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Background-—QT interval has been shown to be associated with cardiovascular events. There is no data regarding the association
between QT interval and left ventricular (LV) function and prognosis in patients with low LV ejection fraction (LVEF), low-flow,
low-gradient aortic stenosis (LF-LG AS). We aimed to examine the relationship between corrected QT interval (QTc) and LV function
and outcome in these patients.

Methods and Results-—Ninety-three patients (73�10 years; 74% men) with LF-LG AS (mean gradient <40 mm Hg and indexed
aortic valve area ≤0.6 cm2/m2) and reduced LVEF (≤40%) were prospectively included in this analysis and 63 of them underwent
aortic valve replacement within 3 months following inclusion. Prolonged QTc was defined as QTc >450 ms in men and >470 ms in
women. LV global longitudinal strain was measured by speckle tracking and expressed in absolute value |%|. QTc correlated with the
following: global longitudinal strain (r=�0.40, P=0.005), LVEF (r=�0.27, P=0.02), stroke volume (r=�0.35, P=0.007), and B-type
natriuretic peptide (r=0.45, P=0.0006). During a median follow-up of 2.0 years, 49 patients died. Prolonged QTc was associated
with a 2-fold increase in all-cause mortality (hazard ratio=2.05; P=0.01) and cardiovascular mortality (hazard ratio=1.89; P=0.04).
In multivariable analysis adjusted for EuroSCORE, aortic valve replacement, previous myocardial infarction, LVEF, and ß-blocker
medication, prolonged QTc was independently associated with all-cause mortality (hazard ratio=2.56; P=0.008) and cardiovascular
mortality (hazard ratio=2.50; P=0.02).

Conclusions-—In patients with LF-LG AS and reduced LVEF, longer QTc interval was associated with worse LV function and
increased risk of death. Assessment of QTc may provide a simple and inexpensive tool to enhance risk stratification in LF-LG AS
patients.

Clinical Trial Registration-—URL: https://www.clinicaltrials.gov. Unique identifier: NCT 01835028. ( J Am Heart Assoc. 2016;5:
e003980 doi: 10.1161/JAHA.116.003980)
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P atients with low-flow, low-gradient aortic stenosis (LF-LG
AS) and reduced left ventricular ejection fraction (LVEF)

have a poor prognosis with conservative therapy and a high

operative mortality with aortic valve replacement (AVR).1–7

Risk stratification is essential in these patients to optimize
therapeutic management and improve outcomes. Several
Doppler echocardiographic parameters have been shown to
be helpful for risk stratification and clinical decision mak-
ing.4,8,9 However, few data are available with regard to the
usefulness of electrocardiogram (ECG) risk stratification in
these patients.10,11 Previous studies reported that prolonged
QT interval is associated with incident cardiovascular events
in patients with history or at high risk of coronary artery
disease, as well as in apparently healthy subjects12 even
though the mechanisms underlying this association remain
unclear. We hypothesize that prolonged QT is associated with
a more advanced stage of myocardial fibrosis and dysfunction
and worse outcome. The aims of this study were to examine
(1) the relationship between the QT interval and
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echocardiographic parameters and blood biomarkers of left
ventricular (LV) function and (2) the impact of prolonged QT
interval on mortality in patients with LF-LG AS and low LVEF.

Methods

Study Protocol
For the purpose of this study, we analyzed the data of
patients with LF-LG AS (ie, mean gradient <40 mm Hg,
indexed aortic valve area [AVAi] ≤0.6 cm2/m2) with reduced
LVEF (≤40%) who were prospectively recruited at Quebec
Heart and Lung Institute in the context of the True Or Pseudo-
severe Aortic Stenosis (TOPAS) observational study (Clinical
Trial Registration: https://www.clinicaltrials.gov. Unique
identifier: NCT 01835028). Patients were excluded if they
presented the following criteria: (1) >mild aortic regurgitation,
(2) >mild organic mitral regurgitation, (3) >mild mitral
stenosis, and (4) atrial fibrillation/flutter. The study was
approved by the Ethics Committee of the Quebec Heart and
Lung Institute, and a written informed consent was obtained
according to institutional review board approval for the
prospective study.

Clinical Data
Clinical data included age, sex, height, weight, body surface
area, systolic and diastolic blood pressure, New York Heart
Association (NYHA) functional class, documented diagnosis of
traditional cardiovascular risk factors and comorbidities such
as hypertension, diabetes mellitus, dyslipidemia, smoking, and
chronic obstructive pulmonary disease, coronary artery
disease (history of myocardial infarction or ≥50% coronary
artery stenosis on coronary angiography), and logistic
EuroSCORE. Medication was recorded at the time of
echocardiography.

Electrocardiogram
At the time of the baseline echocardiography examination, a
standard 12-lead ECG was obtained with a 10 mm/mV
calibration and a speed of 25 mm/s. The QRS interval was
measured from the onset of the Q wave, or R wave if no Q
wave was visible, to the J point. The diagnosis of intraven-
tricular conduction abnormalities was based on recommen-
dations from the American Heart Association/American
College of Cardiology Foundation/Heart Rhythm Society for
the standardization and interpretation of ECGs.13 The QT
interval was measured from the onset of the QRS to the end
of the T wave.14 The QT interval was corrected for rate using
the Bazett formula15 and prolonged QT interval was defined as
QTc >450 ms in men and >470 ms in women.14 In patients

with ventricular paced rhythm, 50 ms was subtracted from
the corrected QTc.

16

Doppler-Echocardiography
All patients underwent a comprehensive transthoracic Doppler-
echocardiographic examination using a commercially available
ultrasound system (Vivid 7, GE Healthcare or IE33, Philips). All
Doppler echocardiographic examinations were performed at
rest and at dobutamine stress as previously described.7,9 The
dobutamine infusion protocol consisted of 8-minute increments
of 2.5 to 5 lg/kg per minute up to a maximum dosage of
20 lg/kg per minute. A minimum of 3 consecutive cycles were
recorded. Continuous-wave Doppler of the aortic valve velocity
spectrum, as well as pulsed-wave Doppler of the LV outflow
tract velocity spectrum, were recorded at rest and at each step
of the dobutamine protocol. LVEF was measured by the biplane
Simpson method. Stroke volume (SV) was measured in the LV
outflow tract and was indexed to body surface area (SVi). AS
severity was assessed using the projected AVA at a normal
transvalvular flow rate (AVAproj) and was calculated with the
simplified method9,17: AVAProj=AVArest+(ΔAVA/ΔQ)9
(250�Qrest), where Q is mean transvalvular flow rate. AVARest
and QRest are the AVA and Q at rest and DAVA and DQ are the
absolute increases in AVA and Q during dobutamine stress.

LV global longitudinal strain (GLS) was measured by
speckle-tracking with dedicated commercial software (2D
Cardiac Performance Analysis; TomTec Imaging Systems,
Munich, Germany) as previously reported.18 GLS data were
expressed in absolute value (|%|). GLS was defined as the
average of longitudinal strain of the 2-chamber, 3-chamber,
and 4-chamber apical views.

Blood Biomarkers
Venous blood samples were drawn at baseline visit from an
antecubital vein into EDTA Vacutainer test tubes. Samples
were placed immediately on ice and plasma separation was
performed at �4°C. Plasma samples were frozen at �80°C
until assay. B-type natriuretic peptide (BNP) assay was
performed on Architect platform (Abbott Diagnostics) and
high-sensitivity troponin T immunoassay was performed on
Modular Analytics E170 (Roche Diagnostics).

Statistical Analysis
Continuous data were expressed as mean� SD and were
tested for the normality of distribution with the Shapiro–Wilk
test. BNP and high-sensitivity troponin T level were not
normally distributed and the natural logarithm transformation
was applied for normalization. Categorical data were
expressed as number and percentage. Patients with
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Table 1. Baseline Clinical and Doppler-Echocardiographic Characteristics of the Study Population According to the QTc Interval

Whole Cohort
(n=93)

Normal QTc
(n=56)

Prolonged QTc
(n=37) P Value

Demographics and physical exam

Age, y 73.3�9.9 72.3�10.8 74.8�8.4 0.24

Male sex, n (%) 69 (74) 41 (73) 28 (75) 0.80

Body mass index, kg/m2 27.2�5.7 27.6�5.0 26.6�6.6 0.39

Body surface area, m2 1.82�0.23 1.83�0.23 1.80�0.23 0.59

Heart rate, bpm 71�14 69�15 74�12 0.12

Systolic blood pressure, mm Hg 123�17 123�17 123�18 0.94

Diastolic blood pressure, mm Hg 71�11 69�11 72�11 0.19

NYHA functional class ≥III, n (%) 49 (53) 28 (50) 21 (57) 0.50

Risk factors and concomitant diseases

Hypertension, n (%) 60 (65) 39 (70) 21 (57) 0.18

Diabetes mellitus, n (%) 22 (24) 13 (23) 9 (24) 0.90

Dyslipidemia, n (%) 72 (77) 45 (80) 27 (73) 0.40

Smoking, n (%) 60 (65) 37 (66) 23 (62) 0.93

Coronary artery disease, n (%) 78 (84) 49 (88) 29 (78) 0.15

Coronary artery bypass graft, n (%) 30 (32) 20 (36) 10 (27) 0.38

Previous myocardial infarction, n (%) 53 (57) 37 (66) 16 (43) 0.04

COPD, n (%) 64 (69) 37 (66) 27 (73) 0.48

Renal failure, n (%) 25 (27) 12 (21) 13 (35) 0.14

History of atrial arrhythmia, n (%) 44 (47) 27 (48) 17 (46) 0.83

Logistic EuroSCORE, % 18.2�11.2 17.9�12.2 18.5�9.6 0.80

Medication

b-Blockers, n (%) 55 (59) 38 (68) 17 (43) 0.02

ACEI/ARB, n (%) 51 (55) 33 (59) 18 (49) 0.30

Diuretics, n (%) 67 (72) 42 (75) 25 (68) 0.50

Statins, n (%) 68 (73) 45 (80) 23 (62) 0.07

Amiodarone, n (%) 21 (23) 12 (21) 9 (24) 0.67

Type of treatment

AVR, n (%) 63 (68) 38 (68) 25 (68) 1.0

Surgical AVR, n (%)* 45 (48) 27 (48) 18 (48) 1.0

Concomitant CABG, n (%)† 26 (58) 15 (56) 11 (61) 0.71

Electrocardiogram

Heart rate, bpm 73�13 71�13 77�13 0.02

QRS, ms 122�34 111�29 137�40 0.0006

LBBB, n (%) 20 (21) 7 (13) 13 (35) 0.01

RBBB, n (%) 9 (10) 6 (11) 3 (8) 1.0

QT interval, ms 406�48 385�50 438�45 <0.0001

QTc, ms 435�34 405�39 480�23 —

Intracardiac device

Pacemaker, n (%) 17 (18) 9 (16) 8 (21) 0.50

Defibrillator, n (%) 0 0 0 —

CRT, n (%) 0 0 0 —

Continued
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prolonged QTc interval and with normal QTc interval were
compared with the t test for continuous variables and with the
v2 test or Fisher’s exact test for categorical variables as
appropriate. Correlations between continuous variables were
determined using Pearson’s product-moment correlations.
Kaplan–Meier curves and log-rank test of the time-to-event
data were used to compare the effect of prolonged versus
normal QTc interval on mortality. The association between
clinical variables, echocardiographic variables, QTc, and
mortality was assessed with the use of Cox proportional
hazard analyses. Variables with a P<0.10 in univariable
analysis and those with clinical relevance regardless of their
level of significance (ie, age and type of treatment) were
entered into the multivariable model. Further adjustment for
echocardiographic parameters of LV systolic function (ie,
LVEF, stroke volume index) was performed. A P<0.05 was
considered statistically significant. The P values were from
two-sided test. Statistical analysis was performed using JMP
12 (SAS, Cary, NC).

Results

Patient Characteristics
Patient characteristics are shown in Table 1. Among the 93
patients included in this study (mean age: 73�10 years; 74%,

n=69 males), 49 (53%) were in NYHA functional class≥ III.
Baseline AVA was 0.83�0.24 cm², mean gradient:
23�9 mm Hg, AVAproj: 1.09�0.22 cm2, LVEF: 31�9%, and
rest GLS: |10.1|�|3.1|%. Sixty-three patients (68%) underwent
AVR within 3 months of enrollment and the remaining
patients (n=30, 32%) were treated conservatively. Forty-five
patients underwent surgical AVR (26 with concomitant
coronary artery bypass graft surgery) and 18 underwent
transcatheter AVR. The therapeutic decision (AVR or conser-
vative management) was left to the discretion of the treating
physicians.

Patients’ Characteristics According to QTc
Interval
We divided the cohort into 2 groups according to a previously
published cut point value of abnormally prolonged QTc
interval.14 Patients with prolonged QTc had similar demo-
graphics and clinical data compared to those with normal QTc,
except for a history of myocardial infarction and use of
ß-blocker medication that were significantly more frequent in
patients with normal QTc (P=0.04 and 0.02, respectively;
Table 1). Regarding Doppler-echocardiographic data, patients
with prolonged QTc had smaller SVi (27�6 versus 30�6 mL/
m2; P=0.03) and lower GLS (|9.0|�3.0% versus |10.8|�3.2%;
P=0.05) compared to those with normal QTc. The baseline

Table 1. Continued

Whole Cohort
(n=93)

Normal QTc
(n=56)

Prolonged QTc
(n=37) P Value

Doppler-echocardiographic data

Dimensions and systolic function

LV end-diastolic diameter, mm 57�8 57�8 57�8 1.0

LV end-systolic diameter, mm 46�9 45�9 48�9 0.17

LV stroke volume, mL 54�13 56�13 50�13 0.03

LV stroke volume index, mL/m² 29�6 30�6 27�6 0.03

LV ejection fraction, % 31�9 33�9 28�9 0.03

Global longitudinal strain, |%| (n=50) 10.1�3.1 10.8�3.2 9.0�3.0 0.05

Aortic stenosis severity

Mean gradient, mm Hg 23�9 22�8 24�9 0.18

Mean peak gradient, mm Hg 27�11 26�10 29�11 0.33

Aortic valve area, cm² 0.83�0.24 0.87�0.24 0.76�0.23 0.02

Peak aortic valve area, cm² 1.06�0.24 1.10�0.22 0.99�0.28 0.09

Projected aortic valve area, cm² 1.09�0.22 1.11�0.20 1.05�0.24 0.27

Projected aortic valve area index, cm2/m2 0.60�0.15 0.61�0.14 0.58�0.16 0.55

Values are mean�SD or n (%). ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; AVR, aortic valve replacement; bpm, beats per minute; CABG,
coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; LBBB, left bundle branch block; RBBB, right bundle branch block; LV,
left ventricle; NYHA, New York Heart Association; QTc, corrected QT interval.
*Subset of patients who underwent AVR (n=63).
†Subset of patients who underwent surgical AVR (n=45).
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rest AVA was smaller in patients with prolonged QTc.
However, the AVAproj and indexed AVAproj as well as mean
peak gradient measured during dobutamine stress were
similar, therefore confirming that the AS severity was similar
in both groups (Table 1).

Correlation Between QTc and Parameters of LV
Function and Blood Biomarkers
Table 2 shows the results of the correlations between QTc
and the echocardiographic parameters and blood biomarkers
of LV function. There was a significant and inverse correlation
between QTc and the echocardiographic parameters of LV
systolic function. GLS showed the most significant correlation
with QTc (r=�0.40; P=0.005; Figure 1A) followed by stroke
volume (r=�0.35; P=0.007). Regarding blood biomarkers,
BNP and high-sensitivity troponin T were significantly asso-
ciated with QTc (r=0.45; P=0.0006 and r=0.31; P=0.03,
respectively; Table 2 and Figure 1B). Correlations between
QRS width and parameters of LV function and biomarkers are
shown in Table 3. There was only a modest correlation
between QRS width and QTc duration (r=0.40; P=0.0001).

Association Between QTc and Mortality
During a median follow-up of 2.0 years (interquartile range:
0.6–3.8), 49 (53%) patients died and 25 deaths occurred in
the group of patients treated conservatively. Deaths were
from cardiac cause in 44 (90%) patients. Overall, the 2-year
survival was 75�6% in patients with normal QTc compared to
58�9% in patients with prolonged QTc (P=0.01; Figure 2A).

The results were similar in the subset of patients without left
bundle branch block (n=73) and those with QRS <120 ms
(n=60) (all P<0.05). There was no significant interaction
(P=0.36) between QTc and the type of treatment (AVR versus
conservative). The individual associations between the ECG
variables and all-cause mortality are shown in Table 4.

In multivariable Cox analysis adjusted for type of treatment
(AVR versus conservative), EuroSCORE, previous myocardial
infarction, LVEF, and ß-blocker medication, prolonged QTc was
independently associated with all-cause mortality (hazard
ratio [HR]=2.56; 95% CI: 1.28–5.11; P=0.008; Table 5, Model
#1). Prolonged QTc remained independently associated with
all-cause mortality with adjustment for SVi instead of LVEF
(HR=2.16; 95% CI: 1.11–4.11; P=0.02; Table 5, Model #2).

Table 2. Correlation Between QTc Interval and Parameters of
LV Function and AS Severity

Variable R P Value

Aortic valve area �0.35 0.0005

Peak stress aortic valve area �0.18 0.17

Projected aortic valve area �0.10 0.40

Mean gradient 0.12 0.15

Peak stress mean gradient 0.06 0.64

Global longitudinal strain, |%| (n=50) �0.40 0.005

LV stroke volume �0.35 0.007

LV stroke volume index �0.32 0.002

LV ejection fraction �0.27 0.02

Log BNP (n=55) 0.45 0.0006

Log hsTnT (n=50) 0.31 0.03

AS indicates aortic stenosis; hsTnT, high sensitivity troponin; Log-BNP, logarithmic
transformation of B-type natriuretic peptide; LV, left ventricular.
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Figure 1. Correlation between corrected QT interval and left
ventricular global longitudinal strain and B-type natriuretic
peptide. (A) The correlation between corrected QT interval and
left ventricular global longitudinal strain. (B) The correlation
between corrected QT interval and B-type natriuretic peptide. The
solid line represents the regression line; QTc, corrected QT
interval; GLS, global left ventricular longitudinal strain; BNP,
B-type natriuretic peptide.
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The results were similar after adjustment for presence of left
bundle branch block (HR=2.45; 95% CI: 1.25–4.77; P=0.009;
Table 5, Model #3) or QRS duration (HR=2.59, 95% CI: 1.12–
5.78; P=0.02; Table 5, Model #4). Presence of pacemaker
was not associated with mortality in univariable (P=0.71) or
multivariable analysis (P=0.29). Amiodarone medication may
influence QTc. However, amiodarone was not associated with
increased or decreased risk of mortality (P=0.80) and after
adjustment for this medication, QTc remained associated with
mortality (HR=2.29, 95% CI: 1.21–4.37; P=0.01).

Functional capacity, projected AVA, and LVEF at peak
dobutamine stress have been shown to be associated with
increased risk of mortality in patients with LF-LG AS.4

Prolonged QTc remained associated with mortality when
adding NHYA functional class (HR=2.62; 95% CI: 1.34–5.09;
P=0.005), projected AVA (HR=4.55; 95% CI: 1.90–10.86;
P=0.0007), or peak stress LVEF (HR=3.00; 95% CI: 1.15–7.80;
P=0.02) to the variables included in Model #1. Results were
similar after adjustment for renal failure (HR=2.45, 95% CI:
1.26–4.74; P=0.007).

Prolonged QTc was also associated with cardiovascular
mortality (Figure 2B) in univariable analysis (HR=1.89; 95% CI:
1.01–3.47; P=0.04) and in multivariable Cox analysis
(HR=2.50; 95% CI: 1.19–5.19; P=0.02) after further adjust-
ment for the same variables as in Model #1 in Table 5.

Discussion
The main findings of the present study are that in patients
with LF-LG AS and low LVEF: (1) QTc is associated with worse
LV systolic function and higher plasma levels of BNP; and (2)

Prolonged QTc is independently associated with 2-fold
increased risk in all-cause and cardiovascular mortality.

Previous studies reported that QRS width was associated
with worse outcomes in patients with AS.11,19 In the present
study, QRS width was not found to be significantly associated
with mortality (P=0.5). Furthermore, QTc remained indepen-
dently associated with mortality after further adjustment for
QRS width.

In a recent study by Beinart et al, prolonged QT interval
has been shown to be associated with incident cardiovascular
diseases and death in the general population.12 Yet, the
underlying mechanisms related to the higher mortality
observed in patients with prolonged QT interval remain
unclear. In this study by Beinart et al that included a cohort
of middle-aged participants free of cardiovascular diseases
(CVD) at baseline, the authors suggested that LV abnormal-
ities such as LV hypertrophy, which has been shown to be
positively associated with high sympathetic tone and longer
QT interval, may explain, at least in part, this association.12 In

Table 3. Correlation Between QRS Width and Parameters of
LV Function and AS Severity

Variable R P Value

Aortic valve area �0.03 0.80

Peak stress aortic valve area �0.15 0.20

Projected aortic valve area �0.14 0.36

Mean gradient 0.10 0.92

Peak stress mean gradient 0.06 0.61

Global longitudinal strain, |%| (n=50) �0.37 0.007

Stroke volume �0.10 0.33

LV stroke volume index �0.17 0.09

LV ejection fraction �0.30 0.003

Log BNP (n=55) 0.36 0.007

Log hsTnT (n=50) 0.24 0.07

AS indicates aortic stenosis; hsTnT, high sensitivity troponin; Log-BNP, logarithmic
transformation of B-type natriuretic peptide.
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Figure 2. Impact of prolonged corrected QT interval on all-
causes and cardiovascular mortality. (A) Cumulative all-causes
mortality in patients with prolonged corrected QT interval vs those
with normal corrected QT interval. (B) Cardiovascular mortality in
patients with prolonged corrected QT interval vs those with
normal corrected QT interval. QTc indicates corrected QT interval;
HR, hazard ratio.
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our study, there was no significant association between LV
mass measured by echocardiography and QTc. Nevertheless,
the results of the present study showed an association
between LV systolic function and the QT interval and suggest
that the effect of QT interval on outcomes may be in part
mediated by the worse LV function. Longer QTc was
associated with lower GLS, lower LVEF, lower SV, and higher
BNP (Table 2 and Figure 1) and reduced survival.

All these factors have been shown to be associated with
worse outcomes in patients with cardiovascular dis-
eases.4,7,18,20–22 Yet, the QT interval remained independently
associated with mortality even after adjustment for parame-
ters of LV systolic function. These findings suggest that other
mechanisms beyond impairment of LV function are also
responsible for the higher mortality risk in patients with

prolonged QT. Myocardial fibrosis may contribute to the
alteration of conduction within the myocardium and thus to
prolongation of QT interval. Myocardial fibrosis may provide a
substrate for potentially fatal LV arrhythmias and is a strong
predictor of adverse events in patients with AS and those with
hypertrophic cardiomyopathy.23–26 Hence, prolonged QT
might provide a surrogate marker of LV structural abnormal-
ities and extent of myocardial fibrosis and therefore of
increased risk of adverse events in patients with LF-LG AS and
low LVEF. The QTc is a low-cost and reproducible measure
that can easily be obtained from a routine ECG. This simple
parameter might be useful for risk stratification in patients
with LF-LG AS. However, further studies are needed to
confirm the potential value of QTc as a surrogate marker of LV
fibrosis and associated cardiac events.

Study Limitations
The population size may have limited our ability to detect
significant associations with some other risk factors and to
perform a more comprehensive adjustment in multivariable
analysis. Some multivariable models were overfitted. Further
studies are needed to confirm the results of the present
study. The interaction of other medications commonly used in
the elderly (antibiotics, antidepressants, antipsychotics, and
so on) with QT interval and outcome was not performed in this
analysis due to lack of data in a substantial number of
patients or to the very small number of patients with such
medications (eg, n=2 with antibiotics) at the time of ECG.

Conclusions
In patients with LF-LG AS and reduced LVEF, longer corrected
QT interval is associated with worse LV systolic function and
with increased risk of mortality. The QTc is simple, rapid, and
inexpensive to obtain in practice and may be useful for
prognostication and therapeutic decision making in patients
with low LVEF, LF-LG AS. Further studies are needed to
confirm these results in other AS populations and to better
understand the mechanisms underlying the association
between QTc and mortality.
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Table 4. Univariable Analysis of the Association Between
Electrocardiographic Variables and All-Causes Mortality

Variable HR (95% CI) P Value

Heart rate 0.99 (0.98–1.02) 0.91

QRS duration (per 20-ms increase) 1.06 (0.92–1.20) 0.38

QRS width >120 ms 1.33 (0.62–2.01) 0.67

LBBB 1.70 (0.85–3.20) 0.12

Pacemaker 0.87 (0.37–1.76) 0.71

QTc (per 20-ms increase) 1.14 (1.02–1.29) 0.02

Prolonged QTc 2.05 (1.14–3.65) 0.01

HR indicates hazard ratio; LBBB, left bundle branch block; QTc, corrected QT interval.

Table 5. Multivariable Analysis of the Association Between
Prolonged QTc Interval and All-Cause Mortality

Analysis HR 95% CI P Value

Unadjusted 2.05 1.14 to 3.65 0.01

Model #1: Adjusted for type of
treatment, EuroSCORE,
previous MI, LVEF, and
ß-blocker medication

2.56 1.28 to 5.11 0.008

Model #2: Adjusted for
type of treatment, EuroSCORE,
previous MI, SVi, and
ß-blocker medication

2.16 1.11 to 4.11 0.02

Model #3: Adjusted for type
of treatment, EuroSCORE,
previous MI, LVEF, and LBBB

2.45 1.25 to 4.77 0.009

Model #4: Adjusted for type
of treatment, EuroSCORE,
previous MI, LVEF,
and QRS duration

2.59 1.12 to 5.78 0.02

HR indicates hazard ratio; LBBB, left bundle branch block; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; SVi, stroke volume index.

DOI: 10.1161/JAHA.116.003980 Journal of the American Heart Association 7

QT Interval and Outcome in LFLG Aortic Stenosis Dahou et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Disclosures
None.

References
1. Connolly HM, Oh JK, Schaff HV, Roger VL, Osborn SL, Hodge DO, Tajik AJ.

Severe aortic stenosis with low transvalvular gradient and severe left
ventricular dysfunction. Result of aortic valve replacement in 52 patients.
Circulation. 2000;101:1940–1946.

2. Monin JL, Quere JP, Monchi M, Petit H, Baleynaud S, Chauvel C, Pop C,
Ohlmann P, Lelguen C, Dehant P, Tribouilloy C, Gueret P. Low-gradient aortic
stenosis: operative risk stratification and predictors for long-term outcome: a
multicenter study using dobutamine stress hemodynamics. Circulation.
2003;108:319–324.

3. Quere JP, Monin JL, Levy F, Petit H, Baleynaud S, Chauvel C, Pop C, Ohlmann P,
Lelguen C, Dehant P, Gueret P, Tribouilloy C. Influence of preoperative left
ventricular contractile reserve on postoperative ejection fraction in low-
gradient aortic stenosis. Circulation. 2006;113:1738–1744.

4. Clavel MA, Fuchs C, Burwash IG, Mundigler G, Dumesnil JG, Baumgartner H,
Bergler-Klein J, Beanlands RS, Mathieu P, Magne J, Pibarot P. Predictors of
outcomes in low-flow, low-gradient aortic stenosis: results of the multicenter
TOPAS Study. Circulation. 2008;118:S234–S242.

5. Tribouilloy C, Levy F, Rusinaru D, Gueret P, Petit-Eisenmann H, Baleynaud S,
Jobic Y, Adams C, Lelong B, Pasquet A, Chauvel C, Metz D, Quere JP, Monin JL.
Outcome after aortic valve replacement for low-flow/low-gradient aortic
stenosis without contractile reserve on dobutamine stress echocardiography.
J Am Coll Cardiol. 2009;53:1865–1873.

6. Brogan WC, Grayburn PA, Lange RA, Hillis LD. Prognosis after valve
replacement in patients with severe aortic stenosis and a low transvalvular
pressure gradient. J Am Coll Cardiol. 1993;21:1657–1660.

7. Bergler-Klein J, Mundigler G, Pibarot P, Burwash IG, Dumesnil JG, Blais C,
Beanlands R, Hachicha Z, Mohty D, Fuchs C, Loho N, Florian R, Baumgartner H.
B-type natriuretic peptide in low-flow, low-gradient aortic stenosis: relationship
to hemodynamics and clinical outcome. Circulation. 2007;115:2848–2855.

8. deFilippi CR, Willett DL, Brickner E, Appleton CP, Yancy CW, Eichhorn EJ,
Grayburn PA. Usefulness of dobutamine echocardiography in distinguishing
severe from nonsevere valvular aortic stenosis in patients with depressed left
ventricular function and low transvalvular gradients. Am J Cardiol. 1995;
75:191–194.

9. Blais C, Burwash IG, Mundigler G, Dumesnil JG, Loho N, Rader F, Baumgartner
H, Beanlands RS, Chayer B, Kadem L, Garcia D, Durand LG, Pibarot P.
Projected valve area at normal flow rate improves the assessment of stenosis
severity in patients with low flow, low-gradient aortic stenosis: the multicenter
TOPAS (Truly or Pseudo Severe Aortic Stenosis) study. Circulation.
2006;113:711–721.

10. Shah AS, Chin CW, Vassiliou V, Cowell SJ, Doris M, Kwok TC, Semple S,
Zamvar V, White AC, McKillop G, Boon NA, Prasad SK, Mills NL, Newby DE,
Dweck MR. Left ventricular hypertrophy with strain and aortic stenosis.
Circulation. 2014;130:1607–1620.

11. Sebag FA, Lellouche N, Chaachoui N, Dubois-Rande JL, Gueret P, Monin JL.
Prevalence and clinical impact of QRS duration in patients with low-flow/low-
gradient aortic stenosis due to left ventricular systolic dysfunction. Eur J Heart
Fail. 2014;16:639–647.

12. Beinart R, Zhang Y, Lima JA, Bluemke DA, Soliman EZ, Heckbert SR, Post WS,
Guallar E, Nazarian S. The QT interval is associated with incident cardiovas-
cular events: the MESA study. J Am Coll Cardiol. 2014;64:2111–2119.

13. Surawicz B, Childers R, Deal BJ, Gettes LS, Bailey JJ, Gorgels A, Hancock EW,
Josephson M, Kligfield P, Kors JA, Macfarlane P, Mason JW, Mirvis DM, Okin P,
Pahlm O, Rautaharju PM, van Herpen G, Wagner GS, Wellens H. AHA/ACCF/
HRS recommendations for the standardization and interpretation of the
electrocardiogram: part III: intraventricular conduction disturbances: a

scientific statement from the American Heart Association Electrocardiography
and Arrhythmias Committee, Council on Clinical Cardiology; the American
College of Cardiology Foundation; and the Heart Rhythm Society. Endorsed by
the International Society for Computerized Electrocardiology. J Am Coll
Cardiol. 2009;53:976–981.

14. Straus SM, Kors JA, De Bruin ML, van der Hooft CS, Hofman A, Heeringa J,
Deckers JW, Kingma JH, Sturkenboom MC, Stricker BH, Witteman JC.
Prolonged QTc interval and risk of sudden cardiac death in a population of
older adults. J Am Coll Cardiol. 2006;47:362–367.

15. Bazett H. An analysis of time relations of the electrocardiogram. Heart.
1920;7:353–370.

16. Chakravarty S, Kluger J, Chhabra L, Ramu B, Coleman C. Corrected QT in
ventricular paced rhythms: what is the validation for commonly practiced
assumptions? Cardiology. 2015;130:207–210.

17. Clavel MA, Burwash IG, Mundigler G, Dumesnil JG, Baumgartner H, Bergler-
Klein J, S�en�echal M, Mathieu P, Couture C, Beanlands R, Pibarot P. Validation
of conventional and simplified methods to calculate projected valve area at
normal flow rate in patients with low flow, low gradient aortic stenosis: the
multicenter TOPAS (True or Pseudo Severe Aortic Stenosis) study. J Am Soc
Echocardiogr. 2010;23:380–386.

18. Dahou A, Bartko PE, Capoulade R, Clavel MA, Mundigler G, Grondin SL,
Bergler-Klein J, Burwash I, Dumesnil JG, Senechal M, O’Connor K, Baumgartner
H, Pibarot P. Usefulness of global left ventricular longitudinal strain for risk
stratification in low ejection fraction, low-gradient aortic stenosis: results from
the multicenter True or Pseudo-Severe Aortic Stenosis study. Circ Cardiovasc
Imaging. 2015;8:e002117.

19. Greve AM, Gerdts E, Boman K, Gohlke-Baerwolf C, Rossetti L, Devie JB, Kober
L, Ray S, Willenheimer R, Wachtell K. Impact of QRS duration and morphology
on the risk of sudden cardiac death in asymptomatic patients with aortic
stenosis: the SEAS (Simvastatin and Ezetimibe in Aortic Stenosis) study. J Am
Coll Cardiol. 2012;59:1142–1149.

20. Le Ven F, Freeman M, Webb J, Clavel MA, Wheeler M, Dumont �E, Thompson C,
De Larochelli�ere R, Moss R, Doyle D, Ribeiro HB, Urena M, Nombela-Franco L,
Rod�es-Cabau J, Pibarot P. Impact of low flow on the outcome of high risk
patients undergoing transcatheter aortic valve replacement. J Am Coll Cardiol.
2013;62:782–788.

21. Herrmann HC, Pibarot P, Hueter I, Gertz ZM, Stewart WJ, Kapadia S, Tuczu EM,
Babaliaros V, Thourani V, Szeto WY, Bavaria JE, Kodali S, Hahn RT, Williams M,
Miller DC, Douglas PS, Leon MB. Predictors of mortality and outcomes of
therapy in low flow severe aortic stenosis: a PARTNER trial analysis.
Circulation. 2013;127:2316–2326.

22. Hachicha Z, Dumesnil JG, Bogaty P, Pibarot P. Paradoxical low flow, low
gradient severe aortic stenosis despite preserved ejection fraction is
associated with higher afterload and reduced survival. Circulation. 2007;115:
2856–2864.

23. Herrmann S, Stork S, Niemann M, Lange V, Strotmann JM, Frantz S, Beer M,
Gattenl€ohner S, Voelker W, Ertl G, Weidemann F. Low-gradient aortic valve
stenosis: myocardial fibrosis and its influence on function and outcome. J Am
Coll Cardiol. 2011;58:402–412.

24. Weidemann F, Herrmann S, Stork S, Niemann M, Frantz S, Lange V, Beer M,
Gattenlohner S, Voelker W, Ertl G, Strotmann JM. Impact of myocardial fibrosis
in patients with symptomatic severe aortic stenosis. Circulation. 2009;
120:577–584.

25. Hoffmann R, Altiok E, Friedman Z, Becker M, Frick M. Myocardial deformation
imaging by two-dimensional speckle-tracking echocardiography in comparison
to late gadolinium enhancement cardiac magnetic resonance for analysis of
myocardial fibrosis in severe aortic stenosis. Am J Cardiol. 2014;114:1083–
1088.

26. Saito M, Okayama H, Yoshii T, Higashi H, Morioka H, Hiasa G, Sumimoto T,
Inaba S, Nishimura K, Inoue K, Ogimoto A, Shigematsu Y, Hamada M, Higaki J.
Clinical significance of global two-dimensional strain as a surrogate parameter
of myocardial fibrosis and cardiac events in patients with hypertrophic
cardiomyopathy. Eur Heart J Cardiovasc Imaging. 2012;13:617–623.

DOI: 10.1161/JAHA.116.003980 Journal of the American Heart Association 8

QT Interval and Outcome in LFLG Aortic Stenosis Dahou et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


