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Background-—Data are scarce on the role of aortic valve area (AVA) to identify those patients with asymptomatic severe aortic
stenosis (AS) who are at high risk of adverse events. We sought to explore the prognostic impact of AVA in asymptomatic patients
with severe AS in a large observational database.

Methods and Results-—Among 3815 consecutive patients with severe AS enrolled in the CURRENT AS (Contemporary Outcomes
After Surgery andMedical Treatment in Patients With Severe Aortic Stenosis) registry, the present study included 1309 conservatively
managed asymptomatic patients with left ventricular ejection fraction ≥50%. The study patients were subdivided into 3 groups based
on AVA (group 1: AVA >0.80 cm2, N=645; group 2: 0.8 cm2 ≥AVA >0.6 cm2, N=465; and group 3: AVA ≤0.6 cm2, N=199). The
prevalence of very severe AS patients (peak aortic jet velocity ≥5 m/s or mean aortic pressure gradient ≥60 mm Hg) was 2.0%, 5.8%,
and 26.1% in groups 1, 2, and 3, respectively. The cumulative 5-year incidence of AVR was not different across the 3 groups (39.7%,
43.7%, and 39.9%; P=0.43). The cumulative 5-year incidence of the primary outcome measure (a composite of aortic valve–related
death or heart failure hospitalization) was incrementally higher with decreasing AVA (24.1%, 29.1%, and 48.1%; P<0.001). After
adjusting for confounders, the excess risk of group 3 and group 2 relative to group 1 for the primary outcome measure remained
significant (hazard ratio, 2.21, 95% CI, 1.56–3.11, P<0.001; and hazard ratio, 1.34, 95% CI, 1.01–1.78, P=0.04, respectively).

Conclusions-—AVA ≤0.6 cm2 would be a useful marker to identify those high-risk patients with asymptomatic severe AS, who
might benefit from early AVR.

Clinical Trial Registration-—URL: www.umin.ac.jp. Unique identifier: UMIN000012140. ( J Am Heart Assoc. 2019;8:e010198.
DOI: 10.1161/JAHA.118.010198.)
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C urrent guidelines recommend aortic valve replacement
(AVR) for severe aortic stenosis (AS) when the patients

have symptoms and/or left ventricular (LV) systolic dysfunc-
tion.1,2 However, we previously reported that the prognosis of
asymptomatic patients with severe AS was dismal, and the
initial AVR strategy in these patients was associated with

better prognosis than the conservative strategy.3 Risk strat-
ification is important to identify the high-risk subsets of
patients with asymptomatic severe AS, who might benefit
from early AVR. Current guidelines recommend AVR in
asymptomatic patients with very severe AS with peak aortic
jet velocity (Vmax) ≥5 m/s or mean aortic pressure gradient
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(MPG) ≥60 mm Hg, if the surgical risk is low.1,2 However,
there was no recommendation for AVR with respect to aortic
valve area (AVA). Several studies reported that AVA was
discordant with Vmax in a significant proportion of patients.4–6

There were a few single-center studies to investigate the
ability of AVA obtained by Doppler echocardiography to
identify a subgroup of patients with asymptomatic severe AS
who are at high risk of events.7–12 However, these previous
studies were inconclusive about the role of AVA in predicting
outcomes of patients with asymptomatic severe AS indepen-
dent of Vmax and/or MPG.

Therefore, we aimed to explore the ability of AVA to predict
the prognosis of asymptomatic patients with severe AS in a
large observational database in Japan.

Methods
We will not make the data, methods used in the analysis, and
materials used to conduct the research available to any
researcher for purposes of reproducing the results or
replicating the procedure.

Study Population
The study design, methodologies, and outcomes from the
CURRENT AS (Contemporary Outcomes After Surgery and

Medical Treatment in Patients With Severe Aortic Stenosis)
registry have been described previously.3 Briefly, the
CURRENT AS registry is a retrospective, multicenter registry
that enrolled 3815 consecutive patients with severe AS
among 27 centers in Japan between January 2003 and
December 2011. We searched the hospital database of
transthoracic echocardiography and enrolled consecutive
patients who met the definition of severe AS (Vmax >4.0 m/
s, MPG >40 mm Hg, or AVA <1.0 cm2) for the first time
during the study period.1,2 Angina, syncope, and heart failure
(HF) symptoms including dyspnea were regarded as AS-
related symptoms.

In the present analysis, we excluded 1197 patients in whom
AVRwasselectedas the initial treatment strategy after the index
echocardiography, 1100patientswhohadAS-related symptom,
123 patients with left ventricular ejection fraction (LVEF) <50%,
1 patient whose symptomatic status was not available, 5
patients whose LVEFwas unknown, and 80 patients whose AVA
wasunknown.Therefore, thecurrent studypopulationconsisted
of 1309 patients with asymptomatic severe AS and LVEF ≥50%
who were managed conservatively after the index echocardio-
graphy (Figure 1). The number of patients excluded because of
reduced LVEF was low because patients with severe AS with
reduced LVEF were often symptomatic and/or received initial
AVR. The reasons why the AVR was not performed in 123
patients with LVEF <50% at index echocardiography were
decision making by the attending physicians in 80 patients
(65%), high risk forAVR in39patients (32%), andpatient’s refusal
in4patients (3%), althoughthedecisionregarding the ineligibility
for AVR was not uniform in this retrospective study. The current
study patients were subdivided into 3 groups based on the AVA:
group 1 (AVA >0.80 cm2, N=645), group 2 (0.8 cm2 ≥AVA
>0.6 cm2, N=465), and group 3 (AVA ≤0.6 cm2, N=199), based
on a previous study of 2427 patients with AVA ≤2.0 cm2

reporting that a Vmax of 4.0 and >5.5 m/s corresponded to an
AVA of 0.82 and 0.59 cm2, respectively4 (Figure 1). We
compared the baseline characteristics and 5-year clinical
outcomes among the 3 groups. Follow-up was commenced on
the day of index echocardiography unless specified otherwise.
All the institutional reviewboardsapproved theprotocol.Written
informed consent was waived because of the retrospective
nature of this study, and no patients refused to participate in the
study when contacted for follow-up.

Data Collection and Definitions of Outcome
Measures
The collection of the baseline clinical information was
conducted through review of hospital charts and database.
All patients at each participating center underwent compre-
hensive 2-dimensional and Doppler echocardiographic evalu-
ations. Vmax and the MPG were calculated using the simplified

Clinical Perspective

What Is New?

• This is the first large-scale report exploring the ability of
aortic valve area (AVA) to predict the prognosis of
asymptomatic patients with severe aortic stenosis in a
contemporary multicenter registry of consecutive patients
with severe aortic stenosis.

• AVA ≤0.60 and 0.8 cm2 ≥AVA >0.6 cm2 as compared with
AVA >0.80 cm2 was associated with higher risk for the
composite of aortic valve–related death or heart failure
hospitalization.

• The excess risk of AVA ≤0.60 cm2 relative to AVA
>0.80 cm2 remained significant even in patients without
very severe AS defined by peak aortic jet velocity ≥5 m/s or
mean aortic pressure gradient ≥60 mm Hg, who constituted
74% of those patients with AVA ≤0.6 cm2.

What Are the Clinical Implications?

• AVA ≤0.6 cm2 might be an additional objective echocardio-
graphic parameter to identify the high-risk subsets of
patients with asymptomatic severe aortic stenosis.

• Initial AVR strategy might be reasonable in patients with
AVA ≤0.6 cm2.
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Bernoulli equation. AVA was calculated using the standard
continuity equation.13

The primary outcome measure in the present analysis was
a composite of aortic valve–related death or HF hospitaliza-
tion. Other outcome measures included all-cause death,
cardiovascular death, aortic valve–related death, aortic valve
procedure death, sudden death, emerging symptoms related
to AS, and HF hospitalization. The causes of death were
classified according to the Valve Academic Research Consor-
tium definitions, and were adjudicated by a clinical event
committee.14,15 Aortic valve–related deaths included aortic
valve procedure death, sudden death, and death caused by HF
possibly related to AS. HF hospitalization was defined as
hospitalization because of worsening HF requiring intravenous
drug therapy. Sudden death was defined as unexplained death

in previously stable patients. Other definitions of clinical
events have been described previously.3

Statistical Analysis
Continuous variables were expressed as the mean�standard
deviation or median with the interquartile range. On the basis
of their distributions, we compared continuous variables
using 1-way ANOVA or the Kruskal–Wallis test. Categorical
variables were presented as numbers and percentages and
were compared using the chi-squared test. The cumulative
incidences of events were estimated by the Kaplan–Meier
method, and the differences were assessed with the log-rank
test. We also had evaluated the Gray’s test for secondary
outcomes (AVR, emerging new symptoms–related AS, and HF

Figure 1. Study patient flow. AS indicates aortic stenosis; AVA, aortic valve area; AVR, aortic valve
replacement; LVEF, left ventricular ejection fraction; MPG, mean aortic pressure gradient; Vmax, peak aortic
jet velocity.
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Table 1. Baseline Characteristics and Echocardiographic Parameters

Group 1: AVA >0.8 cm2

(N=645)
Group 2: 0.8 cm2

≥AVA >0.6 cm2 (N=465)
Group 3: AVA
≤0.6 cm2 (N=199) P Value

Clinical characteristics

Age, y* 76�9 78�9 81�9 <0.001

Age ≥80 y 250 (38.8) 233 (50.1) 115 (57.8) <0.001

Male* 296 (45.9) 151 (32.6) 56 (28.1) <0.001

BMI, kg/m² 22.5�3.7 21.8�4.0 21.2�3.3 <0.001

BMI <22 kg/m²* 338 (52.4) 283 (60.9) 142 (71.4) <0.001

BSA, m² 1.50�0.18 1.44�0.17 1.40�0.17 <0.001

Hypertension* 463 (71.8) 333 (71.6) 125 (62.8) 0.04

Current smoking* 40 (6.2) 14 (3.0) 7 (3.5) 0.03

History of smoking 159 (24.7) 87 (18.7) 29 (14.6) 0.003

Dyslipidemia 250 (38.8) 148 (31.8) 62 (31.2) 0.03

On statin therapy 200 (31.0) 101 (21.7) 41 (20.6) <0.001

Diabetes mellitus 162 (25.1) 113 (24.3) 38 (19.1) 0.21

On insulin therapy* 33 (5.1) 19 (4.1) 11 (5.5) 0.64

Prior myocardial infarction* 41 (6.4) 36 (7.7) 14 (7.0) 0.67

Prior PCI 112 (17.4) 75 (16.1) 23 (11.6) 0.15

Prior CABG 31 (4.8) 25 (5.4) 8 (4.0) 0.75

Prior open heart surgery 52 (8.1) 50 (10.8) 17 (8.5) 0.29

Prior symptomatic stroke* 102 (15.8) 65 (14.0) 26 (13.1) 0.54

Atrial fibrillation or flutter* 115 (17.8) 91 (19.6) 45 (22.6) 0.31

Aortic/peripheral vascular disease* 94 (14.6) 86 (18.5) 29 (14.6) 0.18

Serum creatinine, mg/dL* 0.9 (0.7–1.1) 0.8 (0.7–1.2) 0.8 (0.7–1.1) 0.69

Creatinine level >2 mg/dL 73 (11.3) 62 (13.3) 26 (13.1) 0.56

Hemodialysis* 56 (8.7) 52 (11.2) 23 (11.6) 0.29

Anemia*† 278 (43.1) 219 (47.1) 105 (52.8) 0.05

Liver cirrhosis (Child-Pugh B or C)* 4 (0.6) 4 (0.9) 1 (0.5) 0.84

Malignancy 95 (14.7) 75 (16.1) 26 (13.1) 0.58

Malignancy currently under treatment* 35 (5.4) 30 (6.5) 5 (2.5) 0.12

Chest wall irradiation 5 (0.8) 1 (0.2) 1 (0.5) 0.45

Immunosuppressive therapy 27 (4.2) 15 (3.2) 4 (2.0) 0.32

Chronic lung disease (moderate or severe)* 15 (2.3) 13 (2.8) 7 (3.5) 0.65

Coronary artery disease* 175 (27.1) 116 (24.9) 46 (23.1) 0.47

Logistic EuroSCORE, % 7.7 (4.8–11.5) 9.2 (5.8–15.5) 10.7 (6.6–15.2) <0.001

EuroSCORE II, % 2.1 (1.3–3.3) 2.7 (1.7–3.8) 2.9 (2.0–4.1) <0.001

STS score (PROM), % 3.0 (2.0–4.6) 3.7 (2.3–5.6) 4.1 (2.8–5.9) <0.001

Etiology of aortic stenosis 0.18

Degenerative 573 (88.8) 414 (89.0) 181 (91.0)

Congenital 43 (6.7) 26 (5.6) 9 (4.5)

Rheumatic 24 (3.7) 23 (4.9) 5 (2.5)

Infective endocarditis 0 (0.0) 0 (0.0) 1 (0.5)

Other 5 (0.8) 2 (0.4) 3 (1.5)

Continued
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hospitalization), with death as competing risk because the
secondary outcomes may be biased by death. The outcomes
of group 2 and group 3 were compared with those of group 1
(reference) in the multivariable Cox proportional hazard
models. Consistent with our previous report, we used the
20 clinically relevant risk-adjusting variables (age, sex, body
mass index, hypertension, current smoking, diabetes mellitus
on insulin, coronary artery disease, prior myocardial infarc-
tion, prior symptomatic stroke, atrial fibrillation or flutter,
aorta/peripheral artery disease, serum creatinine, hemodial-
ysis, anemia, liver cirrhosis, malignancy currently under
treatment, chronic lung disease, any valvular disease, LVEF
≥68%, and tricuspid regurgitation pressure gradient
≥40 mm Hg) to adjust for the differences in baseline

characteristics (Table 1). The additive analysis for the prog-
nostic impact of AVA over a multivariate model including very
severe AS (Vmax ≥5.0 m/s or MPG ≥60 mm Hg) were
performed to show how much AVA add to the prognosis
value of AS severity as compared with Vmax or MPG. With the
exception of age, continuous risk-adjusting variables were
dichotomized using clinically meaningful reference values or
median values. We treated age as a continuous variable in the
Cox proportional hazards models. The center was incorpo-
rated as the stratification variable. The risk of group 2 and
group 3 relative to group 1 for the clinical outcomes were
expressed as hazard ratios (HRs) and their 95% CI. We also
assessed the effects of AVA on long-term outcomes censored
on the day of AVR. Subgroup analyses were also performed in

Table 1. Continued

Group 1: AVA >0.8 cm2

(N=645)
Group 2: 0.8 cm2

≥AVA >0.6 cm2 (N=465)
Group 3: AVA
≤0.6 cm2 (N=199) P Value

Echocardiographic variables

Vmax, m/s 3.6�0.6 3.8�0.7 4.4�0.7 <0.001

Vmax ≥5 m/s 12 (1.9) 23 (4.9) 47 (23.6) <0.001

5.0 m/s >Vmax ≥4.5 m/s 35 (5.5) 48 (10.3) 47 (23.6)

4.5 m/s >Vmax ≥4 m/s 128 (19.9) 121 (26.0) 53 (26.6)

Vmax <4 m/s 467 (72.7) 273 (58.7) 52 (26.1)

Peak aortic PG, mm Hg 53�18 61�22 80�26 <0.001

MPG, mm Hg 29�11 35�13 47�17 <0.001

MPG ≥60 mm Hg 7 (1.3) 18 (4.5) 40 (23.4) <0.001

60 mm Hg >MPG ≥40 mm Hg 82 (14.7) 107 (26.8) 74 (43.3)

MPG <40 mm Hg 470 (84.1) 274 (68.7) 57 (33.3)

Very severe AS (Vmax ≥5 m/s or MPG ≥60 mm Hg) 13 (2.0) 27 (5.8) 52 (26.1) <0.001

AVA (equation of continuity), cm² 0.92�0.08 0.73�0.06 0.52�0.07 <0.001

AVA index, cm²/m² 0.62�0.08 0.52�0.07 0.38�0.06 <0.001

LV end-diastolic diameter, mm 45�6 44�5 43�5 <0.001

LV end-systolic diameter, mm 28�5 27�5 27�5 0.005

LVEF, %* 68�8 68�8 67�7 0.06

IVST in diastole, mm 10.8�2.1 11.0�2.0 11.5�2.3 <0.001

PWT in diastole, mm 10.4�1.8 10.6�1.8 11.2�2.1 <0.001

Any combined valvular disease (moderate or severe)* 218 (33.8) 128 (27.5) 62 (31.2) 0.08

Moderate or severe AR 127 (19.7) 56 (12.0) 23 (11.6) 0.001

Moderate or severe MS 21 (3.3) 11 (2.4) 5 (2.5) 0.65

Moderate or severe MR 76 (11.8) 43 (9.2) 26 (13.1) 0.26

Moderate or severe TR 82 (12.7) 58 (12.5) 32 (16.1) 0.41

TR pressure gradient ≥40 mm Hg* 56 (8.7) 52 (11.2) 24 (12.1) 0.24

Values are expressed as mean�SD, and number (%), or median (interquartile range). AR indicates aortic regurgitation; AS, aortic stenosis; AVA, aortic valve area; BMI, body mass index;
BSA, body surface area; CABG, coronary artery bypass grafting; IVST, interventricular septum thickness; LV, left ventricular; LVEF, left ventricular ejection fraction; MPG, mean aortic
pressure gradient; MR, mitral regurgitation; MS, mitral stenosis; PCI, percutaneous coronary intervention; PG, pressure gradient; PROM, predicted risk of mortality; PWT, posterior wall
thickness; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation; Vmax, peak aortic jet velocity.
*Risk-adjusting variables selected for the multivariable Cox proportional hazards models.
†Anemia was defined by the World Health Organization criteria (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men).

DOI: 10.1161/JAHA.118.010198 Journal of the American Heart Association 5

Aortic Valve Area in Asymptomatic Aortic Stenosis Kanamori et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



patients with or without other valvular disease (moderate to
severe aortic regurgitation, mitral regurgitation, and mitral
stenosis), and high-gradient AS (Vmax >4.0 m/s or MPG
>40 mm Hg). Sensitivity analysis was performed in patient
without very severe AS (Vmax ≥5.0 m/s or MPG ≥60 mm Hg).
All statistical analyses were performed with the statistical
software R 3.1.1 (The R Foundation for Statistical Computing,
Vienna, Austria), SAS 9.4 (SAS Institute Inc, Cary, NC), or
SPSS Statistics 19.0.0 (IBM Corp., Armonk, NY). All reported

P values were 2-tailed, and P<0.05 was considered
significant.

Results

Baseline Characteristics
Baseline clinical characteristics and echocardiographic
parameters were substantially different across the 3 groups

Figure 2. Distribution of AVA. AVA indicates aortic valve area.

Figure 3. Scatterplot for Vmax vs AVA, and for MPG vs AVA. AVA indicates aortic valve area; MPG, mean aortic pressure gradient; Vmax, peak
aortic jet velocity.

DOI: 10.1161/JAHA.118.010198 Journal of the American Heart Association 6

Aortic Valve Area in Asymptomatic Aortic Stenosis Kanamori et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



(Table 1). With decreasing AVA from group 1 to group 3, the
patients became older and more often were female and had a
smaller body mass index or body surface area and higher
surgical risk scores, while they less often had dyslipidemia or
were smokers (Table 1). Regarding the echocardiographic
variables, patients with lower AVA more often had higher Vmax

or MPG, smaller LV dimension, and LV hypertrophy. LVEF was
comparable across the 3 groups (Table 1). The full distribution
of AVA was provided in Figure 2, and the relationship between
AVA and Vmax or MPG was shown in Figure 3. Three quarters
of patients with AVA <0.6 cm2 were not included in the very
severe AS defined by Vmax or MPG criteria (Figure 3 and
Table 1). Consequently, the prevalence of very severe AS
defined by Vmax or MPG was 2.0%, 5.8%, and 26.1%, in groups
1, 2, and 3, respectively (Table 1).

Clinical Outcomes
The median follow-up duration of the surviving patients was
1203 (interquartile range, 773–1575) days with 93% follow-up
completed at 2 years. A total of 414 (32%) out of 1309
patients died, with HF (68 patients) and sudden death (62
patients) being the dominant cardiac causes (Table 2). During

follow-up, 339 patients (25.9%) underwent surgical AVR and
14 patients (1.1%) underwent transcatheter aortic valve
implantation. The cumulative 5-year incidence of AVR or
transcatheter aortic valve implantation was not different
across the 3 groups (Figure 4). Among 353 patients referred
for AVR during follow-up, 311 (88%) patients had formal
indications for AVR; emerging symptoms related to AS in 241
patients (61%), rapid hemodynamic progression in 77 patients
(22%), very severe AS (Vmax >5.0 m/s or mean aortic
pressure gradient >60 mm Hg) in 11 patients (3%), candi-
dates for other cardiac surgery in 8 patients (2%), and LV
dysfunction (defined as LVEF <50%) in 1 patient (0.3%). A total
of 380 (39%) of 965 patients without AVR died, with HF (67
patients) and sudden death (60 patients) being the dominant
cardiac causes. On the other hand, 34 (9.6%) of 353 patients
with AVR died, with aortic valve procedure death (15 patients)
and infection (6 patients) being the dominant causes
(Table 2).

The cumulative 5-year incidence of the primary outcome
measure (aortic valve–related death or HF hospitalization) was
incrementally higher, with lower AVA from group 1 to group 3
(24.1%, 29.1%, and 48.1%; P<0.001) (Figure 5 and Table 3).
After adjusting for confounders, the excess risk of group 3

Table 2. Causes of Death

Number of Patients (Proportion)

All (N=1309) Patients With AVR (N=353) Patients Without AVR (N=956)

All-cause death 414 34 380

Cardiovascular death 242 (58.5%) 22 (64.7%) 220 (57.9%)

Heart failure 68 (16.4%) 1 (2.9%) 67 (17.6%)

Sudden death 62 (15.0%) 2 (5.9%) 60 (15.8%)

Stroke 24 (5.8%) 1 (2.9%) 23 (6.1%)

Aortic valve procedure death 15 (3.6%) 15 (44.1%) 0 (0%)

Aortic/peripheral vascular disease 15 (3.6%) 0 (0%) 15 (3.9%)

Renal failure 10 (2.4%) 0 (0%) 10 (2.6%)

Myocardial infarction 6 (1.4%) 0 (0%) 6 (1.6%)

Other cardiac cause 6 (1.4%) 0 (0%) 6 (1.6%)

Unknown death 36 (8.7%) 3 (8.8%) 33 (8.7%)

Noncardiovascular death 172 (41.5%) 12 (35.3%) 160 (42.1%)

Infection 64 (15.5%) 6 (17.6%) 58 (15.3%)

Malignancy 57 (13.8%) 5 (14.7%) 52 (13.7%)

Respiratory failure 10 (2.4%) 0 (0%) 10 (2.6%)

Bleeding 4 (1.0%) 0 (0%) 4 (1.1%)

Liver failure 4 (1.0%) 0 (0%) 4 (1.1%)

Trauma 4 (1.0%) 0 (0%) 4 (1.1%)

Others 29 (7.0%) 1 (2.9%) 28 (7.4%)

AVR indicates aortic valve replacement.
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and group 2 relative to group 1 for the primary outcome
measure remained significant (HR, 2.21, 95% CI, 1.56–3.11,
P<0.001; and HR, 1.34, 95% CI, 1.01–1.78, P=0.04, respec-
tively) (Table 3). The excess risk of AVA as a continuous
variable for the primary outcome measure remained signifi-
cant (HR, 0.82/0.1 cm2 AVA increment, 95% CI, 0.76–0.88;
P<0.001). In addition to AVA, age, LVEF, any combined
valvular disease, atrial fibrillation or flutter, chronic lung
disease, chronic renal failure, and coronary artery disease
were associated with higher risk for the primary outcome
measure (Table S1). The result for the primary outcome
measure was consistent even after censoring at AVR
(Figure 6). The cumulative incidences of all-cause death and
the other secondary outcome measures, including cardiovas-
cular death, aortic valve–related death, aortic valve procedure
death, emerging symptoms related to AS, and HF hospital-
ization, followed the same trend as that for the primary

outcome measure (Figures S1–S6 and Table 3). On the other
hand, the difference in the incidence of sudden death was not
significant (Figure S7 and Table 3). After adjusting for
confounders, the excess risks of group 3 relative to group 1
remained significant for all-cause death and the other
individual secondary outcome measures, whereas the risks
of group 2 relative to group 1 were significant for all-cause
death and the other individual secondary outcome measures
except for HF hospitalization (Table 3). The cumulative 5-year
incidence of all-cause death starting the follow-up at the time
of AVR in patients with AVR tended to be higher in group 3
than in groups 1 and 2 (12.3%, 12.9%, and 24.8%; P=0.06).
Furthermore, after incorporating very severe AS (Vmax

≥5.0 m/s or MPG ≥60 mm Hg) for the confounder, the
excess risks of group 3 relative to group 1 remained
significant for all individual outcome measures, whereas the
risks of group 2 relative to group 1 were not significant for the

Figure 4. Cumulative incidence of AVR. AVA indicates aortic valve area; AVR, aortic valve replacement.
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individual outcome measures except for all-cause death,
cardiovascular death, and aortic valve–related death
(Table S2). The additive analysis for secondary outcomes
(AVR, emerging new symptoms–related AS and HF hospital-
ization) with death as competing risk were consistent with the
initial analysis (Figures S8–S10 and Table S3). The AVR-free
survival was incrementally lower, with lower AVA from group 1
to group 3 (71.2%, 53.8%, and 32.6%; P<0.001) (Figure S11).
The symptom-free survival was incrementally lower, with
lower AVA from group 1 to group 3 (77.2%, 71.8%, and 53.3%;
P=0.002) (Figure S12).

In the subgroup analysis, the excess risk of group 3 relative
to group 1 for the primary outcome measure was consistently
seen without any interaction in the subgroups with or without
other valvular disease, and high- or low-gradient AS. In

patients with high-gradient AS, the excess risk of group 3
relative to group 1 was significant (HR, 1.75, 95% CI, 1.00–
3.05; P=0.048). In the sensitivity analysis, even in patients
without very severe AS defined by Vmax or MPG criteria, the
excess risk of group 3 relative to group 1 was highly
significant (HR, 1.81, 95% CI, 1.21–2.71; P<0.001), whereas
the excess risk of group 2 relative to group 1 was no longer
significant (HR, 1.27, 95% CI, 0.95–1.70; P=0.11).

Discussion
The main findings of the present study evaluating the
prognostic impact of AVA in asymptomatic patients with
severe AS were as follows: (1) AVA ≤0.60 and 0.8 cm2 ≥AVA
>0.6 cm2 as compared with AVA >0.80 cm2 was associated

Figure 5. Cumulative incidence of the primary outcome measure (aortic valve–related death or HF
hospitalization). AVA indicates aortic valve area; HF, heart failure.
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Table 3. Clinical Outcomes

No. of Patients With Events
(Cumulative 5-Year Incidence)

Log-Rank
P Value

Unadjusted HR
(95% CI)

P
Value

Adjusted HR
(95% CI)

P
Value

Primary outcome measure

Composite of aortic valve–related death
or hospitalization due to HF

<0.001

Group 1 (AVA >0.8 cm2) 124 (24.1%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 106 (29.1%) 1.26 (0.98–1.64) 0.08 1.34 (1.01–1.78) 0.04

Group 3 (AVA ≤0.6 cm2) 67 (48.1%) 2.22 (1.65–2.98) <0.001 2.21 (1.56–3.11) <0.001

Secondary outcome measures

All-cause death <0.001

Group 1 (AVA >0.8 cm2) 160 (27.4%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 160 (40.0%) 1.47 (1.18–1.83) <0.001 1.49 (1.17–1.89) 0.001

Group 3 (AVA ≤0.6 cm2) 94 (59.5%) 2.28 (1.77–2.94) <0.001 2.61 (1.96–3.47) <0.001

Cardiovascular death <0.001

Group 1 (AVA >0.8 cm2) 91 (16.9%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 85 (24.2%) 1.38 (1.02–1.85) 0.03 1.48 (1.07–2.05) 0.02

Group 3 (AVA ≤0.6 cm2) 66 (47.9%) 2.83 (2.06–3.88) <0.001 3.36 (2.34–4.83) <0.001

Aortic valve–related death <0.001

Group 1 (AVA >0.8 cm2) 46 (10.0%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 56 (16.3%) 1.80 (1.22–2.66) 0.003 2.01 (1.31–3.08) 0.001

Group 3 (AVA ≤0.6 cm2) 42 (34.1%) 3.60 (2.37–5.47) <0.001 4.53 (2.79–7.34) <0.001

Aortic valve procedure death 0.01

Group 1 (AVA >0.8 cm2) 6 (1.3%) Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 3 (1.1%) 0.73 (0.18–2.91) 0.65 N/A

Group 3 (AVA ≤0.6 cm2) 6 (4.7%) 3.72 (1.20–11.5) 0.02 N/A

Sudden death 0.08

Group 1 (AVA >0.8 cm2) 26 (5.8%) Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 22 (5.2%) 1.23 (0.70–2.17) 0.47 N/A

Group 3 (AVA ≤0.6 cm2) 14 (14.8%) 2.12 (1.11–4.07) 0.02 N/A

Emerging symptoms related to AS <0.001

Group 1 (AVA >0.8 cm2) 186 (18.5%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 151 (44.1%) 1.20 (0.97–1.49) 0.09 1.27 (1.01–1.56) 0.045

Group 3 (AVA ≤0.6 cm2) 77 (63.0%) 1.77 (1.36–2.31) <0.001 1.82 (1.35–2.45) <0.001

HF hospitalization <0.001

Group 1 (AVA >0.8 cm2) 97 (19.3%) Reference Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 83 (23.9%) 1.27 (0.95–1.70) 0.11 1.33 (0.96–1.83) 0.08

Group 3 (AVA ≤0.6 cm2) 50 (37.7%) 2.14 (1.52–3.01) <0.001 1.95 (1.31–2.92) 0.001

AVR 0.43

Group 1 (AVA >0.8 cm2) 178 (39.7%) Reference

Group 2 (0.8 cm2 ≥AVA >0.6 cm2) 125 (43.7%) 1.08 (0.86–1.35) 0.53 N/A

Group 3 (AVA ≤0.6 cm2) 50 (39.9%) 1.23 (0.90–1.68) 0.20 N/A

The number of patients with at least 1 event was counted through the entire follow-up period, while cumulative incidence was estimated at 5 years. Aortic valve–related death included
aortic procedure–related death, sudden death, and death due to HF. HF hospitalization was defined as hospitalization due to worsening HF requiring intravenous drug therapy. Risk-
adjusting variables: age, sex, body mass index, hypertension, current smoking, diabetes mellitus on insulin, coronary artery disease, prior myocardial infarction, prior symptomatic stroke,
atrial fibrillation or flutter, aorta/peripheral artery disease, serum creatinine, hemodialysis, anemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, any valvular
disease, LVEF ≥68% and TR pressure gradient ≥40 mm Hg. AS indicates aortic stenosis; AVA, aortic valve area; AVR, aortic valve replacement; HF, heart failure; HR, hazard ratio; LVEF, left
ventricular ejection fraction; N/A, not assessed; TR, tricuspid regurgitation.
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with higher risk for the composite of aortic valve–related
death or HF hospitalization; (2) the excess risk of AVA
≤0.60 cm2 relative to AVA >0.80 cm2 remained significant
even in patients without very severe AS defined by Vmax or
MPG, who constituted 74% of those patients with AVA
≤0.6 cm2.

Current guidelines recommend AVR for the asymptomatic
severe AS patients, if they have LVEF <50%, very severe AS
with low surgical risk, and decreased exercise tolerance or fall
in systemic blood pressure during exercise.1,2 Very severe AS
was defined using Vmax and MPG, while there is no description
with regard to AVA.1,2 These guidelines were based on the
previous single-center studies suggesting that a peak aortic
velocity, but not AVA, was associated with a high risk of
events in asymptomatic severe AS patients.7,8 Nevertheless,

AVA decreases with increasing severity of AS, and therefore
AVA might theoretically be used to define very severe AS. Our
present study clearly demonstrated that patients with AVA
≤0.6 cm2 had a poorer prognosis compared with AVA
>0.8 cm2. The cumulative 5-year incidence of a composite
outcome measure of aortic valve–related death or HF
hospitalization, sudden death, and AVR were high in patients
with AVA ≤0.6 cm2 (48.1%, 14.8%, and 39.9%, respectively).

Previous studies were inconclusive about the role of AVA in
predicting outcomes of patients with asymptomatic severe AS
independent of Vmax and/or MPG. Rosenhek et al7 prospec-
tively followed 116 consecutive asymptomatic patients with
very severe isolated AS defined by Vmax >5.0 m/s and
reported that the outcome of patients with AVA <0.6 cm2 was
not significantly different from the outcome of those with AVA

Figure 6. Cumulative incidence of the primary outcome measure (aortic valve–related death or HF
hospitalization) with censoring at AVR. AVA indicates aortic valve area; AVR, aortic valve replacement; HF,
heart failure.
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≥0.6 cm2. Pellikka et al8 reported that in 622 isolated
asymptomatic AS with Vmax >4 m/s who did not undergo
surgery at the initial evaluation, the relative risk of developing
symptom or sustaining a cardiac event per 0.2 cm2 decrease
in AVA was 1.26 and 1.20, respectively. Lancellotti et al9

examined the prognosis of 69 patients with severe asymp-
tomatic AS (AVA <1 cm2) and reported that AVA <0.75 cm2

was one of the main predictors of outcome. More recently,
Mar�echaux et al12 reported that among 199 asymptomatic
severe AS patients, the event rate including AVR and mortality
was >80% in 39 patients with AVA ≤0.60 cm2 during 2 years
of follow-up. On the other hand, there was no difference in
terms of mortality between patients with an AVA between 0.6
and 0.8 cm2 and those with an AVA between 0.8 and
1.0 cm2.12 The present study evaluating a much larger
number of patients with asymptomatic severe AS unequivo-
cally demonstrated the poor prognosis of those patients with
AVA ≤0.6 cm2. In addition, our results showed that the
mortality of the patients with an AVA between 0.6 and
0.8 cm2 was higher than those with an AVA >0.8 cm2

significantly. Therefore, patients with an AVA between 0.6 and
0.8 cm2 also might be a high-risk group of events. The
cumulative 5-year incidence of the primary outcome measure
in patients with AVA ≤0.60 cm2 in the present study (48.1%)
was comparable to that in patients with Vmax ≥5.0 m/s
(47.7%) in our previous report.16 Recently, Bohbot et al17

reported that 559 asymptomatic or minimal symptomatic
patients with severe AS and preserved LVEF with MPG
≥60 mm Hg (median AVA of 0.65 cm2, interquartile range,
0.55–0.75 cm2) at the time of diagnosis represented a high-
risk group with >70% increase in all-cause mortality during
4 years of follow-up. The surgical risk score in our patients
with AVA ≤0.6 cm2 was moderate (Society of Thoracic
Surgeons score, 4.1%), while the annual incidences of the
primary outcome measure and sudden death were unaccept-
ably high (9% and 3%, respectively). AVR during follow-up
would be the critical determinant on the prognosis of patients
with severe AS who were initially managed with the conser-
vative strategy. Previous reports suggested AVR during follow-
up increased with decreasing AVA.12 In the present study,
however, the proportion of patients who underwent AVR
during follow-up was not influenced by baseline AVA. With
decreasing AVA from group 1 to group 3, the patients became
older and had higher surgical risk scores, suggesting that the
proportion of patients at high risk for surgical AVR also
increased with decreasing AVA. The increase in patients at
high risk for surgical AVR might have offset the potentially
higher likelihood of AVR during follow-up with decreasing AVA.
Thus, the initial AVR strategy might be reasonable in patients
with AVA ≤0.6 cm2. In the present study, only 26% of patients
among the 199 patients (15%) with AVA ≤0.6 cm2 were
classified as very severe AS defined by Vmax or MPG criteria.

Inconsistencies between Vmax and AVA have been reported in
previous studies.4–6 Vmax and MPG are strongly influenced by
volume flow rate. Therefore, even with the same valve area,
these parameters increase with anemia, decreasing peripheral
vascular resistance and hyperthyroidism, and decrease with
mitral regurgitation, LV dysfunction, and low stroke volume.13

Furthermore, Vmax and MPG values might be underestimated
due to a measurement error, although accurate data recording
mandates multiple acoustic windows in order to obtain the
highest velocity.13 Actually, the average Vmax and MPG values
were 4.4�0.7 m/s and 47�17 mm Hg in our patients with
AVA ≤0.6 cm2, suggesting underestimation of the severity of
AS in a substantial proportion of patients. However, the
impact of AVA ≤0.6 cm² in terms of composite criteria was
found only in patients with high-gradient severe AS, although
no interaction was found. Hence, whether AVA truly adds
prognostic information over Vmax or MPG is not clear in
patients with low-gradient severe AS, although the relation-
ship between AVA and outcome was found in patients without
very severe AS. On the other hand, data of stroke volume,
which are a component of the calculation of AVA with the
continuity equation, are not available in this registry. Previous
reports suggested that patients with an AVA ≤0.6 cm2 are
often in a low-flow state, which may explain their low-gradient
AS.12 Therefore, data of stroke volume might have refined the
predictive value of AVA.11,18,19 Consequently, severity of AS
would be better determined using a multiparametric approach
incorporating data derived from less flow-dependent param-
eter such as AVA in addition to transaortic velocities.

Although the severe AS was dominant pathology in the
majority of patients, 408 of 1309 (31%) patients had other
valvular disease. However, the prevalence of combined valvular
disease was not different across the 3 groups except for the
significantly higher prevalence of AR in group 1 (Table 1). In the
real clinical practice, we have to make a decision for AVR based
on the echocardiographic parameters such as Vmax or AVA in
the presence of other valvular disease. Therefore, we prefer to
stick to analysis in the whole study population as the main
analysis, conducting a subgroup analysis based on the presence
or absence of concomitant valvular disease.

In real clinical practice, some patients with severe AS may
not complain recognizable symptoms, if daily living activity is
decreased. Furthermore, many patients are unable to perform
an exercise test for noncardiac reasons (eg, orthopedic,
vascular, respiratory, and obese). Thus, physicians may
underestimate the presence of symptoms in patients with
severe AS.20 Therefore, the availability of objective echocar-
diographic parameters may be useful for identifying subjects
at a higher risk of adverse events among asymptomatic
patients with severe AS. We should further pursue implemen-
tation of early AVR in selected asymptomatic patients with
severe AS.
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Limitations
Our study has several limitations. First, echocardiographic data
were site reported, and we had no echocardiographic core
laboratory. The quality of echocardiographic examination might
be variable across centers. Therefore, we could not deny the
possibility for measurement error in some patients. However,
the echocardiographic measurement was performed according
to the guidelines by the experienced cardiologists and/or
ultrasonographers in each participating center. Second, the
calculation of the AVA by the continuity equation is prone to
errors because of the difficulty in measuring LV outflow tract
cross-sectional area owing to noncircular geometry of LV
outflow tract.21 Third, data of stroke volume, which are a
component of the calculation of AVA with the continuity
equation, are not available in this registry. Fourth, we did not
assess the changes of AVA during follow-up. Fifth, we could not
exclude the possibility of ascertainment bias for symptoms
related to AS at baseline, although we thoroughly reviewed all
patient charts and referred to the hospital database to evaluate
symptomatic status. An exercise test was rarely performed to
ensure that patients were truly asymptomatic. Finally, most of
this study periodwas in the era before transcatheter aortic valve
implantation introduction in Japan. Therefore, transcatheter
aortic valve implantation could not be performed in amajority of
high-risk patients.

Conclusions
AVA ≤0.60 cm2 would be a useful marker to identify those
high-risk patients with asymptomatic severe AS, who might be
benefit from early AVR.
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Appendix 

CURRENT AS Registry Investigators 

Principal Investigators 

Takeshi Kimura, Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine, Kyoto, 

Japan; Ryuzo Sakata Department of Cardiovascular Surgery, Kyoto University Graduate School of Medicine, Kyoto, 

Japan. 

List of participating centers and investigators for the CURRENT AS registry 

Cardiology 

Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine: Takeshi Kimura, Tomohiko 

Taniguchi, Hiroki Shiomi, Naritatsu Saito, Masao Imai, Junichi Tazaki, Toshiaki Toyota, Hirooki Higami, Tetsuma 

Kawaji; Department of Cardiology, Kokura Memorial Hospital: Kenji Ando, Shinichi Shirai, Kengo Korai, Takeshi Arita, 

Shiro Miura, Kyohei Yamaji; Division of Cardiology, Shimada Municipal Hospital: Takeshi Aoyama, Norio Kanamori; 

Department of Cardiology, Shizuoka City Shizuoka Hospital: Tomoya Onodera, Koichiro Murata; Department of 

Cardiovascular Medicine, Kobe City Medical Center General Hospital: Yutaka Furukawa, Takeshi Kitai, Kitae Kim; 

Department of Cardiovascular Medicine, Kurashiki Central Hospital: Kazushige Kadota, Yuichi Kawase, Keiichiro 

Iwasaki, Hiroshi Miyawaki, Ayumi Misao, Akimune Kuwayama, Masanobu Ohya, Takenobu Shimada, Hidewo Amano; 

Department of Cardiology, Tenri Hospital: Yoshihisa Nakagawa, Chisato Izumi, Makoto Miyake, Masashi Amano, Yusuke 

Takahashi, Yusuke Yoshikawa, Shunsuke Nishimura, Maiko Kuroda; Division of Cardiology, Nara Hospital, Kinki 

University Faculty of Medicine: Manabu Shirotani, Hirokazu Mitsuoka; Department of Cardiology, Mitsubishi Kyoto 

Hospital: Shinji Miki, Tetsu Mizoguchi, Masashi Kato, Takafumi Yokomatsu, Akihiro Kushiyama, Hidenori Yaku, 

Toshimitsu Watanabe; Department of Cardiology, Kinki University Hospital: Shunichi Miyazaki, Yutaka Hirano; 



Department of Cardiology, Kishiwada City Hospital: Mitsuo Matsuda, Shintaro Matsuda, Sachiko Sugioka; Department 

of Cardiovascular Center Osaka Red Cross Hospital: Tsukasa Inada, Kazuya Nagao, Naoki Takahashi, Kohei Fukuchi; 

Department of Cardiology, Koto Memorial Hospital: Tomoyuki Murakami, Hiroshi Mabuchi, Teruki Takeda, Tomoko 

Sakaguchi, Keiko Maeda, Masayuki Yamaji, Motoyoshi Maenaka, Yutaka Tadano; Department of Cardiology, Shizuoka 

General Hospital: Hiroki Sakamoto, Yasuyo Takeuchi, Makoto Motooka, Ryusuke Nishikawa; Department of Cardiology, 

Nishikobe Medical Center: Hiroshi Eizawa, Keiichiro Yamane, Mitsunori Kawato, Minako Kinoshita, Kenji Aida; 

Department of Cardiology, Japanese Red Cross Wakayama Medical Center: Takashi Tamura, Mamoru Toyofuku, Kousuke 

Takahashi, Euihong Ko; Department of Cardiology, National Hospital Organization Kyoto Medical Center: Masaharu 

Akao, Mitsuru Ishii, Nobutoyo Masunaga, Hisashi Ogawa, Moritake Iguchi, Takashi Unoki, Kensuke Takabayashi, 

Yasuhiro Hamatani, Yugo Yamashita; Cardiovascular Center, The Tazuke Kofukai Medical Research Institute, Kitano 

Hospital: Moriaki Inoko, Eri Minamino-Muta, Takao Kato; Department of Cardiology, Hikone Municipal Hospital: 

Yoshihiro Himura, Tomoyuki Ikeda; Department of Cardiology, Kansai Electric Power Hospital: Katsuhisa Ishii, Akihiro 

Komasa; Department of Cardiology, Hyogo Prefectural Amagasaki General Medical Center: Yukihito Sato, Kozo Hotta, 

Shuhei Tsuji; Department of Cardiology, Rakuwakai Otowa Hospital: Yuji Hiraoka, Nobuya Higashitani; Department of 

Cardiology, Saiseikai Noe Hospital: Ichiro Kouchi, Yoshihiro Kato; Department of Cardiology, Shiga Medical Center for 

Adults: Shigeru Ikeguchi, Yasutaka Inuzuka, Soji Nishio, Jyunya Seki; Department of Cardiology, Hamamatsu Rosai 

Hospital: Eiji Shinoda, Miho Yamada, Akira Kawamoto, Chiyo Maeda; Department of Cardiology, Japanese Red Cross 

Otsu Hospital: Takashi Konishi, Toshikazu Jinnai, Kouji Sogabe, Michiya Tachiiri, Yukiko Matsumura, Chihiro Ota; 

Department of Cardiology, Hirakata Kohsai Hospital: Shoji Kitaguchi, Yuko Morikami. 

Cardiovascular Surgery 



Department of Cardiovascular Surgery Kyoto University Graduate School of Medicine: Ryuzo Sakata, Kenji 

Minakata, Kenji Minatoya; Department of Cardiovascular Surgery, Kokura Memorial Hospital: Michiya Hanyu; 

Department of Cardiovascular Surgery, Shizuoka City Shizuoka Hospital: Fumio Yamazaki; Department of 

Cardiovascular Surgery, Kobe City Medical Center General Hospital: Tadaaki Koyama; Department of Cardiovascular 

Surgery, Kurashiki Central Hospital: Tatsuhiko Komiya; Department of Cardiovascular Surgery, Tenri Hospital: Kazuo 

Yamanaka; Department of Cardiovascular Surgery, Nara Hospital, Kinki University Faculty of Medicine: Noboru 

Nishiwaki; Department of Cardiovascular Surgery, Mitsubishi Kyoto Hospital: Hiroyuki Nakajima, Motoaki Ohnaka, 

Hiroaki Osada, Katsuaki Meshii; Department of Cardiovascular Surgery, Kinki University Hospital: Toshihiko Saga; 

Department of Cardiovascular Surgery, Kishiwada City Hospital: Masahiko Onoe, Hitoshi Kitayama; Department of 

Cardiovascular Surgery, Osaka Red Cross Hospital: Shogo Nakayama; Department of Cardiovascular Surgery, Shizuoka 

General Hospital: Genichi Sakaguchi; Department of Cardiovascular Surgery, Japanese Red Cross Wakayama Medical 

Center: Atsushi Iwakura; Department of Cardiovascular Surgery, National Hospital Organization Kyoto Medical Center: 

Kotaro Shiraga; Department of Cardiovascular Surgery, Cardiovascular Center, The Tazuke Kofukai Medical Research 

Institute, Kitano Hospital: Koji Ueyama; Department of Cardiovascular Surgery, Hyogo Prefectural Amagasaki General 

Medical Center: Keiichi Fujiwara; Department of Cardiovascular Surgery, Rakuwakai Otowa Hospital: Atsushi 

Fukumoto; Department of Cardiovascular Surgery, Shiga Medical Center for Adults: Senri Miwa; Department of 

Cardiovascular Surgery, Hamamatsu Rosai Hospital: Junichiro Nishizawa; Department of Cardiovascular Surgery, 

Japanese Red Cross Otsu Hospital: Mitsuru Kitano. 

A clinical event committee 

Hirotoshi Watanabe, MD (Kyoto University Graduate School of Medicine); Kenji Nakatsuma, MD (Kyoto University 

Graduate School of Medicine), Tomoki Sasa, MD (Kishiwada City Hospital). 



Table S1. Clinical factors associated with composite of aortic valve-related death or hospitalization due to 

HF in the multivariable analyses. 

Variables Adjusted HR (95% CI) P value 

Age 1.05 (1.03-1.06) <0.001 

Sex 1.16 (0.90-1.55) 0.23 

BMI <22 kg/m² 1.31 (1.00-1.72) 0.05 

LVEF ≥68% 1.34 (1.03-1.75) 0.03 

TR pressure gradient ≥40mmHg 0.78 (0.51-1.20) 0.26 

Any valvular disease 1.60 (1.20-2.14) 0.0014 

Prior myocardial infarction 1.18 (0.75-1.86) 0.48 

Prior symptomatic stroke 1.23 (0.89-1.69) 0.21 

Atrial fibrillation or flutter 1.42 (1.04-1.93) 0.03 

Chronic lung disease 1.93 (1.09-3.40) 0.02 

Malignancy currently under treatment 0.94 (0.50- 1.77) 0.84 

Aorta/peripheral artery disease 1.15 (0.76-1.76) 0.50 

Liver cirrhosis 1.37 (0.17-10.84) 0.76 

Hemodialysis 1.37 (0.9q-2.08) 0.13 

Hypertension 1.23 (0.91-1.68) 0.18 

Current smoking 0.64 (0.33-1.23) 0.18 

Diabetes on insulin 1.46 (0.87-2.43) 0.15 



Coronary artery disease 1.46 (1.06-2.02) 0.02 

Anemia 1.29 (0.99-1.67) 0.06 

Serum creatinine 1.67 (1.27 2.19) 0.0002 

AVA, per 0.1 cm2 increment 0.82 (0.76-0.88) <0.001 

Aortic valve-related death included aortic procedure-related death, sudden death, and death due to HF. HF hospitalization 

was defined as hospitalization due to worsening HF requiring intravenous drug therapy. 

AS=aortic stenosis; AVA=aortic valve area; AVR=aortic valve replacement; BMI=body mass index; CI=confidence 

interval; HF=heart failure; HR=hazard ratio; LVEF=left ventricular ejection fraction; TR=tricuspid regurgitation.



Table S2. Clinical outcomes incorporating very severe AS (peak aortic jet velocity ≥5 m/s or mean aortic pressure gradient ≥60 mmHg) for confounder. 

N of patients with events 

(Cumulative 5-year 

incidence ) 

Log-rank 

P value 

Unadjusted HR 

(95% CI) 

P value Adjusted HR 

(95% CI) 

P value 

Primary Outcome Measure 

Composite of aortic valve-related 

death or hospitalization due to HF 

<0.001 

  Group-1 (AVA >0.8 cm2) 124 (24.1%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 106 (29.1%) 1.26 (0.98-1.64) 0.08 1.29 (0.97-1.72) 0.08 

  Group-3 (AVA ≤0.6 cm2) 67 (48.1%) 2.22 (1.65-2.98) <0.001 1.83 (1.27-2.63) 0.001 

Secondary Outcome Measures 

All-cause death <0.001 

  Group-1 (AVA >0.8 cm2) 160 (27.4%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 160 (40.0%) 1.47 (1.18-1.83) <0.001 1.47 (1.16-1.88) 0.002 



  Group-3 (AVA ≤0.6 cm2) 94 (59.5%) 2.28 (1.77-2.94) <0.001 2.50 (1.83-3.40) <0.001 

Cardiovascular death <0.001 

  Group-1 (AVA >0.8 cm2) 91 (16.9%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 85 (24.2%) 1.38 (1.02-1.85) 0.03 1.45 (1.05-2.01) 0.03 

  Group-3 (AVA ≤0.6 cm2) 66 (47.9%) 2.83 (2.06-3.88) <0.001 3.01 (2.03-4.47) <0.001 

Aortic valve-related death <0.001 

  Group-1 (AVA >0.8 cm2) 46 (10.0%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 56 (16.3%) 1.80 (1.22-2.66) 0.003 1.95 (1.27-2.99) 0.002 

  Group-3 (AVA ≤0.6 cm2) 42 (34.1%) 3.60 (2.37-5.47) <0.001 3.72 (2.20-6.28) <0.001 

Emerging symptoms related to AS <0.001 

  Group-1 (AVA >0.8 cm2) 186 (18.5%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 151 (44.1%) 1.20 (0.97-1.49) 0.09 1.24 (0.98-1.57) 0.07 

  Group-3 (AVA ≤0.6 cm2) 77 (63.0%) 1.77 (1.36-2.31) <0.001 1.57 (1.14-2.17) 0.005 

HF hospitalization <0.001 



  Group-1 (AVA >0.8 cm2) 97 (19.3%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 83 (23.9%) 1.27 (0.95-1.70) 0.11 1.28 (0.92-1.77) 0.14 

  Group-3 (AVA ≤0.6 cm2) 50 (37.7%) 2.14 (1.52-3.01) <0.001 1.61 (1.06-2.46) 0.03 

The number of patients with at least 1 event was counted through the entire follow-up period, while cumulative incidence was estimated at 5-year. 

Aortic valve-related death included aortic procedure-related death, sudden death, and death due to HF. HF hospitalization was defined as hospitalization due to worsening HF 

requiring intravenous drug therapy. 

Risk-adjusting variables: age, sex, body mass index, hypertension, current smoking, diabetes on insulin, coronary artery disease, prior myocardial infarction, prior symptomatic 

stroke, atrial fibrillation or flutter, aorta/peripheral artery disease, serum creatinine, hemodialysis, anemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, 

any valvular disease, TR pressure gradient ≥40mmHg and very severe AS (peak aortic jet velocity ≥5 m/s or mean aortic pressure gradient ≥60 mmHg). 

AS=aortic stenosis; AVA=aortic valve area; CI=confidence interval; HF=heart failure; HR=hazard ratio; TR=tricuspid regurgitation. 



Table S3. Secondary outcomes with death as competing risk.

N of patients with events 

(Cumulative 5-year 

incidence ) 

Gray’s test 

P value 

Unadjusted HR 

(95% CI) 

P value Adjusted HR 

(95% CI) 

P value 

Emerging symptoms related to AS 0.008 

  Group-1 (AVA >0.8 cm2) 186 (33.1%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 151 (37.1%) 1.18 (0.95-1.45) 0.14 1.26 (1.01-1.58) 0.04 

  Group-3 (AVA ≤0.6 cm2) 77 (47.7%) 1.53 (1.17-1.99) 0.002 1.54 (1.15-2.05) 0.004 

HF hospitalization 0.003 

  Group-1 (AVA >0.8 cm2) 97 (16.5%) Reference Reference 

  Group-2 (0.8 cm2 ≥AVA >0.6 cm2) 83 (19.6%) 1.22 (0.91-1.61) 0.19 1.31 (0.96-1.78) 0.09 

  Group-3 (AVA ≤0.6 cm2) 50 (29.6%) 1.85 (1.30-2.62) <0.001 1.64 (1.11-2.43) 0.01 

The number of patients with at least 1 event was counted through the entire follow-up period, while cumulative incidence was estimated at 5-year. 

HF hospitalization was defined as hospitalization due to worsening HF requiring intravenous drug therapy. 



Risk-adjusting variables: age, sex, body mass index, hypertension, current smoking, diabetes on insulin, coronary artery disease, prior myocardial infarction, prior symptomatic 

stroke, atrial fibrillation or flutter, aorta/peripheral artery disease, serum creatinine, hemodialysis, anemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, 

any valvular disease, LVEF ≥68% and TR pressure gradient ≥40mmHg. 

AS=aortic stenosis; AVA=aortic valve area; CI=confidence interval; HF=heart failure; HR=hazard ratio; LVEF=left ventricular ejection fraction; TR=tricuspid regurgitation. 



Figure S1. Cumulative incidence of all-cause death. 
AVA=aortic valve area. 



Figure S2. Cumulative incidence of cardiovascular death. 
AVA=aortic valve area. 



Figure S3. Cumulative incidence of aortic valve-related death. 
AVA=aortic valve area. 



Figure S4. Cumulative incidence of aortic valve procedure death. 
AVA=aortic valve area. 



Figure S5. Cumulative incidence of emerging symptoms related to AS. 
AS= aortic stenosis; AVA=aortic valve area. 



Figure S6. Cumulative incidence of HF hospitalization. 
AVA=aortic valve area; HF=heart failure. 



Figure S7. Cumulative incidence of sudden death. 
AVA=aortic valve area. 



Figure S8. Cumulative incidence of AVR with competing risk. 
AVA=aortic valve area; AVR=aortic valve replacement. 



Figure S9. Cumulative incidence of emerging symptoms related AS with competing risk. AS=aortic stenosis; AVA=aortic 
valve area. 



Figure S10. Cumulative incidence of HF hospitalization with competing risk. 
AVA=aortic valve area; HF=heart failure 



Figure S11. AVR-free survival.
AVA=aortic valve area; 
AVR=aortic valve replacement.  



Figure S12. Symptom-free survival. 
AVA=aortic valve area.   




