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Electrocardiographic Pattern of Left Ventricular Hypertrophy with Strain and
Survival in Calcific Aortic Valve Disease
Edgard A. Prihadi, MD, Melissa Leung, MBBS, PhD, E. Mara Vollema, MD, Arnold C. T. Ng, MBBS, PhD,
Nina Ajmone Marsan, MD, PhD, Victoria Delgado, MD, PhD, and Jeroen J. Bax, MD, PhD

Department of Cardiology, Leiden University Medical Centre, Leiden, The Netherlands

ABSTRACT
Background: The prevalence of electrocardiographic (ECG) patterns of left ventricular (LV) hypertrophy and strain in calcific aortic
valve disease has not been extensively evaluated. We sought to evaluate the prevalence of ECG-defined LV hypertrophy and strain in
a large cohort of patients with various grades of calcific aortic valve disease and to correlate these ECG patterns with survival.

Methods: A total of 1,437 patients (mean age 66 ± 14 years, 62.6% men) with calcific aortic valve disease were evaluated.
Demographic, clinical variables and presence of ECG patterns of LV hypertrophy and strain were collected and related to
occurrence of all-cause mortality, correcting for aortic valve replacement during follow-up.

Results: Aortic sclerosis was diagnosed in 29% of patients, mild aortic stenosis (AS) in 13%, moderate AS in 30% and severe AS in
28%. Seventy-six patients showed ECG pattern of LV hypertrophy without strain whereas 227 showed ECG pattern of LV
hypertrophy with strain. Patients with LV hypertrophy with strain pattern showed more frequently severe AS. During a mean
follow-up of 7.2 ± 4.8 years (10,258 patient-years), 545 (37.9%) patients died. Compared to ECG without hypertrophy pattern, ECG
strain pattern was independently associated with all-cause mortality (HR 1.36, 95% CI 1.08–1.72; p = 0.009), whereas LV
hypertrophy pattern on ECG was not (HR 1.38, 95% CI 0.94–2.24; p = 0.094).

Conclusions: The ECG strain pattern reflects an advanced stage of the LV remodeling process in the natural history of calcific
aortic valve disease and is independently associated with worse outcome.
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Introduction

The left ventricular (LV) remodeling process that accompa-
nies aortic stenosis (AS) is characterized by myocyte hyper-
trophy, with increase of the muscle fiber diameter and the
addition in parallel of new myocytes in response to the
increased wall stress and pressure overload. In addition, the
interstitial space increases with deposition of collagen (inter-
stitial fibrosis) and, at a later stage, loss of myocytes and
replacement by fibroblasts (replacement fibrosis).1 Interstitial
and replacement fibrosis may lead to conduction and repolar-
ization abnormalities that can be identified on surface elec-
trocardiogram (ECG). An ECG pattern of LV hypertrophy
and strain, defined by a downsloping convex ST segment with
an inverted asymmetrical T-wave opposite to the QRS axis in
leads V5 and/or V6,2 has been shown to correlate with myo-
cardial fibrosis3 and is associated with increased cardiovascu-
lar morbidity and mortality in AS.3–7 Although its prognostic
value has been well established, there is currently limited data
on the prevalence of the ECG strain pattern in increasing AS
severity and its relationship with LV remodeling and prog-
nosis. The present study aimed at investigating the prevalence
and prognostic value of ECG strain pattern in a large registry

of patients with various grades of calcific aortic valve disease
and its echocardiographic correlates.

Materials and methods

Patients

From the departmental echocardiographic database of the
Leiden University Medical Center (Leiden, The
Netherlands), patients with native calcific aortic valve dis-
ease were identified. Patients with prosthetic aortic valves,
subvalvular or supravalvular AS, dynamic subaortic obstruc-
tion, moderate or severe coexisting aortic or mitral regurgi-
tation, any grade of mitral stenosis and active endocarditis
and pacemaker rhythm were excluded.

Clinical history, physical examination, transthoracic
echocardiography and resting 12-lead ECG were evaluated
at the time of first diagnosis of AS. Particularly, the pre-
sence of ECG signs of LV hypertrophy with and without
strain pattern was recorded. Baseline clinical variables
included cardiovascular risk factors, total cholesterol levels,
hemoglobin level and glomerular filtration rate calculated
by the Modification of Diet in Renal Disease formula.8 The
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occurrence of transcatheter or surgical aortic valve replace-
ment and all-cause mortality after the index ECG were
recorded.

Data were collected at the departmental Cardiology
Information System (EPD-Vision®; Leiden University
Medical Centre, Leiden, the Netherlands) and subsequently
analyzed retrospectively. The institutional review board of the
Leiden University Medical Centre approved this retrospective
analysis of clinically acquired data and waived the need for
patient written informed consent.

Electrocardiography

Resting 12-lead ECG performed within a 12-month timeframe
prior to or after the date of the echocardiography diagnosing
aortic calcific valve disease were analyzed. ECG was calibrated
at 0.1 mV/mm with a paper speed of 25 mm/s. Sinus rhythm
and atrial fibrillation were defined according to current
guidelines.9 In the lead with the greatest QRS width, QRS
duration was measured in milliseconds (ms). According to
current recommendations, LV hypertrophy pattern was
defined as Sokolow-Lyon voltage (sum of SV1 and RV5/V6) ≥
35 mV.2 In patients with LV hypertrophy on ECG, the pre-
sence of ECG strain pattern was evaluated. ECG strain pattern
was defined as any downsloping convex ST segment with an
inverted asymmetrical T-wave opposite to the QRS axis in
leads V5 and/or V6 (Figure 1).2 The patient population was
divided according to the presence of ECG-defined LV hyper-
trophy and strain pattern: patients without LV hypertrophy,
patients with LV hypertrophy but without strain pattern and
patients with LV hypertrophy with strain pattern.

Echocardiography

Commercially available ultrasound systems (Vivid 7 and E9
systems; GE-Vingmed, Horten, Norway) were used to per-
form transthoracic echocardiography in all patients at rest.
Data were stored digitally and analyzed offline (EchoPAC
version 113.0.3; GE-Vingmed, Horten, Norway). Two-
dimensional (2D), colour, pulsed, and continuous-wave
Doppler data were acquired from parasternal, apical, sub-
costal and suprasternal views according to current

recommendations.10 LV end-diastolic and end-systolic
volumes were calculated using the Simpson’s biplane method
of discs and the LV ejection fraction (EF) was calculated and
expressed as a percentage.11 The LV mass was calculated
from the 2D LV linear measurements obtained on the para-
sternal LV long-axis view using the formula as
recommended.11 From the apical LV long-axis or 5-chamber
views, continuous wave Doppler spectral recordings of the
aortic jet were obtained and the mean pressure gradient was
estimated with the modified Bernoulli equation. On a
zoomed parasternal long-axis view, 5 mm below the aortic
annulus, the LV outflow tract diameter was measured and
the cross-sectional area was derived. The velocity time inte-
gral was measured on spectral pulsed wave Doppler record-
ings on the aforementioned location of the LV outflow tract
obtained from the apical LV long-axis or 5-chamber views.
The continuity equation was used to calculate the aortic
valve area. LV end-diastolic and end-systolic volumes and
LV mass were indexed to body surface area.

Follow-up

Patients were followed-up for the occurrence of all-cause
mortality. Survival data, collected from the departmental car-
diology information system or the Social Security Death
Index, were complete for all subjects. In addition, the occur-
rence and timing of aortic valve replacement was noted.

Statistical analysis

After testing for Gaussian distribution, all continuous vari-
ables were presented as mean ± standard deviation. Non-
Gaussian distributed continuous variables were presented as
median and interquartile range. Comparisons of continuous
variables across patient groups were performed using the
one-way ANOVA-test, with post-hoc Bonferroni analysis
when appropriate. All categorical variables were presented
as percentages and frequencies and compared with the χ2

test. To test intra-observer variability in the interpretation
of the different ECG patterns, 45 studies (15 of each cate-
gory) were randomly selected and a repeated analysis was
performed by observer A (EAP) at two different time

LVH pattern
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Figure 1. Graphical representation of LV hypertrophy and strain patterns on ECG. LV hypertrophy pattern was defined according to the Sokolow-Lyon voltage criteria,
with the sum of the S wave depth in V1 (orange arrow) and tallest R wave height in V5 or V6 (red arrow) being higher than 35 mm. LV hypertrophy with strain
pattern was defined as ST depression (green arrow) and asymmetrical T wave inversion (purple arrow) in the lateral leads (V5 and V6). ECG, electrocardiogram; LVH,
left ventricular hypertrophy; LVHS, left ventricular hypertrophy with strain.
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points. Observer B (EMV) interpreted the ECGs at one time
point and these were compared with the interpretation of
observer A to test the inter-observer variability. Intra- and
inter-observer agreements were calculated using intraclass
correlation coefficients (ICCs), with excellent agreement
defined as ICC >0.75 and strong agreement defined as
ICC = 0.60 to 0.74.

The cumulative event rates for the clinical endpoint of all-
cause mortality were estimated with the Kaplan–Meier curves
and the log-rank test was used to compare the groups. To inves-
tigate the independent association between ECG-defined LV
hypertrophy and strain pattern with all-cause mortality, multi-
variate Cox proportional hazards regression analysis was per-
formed. Clinical and echocardiographic parameters known to
influence mortality in patients with AS were chosen on a-priori
manner, based on analyses of previous studies.3,12,13 A tolerance
level of >0.5 was set to avoid multicollinearity between the uni-
variate determinants. Subsequent surgical or transcatheter aortic
valve replacement was included in the model as a time-dependent
covariate. Hazard ratios (HR) and 95% confidence intervals (CI)
were calculated. The incremental value of ECG pattern over
clinical and echocardiographic parameters was assessed with the
change in χ2 and the calculation of the net reclassification index
and the integrated discrimination improvement (Supplemental
material). A two-tailed p-value of <0.05 was considered signifi-
cant. All statistical analyses were performed using SPSS for
Windows version 23 (SPSS Inc; IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics

Figure 2 presents the flowchart to select the final patient
population. A total of 1,437 patients with calcific aortic valve
disease, divided according to the presence of LV hypertrophy
and strain pattern on surface ECG, were included. The mean

age at first calcific aortic valve disease diagnosis was
66 ± 14 years, and 62.6% were men. The distribution of
patients according to the calcific aortic valve disease severity
was as follows: 425 (29%) had aortic sclerosis, 182 (13%) mild
AS, 432 (30%) moderate AS and 398 (28%) severe AS. The
majority of patients did not present LV hypertrophy on the
ECG (n = 1,084, 75.4%) whereas 76 (5.3%) presented LV
hypertrophy without strain pattern and 277 (19.3%) showed
LV hypertrophy with strain pattern. Intra- and inter-observer
variability of the different ECG patterns showed excellent
agreement (intra-observer kappa = 0.933; inter-observer
kappa = 0.867).

Patient characteristics according to LV hypertrophy and
strain pattern on ECG

Table 1 shows the differences in patient characteristics accord-
ing to the presence of the different patterns on surface ECG (no
LV hypertrophy, LV hypertrophy without strain, LV hypertro-
phy with strain). Patients with LV hypertrophy and strain
pattern were significantly older and used statins, diuretics,
and antiplatelet therapy more frequently as compared with
the other two groups of patients. In addition, these patients
had significantly larger LV volumes and LV mass index and
lower LVEF as compared with the other two groups. Compared
to patients without LV hypertrophy, patients with LV hyper-
trophy (with and without strain pattern) showed significantly
greater transvalvular aortic peak velocities and gradients and
smaller aortic valve area. As shown in Figure 3, severe AS was
more frequently observed among patients with LV hypertrophy
and strain patterns on the ECG.

Prognostic impact of LV hypertrophy and strain pattern
on ECG

During a mean follow-up of 7.2 ± 4.8 years (10,258 patient-
years), 708 (49.3%) patients underwent aortic valve replace-
ment and 545 (37.9%) died. Figure 4 shows that the cumula-
tive event-free survival was significantly different across the
three groups (log rank 23.03; p < 0.001). Patients with LV
hypertrophy with strain pattern on ECG had significantly
worse survival compared with the other two groups (no
LVH vs. LVHS pattern, p < 0.001; LVH vs. LVHS pattern,
p = 0.034), whereas there was no difference in survival
between no LVH and LVH pattern (p = 0.775).

As shown in Table 2, significant univariate associates of all-
cause mortality were age, aortic valve area, LVEF, LV mass
index and subsequent aortic valve replacement and were
included in a multivariate Cox proportional hazards model.
Subsequent aortic valve replacement was included as a time-
dependent co-variate. LV hypertrophy pattern on ECG was not
significantly associated with all-cause mortality (HR 1.38, 95%
CI 0.94–2.24; p = 0.094) whereas the combination of LV hyper-
trophy with strain pattern on ECG was independently asso-
ciated with the outcome (HR 1.36, 95% CI 1.08–1.72; p = 0.009).

Figure 5 shows that the addition of LV hypertrophy with and
without strain pattern on ECG to the baseline model resulted in
a significant increment of the χ2 of the model suggesting that
these ECG patterns have incremental prognostic value (baseline

1490 patients

Missing ECG (n=118)

1658 patients with calcific aortic valve disease

ECG outside 12-month

time window (n=77)

100% ventricular

pacing (n=53)

1437 patients

No LVH pattern

(n=1084)

LVH pattern

(n=76)

LVHS pattern

(n=277)

Figure 2. Flowchart of inclusion of calcific aortic valve disease patients, according to
the presence of LV hypertrophy and strain pattern on ECG. ECG, electrocardiogram;
LVH, left ventricular hypertrophy; LVHS, left ventricular hypertrophy with strain.
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model χ2 = 208.1; baseline + ECG-parameters model χ2 = 215.2,
p = 0.025). An ECG pattern of LV hypertrophy and strain had
slight incremental prognostic value over clinical and echocar-
diographic variables when applying net reclassification index
(0.107) and integrated discrimination improvement index
(0.005) (see Supplemental material).

Discussion

The presence of LV hypertrophy with strain pattern on ECG is
frequent in an unselected large group of patients with various
grades of calcific aortic valve disease. Its prevalence is particu-
larly high in the group of patients with severe AS. Patients

exhibiting the ECG strain pattern demonstrated larger LV
mass and volumes, and lower LVEF, reflecting a more advanced
stage of LV remodeling in response to the pressure overload
caused by the AS. ECG strain pattern, and not ECG hypertrophy
pattern, was independently associated with all-cause mortality in
this large cohort of patients with calcific aortic valve disease.

Prevalence of LV hypertrophy and strain pattern on ECG
in patients with calcific aortic valve disease

Development of LV hypertrophy and strain pattern on ECG
has been linked to an adverse hypertrophic response in AS14

and other models of increased pressure afterload such as

Table 1. Population characteristics according to presence of LV hypertrophy with and without strain pattern.

Variable
No LV hypertrophy

(n = 1,084)
LV hypertrophy without strain

(n = 76)
LV hypertrophy with strain

(n = 277) p-value

Clinical

Age (years) 66.4 ± 13.8‡ 65.0 ± 14.3 68.8 ± 12.1* 0.028

Male gender (%) 61.3 76.3 63.5 0.065

Body mass index (kg/m2) 25.9 ± 5.9‡ 25.3 ± 5.1 24.8 ± 7.1* 0.019

Systolic blood pressure (mmHg) 144 ± 25 153 ± 26 149 ± 30 0.061

Diastolic blood pressure (mmHg) 80 ± 13 85 ± 12 80 ± 15 0.148

Hypertension (%) 52.9 50.0 43.4 0.684

Diabetes mellitus (%) 19.0 15.4 22.2 0.606

Previous myocardial infarction (%) 18.3 10.3 18.4 0.369

NYHA function class (%) 0.230

I/II 81.9 82.1 77.1

III/IV 18.1 17.9 22.9

COPD (%) 11.4 2.6 9.8 0.285

Previous malignancy (%) 12.3 15.0 16.0 0.336

Medication

Antiplatelet/anticoagulant (%) 44.8‡ 23.1 50.6* 0.015

Beta-blockers (%) 40.2 33.3 41.3 0.625

Calcium channel blockers (%) 23.5 20.5 23.1 0.925

Renin-angiotensin-aldosterone inhibitor
(%)

43.8 28.2 47.2 0.101

Statins (%) 43.5‡ 25.6 33.8* 0.009

Diuretics (%) 29.1‡ 20.5 40.0* 0.010

Laboratory

Haemoglobin (g/dL) 13.3 ± 1.9 13.0 ± 2.1 13.0 ± 1.9 0.119

eGFR (mL/min/1.73m2) 71.5 ± 25.8 70.9 ± 27.4 69.0 ± 24.4 0.574

Total cholesterol (mg/dL) 198.7 ± 52.1‡ 192.7 ± 47.3 193.4 ± 45.0* 0.004

Echocardiography

Heart rate (beats/min) 72 ± 14‡ 69 ± 13‡ 76 ± 15 0.002

LV mass index (g/m2) 113.7 ± 32.6‡ 123.6 ± 33.0‡ 138.0 ± 38.3 < 0.001

LV EDVI (mL/m2) 51.1 ± 18.7†, ‡ 56.6 ± 16.6* 62.1 ± 23.8* < 0.001

LV ESVI (mL/m2) 22.6 ± 14.2 24.5 ± 10.1 31.1 ± 20.0* < 0.001

LVEF (%) 57.4 ± 10.5‡ 58.0 ± 7.9‡ 53.0 ± 12.8 < 0.001

Peak aortic valve jet velocity (m/s) 2.8 ± 0.99†, ‡ 3.4 ± 1.2* 3.3 ± 1.1* < 0.001

Mean aortic valve gradient (mmHg) 21.1 ± 15.4†, ‡ 32.7 ± 19.9* 31.2 ± 20.3* < 0.001

AVA (cm2) 1.6 ± 0.69†, ‡ 1.3 ± 0.6* 1.2 ± 0.6* < 0.001

Electrocardiography

QRS duration (ms) 103.4 ± 22.4 97.9 ± 12.4 102.2 ± 16.0 0.069

Atrial fibrillation (%) 7.3 3.9 10.1 0.132

Note. Values are mean ± SD or percentages.
*p-value by ANOVA with Bonferroni-correction (*p < 0.05 versus no LV hypertrophy, †p < 0.05 versus LV hypertrophy, ‡p < 0.05 versus LV hypertrophy with strain).
AVA, aortic valve area; COPD, chronic pulmonary obstructive disease; EDVI, end-diastolic volume index; EF, ejection fraction; eGFR, estimated glomerular filtration
rate; ESVI, end-systolic volume index; LV, left ventricular; NYHA, New York Heart Association; Zva = valvulo-arterial impedance, calculated as (mean aortic pressure
gradient + systolic arterial pressure)/indexed stroke volume).
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hypertension.15,16 The increase in myocyte volume and wall
stress, and their impact on reduced coronary flow reserve
have been linked to the development of the characteristic
repolarization abnormalities.17,18 The increasing prevalence
of the ECG strain pattern in worsening AS severity has been
demonstrated previously by Greve and colleagues in the elec-
trocardiographic sub-study of the Simvastatin and Ezetimibe
in Aortic Stenosis (SEAS) trial.14 Among 1,471 patients with
AS (6% of them with severe AS), the prevalence of ECG strain
pattern was 18.5% in patients with mild AS compared with
39.4% in patients with severe AS (p < 0.001).14 Furthermore,
Shah and co-workers3 have reported a prevalence of ECG
strain pattern of 14% in 140 patients with asymptomatic AS
included in the Scottish Aortic Stenosis and Lipid Lowering
Trial, Impact on Regression (SALTIRE) study.19 However, the
prevalence of ECG strain pattern in the patients with severe
AS (23% of the overall population) was not reported. In the
present study, the prevalence of ECG strain pattern was 19.3%
among the overall population of AS patients. In the subgroup
of patients with severe AS, this prevalence increased up to
31%. The study by Shah and co-workers evaluating the ana-
tomical and functional correlations of ECG strain pattern in

patients with moderate to severe AS showed that the presence
of myocardial fibrosis with late gadolinium contrast-enhanced
cardiac magnetic resonance imaging was almost universal in
patients with ECG strain pattern.3 Therefore, ECG strain
pattern is an indirect sign of an advanced stage of LV remo-
deling process that occurs in the natural history of calcific
aortic valve disease.

Prognostic influence of LV hypertrophy and strain pattern
on ECG in patients with calcific aortic valve disease

The presence of ECG LV hypertrophy and strain pattern in AS
patients has been independently associated with cardiovascular
death.3,5–7 Analysis from the SALTIRE study with 1,254 patient-
years of follow-up, showed the independent prognostic value of
the ECG strain pattern for predicting aortic valve replacement
or cardiovascular death.3 Similarly, Greve and colleagues have
shown the independent association of the ECG strain pattern
with increased risk for sudden cardiac death, myocardial infarc-
tion, and heart failure.5 Recently, in 390 patients with significant
AS referred for isolated surgical aortic valve replacement,
Guinot and co-workers showed the independent association

Figure 3. Distribution of various AS categories according to the different ECG patterns of left ventricular hypertrophy and strain. AS, aortic stenosis; ECG,
electrocardiogram; LVH, left ventricular hypertrophy; LVHS, left ventricular hypertrophy with ECG strain.

Figure 4. Kaplan–Meier survival curve in AS patients divided according to presence of LV hypertrophy and strain pattern on ECG. AS, aortic stenosis; ECG,
electrocardiogram; LVH, left ventricular hypertrophy; LVHS, left ventricular hypertrophy with strain.

244 E. A. PRIHADI ET AL.: ECG STRAIN IN CALCIFIC AORTIC VALVE DISEASE VS. PROGNOSIS STRUCTURAL HEART



between the ECG strain pattern and long-term mortality.20 Our
study expands the evidence on the association between ECG
strain pattern and worse outcome by including a large popula-
tion with a broad spectrum of calcific aortic valve disease, with
the longest follow-up to date (10,258 patient-years). The mor-
tality rate reported in our cohort (37.9%) probably relates to this
long follow-up, as a large number of patients eventually pro-
gressed to a more severe grade of AS during follow-up, leading
to worse outcome. Independently of established markers of
worse prognosis in AS and the occurrence of surgical or trans-
catheter valve replacement during follow-up, the presence of the

ECG strain pattern provided incremental prognostic value.
These findings are important in a watchful waiting strategy.
For example, the ongoing EVOLVED randomized clinical trial
(NCT03094143), comparing the clinical outcomes of patients
with asymptomatic severe AS and midwall fibrosis on cardio-
vascular magnetic resonance managed with aortic valve replace-
ment versus standard of care, includes ECG strain as a marker
for LV decompensation.

Study limitations

The present retrospective evaluation has some limitations. The
retrospective design of the present study and sole inclusion of
patients referred to a tertiary centre may be a potential selection
bias. All-cause mortality was chosen as the primary endpoint
since specific causes of death were not uniformly available.

Conclusions

In patients with calcific aortic valve disease, the presence of
ECG strain pattern reflects a more advanced stage in the LV
remodeling process and has a detrimental effect on clinical
outcomes. In a watchful waiting strategy of patients with AS,
ECG analysis may be an important tool for risk stratification.
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Figure 5. Incremental prognostic value of ECG pattern of LV hypertrophy and
strain in patients with aortic stenosis. The bar-graph illustrates the change in
global χ2 value by the addition of LV hypertrophy with and without strain
pattern on ECG to a baseline model including clinical and echocardiographic
variables and the timing and occurrence of aortic valve replacement. ECG,
electrocardiogram; LV, left ventricular.

Table 2. Univariate and multivariate models of clinical, echocardiographic and electrocardiographic parameters.

Univariate Multivariate Model 1 Multivariate Model 2

Variable HR 95% CI p-value HR 95% CI p value HR 95% CI p-value

Age (years) 1.06 1.05–1.07 <0.001 1.06 1.05–1.07 <0.001 1.06 1.05–1.07 <0.001

Body mass index (kg/m2) 0.98 0.97–0.99 0.022 – – – – – –

Previous myocardial infarction 1.82 1.44–2.31 <0.001 – – – – – –

Coronary artery disease 1.46 1.13–1.89 0.004 – – – – – –

Symptoms at baseline 1.25 0.99–1.57 0.056 – – – – – –

Male gender 1.08 0.91–1.28 0.403 – – – – – –

Diabetes 1.44 1.14–1.84 0.003 – – – – – –

LVEF (%) 0.98 0.97–0.99 <0.001 0.99 0.98–0.99 0.010 0.99 0.98–0.99 0.010

Hypertension 1.33 1.10–1.64 0.007 – – – – – –

AVRa 0.81 0.68–0.98 0.030 0.62 0.48–0.78 <0.001 0.60 0.47–0.77 <0.001

Atrial fibrillation 1.46 1.13–1.90 0.004 – – – – – –

Peak aortic valve velocity (m/sec) 0.98 0.91–1.07 0.667 – – – – – –

Mean aortic valve gradient (mmHg) 1.00 0.99–1.00 0.525 – – – – – –

AVA (cm2) 0.75 0.65–0.87 <0.001 0.81 0.68–0.96 0.016 0.83 0.70–0.99 0.041

LV Mass Index (g/m2) 1.01 1.01–1.01 <0.001 1.01 1.00–1.01 0.004 1.01 1.00–1.01 0.033

LV hypertrophy patterns on ECG – – – – – – 0.022

LV hypertrophy without strain vs. no LV hypertrophy – – – – – – 1.38 0.94–2.24 0.094

LV hypertrophy with strain vs. no LV hypertrophy – – – – – – 1.36 1.08–1.72 0.009

LV hypertrophy with strain vs. LV hypertrophy – – – – – – 1.01 0.62–1.65 0.967

Note. aAVR is entered as a time-dependent covariate.
AVA, aortic valve area; AVR, aortic valve replacement; CI, confidence interval; HR, hazard ratio; LV, left ventricular; LVEF, left ventricular ejection fraction; Zva = (mean
aortic pressure gradient + systolic arterial pressure)/indexed stroke volume).
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