patients with 
severe chronic AR who experience symptoms such as 
exertional dyspnea, angina, or other symptoms of heart 
failure are recommended to undergo surgery, regardless 
of their LVEF and LV cavity size, unless surgery poses a 
prohibitive risk or is contraindicated [106, 107]. LV sys-
tolic dysfunction and LV dilatation are strong predictors 
of survival and functional status after surgery for severe 

AR. The suggested cutoff for LV systolic dysfunction is 
an LVEF ≤ 50% [102, 108–111] when other causes of LV 
dysfunction can be excluded. LVESD > 50  mm was con-
sidered a reasonable value to determine the timing of sur-
gery in studies performed in Western societies [110, 112, 
113]. However, studies in Korea and other Asian coun-
tries have reported a smaller cutoff value, between 45 and 
50  mm, as reasonable to predict postoperative progno-
sis [114, 115]. Most previous studies have used unad-
justed LVESD, but a recent study reported that indexed 
LVESD (LVESD corrected for body surface area) can pre-
dict prognosis more accurately than unadjusted LVESD, 
especially in patients with a body surface area less than 
1.68 m2 [116]. Indexed LVESD might be useful in deter-
mining the timing of surgery, considering the small body 
size typical of Korean and other Asian populations. The 
suggested cutoff value of indexed LVESD for optimal 
postoperative outcomes is 25 mm/m2 [82, 84, 116].

Choice of intervention
The choice of surgical procedure should be based on the 
surgeon’s experience, the presence of aortic root dilata-
tion, valve morphology, life expectancy, and the potential 
need for anticoagulation. AVR is the standard surgical 
procedure for most patients with severe AR. In experi-
enced centers, AV repair can be considered in the small 
group of selected patients with favorable valve anatomy 
[117–119]. The advantages of AV repair include the possi-
bility of preserving normal valve morphology and the low 
thromboembolic risk. However, AV repair is not widely 
used because of its low long-term success rate. Young 
patients with AR caused by aortic dilatation without valve 

Fig. 3  Treatment of aortic regurgitation (AR). AV, aortic valve; LV, left ventricle; LVEF, left ventricular ejection fraction; LVESD, left ventricular 
end-systolic dimension; LVESDI, left ventricular end-systolic dimension index
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thickening, calcification, or deformity might be candi-
dates for valve-sparing aortic replacement [117, 120, 121]. 
In patients indicated for surgery for severe AR, concomi-
tant aortic surgery is considered for a maximal ascending 
aortic diameter ≥ 45 mm.

Conclusions
As the aged population grows, so does the prevalence of 
AV disease, particularly from degenerative causes. Echo-
cardiography is vital in the diagnosis and severity assess-
ment of AV disease, determining treatment strategy, and 
post-treatment follow-up, and multimodality imaging is 
often useful. Data on expanded patient population and 
long-term outcomes of novel therapies such as TAVR, 
and the therapeutic impact of early intervention will be 
incorporated into future revised guidelines.
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