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ABSTRACT

OBJECTIVES This study aimed to evaluate the prevalence and prognostic value of the extent of extra-aortic valvular
cardiac abnormalities in a large multicenter registry of patients with moderate AS.

BACKGROUND The prognostic significance of a new classification system that incorporates the extent of cardiac injury
(beyond the aortic valve) has been proposed in patients with severe aortic stenosis (AS). Whether this can be applied to
patients with moderate AS is unclear.

METHODS Based on the echocardiographic findings at the time of diagnosis of moderate AS (aortic valve area between
1.0 and 1.5 cm? and dimensionless velocity index ratio of =0.25), a total of 1,245 patients were included and analyzed
retrospectively. They were recategorized into 5 groups according to the extent of extra-aortic valvular cardiac abnor-
malities: none (Group 0), involving the left ventricle (Group 1), the left atrial or mitral valve (Group 2), the pulmonary
artery vasculature or tricuspid valve (Group 3), or the right ventricle (Group 4). Patients were followed for all-cause
mortality and combined endpoint (all-cause mortality, stroke, heart failure, or myocardial infarction).

RESULTS The distribution of patients according to the proposed classification was 13.1%, 26.8%, 42.6%, 10.6%, and
6.9% in Groups O, 1, 2, 3, and 4, respectively. During a median follow-up of 4.3 (2.4 to 6.9) years, 564 (45.3%) patients
died. There was a significant higher mortality rates with increasing extent of extra-aortic valvular cardiac abnormalities
(log-rank p < 0.001). On multivariable analysis, the presence of extra-aortic valvular cardiac abnormalities remained
independently associated with all-cause mortality and combined outcome, adjusted for aortic valve replacement as a
time-dependent covariable. In particular, Group 2 and above were independently associated with all-cause mortality.

CONCLUSIONS In patients with moderate AS, the presence of extra-aortic valvular cardiac abnormalities is associated
with poor outcome. (J Am Coll Cardiol Img 2021;14:1724-1737) © 2021 Published by Elsevier on behalf of the American
College of Cardiology Foundation.
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Ithough it is known that severe symptomatic

aortic stenosis (AS) carries a poor prognosis if

left untreated (1-3), less is known about the
prognosis of moderate AS. Some studies have shown
poor clinical outcomes in patients with moderate AS
(4,5). In a recent report of a large echocardiographic
national database, moderate AS was associated with
reduced long-term survival, with a 2-fold increase in
1-year mortality compared with patients without AS
and a 5-year mortality rate up to 56% (5). When pa-
tients with moderate AS have concomitant left- ven-
(LV) systolic dysfunction (LV ejection
fraction [EF] <50%), the reported 4-year all-cause
mortality rate was 36%, and the event rate for the
combined endpoint of all-cause death and heart fail-
ure admissions was 48% over 4 years (6). Hence,
identifying patients with moderate AS at risk of

tricular
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adverse clinical events in whom early inter-
vention might be beneficial in an attempt to
reverse or halt the disease process, particu-
larly the effect on LV function, is crucial.
Recently, the prognostic significance of a
new classification system that includes the
extent of cardiac injury (beyond the aortic
valve) has been proposed in patients with
asymptomatic and symptomatic severe AS,
including those who underwent trans-
catheter aortic valve replacement (AVR)
(7-9). Of note, there is a proportional rela-
tionship between the extent of cardiac dam-
age in patients with severe AS and all-cause
mortality, including major adverse cardio-
vascular events. Whether the presence of
associated cardiac abnormalities detected on

ABBREVIATIONS
AND ACRONYMS

AS = aortic stenosis
AVA = aortic valve area

AVR = aortic valve
replacement

CI = confidence interval
HR = hazard ratio

LA = left atrial

LV = left ventricular

LVEF = left-ventricular
ejection fraction

RV = right ventricular

SPAP = systolic arterial
pulmonary pressure

TAPSE = tricuspid annular
plane systolic excursion

Group O
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Extra-Aortic Valvul

Involvement = No Extra-Valvular Left Ventricular
Echo- LV mass index
cardiographic 4>115 g/m?
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FIGURE 1 Distribution of the Extent of Extra-Aortic Valvular Cardiac Abnormalities in Total Population

M Group O - No Extra-Valvular
Involvement (N = 163)

M Group 1- LV Involvement
(N =334)

W Group 2 - LA or MV
Involvement (N = 530)

Group 3 - Pulmonary
Vasculature or TV
Involvement (N =132)

M Group 4 - RV Involvement
(N = 86)

ardiac Abnormalities

Group 2
Left Atrial or Mitral

Group 3

Pulmonary or Tricuspid

Left atrial volume

index >34 ml/m?

Atrial fibrillation
Moderate or severe
mitral regurgitation

pressure >60 mm Hg
Moderate or severe
tricuspid regurgitation

Systolic pulmonary arterial
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Right Ventricular

TAPSE <16 mm

TV = tricuspid valve.

Grouping based on the presence of the extent of echocardiographic signs of extra-aortic valvular cardiac abnormalities and its distribution in patients with moderate
aortic stenosis (N = 1,245). LA = left atrial; LV = left ventricular; MV = mitral valve; RV = right ventricular; TAPSE = tricuspid annular plane systolic excursion;
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TABLE 1 Clinical Characteristics of the Total Patient Population and According to the Presence of the Extent of Extra-Aortic Valvular Cardiac Abnormalities

Total Population Group O Group 1 Group 2 Group 3 Group 4

(N =1,245) (n =163) (n =334) (n =530) (n =132) (n = 86) p Value*
Age (yrs) 70.9 +£12.3 66.0 +16.5 71.5 + 1.8 71.7 £ 1.3t 70.9 + 11.3t 72.9 £10.61 <0.001
Male 622 (50.0) 106 (65.0) 168 (50.3) 247 (46.6) 58 (43.9) 43 (50.0) 0.001
Body mass index (kg/m?) 255+ 5.9 26.7 +10.4 257 + 4.7 259 +5.0 23.6 £+ 5.014§ 23.5 + 4.014§ <0.001
Body surface area (m?) 1.68 + 0.23 175 +£ 0.22 1.69 + 0.22 1.69 +£0.24 158 £ 0.211¥§  1.57 + 0.1914§ <0.001
Hypertension 986 (79.2) 114 (69.9) 267 (79.9) 430 (81.1) 100 (75.8) 75 (87.2) 0.008
Hypercholesterolemia 998 (80.2) 126 (77.8) 276 (82.6) 413 (77.9) 104 (78.8) 79 (91.9) 0.016
Diabetes mellitus 435 (34.9) 39 (23.9) 121 (36.2) 188 (35.5) 48 (36.4) 39 (45.3) 0.009
Coronary artery disease 598 (48.0) 59 (36.2) 169 (50.6) 265 (50.0) 54 (40.9) 51(59.3) 0.001
Previous myocardial infarction 215 (17.3) 7 (4.3) 63 (18.9) 101 (19.1) 21 (15.9) 23 (26.7) <0.001
History of smoking 254 (20.4) 26 (16.0) 75 (22.5) 19 (22.5) 23 (17.4) 1 (12.8) 0.092
Chronic obstructive pulmonary disease 70 (5.6) 6 (3.7) 27 (8.1) 30 (5.7) 5(3.8) 2(2.3) 0.143
History of atrial fibrillation 298 (23.9) 3(1.8) 17 (5.1) 163 (30.8) 73 (55.3) 42 (48.8) <0.001
Symptoms 418 (33.6) 28 (17.2) 94 (28.1) 183 (34.5) 67 (50.8) 46 (53.5) <0.001
NYHA functional class =IlI 145 (11.6) 5@3.0) 25 (7.5) 70 (13.2) 26 (19.7) 19 (22.1) <0.001

Estimated glomerular filtration rate (ml/min/1.73 m?) 60.1 £+ 32.2 77.5 £29.0 61.5 £ 29.9t 58.1 + 32.41 52.8 + 32.9tf 45.8 +30.8t1§  <0.001

Systolic blood pressure (mm Hg) 136.4 +22.8 136.8 £ 214 139.8 £22.6 1377 +£23.0 129.5+21.2¢§ 125.7 £22.9t¥§  <0.001

Diastolic blood pressure (mm Hg) 64.9 +12.1 71.2 + 1.5 71.3 +£12.2 69.8 + 11.8 66.1 + 11.57§ 64.9 + 12.111§ <0.001

Medication:
Beta blocker 646 (51.9) 61(37.4) 153 (45.8) 305 (57.5) 72 (54.5) 55 (64.0) <0.001
ACE inhibitor/ARB 631 (50.7) 62 (38.0) 170 (50.9) 293 (55.3) 59 (44.7) 47 (54.7) 0.001
Aspirin/thienopyridines 628 (50.4) 65 (39.9) 181 (54.2) 262 (49.4) 68 (51.5) 52 (60.5) 0.0m
Oral anticoagulant 215 (17.3) 2(1.2) 16 (4.8) 114 (21.5) 57 (43.2) 26 (30.2) <0.001
Statin 930 (74.7) 115 (70.6) 261 (78.1) 391 (73.8) 93 (70.5) 70 (81.4) 0.113
Calcium channel blocker 524 (42.1) 61(37.4) 156 (46.7) 229 (43.2) 50 (37.9) 28 (32.6) 0.062
Diuretics 416 (33.4) 23 (14.1) 92 (27.5) 191 (36.0) 64 (48.5) 46 (53.5) <0.001

Bonferroni's post hoc analysis. §p < 0.05 vs. Group 2 with Bonferroni's post hoc analysis.
ACE = angiotensin converting enzyme; ARB = angiotensin Il receptor blocker; NYHA = New York Heart Association.

Values are mean =+ SD or n (%). *The p values depict differences between grades of extra-aortic valvular cardiac abnormalities and are calculated by analysis of variance (ANOVA) and Kruskal-Wallis H test for
continuous data (with normal and non-normal distribution, respectively), and by chi-square test for categorical data. tp < 0.05 vs. Group O with Bonferroni's post hoc analysis. p < 0.05 vs. Group 1 with

echocardiography (in addition to aortic valve disease)
confers an adverse prognosis in an unselected popu-
lation with moderate AS has not been evaluated.
Accordingly, the aim of the current study was 2-fold:
1) to evaluate the prevalence of associated extra-
aortic valvular cardiac abnormalities in a large
multicenter cohort of patients with moderate AS; and
to 2) examine the impact of the extent of cardiac ab-
normalities on clinical outcomes in patients with
moderate AS.

METHODS

PATIENT POPULATION AND DATA COLLECTION.
A total of 1,245 patients with echocardiographic
diagnosis of moderate AS at baseline were identified
(defined as the first available echocardiogram with
moderate AS), from the ongoing registries of patients
who were followed up for aortic valve disease in 2
academic institutions (National Heart Centre,
Singapore, and Leiden University Medical Center,
Leiden, the Netherlands), between the years 2001 and
2018. Moderate AS was defined based on the

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology

echocardiographic aortic valve area (AVA) between
1.0 and 1.5 cm?® (10). In addition, patients with
dimensionless velocity index ratio of <0.25 sugges-
tive of severe AS (11) or with previous AVR were
excluded. Baseline demographic and clinical data,
including cardiovascular risk factors and medication
use and clinical follow-up data, were collected using
the hospital records and departmental patient infor-
mation systems, and analyzed retrospectively. This
retrospective analysis of clinically acquired data was
approved by the respective institutional review
boards of each participating center. The need for pa-
tient written informed consent was waived because
of the retrospective nature of the study.

TRANSTHORACIC ECHOCARDIOGRAPHY. Using
commercially available ultrasound systems, 2-
dimensional, color, pulsed, and continuous-wave
Doppler images were obtained from the apical and
parasternal views according to current recommen-
dations (12). Continuous-wave Doppler recordings
were obtained from the apical 3- or 5-chamber views
to estimate peak aortic jet velocity (11). Mean and
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TABLE 2 Echocardiographic Characteristics of the Total Patient Population and According to the Presence of the Extent of Extra-Aortic Valvular
Cardiac Abnormalities
Total Population Group O Group 1 Group 2 Group 3 Group 4
(N =1,245) (n =163) (n =334) (n =530) (n =132) (n = 86) p Value*

Heart rate at the time of TTE (beats/min) 73.7 £14.7 76.5 £13.9 74.0 £ 145 72.2 £ 1411 74.5 +17.6 75.6 £ 15.1 0.010
Valve morphology <0.001

Tricuspid 1,120 (90.0) 18 (72.4) 296 (88.6) 497 (93.8) 129 (97.7) 80 (93.0)

Bicuspid 125 (10.0) 45 (27.6) 38 (11.4) 33(6.2) 3(23) 6 (7.0)
Heart rhythm at the time of TTE <0.001

Sinus rhythm 1,064 (85.5) 163 (100) 334 (100) 449 (84.7) 70 (53.0) 49 (57.0)

Atrial fibrillation 181 (14.5) 0 (0.0) 0 (0.0) 81 (15.3) 62 (47.0) 37 (43.0)
LV end-diastolic diameter (mm) 48.0+7.0 442 + 4.6 46.8 + 6.0t 49.4 + 7.01% 49.2 + 8.2t% 49.1 + 8.0t <0.001
LV end-systolic diameter (mm) 30.3 + 8.1 25.7 + 3.7 28.7 +£ 6.21 30.9 + 8.21% 33.1 £ 9.91% 35.0 + 9.7148§ <0.001
Septal wall thickness (mm) mM.2+1.9 105+16 1.5 + 2.0t 1.5 +£1.9t 10.9 + 2.148§ 10.7 £ 1.74§ < 0.001
Posterior wall thickness (mm) 10.7 £ 1.8 99 +15 10.9 + 1.61 1.0 + 1.8t 10.6 + 2.1t 105 +17 <0.001
LV mass index (g/m?) 18.4 +34.6 88.4 +15.1 15.1 £ 26.8F 125.9 + 35.2t% 127.7 + 43.21% 125.1 + 36.7F <0.001
LV end-diastolic volume (ml) 105.8 + 37.2 91.7 + 23.8 98.9 + 29.4 1.1 + 38.61% 115.6 + 50.7t% M. £ 4101 <0.001
LV end-systolic volume (ml) 45.9 + 28.9 32.0 +£10.3 40.3 + 19.8f 48.5 + 29.8t% 56.4 + 41.214§ 62.5 + 36.9118 <0.001
Impaired LVEF (<50%) 222 (17.8) 0 (0.0) 47 (14.1) 95 (17.9) 36 (27.3) 44 (51.2) <0.001
LVEF (%) 583 +12.7 649 + 6.4 60.1 £ 11.51 58.1 + 12.21 54.2 +£14.214§ 46.1 + 16.1118]| <0.001
Average E/e' ratio 165 +£7.3 103 £ 2.2 15.1 £ 5.6t 18.2 £ 7.71% 19.5 + 8.5+ 21.1 + 7.514§ <0.001
Left atrial volume index (ml/m?) 41.8 +22.5 259 +53 27.7 £ 4.7 45.9 +15.4t% 66.6 + 42.3t1§  54.0 + 22.611§]| <0.001
Mitral regurgitation = moderate 123 (9.9) 0 (0.0) 0 (0.0) 62 (11.7) 42 (31.8) 19 (22.1) <0.001
Systolic pulmonary arterial pressure (mm Hg) 36.9 £13.0 292+ 6.8 321+ 85 35.0 £ 9.31% 52.6 + 15.3t4§ 45.1 £ 17.6148]| <0.001
Tricuspid regurgitation = moderate 141 (11.3) 0 (0.0) 0 (0.0) 0 (0.0) 110 (83.3) 31(36.0) <0.001
Mean aortic valve gradient (mm Hg) 244 +76 26.0 £ 7.0 256 +7.8 245+7.0 23.0 + 7.3t% 17.9 + 7.6148]| <0.001
Peak aortic jet velocity (m/s) 3.2+0.5 33+ 04 33+05 32+05 3.1+ 051 2.8 + 0.614§]| <0.001
Aortic valve area (cm?) 1.20 + 0.15 1.23 £ 0.16 1.20 + 0.16 1.22 £ 0.15 1.17 £ 0.14+ 119 £ 0.14 0.010
Dimensionless velocity index 0.33 + 0.06 0.33 +£ 0.05 0.33 +£ 0.06 0.33 +£ 0.05 0.34 £ 0.06 0.34 £ 0.06 0.161
Values are mean + SD or (%). *The p values depict differences between grades of extra-aortic valvular cardiac abnormalities and are calculated by analysis of variance (ANOVA) and Kruskal-Wallis H test for
continuous data (with normal and non-normal distribution, respectively), and by chi-square test for categorical data. tp < 0.05 vs. Group O with Bonferroni's post hoc analysis. $p < 0.05 vs. Group 1 with
Bonferroni's post hoc analysis. §p < 0.05 vs. Group 2 with Bonferroni's post hoc analysis. ||p < 0.05 vs. Group 3 with Bonferroni's post hoc analysis.

LV = left ventricular; LVEF = left ventricular ejection fraction; TTE = transthoracic echocardiogram.

peak transvalvular pressure gradients were calcu-
lated using the Bernoulli equation (11). AVA was
calculated according to the continuity equation using
velocity time integrals of the LV outflow tract and
aortic valve flow recordings (11). In patients with
atrial fibrillation at the time of echocardiography, all
the relevant Doppler parameters were calculated as
the average of 5 cycles with the least variation of R-R
intervals and as close as possible to normal resting
heart rate, as recommended (13,11). In the parasternal
long-axis view, LV dimensions were assessed, and LV
mass was calculated by Devereux’s formula and
indexed for body mass index (LV mass index) (12). LV
end-diastolic and end-systolic volumes were evalu-
ated in the apical 2- and 4-chamber views and the LV
ejection fraction (LVEF) was calculated according to
the Simpson’s biplane method (12). Using the biplane
method of disks, left-atrial (LA) volumes were
measured at end-systole in the apical 2- and 4-
chamber views and indexed for body surface area
(LA volume index) (12). Pulsed-wave Doppler

recordings of the transmitral flow were used to
obtain peak early (E) and late (A) diastolic velocities
to assess LV diastolic function (14). Using tissue
Doppler imaging of the mitral annulus on the apical
4-chamber view, the e’ was measured at both the
lateral and septal side and averaged to calculate the
E/e’ ratio for estimation of LV filling pressures (14).
Severity of mitral and tricuspid regurgitation was
graded according to a multiparametric approach from
continuous and color wave Doppler data, as recom-
mended (15). The right-ventricular (RV) pressure was
calculated from the peak velocity of the tricuspid
regurgitant jet, according to the Bernoulli equation,
adding the right-atrial pressure, determined by the
inspiratory collapse and diameter of the inferior vena
cava to estimate the systolic arterial pulmonary
pressure (SPAP) (16). For the evaluation of RV sys-
tolic function, anatomic M-mode was applied on the
focused apical 4-chamber view of the RV to measure
tricuspid annular plane systolic excursion (TAPSE)
(16).
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TABLE 3 Incidence of the Individual Components of Cardiac Involvement in the

Total Population

Group O: No extra-aortic valvular involvement 163/1,245

Group 1: Left-ventricular involvement 334/1,245
Increased LV mass index (>95 for women or >115 g/m? for men) 754 (60.6)
LV ejection fraction <50% 222 (17.8)
E/e’ ratio >14 592 (47.6)

Group 2: Left atrial or mitral-valve involvement 530/1,245
Indexed left-atrial volume >34 ml/m? 634 (50.9)
Moderate or severe mitral regurgitation (=grade 3) 123 (9.9)
Presence of atrial fibrillation at time echocardiography 181 (14.5)

Group 3: Pulmonary vasculature or tricuspid-valve involvement 132/1,245
Systolic pulmonary artery pressure =60 mm Hg 58 (4.7)
Moderate or severe tricuspid regurgitation (=grade 3) 141 (11.3)

Group 4: Right-ventricular involvement 86/1,245
Tricuspid annular plane systolic excursion <16 mm 86 (6.9)

Values are n/N or n (%).
LV = left ventricular.

DEFINITION AND CLASSIFICATION OF THE EXTENT
OF ASSOCIATED CARDIAC ABNORMALITIES.
Adapted from the staging algorithm previously
applied in patients with severe AS (7), the presence
and extent of extra-aortic valvular cardiac abnor-
malities was evaluated using baseline transthoracic
echocardiography (i.e., the first available echocar-
diogram with moderate AS). Next, depending on the
extent of concomitant cardiac abnormalities, patients
were categorized into 5 groups (Figure 1): Group 0, no
extra-aortic valve cardiac involvement; Group 1, LV
involvement as defined by the presence of LV hy-
pertrophy (LV mass index >95 g/m? in women or >115
g/m? in men), and/or LV systolic dysfunction
(LVEF <50%), and/or elevated LV filling pressure (E/
e’ ratio >14) (12,14); Group 2, LA and/or mitral valve
involvement as defined by the presence of LA dila-
tation (LA volume index >34 ml/m?) (12), and/or =
moderate mitral regurgitation (15), and/or the pres-
ence of atrial fibrillation at the time of echocardiog-
raphy; Group 3, pulmonary artery vasculature and/or
tricuspid valve involvement as defined by the pres-
ence of systolic pulmonary  hypertension
(SPAP =60 mm Hg), and/or = moderate tricuspid
regurgitation (15,16); Group 4, RV involvement as
defined by the presence of moderate or greater RV
systolic dysfunction (TAPSE <16 mm) (16). If more
than 1 of the proposed criteria were present, patients
were hierarchically classified in the highest (.e.,
worst) group if =1 of the proposed criteria was met
within that group.

CLINICAL ENDPOINTS AND FOLLOW-UP. All pa-

tients were followed up for the occurrence of all-
cause mortality, surgical or transcatheter AVR, and

JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 9, 2021
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cardiac-related hospitalization. The primary outcome
was all-cause mortality, as ascertained by review of
hospital records and/or governmental death registry
database. The secondary outcome was a composite of
all-cause mortality and hospitalization for stroke
(major or minor), heart failure, and myocardial
infarction or unstable angina occurring between
baseline echocardiography and last follow-up. In
addition, to examine the impact of the extent of
associated extra-aortic valvular cardiac abnormalities
in patients with moderate AS on medical therapy, the
Kaplan-Meier analysis was censored at the time of
AVR.

STATISTICAL ANALYSIS. Continuous data are pre-
sented as mean + SD or median (interquartile range
[IQR]), as appropriate and tested for the normality of
distribution and homogeneity of variances with
Shapiro-Wilk and Levene’s tests, respectively. Cate-
gorical data are presented as frequencies and per-
centages. Patients were categorized according to the
extent of extra-aortic valvular cardiac abnormalities.
For comparison of continuous variables among
groups, the analysis of variance (ANOVA) test with
Bonferroni’s post hoc analysis, or the Kruskal-Wallis
test was used for normally and non-normally
distributed variables, respectively. Categorical vari-
ables were compared using the chi-square test. The
Kaplan-Meier curves and log-rank tests were used to
calculate and compare the survival and event rates
for the different groups of associated cardiac abnor-
malities. For the secondary outcome, patients were
censored at the occurrence of the first event.

To evaluate the association of the extent of
concomitant cardiac abnormalities and other clinical
and echocardiographic parameters with the primary
and secondary endpoints, univariable Cox propor-
tional hazards analyses were performed. Subse-
quently, statistically significant (p = 0.05) or
clinically relevant variables were selected and intro-
duced as covariates in multivariable Cox proportional
hazards models. The occurrence of surgical or trans-
catheter AVR was entered as time-dependent covari-
ate. The presence and extent (in terms of grouping) of
cardiac abnormalities was introduced into the model
as a categorical variable, with Group 0 (no extra-aortic
valve cardiac involvement) as the reference. For both
the univariable and multivariable analyses, hazard
ratios (HRs) with 95% confidence intervals (CIs) were
presented. Next, to examine the outcomes of patients
with moderate AS on medical therapy, the survival
analysis was censored at the time of AVR. Statistically
significant (p = 0.05) or clinically relevant variables

were selected and introduced as covariates in
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TABLE 4 Clinical Outcomes During Follow-Up per Presence of the Extent of Extra-Aortic Valvular Cardiac Abnormalities

Group O Group 1 Group 2 Group 3 Group 4

(n =163) (n =334) (n =530) (n=132) (n = 86) p Value*
Surgical or transcatheter AVR 30.7 (50) 36.8 (123) 30.2 (160) 22.0 (29) 12.8 (11) <0.001
Time to surgical or transcatheter AVR (in yrs) 2.4 (1.3-3.7) 2.6 (1.1-4.6) 2.3 (0.8-4.3) 2.3 (0.4-3.3) 2.0 (1.4-5.1)
All-cause death 24.5 (40) 42.2 (141) 47.0 (249) 58.3 (77) 66.3 (57) <0.001
Time to all cause death (in yrs) 4.8 (3.4-8.2) 4.5 (2.8-8.1) 4.4 (2.4-6.8) 3.1 (1.6-5.6) 2.9 (0.7-4.8)
Stroke 1.8 (3) 1.2 (4) 13 (@) 23 (3) 0.0 (0) 0.684
Heart failure 1.8 (3) 217 5.1(27) 9.1(12) 0.0 (0) 0.001
Myocardial infarction or unstable angina 4.9 (8) 6.6 (22) 5.3(28) 0.8 (1) 23(2) 0.054
Combined endpoint (all-cause death and hospitalization for stroke, 31.3(51) 46.4 (155) 52.1(276) 60.6 (80) 67.4 (58) <0.001

heart failure, and MI)*
Time to combined endpoint (in yrs) 4.6 (3.1-7.9) 4.2 (2.5-7.6) 4.1 (2.1-6.3) 2.9 (1.6-4.8) 2.8 (0.6-4.6)
Values are n (%) or median (interquartile range). *The p values are calculated by chi-square test. tFor the secondary outcome, patients were censored at the occurrence of the first event.
AVR = aortic valve replacement; Ml = myocardial infarction or unstable angina.

multivariable Cox proportional hazards models,
without the need for time-dependent AVR. All sta-
tistical analyses were performed using SPSS software
version 23.0 (IBM, Armonk, New York) and STATA
version 10 (StataCorp, College Station, Texas). A 2-
sided p value <0.05 was considered statistically
significant.

RESULTS

PATIENT CHARACTERISTICS. Baseline clinical char-
acteristics of the total study population (mean age 71
+ 12 years, 50.0% male) with moderate AS are listed in
Table 1. The majority of patients had cardiovascular
risk factors, including hypertension (79.2%) and hy-
percholesterolemia (80.2%), whereas diabetes was
not as common (34.9%). Of note, coronary artery
disease was prevalent in 48.0% of the population,
and 17.3% of patients had previous myocardial
infarction. At the time of echocardiographic diagnosis
of moderate AS, 33.6% (n = 418) of the patients were
symptomatic at baseline. The most common symp-
tom was dyspnea (n = 253, 60.5%), followed by angina
(n = 109, 26.1%). Of these symptomatic patients,
34.7% (n = 145) were in New York Heart Association
(NYHA) functional class III or IV at the time of
presentation.

According to the presence and extent of extra-
aortic valvular cardiac abnormalities documented on
echocardiography at the time of inclusion (Figure 1),
13.1% (n = 163) of the patients were classified as
Group O (no extra-aortic valvular involvement),
26.8% (n = 334) as Group 1 (LV involvement), 42.6%
(n =530) as Group 2 (LA or mitral-valve involvement),
10.6% (n = 132) as Group 3 (pulmonary artery vascu-
lature or tricuspid-valve involvement), 6.9% (n = 86)
as Group 4 (RV involvement). Patients with greater

extent of cardiac involvement were older, had more
cardiovascular risk factors, with a higher prevalence
of coronary artery disease and previous myocardial
infarction (Table 1). In addition, they were more
frequently symptomatic at baseline, with more pa-
tients in the advanced groups of cardiac involvement
experiencing more severe symptoms (NYHA func-
tional class =III). In parallel, these patients also had
worse kidney function and required more cardiac
medications, including anticoagulation (for history of
atrial fibrillation) and diuretic agents (for relief of
symptoms).

Baseline echocardiographic parameters for the
overall population and their respective distribution of
these parameters in individual groups of extra-aortic
valvular involvement are presented in Table 2. As
expected, patients in the groups with more advanced
extra-aortic cardiac involvement had lower LVEF,
higher E/e’ ratio and LA volume indices, together
with a higher prevalence of significant mitral and
tricuspid regurgitation, compared with patients with
less advanced cardiac involvement. Interestingly,
bicuspid aortic valve anatomy was more commonly
observed in patients with moderate AS with no
extravalvular involvement at baseline (n = 45, 27.6%
of Group 0), compared with patients with extrava-
Ivular abnormalities (n = 80, 7.4% of all patients from
Groups 1 to 4). The incidences of the individual
components of the extent of cardiac involvement in
the total population are presented in Table 3.

LONG-TERM OUTCOMES. During follow-up, 373
(30.0%) patients underwent surgical or transcatheter
AVR within a median time of 2.4 years (IQR: 1.0 to 4.3
years). During a median follow-up of 4.3 years (IQR:
2.4 to0 6.9 years), 564 (45.3%) patients died, and over a
median time of 4.0 years (IQR: 2.2 to 6.6 years), 620
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FIGURE 2 Survival Analyses According to the Extent of Extra-Aortic Valvular Cardiac Abnormalities in Patients With Moderate Aortic

Stenosis
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Kaplan-Meier estimates for the cumulative event rates of all-cause mortality (A) and the combined endpoint (B) according to the presence of
the extent of extra-aortic valvular cardiac abnormalities in patients with moderate aortic stenosis.

(49.8%) patients reached the combined endpoint (all-
cause mortality, and rehospitalization for stroke,
heart failure, and myocardial infarction or unstable
angina). The clinical outcomes during follow-up, ac-
cording to the extent of extra-aortic cardiac involve-
ment, are presented in Table 4. Interestingly, despite
being more symptomatic at baseline, fewer patients
with moderate AS and more advanced extra-aortic
cardiac involvement underwent surgical or trans-
catheter AVR compared with those with less extent of
cardiac abnormalities.

SURVIVAL ANALYSIS. Kaplan-Meier curve analysis
showed that patients with more advanced extra-
aortic cardiac involvement had significantly higher
5-year cumulative mortality rates (Figure 2A) (log-
rank chi-square test 79.4; p < 0.001; Harrell’s

Continued on the next page

Cc = 0.60). Similarly, for the combined outcome, pa-
tients with more extensive cardiac abnormalities
showed significantly higher cumulative 5-year event
rates (Figure 2B) (log-rank chi-square test 63.7;
p < 0.001; Harrell’s c = 0.59). With increasing extent
of cardiac involvement (beyond the aortic valve),
from LV, to LA or mitral valve, to pulmonary vascu-
lature or tricuspid valve to RV, there was a significant
increase in the risk of either all-cause mortality or
combined endpoint (all-cause mortality, rehospitali-
zation for stroke, heart failure and myocardial
infarction, or unstable angina) compared with pa-
tients with no extra-aortic cardiac involvement
(p < 0.01 for all vs. Group 0, respectively).

To examine the outcomes of moderate AS patients
on medical therapy, the Kaplan-Meier analysis was
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performed and censored at the time of AVR. Similar to
previous observation, patients had significantly
higher 5-year cumulative event rates for both all-
cause mortality (Figure 3A) (log-rank chi-square test
87.2; p < 0.001; Harrell’s ¢ = 0.62) and combined
endpoint (Figure 3B) (log-rank chi-square test 77.3;
p < 0.001; Harrell’s c = 0.61) with increasing extent of
extra-aortic cardiac involvement, in terms of catego-
rizing into groups of cardiac abnormalities, detected
on baseline echocardiographic examination.

PROGNOSTIC VALUE OF PROPOSED CLASSIFICATION OF
THE EXTENT OF ASSOCIATED CARDIAC ABNORMALITIES.
The correlates of all-cause mortality and the com-
bined endpoint on univariable and multivariable Cox
regression analyses are shown in Table 5 for the entire
population. On multivariable analysis, age, NYHA
functional class =III, renal function, diabetes, peak
aortic jet velocity, surgical or transcatheter AVR and
the presence of extra-aortic valvular cardiac abnor-
malities remained independently associated with all-
cause mortality. Importantly, when considering the
extent of extra-aortic cardiac involvement as a

categorical variable on multivariable analysis, only
Group 2 (HR: 1.46; 95% CI: 1.02 to 2.08; p = 0.041),
Group 3 (HR: 2.28; 95% CI: 1.49 to 3.47; p < 0.001),
and Group 4 (HR: 2.35; 95% CI: 1.50 to 3.69; p < 0.001)
cardiac abnormalities were independently associated
with all-cause mortality (Harrell’s ¢ = 0.76). For the
combined endpoint, age, male gender, previous
myocardial infarction, chronic obstructive pulmonary
disease, NYHA functional class =III, renal function,
diabetes, peak aortic-jet velocity, and the presence of
extra-aortic valvular cardiac abnormalities were in-
dependent associates of all-cause mortality and hos-
pitalization for stroke, heart failure and myocardial
infarction, or unstable angina on multivariable Cox
regression analyses. Of note, only Group 3 (HR: 1.92;
95% CI: 1.30 to 2.83; p = 0.001), and Grade 4 (HR: 1.91;
95% CI: 1.25 to 2.91; p < 0.001) were independently
associated with combined adverse cardiovascular
events (Harrell’s c = 0.72).

Using multivariable Cox regression analyses for
patients with moderate AS on medical therapy and
censored at the time of surgical or transcatheter AVR,
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FIGURE 3 Survival Analyses Censored at the Time of Aortic Valve Replacement According to the Extent of Extra-Aortic Valvular Cardiac
Abnormalities in Patients With Moderate Aortic Stenosis
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Kaplan-Meier estimates for the cumulative event rates of all-cause mortality (A) and the combined endpoint (B), according to the presence of
the extent of extra-aortic valvular cardiac abnormalities in patients with moderate aortic stenosis censored at the time of aortic valve
replacement.

the presence of extra-aortic valvular cardiac abnor-
malities was also independently associated with all-
cause mortality (Harrell’s c 0.76) and the com-
bined endpoint (Harrell’s c 0.75) (Supplemental
Table 1). Importantly, this effect was mainly caused
by the presence of more extensive cardiac abnor-
malities, with =Group 3 and =Group 2 involvement
associated with all-cause mortality, as well as com-
bined outcome, respectively (Supplemental Table 1).

DISCUSSION

The current study demonstrated that in a real-world
experience of patients with moderate AS, extra-
aortic valvular cardiac abnormalities involving the

Continued on the next page

LV (in Group 1), to the LA or mitral valve (in Group 2),
to the pulmonary vasculature or tricuspid valve (in
Group 3), and to the RV (in Group 4) is common
(Central Illustration). When present in patients with
moderate AS, the extent of extra-aortic valvular car-
diac involvement (by proposed classification
criteria =Group 2) is independently associated with
all-cause mortality, as well as a combined outcome of
all-cause mortality and adverse cardiovascular events
(hospitalization for stroke, heart failure, and
myocardial infarction or unstable angina).

PREVALENCE OF EXTRA-AORTIC VALVULAR CARDIAC
ABNORMALITIES. Aortic stenosis can lead to extra-
aortic valvular cardiac remodeling in the long term,
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caused by chronic pressure overload, with subse-
quent increase in LV filling pressures, associated with
an increase in the incidence of cardiac arrhythmias: in
particular, atrial fibrillation (17-19). In fact, chroni-
cally elevated LA pressure may lead to a rise in pul-
monary artery pressure and, eventually, significant
tricuspid regurgitation and RV dilatation and
dysfunction (20,21). Previous studies have indicated
that these structural changes, when present individ-
ually or in combination in patients with severe AS, are
associated with adverse outcomes (22,23).

The current results show that extra-aortic valvular
cardiac abnormalities are already present (beyond the
aortic-valve dysfunction) in moderate AS, with prev-
alence as high as 87% in our population. Interest-
ingly, the extent of cardiac abnormalities is not so
different from patients with severe AS, with a re-
ported prevalence of 13% to 24% in Group 1, 49% to
51% in Group 2, 7% to 25% in Group 3, and 9% to 12%
in Group 4 in those with symptomatic severe AS, us-
ing similar classification criteria (7,8), This is not

surprising, as in AS (being a progressive valvular
disease), gradual changes in the LV may have
occurred over time as a response to the hemodynamic
stress of an increased LV afterload, even before the
valve lesion becomes severe. In addition, the pres-
ence of comorbidities, such as hypertension, coronary
artery disease, and diabetes (24), which are also
prevalent in patients with AS, may further aggravate
cardiac remodeling. Of note, significantly more
concomitant comorbidities were observed in patients
with more extensive cardiac involvement in the cur-
rent study. Although only one-third of the entire
population experienced symptoms at the time of first
diagnosis of moderate AS, these observations may
explain why there was a higher proportion of symp-
tomatic patients observed with greater extent of
extravalvular cardiac abnormalities.

PROGNOSTIC SIGNIFICANCE OF THE PROPOSED
CLASSIFICATION OF THE EXTENT OF ASSOCIATED
CARDIAC ABNORMALITIES IN MODERATE AS.
Importantly, the mortality increased with increasing
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TABLE 5 Univariable and Multivariable Cox Proportional Hazard Analyses for All-Cause Mortality and Combined Endpoint of All-Cause Mortality and Rehospi-

talization for Stroke, Heart Failure, and Ml

Hazard Ratio (95% CI)

All-cause mortality
Age (per 1-yr increase)
Male gender (yes/no)
Coronary artery disease (yes/no)
Previous myocardial infarction (yes/no)
Chronic obstructive pulmonary disease (yes/no)
Atrial fibrillation (yes/no)
NYHA functional class =1l (yes/no)
eGFR (per 1 ml/min/1.73 m? increase)
Systolic blood pressure (per 1 mm Hg increase)
Hypertension (yes/no)
Diabetes mellitus (yes/no)
Diuretics (yes/no)
Ca-antagonist (yes/no)
Peak aortic jet velocity (per 1 m/s increase)
AVA (per 0.1 cm? increase)
Surgical or transcatheter AVR (yes/no)

Group according to the extent of extra-aortic valvular cardiac abnormalities

Group O vs. Group 1
Group O vs. Group 2
Group O vs. Group 3
Group O vs. Group 4
Combined endpoint
Age (per 1 yr increase)
Male (yes/no)
Coronary artery disease (yes/no)
Previous myocardial infarction (yes/no)
Chronic obstructive pulmonary disease (yes/no)
Atrial fibrillation (yes/no)
NYHA functional class =1l (yes/no)
eGFR (per 1 ml/min/1.73m? increase)
Systolic blood pressure (per 1 mm Hg increase)
Hypertension (yes/no)
Diabetes mellitus (yes/no)
Diuretics (yes/no)
ACE or ARB (yes/no)
Ca-antagonist (yes/no)
Peak aortic jet velocity (per 1 m/s increase)
AVA (per 0.1 cm? increase)
Surgical or transcatheter AVR (yes/no)

Group according to the extent of extra-aortic valvular cardiac abnormalities

Group O vs. Group 1
Group O vs. Group 2
Group O vs. Group 3
Group O vs. Group 4

1.042 (1.034-1.051)
1.090 (0.924-1.285)
1.155 (0.979-1.362)
1.801 (1.481-2.191)
1.467 (1.082-1.991)
1.212 (1.002-1.468)
2.652 (2.148-3.274)
0.978 (0.975-0.980)
0.994 (0.991-0.998)
1.677 (1.340-2.098)
1.645 (1.390-1.946)
1.364 (1.152-1.616)
1.286 (1.089-1.518)
0.534 (0.449-0.635)
0.499 (0.285-0.874)
0.601 (0.472-0.766)

1.777 (1.251-2.525)

2.159 (1.546-3.015)
3.425 (2.336-5.022)
4.464 (2.977-6.692)

1.036 (1.029-1.044)
1.199 (1.024-1.404)
1.312 (1.120-1.537)
1.933 (1.605-2.327)
1.584 (1.189-2.110)
1.305 (1.089-1.563)
2.664 (2.171-3.268)
0.980 (0.978-0.983)
0.994 (0.991-0.998)
1.624 (1.316-2.005)
1.643 (1.398-1.930)
1.333 (1.133-1.568)
1.194 (1.019-1.398)
1.320 (1.126-1.547)
0.560 (0.475-0.660)
0.666 (0.392-1.131)
0.828 (0.663-1.034)

1.549 (1.129-2.126)
1.938 (1.437-2.613)
2.808 (1.975-3.993)

Univariable Analysis Multivariable Analysis
p Value Hazard Ratio (95% CI) p Value
<0.001 1.030 (1.022-1.039) <0.001
0.309 1.183 (0.989-1.415) 0.066
0.088 0.940 (0.784-1.127) 0.504
<0.001 1.121 (0.905-1.389) 0.295
0.014 1.250 (0.906-1.723) 0.174
0.048 0.975 (0.782-1.215) 0.818
<0.001 1.667 (1.329-2.091) <0.001
<0.001 0.981 (0.978-0.984) <0.001
0.004 0.997 (0.993-1.001) 0.109
<0.001 0.838 (0.648-1.085) 0.180
<0.001 1.299 (1.082-1.560) 0.005
<0.001 0.889 (0.738-1.071) 0.217
0.003 0.994 (0.828-1.193) 0.946
<0.001 0.767 (0.637-0.922) 0.005
0.015 0.622 (0.336-1.150) 0.130
<0.001 0.731 (0.565-0.948) 0.018
0.001 1.282 (0.889-1.848) 0.184
<0.001 1.455 (1.016-2.084) 0.041
<0.001 2.278 (1.494-3.473) <0.001
<0.001 2.352 (1.498-3.692) <0.001
<0.001 1.024 (1.016-1.033) <0.001
0.025 1.236 (1.042-1.465) 0.015
0.001 1.059 (0.891-1.258) 0.518
<0.001 1.253 (1.023-1.535) 0.029
0.002 1.419 (1.062-1.898) 0.018
0.004 1.076 (0.873-1.327) 0.492
<0.001 1.718 (1.379-2.140) <0.001
<0.001 0.984 (0.981-0.987) <0.001
0.002 0.996 (0.993-1.000) 0.053
<0.001 0.882 (0.690-1.128) 0.318
<0.001 1.276 (1.073-1.519) 0.006
0.001 0.888 (0.744-1.060) 0.189
0.028 1.012 (0.855-1.198) 0.889
0.001 1.092 (0.917-1.300) 0.321
<0.001 0.792 (0.663-0.945) 0.010
0.133 0.745 (0.420-1.322) 0.314
0.096 0.907 (0.712-1.154) 0.426
0.007 1.160 (0.833-1.614) 0.380
<0.001 1.354 (0.979-1.873) 0.067
<0.001 1.915 (1.296-2.828) 0.001
<0.001 1.907 (1.250-2.908) 0.003

3.494 (2.397-5.093)

AVA = aortic valve area; AVR = aortic valve replacement; Cl = confidence interval; eGFR = estimated glomerular filtration rate; HR = hazard ratio; Ml = myocardial infarction or unstable angina; NYHA = New

York Heart Association).

extent of cardiac abnormalities detected on echocar-
diography in patients with moderate AS in the current
study. Compared with previous studies of unselected
patients with moderate AS, the 5-year mortality rate
was 56% (5), whereas in another study that included

305 patients with moderate AS and LVEF <50%, the
reported 4-year all-cause mortality rate was 36%,
with an up to 48% event rate for combined deaths and
admissions for heart failure (6). Hence, it is a novel
finding that the current proposed classification
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CENTRAL ILLUSTRATION Prevalence and Clinical Outcomes of the Extent of Echocardiographic Signs of
Extra-Aortic Valvular Cardiac Abnormalities in Patients With Moderate Aortic Stenosis

Extra-Aortic Valvular Cardiac Abnormalities

Group 1 Group 2
Involvement No Extra-Valvular Left Ventricular Left Atrial or Mitral Pulmonary or Tricuspid Right Ventricular
Prevalence 131% 26.8% 42.6% 10.6% 6.9%
Echo- LV mass index Left atrial volume Systolic pulmonary arterial TAPSE <16 mm
cardiographic 3 >115 g/m? index >34 ml/m? pressure >60 mm Hg
criteria 2 >95 g/m? Atrial fibrillation Moderate or severe

Moderate or severe
mitral regurgitation

LV ejection fraction <50%
E/e’ ratio >14

Outcomes According to Extent of Cardiac Involvement
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(Top) The prevalence of the presence of the extent of extra-aortic valvular cardiac abnormalities according to the proposed classification based on echocardiography at
the time of moderate aortic stenosis. (Bottom) For both all-cause mortality (left) and the combined endpoint of all-cause mortality and rehospitalization for stroke,
heart failure, and myocardial infarction or unstable angina (right), the greater extent of cardiac involvement showed significantly higher cumulative 5-year event rates.

algorithm incorporating the extent of concomitant
cardiac abnormalities is able to identify those at
higher risk of all-cause mortality or adverse cardiac
outcomes, even in nonsevere AS. For example, a 1.5-
fold increase in risk of all-cause mortality would be
anticipated if concomitant LV abnormalities were
present at the time of moderate AS, compared with
patients with moderate AS alone. On the other hand,
the presence of = moderate tricuspid regurgitation or
pulmonary hypertension or concomitant RV
dysfunction would increase the risk of dying by 2.3-
fold in patients with moderate AS, adjusted for
baseline characteristics including AVR as time-
dependent variable. Interestingly, Tastet et al. (9)
did not observe a significant association between the
presence of extra-aortic valvular cardiac abnormal-
ities and all-cause mortality or cardiovascular death

in a subgroup of 285 patients with asymptomatic
moderate AS. Given that a relatively smaller popula-
tion of moderate AS was included in their study, it
might have accounted for the lack of power to detect
a difference. In contrast, the current study included a
larger population with moderate AS and demon-
strated that the proposed extra-aortic valvular car-
diac involvement classification criteria could identify
patients with worse prognosis in terms of both long-

term all-cause mortality and combined endpoint
(death and rehospitalization for cardiovascular
events).

Interestingly, only a smaller proportion (13%) of
patients in advanced Group 4 of cardiac abnormalities
underwent AVR compared with less extensive cardiac
involvement (>30% in Groups 0 to 2 and 22% in Group
3), despite being more symptomatic at baseline. This
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is presumably related to late or nonreferral for AVR
because of perceived high risk for valve surgery
because of multiple comorbidities. Alternatively, pa-
tients could have died before AVR or AS might not
have been considered as severe enough to warrant
AVR when the aortic valve area was >1.0 cm®. This
was supported by the observation that there was
higher use of diuretics, beta blockers, and angiotensin
converting enzyme inhibitors and shorter survival in
this group of patients. Recently, Gomez-Doblas et al.
(25) observed that the presence of significant mitral
regurgitation was independently associated with the
decision to treat conservatively in patients with se-
vere AS.

Current guidelines recommend monitoring pa-
tients with moderate AS every 1 to 2 years, based on
expert consensus, because of the lack of large-scale
observational studies to determine the frequency of
monitoring and its impact on long-term outcomes
(10). In the current study, the time to event, in terms
of all-cause mortality or combined endpoint, was
significantly shorter in patients with more extensive
concomitant cardiac abnormalities detected on
echocardiography. This study highlights the impor-
tance of assessment of the global hemodynamic
impact caused by valvular AS and other comorbidities
and provides a better risk-stratification tool for pa-
tients with moderate AS. It is unclear, at this point, if
early intervention for patients with Group 2 to 4
would have improved survival, and this awaits eval-
uation in future prospective studies.

STUDY LIMITATIONS. The limitations are related to
the retrospective, observational design of the study.
However, all the patients who met the echocardio-
graphic definition of moderate AS were included,
representing patient data from daily clinical practice.
Referral bias and selection for AVR may be present,
although these are screened by the multidisciplinary
heart team in the respective centers, as per guidelines
recommendation (26,27). In addition, the analysis of
additional comorbidity index, imaging data, and
biomarkers is limited in the current study because of
its retrospective nature. However, these parameters
could be useful for future prospective study in the
prognostic and prediction model in patients with
moderate AS. Finally, classification of the extent of
extra-aortic valvular cardiac abnormalities by
grouping may not necessarily represent increasing
levels of severity in a linear manner and that abnor-
malities can also occur in combination. A more so-
phisticated statistical technique, such as the latent
class analysis, could potentially be explored in the
future.

JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 9, 2021
SEPTEMBER 2021:1724-1737

CONCLUSIONS

In this large multicenter study of patients with mod-
erate AS, addition of classification scheme, based on
the extent of extra-aortic valvular cardiac involve-
ment, could help to identify the patients at risk for all-
cause mortality and the combined outcome of
all-cause mortality and adverse cardiovascular events
(hospitalization for stroke, heart failure, and myocar-
dial infarction or unstable angina). Risk stratification
using this approach may help to identify those patients
with moderate AS who are at increased risk of adverse
events and may benefit from close monitoring.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCE-
DURAL SKILLS: Extra-aortic valvular cardiac ab-
normalities, as assessed by echocardiography, in
patients with moderate aortic stenosis is associated
with increased risk of all-cause mortality as well as
combined adverse cardiovascular events.

TRANSLATIONAL OUTLOOK: Prospective studies
are required to determine the prognostic value of
incorporating this imaging classification scheme in
patients with moderate aortic stenosis and to develop
early therapeutic interventions to improve survival
and outcome.
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