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Background:  There is discordance regarding the effect of symptom status before aortic valve replacement (AVR) on long-term 
outcome after AVR in severe aortic stenosis (AS).

Methods and Results:  The CURRENT AS registry is a multicenter retrospective registry enrolling 3,815 consecutive patients with 
severe AS. Among 1,196 patients managed with the initial AVR strategy, long-term clinical outcomes were compared between the 
symptomatic patients (n=905), and asymptomatic patients (n=291). Median follow-up interval was 1337 days with a 91% follow-up 
rate at 2 years. AVR was performed in 886 patients (98%) in the symptomatic group and in 287 patients (99%) in the asymptomatic 
group. Symptomatic patients were older and more often had comorbidities than asymptomatic patients with similar echocardiographic 
AS severity. The cumulative 5-year incidences of all-cause death and heart failure (HF) hospitalization were significantly higher in 
symptomatic patients than in asymptomatic patients (25.6% vs. 15.4%, P=0.001, and 14.2% vs. 3.8%, P<0.001, respectively). On 
landmark analysis at 30 days after AVR, the differences in mortality and HF hospitalization between the 2 groups were mainly 
observed beyond 30 days.

Conclusions:  When managed with the initial AVR strategy, the long-term outcomes of symptomatic severe AS were worse than 
those of asymptomatic severe AS. Early AVR strategy might be recommended in some selected asymptomatic severe AS patients 
with reasonable operative risk.
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[Vmax] >4.0 m/s, mean aortic pressure gradient [PG] 
>40 mmHg, or aortic valve area [AVA] <1.0 cm2) for the 
first time during the study period.11 We excluded patients 
with a history of surgical aortic valve repair/replacement 
or percutaneous aortic balloon valvuloplasty. The study 
design, echocardiographic evaluation, data management 
practices, and patient enrollment have been previously 
described in detail.3 The institutional review boards at all 
27 participating centers approved the protocol. Written 
informed consent from each patient was waived in this 
retrospective study, because we used clinical information 
obtained in routine clinical practice, and no patients 
refused to participate in the study when contacted for 
follow-up.

Among 3,815 patients enrolled in this registry, 1,197 
patients were managed with the initial AVR strategy, 
excluding 2,618 patients who were managed with the con-
servative strategy. Excluding 1 patient whose symptom 
status was not available, 905 patients (76%) had symptoms 
thought to be related to AS (symptomatic AVR group), 
while 291 patients (24%) were asymptomatic at the time of 
index echocardiography (asymptomatic AVR group; 
Figure 1).

AVR Procedures
AVR included both surgical AVR and transcatheter aortic 
valve implantation (TAVI). Among the 27 participating 
centers, on-site surgical facilities were available at 20 centers, 
and TAVI was available at 2 centers. During this period, 
TAVI was not yet approved in Japan and was conducted 
only in the context of the pivotal clinical trial. Surgical 
AVR was performed in the standard fashion under general 
anesthesia with cardiopulmonary bypass. TAVI was per-
formed using the SAPIEN XT balloon expandable valve 
(Edwards Lifesciences; Irvine, CA, USA) either through 
the transfemoral or transapical approach under general 
anesthesia without cardiopulmonary bypass.

I n the current guidelines, aortic valve replacement 
(AVR) is recommended as a class I indication for 
symptomatic severe aortic stenosis (AS), while the 

strategy of watchful waiting for AVR until symptoms 
emerge is generally recommended in asymptomatic severe 
AS, except in the case of left ventricular (LV) dysfunction, 
very severe AS, suitability for other cardiac surgery or 
abnormal exercise test.1,2 We recently reported, however, 
the propensity-score matching analysis from the large-scale 
multicenter Contemporary outcomes after sURgery and 
medical tREatmeNT in patients with severe Aortic Stenosis 
(CURRENT AS) registry, demonstrating that the conser-
vative strategy as compared with the initial AVR strategy 
in asymptomatic severe AS was associated with a much 
higher risk for all-cause death and heart failure (HF) hos-
pitalization.3–8 One of the reasons for the poorer outcomes 
of the conservative strategy was that a significant propor-
tion of patients did not undergo AVR despite emergence 
of symptoms during follow-up. Another possible reason 
could be that the outcomes of AVR after emergence of 
symptoms during follow-up might be worse than that of 
AVR at the asymptomatic stage. There is a lack, however, 
of previous large-scale studies on the influence of symptom 
status before AVR on the long-term outcome of AVR.9,10 
The aim of this study was therefore to compare the long-
term clinical outcomes of severe AS treated with the initial 
AVR strategy according to the presence or absence of 
symptoms at baseline in the CURRENT AS registry.

Methods
Subjects
The CURRENT AS registry is a retrospective, multicenter 
registry enrolling consecutive patients with severe AS at 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 (peak aortic jet velocity 

Figure 1.    Study flow chart. Symptom sta-
tus was assessed at the time of index 
echocardiography. Treatment strategies 
(initial aortic valve replacement [AVR] or 
conservative) were selected shortly after 
index echocardiography. AS, aortic ste-
nosis; CURRENT AS registry, Contemporary 
outcomes after sURgery and medical 
tREatmeNT in patients with severe Aortic 
Stenosis registry.
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outcome measures included cardiovascular death, aortic 
valve-related death, and non-cardiovascular death. Cause 
of death was classified according to the Valve Academic 
Research Consortium (VARC) definitions, and adjudicated 
by a clinical event committee.12,13 Aortic valve-related 
death included aortic valve procedure-related death, sud-
den death, and death due to HF possibly related to aortic 
valve. Sudden death was defined as unexplained death in 
previously stable patients. HF hospitalization was defined 
as hospitalization due to worsening HF requiring i.v. drug 
therapy.

Definitions and Outcome Measures
Collection of baseline clinical information was conducted 
via hospital chart or database review. Symptoms related to 
AS were classified into angina, syncope, chronic exertional 
dyspnea, or acute HF requiring hospitalization. Follow-up 
data were mainly collected via review of hospital charts; 
otherwise, data were collected via contact with patients, 
relatives, and/or referring physicians via mail with ques-
tions regarding vital status, symptoms, and subsequent 
hospitalizations.

For the current analysis, the primary outcome measures 
were all-cause death and HF hospitalization. Secondary 

Table 1.  Baseline Subject Characteristics

Variables Asymptomatic AVR group  
(n=291)

Symptomatic AVR group  
(n=905) P value

Clinical characteristics

    Age (years)* 71.6±8.7 73.9±8.9     0.0002

        Age ≥80 years   49 (17) 249 (28)     0.0002

    Male* 126 (43) 381 (42) 0.72

    BMI (kg/m2) 22.1±3.3 22.4±3.6 0.28

        BMI <22* 146 (50) 476 (53) 0.47

    BSA (m2)   1.51±0.17   1.49±0.18 0.21

    Hypertension* 188 (65) 618 (68) 0.24

    Dyslipidemia 116 (40) 360 (40) 0.98

        On statin therapy   72 (25) 267 (30) 0.12

    Current smoking* 22 (8) 61 (7) 0.63

    History of smoking   74 (25) 240 (27) 0.71

    Diabetes mellitus   59 (20) 217 (24) 0.19

        On insulin therapy* 11 (4) 47 (5) 0.33

    Diagnosis of CAD at time of AVR*   64 (22) 337 (37)   <0.0001

    Prior MI*   5 (2) 46 (5)   0.014

    Prior PCI 21 (7) 82 (9) 0.33

    Prior CABG   7 (2) 25 (3) 0.74

    Prior open heart surgery 13 (4) 35 (4) 0.65

    Prior symptomatic stroke* 25 (9) 82 (9) 0.81

    Atrial fibrillation and flutter   39 (13) 168 (19) 0.04

  �  Aortic/peripheral vascular disease (treated or planned  
to be treated after AVR)*

23 (8) 47 (5) 0.09

    Serum creatinine (mg/dL)* 0.80 (0.62–1.0) 0.84 (0.70–1.16) 0.64

        Creatinine >2 mg/dL   34 (12) 118 (13) 0.55

        Hemodialysis*   32 (11) 103 (11) 0.86

    Anemia*,‡ 130 (45) 499 (55)   0.002

    Liver cirrhosis (Child-Pugh B or C)*      1 (0.3)      5 (0.6) 1

    Malignancy   34 (12)   97 (11) 0.65

        Malignancy currently under treatment*   7 (2) 17 (2) 0.58

    Chest wall irradiation      1 (0.3)   6 (1) 1

    Immunosuppressive therapy   4 (1) 27 (3) 0.13

    CLD (moderate-severe)*      2 (0.7) 17 (2) 0.19

    Logistic EuroSCORE 5.5 (3.7–8.3) 7.6 (4.8–12.5)   <0.0001

    EuroSCORE II 1.5 (1.1–2.3) 2.5 (1.5–4.1)　　   <0.0001

    STS score (PROM) 2.0 (1.4–3.3) 3.1 (1.9–5.2)　　   <0.0001

    Etiology of aortic stenosis

        Degenerative 220 (76) 753 (83)

  0.004

        Congenital (unicuspid, bicuspid, or quadricuspid)   53 (18) 101 (11)

        Rheumatic   9 (3) 44 (5)

        Infective endocarditis   3 (1)      3 (0.3)

        Others (%)   6 (2)      4 (0.4)

(Table 1 continued the next page.)
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formed to distinguish the effects of symptoms on the short-
term and long-term outcomes after AVR.

Categorical variables are presented as numbers and per-
centages, and compared using the chi-squared test or the 
Fisher exact test. Continuous variables are expressed as 
mean ± SD or median (IQR). Based on their distributions, 
continuous variables were compared using the Student’s 
t-test or Wilcoxon rank sum test. We used the Kaplan-
Meier method to estimate the cumulative incidence of 
events and assessed the differences on log-rank test. To 
adjust for the differences in baseline and procedural char-
acteristics, we used multivariable Cox proportional hazard 
models incorporating 19 clinically relevant risk-adjusting 
variables: age; sex; body mass index; hypertension; current 
smoking; diabetes on insulin; coronary artery disease 
(CAD); prior myocardial infarction (MI); prior symptom-
atic stroke; aorta/peripheral artery disease; serum creati-
nine; hemodialysis; anemia; liver cirrhosis; malignancy 
currently under treatment; chronic lung disease; AS sever-

Statistical Analysis
In the present study, we compared the baseline clinical, 
echocardiographic, and procedural characteristics as well 
as the long-term clinical outcomes between the 2 groups of 
patients with or without symptoms treated with the initial 
AVR strategy. Symptom status was assessed at the time of 
index echocardiography. The main analysis was made 
according to the intention-to-treat (ITT) principle regard-
less of the actual performance of AVR. Follow-up was 
commenced on the day of index echocardiography.

With regard to sensitivity analysis, we compared the 
long-term clinical outcomes between the asymptomatic 
and symptomatic AVR groups after excluding those 
patients who had concomitant surgical procedures other 
than AVR, or those patients who initially presented with 
acute HF (Figures S1,S2). We also conducted as-treated 
analysis in patients who underwent AVR in each group, in 
which the follow-up was commenced on the day of AVR. 
Landmark analysis at 30 days after AVR was also per-

Variables Asymptomatic AVR group  
(n=291)

Symptomatic AVR group  
(n=905) P value

Echocardiographic variables

    Vmax (m/s)   4.8±0.8   4.7±0.8 0.15

        Vmax ≥4 m/s* 245 (84) 748 (83) 0.54

        Vmax ≥5 m/s 114 (39) 314 (35) 0.17

    Peak aortic PG (mmHg)   93±32   90±31 0.14

    Mean aortic PG (mmHg)   54±20   53±19 0.48

    AVA (equation of continuity) (cm2)   0.67±0.16   0.64±0.18 0.04

    AVA index (cm2/m2)   0.45±0.11   0.43±0.12 0.13

    Eligibility for severe AS

        Vmax >4 m/s 240 (82) 730 (81) 0.51

        Mean aortic PG >40 mmHg 174/220 (79) 510/706 (72) 0.04

        Vmax >4 m/s or mean aortic PG >40 mmHg 243 (84) 733 (81) 0.34

        AVA <1.0 cm2 alone with LVEF <50%   5 (2) 59 (7)     0.0015

        AVA <1.0 cm2 alone with LVEF ≥50%   43 (15) 113 (12) 0.31

    LVEDD (mm) 45±6 48±7   <0.0001

    LVESD (mm) 28±6 32±9   <0.0001

    LVEF (%)   67±10   61±15   <0.0001

        LVEF <40%   4 (1)   99 (11)   <0.0001

        LVEF <50% 19 (7) 186 (21)   <0.0001

    IVST in diastole (mm) 12±2 12±2 0.99

    PWT in diastole (mm) 12±2 12±2 0.85

    Any combined valvular disease (moderate or severe)   81 (28) 397 (44) <0.001

        Moderate or severe AR   55 (19) 238 (26) 0.01

        Moderate or severe MS   7 (2) 44 (4) 0.07

        Moderate or severe MR 26 (9) 201 (22)   <0.0001

        Moderate or severe TR 22 (8) 125 (14)     0.0047

    TR PG ≥40 mmHg 21 (7) 159 (18)   <0.0001

Symptom type

    Angina 291 (32)

    Syncope 110 (12)

    Chronic exertional dyspnea 659 (73)

        Acute heart failure 270 (30)

Data given as n (%), mean ± SD, or median (IQR). *Potential independent variables selected for the Cox proportional hazard models. ‡Anemia 
was defined according to the World Health Organization criteria (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men). AR, aortic regurgi-
tation; AVA, aortic valve area; AVR, aortic valve replacement; BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass 
grafting; CAD, coronary artery disease; CLD, chronic lung disease; IVST, interventricular septum thickness; LVEDD, left ventricular end-
diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; MI, myocardial infarction; 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.
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pulmonary hypertension, and atrial fibrillation as the risk-
adjusting variables. The risks of the symptomatic AVR 
group relative to the asymptomatic AVR group for the 
clinical outcome measures are expressed as hazard ratios 
(HR) and 95% CI.

All statistical analysis was conducted by the physicians 
(T.T. and S.S.) and the statistician (T.M.) using JMP 
12.0.1 or SAS 9.4 (both SAS Institute, Cary, NC, USA). 
All reported P-values are 2-tailed, and P<0.05 was consid-
ered statistically significant.

ity; concomitant coronary artery bypass grafting (CABG); 
and concomitant valve surgery (Tables 1,2). The centers 
was incorporated in the stratification variables. Consistent 
with our previous report, the continuous variables other 
than age were dichotomized using the median or clinically 
meaningful reference values. Proportional hazard assump-
tions for the risk-adjusting variables including categorized 
age in quartiles were assessed using plots of log (time) vs. 
log[−log (survival)] stratified by the variable, and were 
verified to be acceptable. We did not include those factors 
related to evolution of symptoms such as LV function, 

Table 2.  Procedural Surgical AVR Characteristics

Variables Asymptomatic AVR  
group

Symptomatic AVR  
group P value

No. patients evaluated 286 876

Combined surgical procedures

    AVR with revascularization therapy 44 (15) 244 (28)   <0.0001

        CABG* 44 (15) 244 (28)   <0.0001

        PCI 0 0 –

    AVR with any valve surgery* 38 (13) 142 (16) 0.24

    AVR with mitral valve surgery 30 (11) 113 (13) 0.28

        Mitral valve replacement 16 (6)　　 58 (7) 0.54

        Mitral valve repair 14 (5)　　 55 (6) 0.39

    AVR with tricuspid valve surgery 23 (8)　　 71 (8) 0.97

        Tricuspid valve replacement    1 (0.4)      2 (0.2) 0.57

        Tricuspid valve repair 22 (8)　　 69 (8) 0.92

    AVR with ascending aorta replacement 43 (15) 62 (7)   <0.0001

    AVR with annular dilatation    2 (0.7)      6 (0.7) 1

    AVR with maze operation 15 (5)　　 53 (6) 0.61

    Bioprosthetic valve 226 (79)　　 672 (77) 0.57

    Mechanical valve 59 (21) 197 (22)

    Unknown†    1 (0.4)      7 (0.8)

Valve size

    Bioprosthetic valve 226 672

        19 mm 64 (28) 283 (42)

        21 mm 92 (41) 248 (37)

        23 mm 45 (20)   95 (14)

        25 mm 18 (8)　　 33 (5)

        27 mm    2 (0.9)      3 (0.5)

        29 mm    2 (0.9)   0 (0)

        Unknown 3 (1) 10 (1)

    Mechanical valve   59 197

        16 mm 3 (5)   8 (4)

        17 mm   6 (10)   31 (16)

        18 mm 1 (2) 15 (8)

        19 mm 24 (41)   51 (26)

        20 mm 1 (2)   5 (3)

        21 mm 10 (17)   46 (24)

        22 mm 1 (2)   8 (4)

        23 mm 10 (17)   25 (13)

        25 mm 1 (2)   2 (1)

        27 mm 1 (2)   2 (1)

        29 mm 1 (2)      1 (0.5)

        Unknown 0 (0)   3 (2)

Data given as n (%). *Potential independent variables selected for Cox proportional hazard models. In the analysis 
for the surgical procedural characteristics, we excluded 23 patients who did not undergo AVR, and 11 patients who 
underwent TAVI. †Regarding the prosthetic valve types, we did not have information in 8 patients who were operated 
on in hospitals other than the study participating centers. TAVI, transcatheter aortic valve implantation. Other abbre-
viations as in Table 1.
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AVR Procedural Characteristics
In the symptomatic AVR group, surgical AVR and TAVI 
were performed in 876 patients (96.7%), and in 10 patients 
(1.1%), respectively, with a median interval of 33 days 
from index echocardiography. In the asymptomatic AVR 
group, surgical AVR and TAVI were performed in 286 
patients (98%), and in 1 patient (0.3%), respectively, with 
a median interval of 44 days from index echocardiography 
(Figure 2A).

Regarding the procedural characteristics of surgical 
AVR, bioprosthetic valves were more frequently used than 
mechanical valves in both the asymptomatic and symp-
tomatic AVR groups. Relatively small valves were fre-
quently implanted, particularly in the symptomatic AVR 
group (Table 2). Concomitant CABG was more often per-
formed in the symptomatic AVR group than in the asymp-
tomatic AVR group, while replacement of ascending aorta 
was more often performed in the asymptomatic AVR 
group than in the symptomatic AVR group. The preva-
lence of combined mitral valve and/or tricuspid valve sur-
gery was not different between the 2 groups (Table 2).

Results
Baseline Clinical and Echocardiographic Characteristics
There were several important differences in the baseline 
clinical characteristics between the asymptomatic and 
symptomatic AVR groups (Table 1). Patients in the symp-
tomatic group were older, and more often had CAD, prior 
MI, atrial fibrillation/flutter, and anemia. Surgical risk 
scores such as Logistic EuroSCORE, EuroSCORE II, and 
Society of Thoracic Surgeons (STS) score were signifi-
cantly higher in the symptomatic AVR group than in the 
asymptomatic AVR group. Regarding the echocardio-
graphic characteristics, the symptomatic patients com-
pared with the asymptomatic patients more often had 
combined valvular disease such as mitral regurgitation, 
tricuspid regurgitation, and aortic regurgitation, and had 
more depressed LV function as indicated by the lower 
LV ejection fraction (LVEF), larger LV dimensions, and 
higher incidence of suspected pulmonary hypertension. 
The severity of AS assessed using Vmax was not different 
between the 2 groups (Table 1).

Figure 2.    Cumulative incidence of (A) surgical aortic valve replacement (AVR) or transcatheter aortic valve implantation (TAVI), 
(B) all-cause death, and (C) heart failure hospitalization for asymptomatic vs. symptomatic aortic stenosis patients assigned to the 
initial AVR strategy. ITT, intention to treat.
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5-year incidence of HF hospitalization was also signifi-
cantly higher in the symptomatic AVR group than in the 
asymptomatic AVR group (14.2% vs. 3.8%, P<0.0001; 
Figure 2C). After adjusting for confounders, the excess risk 
of the symptomatic AVR group relative to the asymptomatic 
AVR group for HF hospitalization remained significant 
(HR, 2.05; 95% CI: 1.03–4.09; P=0.04; Figure 3; Table S1). 
On sensitivity analysis, all-cause death and HF hospitaliza-
tion were also compared between the symptomatic and 
asymptomatic AVR groups without combination surgery 
or without acute HF admission. On sensitivity analysis, 
among the patients without combination surgery or acute 
HF, statistically significant trends favoring asymptomatic 
AVR relative to symptomatic AVR were seen for both all-
cause death and HF hospitalization, in agreement with the 
results for the whole group (Figures S1,S2).

Clinical Outcomes: As-Treated Analysis
In the asymptomatic group, 9 patients (3.1%) became 
symptomatic before AVR surgery. The cumulative 5-year 
incidences of all-cause death and HF hospitalization were 

AVR Procedural Outcomes
In-hospital mortality after AVR (surgical AVR or TAVI) 
was numerically, but not statistically significantly, higher 
in the symptomatic AVR group than in the asymptomatic 
AVR group (4.2% vs. 2.1%, P=0.10; Table 3). The dura-
tion of intensive care unit stay was significantly longer, and 
the rate of acute kidney injury as defined by the VARC 2 
criteria was significantly higher in the symptomatic AVR 
group than in the asymptomatic AVR group (Table 3).

Clinical Outcomes: ITT Analysis
The median follow-up duration of the present survivors 
was 3.4 years (IQR, 2.4–4.7 years) with 91% follow-up 
completed at 2 years. The cumulative 5-year incidence of 
all-cause death was significantly higher in the symptomatic 
AVR group than in the asymptomatic AVR group on 
ITT analysis (25.6% vs. 15.4%, P=0.001; Figure 2B). After 
adjusting for confounders, the risk for all-cause death 
trended to be higher in the symptomatic AVR group than 
in the asymptomatic AVR group (HR, 1.44; 95% CI: 
0.99–2.09; P=0.056; Figure 3; Table S1). The cumulative 

Table 3.  Outcomes of Surgical AVR and TAVI (n=1,173)

Asymptomatic AVR group  
(n=287)

Symptomatic AVR group  
(n=886) P value

In-hospital mortality 6 (2.1) 37 (4.2) 0.10

Duration of ICU stay (days) 3 (2–4) (n=273)　　 4 (3–5) (n=822)　　 <0.001

Duration of hospital stay after AVR (days) 19 (15–27) (n=283) 21 (15–28) (n=864) 0.08

Atrial fibrillation after AVR   60/285 (21) 198/871 (23) 0.55

Stroke (ischemic or hemorrhagic) 10/284 (4) 22/869 (3) 0.38

Pacemaker implantation after AVR   2/285 (1) 19/872 (2) 0.10

Re-thoracotomy 14/285 (5) 51/871 (6) 0.55

Mediastinitis   5/285 (2) 10/871 (1) 0.43

AKI* after AVR 13/283 (5)   87/868 (10)   0.005

New-onset CLBBB   2/285 (1)      1/869 (0.1) 0.15

New-onset advanced/complete AV block   4/284 (1) 18/868 (2) 0.48

Data given as n (%) or median (IQR). AVR included both surgical AVR and TAVI. In the analysis for the outcomes after AVR, we excluded 23 
patients who did not undergo AVR, but included 11 patients who underwent TAVI. *Defined using the VARC 2 criteria. AKI, acute kidney injury; AV, 
atrioventricular; CLBBB, complete left bundle branch block; VARC, Valve Academic Research Consortium. Other abbreviations as in Tables 1,2.

Figure 3.    Crude and adjusted outcomes 
of asymptomatic vs symptomatic aortic 
stenosis patients assigned to the initial 
aortic valve replacement (AVR) strategy. 
No. patients with event was counted 
throughout the entire follow-up period. 
Multivariable Cox proportional hazard 
models were used for the adjusted anal-
yses. The analysis was performed on an 
intention-to-treat basis regardless of the 
actual performance of AVR.
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initial AVR strategy in asymptomatic patients with severe 
AS was associated with better survival and less HF hospi-
talization compared with the symptomatic patients; and 
(2) the benefits of AVR in asymptomatic patients com-
pared with symptomatic patients became pronounced at 
long-term follow-up.

In a few previous small single-center studies, there was 
discordance regarding the effect of symptom status before 
AVR on long-term outcomes after AVR.9,10 Among 622 
consecutive patients with asymptomatic severe AS seen at 
the Mayo Clinic, 207 patients underwent AVR after symp-
tom development during follow-up, and 145 patients 
underwent AVR while they remained asymptomatic.14 The 
effect of symptom status before AVR on long-term out-
come after AVR was evaluated in 265 patients (symptom-
atic, n=166 patients; asymptomatic, n=97) who were 
operated on at the Mayo Clinic. The cumulative 10-year 
survival rate was not different between the 2 groups (symp-

significantly higher in the symptomatic AVR group than 
in the asymptomatic AVR group on as-treated analysis 
(25.3% vs. 14.3%, P=0.002, and 13.1% vs. 3.7%, P<0.001, 
respectively; Figure 4). After adjusting for confounders, 
the excess risk of the symptomatic AVR group relative to 
the asymptomatic AVR group remained significant for 
all-cause death (HR, 1.53; 95% CI: 1.04–2.26, P=0.03), 
while it was not statistically significant, although border-
line, for HF hospitalization (HR, 1.91; 95% CI: 0.95–3.85; 
P=0.07). On landmark analysis at 30 days, the differences 
in mortality and HF hospitalization between the 2 groups 
were mainly observed beyond 30 days, and the Kaplan-
Meier curves continued to diverge through 5-year follow-up 
(Figure 4).

Discussion
The main findings of the present study are as follows: (1) 

Figure 4.    Kaplan-Meier event curves for the long-term clinical outcomes of aortic valve replacement (AVR; as-treated analysis) 
between symptomatic vs. asymptomatic aortic stenosis at baseline for (A) all-cause death through the entire follow-up period; (B) 
all-cause death at 30-day landmark analysis; (C) heart failure hospitalization through the entire follow-up period; and (D) heart 
failure hospitalization at 30-day landmark analysis. Follow-up was commenced on the day of index surgical AVR or transcatheter 
aortic valve implantation.
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early AVR strategy in asymptomatic severe AS.
We have some study limitations. First, this study was 

retrospective, and we were unable to exclude the possibility 
of ascertainment bias for symptoms related to AS at base-
line. Second, selection bias for AVR toward less morbid 
patients with expected low operative mortality might be 
more prevalent in the asymptomatic than in the symptom-
atic group. Third, the baseline clinical and surgical proce-
dural characteristics were significantly different between 
the symptomatic and asymptomatic patients. The worse 
outcome of the symptomatic patients might be mainly 
related to the worse baseline characteristics of those 
patients. We conducted adjusted analyses with the Cox 
proportional hazard models using the clinical, echocardio-
graphic, and procedural factors as the risk-adjusting vari-
ables. The confounding factors might be classified into 2 
types: (1) those that emerge while waiting for symptoms; 
and (2) those that increase the operative risk of AVR, 
which might delay AVR. We believe it is not appropriate 
to insert all the factors into the multivariable Cox models 
in the comparison between AVR in symptomatic and 
asymptomatic patients. Therefore, we did not include LV 
function, pulmonary hypertension, and atrial fibrillation 
as the risk-adjusting variables, because these factors are 
related to evolution of symptoms. Several other prognosti-
cally important factors included as the risk-adjusting vari-
ables such as age and concomitant CABG might also be 
related to waiting for symptoms. Therefore, we should be 
careful in the interpretation of the adjusted results, consid-
ering the complicated relationship between the confound-
ing factors and the timing of AVR. We should wait for the 
completion of ongoing randomized trials comparing early 
AVR strategy with the watchful waiting strategy in patients 
with asymptomatic severe AS, to draw definitive conclu-
sions on the optimal timing of AVR.23 Fourth, we did not 
collect information on electrocardiographic parameters, 
blood pressure, frailty, and socioeconomic status, which 
are often taken into consideration in deciding the indica-
tions for AVR in real clinical practice. Fifth, we included 
those patients with low-gradient AS (AVA <1.0 cm2 alone), 
in whom the diagnosis of severe AS might be sometimes 
equivocal, although the proportion of patients with low-
gradient AS was relatively small. Finally, we did not evalu-
ate the morbidities associated with AVR and obligatory 
anticoagulant therapy such as reoperation, and bleeding 
complications.

Conclusions
When managed with the initial AVR strategy, the long-
term outcomes of symptomatic patients with severe AS 
were worse than those of asymptomatic patients. Early 
AVR strategy might be recommended in some selected 
asymptomatic severe AS patients with reasonable opera-
tive risk, although we should wait for completion of the 
ongoing randomized trials comparing early AVR strategy 
with the watchful waiting strategy.
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tomatic, 64% vs. asymptomatic, 64%, P=0.92), although 
30-day mortality was numerically higher in the symptom-
atic group than in the asymptomatic group (2% vs. 1%, 
P=0.43). There seemed, however, to be a bias related to the 
selection of patients who could be transferred to the Mayo 
Clinic. In the whole group, the 10-year survival rate tended 
to be lower in the symptomatic AVR patients than in the 
asymptomatic AVR patients (62% vs. 70%). More recently, 
among 812 patients with severe AS aged ≥65 years who 
underwent AVR at the Cliniques Universitaires St-Luc, 
the operative mortality was higher and long-term survival 
was lower in 452 patients with New York Heart Association 
(NYHA) class 3–4 than in 360 patients with NYHA class 
1–2 (10% and 6%, P=0.036, and 56% and 72%, P=0.002, 
respectively).10 The present study has clearly demonstrated 
that the initial AVR strategy in asymptomatic patients as 
compared with that in symptomatic patients was associ-
ated with numerically lower hospital mortality and signifi-
cantly lower long-term mortality and HF hospitalization.

It seems very likely that the morbid preoperative condi-
tions, particularly those associated with acute HF, could 
have an adverse effect on short-term outcomes after AVR. 
Furthermore, there are clear pathophysiologic mechanisms 
underlying the worse long-term clinical outcomes of AVR 
after symptom development. In severe AS, the increases of 
afterload and ventricular wall stress stimulate LV hyper-
trophy, which contributes to the development of symp-
toms.15 Histopathology of the hypertrophied myocardium 
has demonstrated apoptosis, and the rate of apoptosis 
might increase in accordance with increasing afterload.16 
In the areas of myocyte apoptosis, the fibroblasts infiltrate 
into the myocardium and secrete extracellular matrix pro-
teins to establish scar formation after myocyte injury and 
death.17 A mid-wall pattern of fibrosis on cardiac magnetic 
resonance imaging using late gadolinium enhancement was 
observed in up to 38% of patients with moderate or severe 
AS and has been reported to be associated with increased 
mortality.16–18 Both surgical and transcatheter AVR are the 
most effective interventions for eliminating the pressure 
overload in patients with AS, but even AVR may fail to 
completely reverse the pathologic changes seen in the myo-
cardium of severely symptomatic AS patients.19 Even mild 
reduction of LVEF was reported to be a potent predictor 
of adverse long-term outcomes after AVR.20

The watchful waiting strategy involves waiting for the 
development of mild symptoms. In the present study, the 
worse clinical outcomes after AVR in symptomatic 
patients as compared with asymptomatic patients were 
seen consistently, even after excluding those patients with 
acute HF. Therefore, even the presence of relatively mild 
symptoms was associated with the less favorable outcomes 
after AVR. Furthermore, watchful waiting for the devel-
opment of mild symptoms could often not be safely 
achieved in real clinical practice, because sudden death 
commonly occurs without preceding symptoms and initial 
presentation with acute HF is not uncommon during fol-
low-up of asymptomatic severe AS.21 In the previous large 
study from Mayo clinic, sudden death was observed in 11 
(4.1%) of the 270 patients who did not undergo AVR, and 
all the sudden deaths were not preceded by any AS-related 
symptoms.14 Also, the in-hospital mortality rate after AVR 
in asymptomatic patients was only 2.1% in the present 
study, which was much lower than the in-hospital mortal-
ity rates after AVR reported previously.22 Therefore, the 
present study could provide additional support for the 
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Figure S1.    Kaplan-Meier curves in the subgroup of aortic stenosis patients without combination surgery for (A) all-cause death, 
and (B) heart failure hospitalization. The analysis was performed on an intention-to-treat (ITT) basis regardless of the actual per-
formance of aortic valve replacement (AVR). Follow-up was commenced on the day of index echocardiography.
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Figure S2.    Kaplan-Meier curves in the subgroup of aortic stenosis patients without acute heart failure for (A) all-cause death, and 
(B) heart failure hospitalization. The analysis was performed on an intention-to-treat (ITT) basis regardless of the actual perfor-
mance of aortic valve replacement (AVR). Follow-up was commenced on the day of index echocardiography.
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Table S1.  Risks for All-Cause Death and HF Hospitalization

Variables Adjusted HR  
(95% CI) P value

All-cause death

    Symptom 1.44 (0.99–2.09)   0.056

    Age 1.04 (1.02–1.06) <0.001

    Male 1.18 (0.86–1.62) 0.30

    BMI <22 1.49 (1.12–2.00)   0.007

    Vmax ≥4 m/s 0.93 (0.66–1.33) 0.70

    Prior MI 1.71 (1.01–2.92)   0.048

    Prior symptomatic stroke 1.00 (0.65–1.52) 0.98

    CLD (moderate or severe) 3.56 (1.67–7.45) <0.001

    Malignancy currently under treatment 2.46 (1.22–4.98) 0.01

  �  Aortic/peripheral vascular disease  
(treated or planned to be treated after AVR)

0.85 (0.47–1.52) 0.58

    Liver cirrhosis (Child-Pugh B/C) 1.68 (0.45–6.26) 0.44

    Hemodialysis 3.96 (2.65–5.91) <0.001

    Hypertension 1.36 (0.99–1.86) 0.06

    Current smoking 1.19 (0.71–1.98) 0.51

    DM on insulin 1.78 (1.09–2.91) 0.02

    Diagnosis of CAD at time of AVR 1.29 (0.85–1.96) 0.23

    Anemia 1.36 (0.98–1.89) 0.07

    Serum creatinine >0.83 mg/dL 1.64 (1.14–2.35)   0.007

    AVR with CABG 0.86 (0.56–1.32) 0.50

    AVR with any valve surgery 1.55 (1.06–2.25) 0.02

HF hospitalization

    Symptom 2.05 (1.03–4.09) 0.04

    Age 1.06 (1.03–1.10) <0.001

    Male 0.94 (0.59–1.51) 0.80

    BMI <22 1.53 (0.99–2.35)   0.053

    Vmax ≥4 m/s 0.90 (0.53–1.52) 0.70

    Prior MI 1.55 (0.64–3.75) 0.34

    Prior symptomatic stroke 0.78 (0.37–1.64) 0.52

    CLD (moderate or severe) 2.46 (0.57–10.6) 0.23

    Malignancy currently under treatment 1.52 (0.35–6.63) 0.58

  �  Aortic/peripheral vascular disease  
(treated or planned to be treated after AVR)

1.01 (0.41–2.45) 0.99

    Liver cirrhosis (Child-Pugh B/C) 7.05 (0.81–61.3) 0.08

    Hemodialysis 0.91 (0.41–2.01) 0.82

    Hypertension 1.33 (0.82–2.16) 0.25

    Current smoking 1.39 (0.62–3.12) 0.42

    DM on insulin 1.18 (0.49–2.86) 0.71

    Diagnosis of CAD at time of AVR 1.58 (0.83–3.00) 0.16

    Anemia 1.14 (0.72–1.82) 0.57

    Serum creatinine >0.83 mg/dL 1.49 (0.92–2.43) 0.11

    AVR with CABG 0.71 (0.36–1.37) 0.31

    AVR with any valve surgery 1.05 (0.56–1.96) 0.88

AVR, aortic valve replacement; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery 
disease; CLD, chronic lung disease; DM, diabetes mellitus; HF, heart failure; MI, myocardial infarction.


