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The Relationship of the LV Systolic Function, the LV Dimension and the LV Mass
to QT Dispersion in Stable Angina Patients who are with or
without Significant Coronary Stenosis

Jong Bum Kwon, M.D.*, Hee Jeoung Yoon, M.D.*, Seung Won Jin, M.D.*, Sung Ho Her, M.D.,
Hyung Doo Kim, M.D.*, Kyung Soo Kim, M.D.*, Jong Ho Lee, M.D.*, Khun Park, M.D.*

Background: The aim of this study was to investigate the relationship of the left ventricular (LV) systolic function,
the LV dimension and the LV mass with the QT dispersion in patients with stable angina, and we also wanted to
compare this relationship between patients with and without significant coronary stenosis on coronary angiography.
Material and Method: 174 patients complained of typical angina and they had no associated ST segment or
cardiac enzyme abnormalities. The patients were divided into 2 groups based on the results of coronary
angiography: the patients with angiographic coronary stenosis >50% made up group | (n=101), and the patients
with angiographic coronary stenosis <50% made up group Il (n=73). An echocardiogram for assessing the LV
gjection fraction (EF), the LV dimension and the LV mass and a 12-lead electrocardiogram for assessing the QT
dispersion were performed before the coronary angiography. Result: The QT dispersion was significantly greater in
group | than that in group Il (39.8 ms vs. 33.3 ms; p<0.05). For all the patients, all the parameters of LV
dimension and LV mass had statistically positive correlation to the QT dispersion, but the LV mass was the only
independently significant parameter that was correlated with the increased QT dispersion (p<0.05). For group |,
none of the echocardiographic parameters had significant correlation with the QT dispersion. However, the LV
dimension and LV mass had significantly positive correlation with the QT dispersion, and the LV mass was also
the only independently significant parameter that was correlated with increased QT dispersion in group Il (p<0.05).
Conclusion: Our study demonstrated a significantly positive correlation of the QT dispersion to the LV dimension
and the LV mass in patients with stable angina. These findings are present only in patients without significant
coronary stenosis.

{Korean J Thorac Cardiovasc Surg 2008;41:439-446)
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BACKGROUND

Sudden cardiac death usually occurs due to ventricular
tachyarrhythmias in patients with coronary artery disease
(CAD) and left ventricular (LV) dysfunction[1]. One of
the important mechanisms of arrhythmias in CAD is heter-
ogeneity of ventricular repolarization, which may serve as
a substrate for functional reentry[2]. In order to detect re-
gional heterogeneity in action potential duration, mono-
phasic action potential mapping can be used[3]. However,
this method is invasive and cannot be performed as
routine.

QT dispersion defined as the difference in duration be-
tween the longest and shortest QT interval in a 12-lead
clectrocardiogram was proposed by Day and associates{4]
as a simple method to evaluate the heterogeneity of ven-
tricular repolarization[5,6]. QT dispersion has been widely
studied as a marker for arrhythmia risk and as a prog-
nostic factor for some heart diseases. Increased QT dis-
persion has been reported in patients with a variety of
heart conditions such as acute coronary syndrome[7], con-
gestive heart failure(8], long QT syndrome[9], hyper-
trophic cardiomyopathy[10], malignant ventricular ar-
rhythmias[11,12], and others. In the setting of ischemic
heart disease, an increased QT dispersion has been related
to the presence of myocardial ischemia[13-17] and this pa-
rameter has been defined as a predictor of viable myocar-
dium in patients with myocardial infarction{18,19]. To my
knowledge, there are no studies assessing the importance
of echocardiographic LV function, dimension, and mass as
a correlated parameter of increased QT dispersion in is-
chemic heart disease.

In this study, we attempt to investigate the relationship
of LV systolic function, LV dimension, and LV mass to
QT and QTc dispersion in patients with stable angina, and
then to compare this relationship between patients with
and without significant (=50%) coronary stenosis on cor-

onary angiography.

MATERIAL AND METHOD
1) Study pepulations

Between January 2006 and December 2006, 174
Patients underwent routine cardiac catheterization for the
evaluation of typical chest pain without associated ST seg-
ment abnormalities and normal cardiac enzymes were se-
lected for this study. Patients with acute coronary syn-
drome, severe valvular heart disease, chronic atrial fi-
brillation, decompensated congestive heart failure, con-
duction abnormalities, electrolyte imbalance, and antiar-
rhythmic drug use were excluded from this study. All pa-
tients gave written consent for the study, which was ap-

proved by the hospital committee.
2) Corenary angiography

All patients underwent coronary angiography. Coronary
lesions were assessed with multiple orthogonal views and
visually evaluated for morphologic features similar to
those reported by the ACC/AHA. Significant coronary
stenosis was defined by a 50% or more luminal diameter
narrowing in one or more major coronary arteries. Patients
were regarded as having without significant coronary
stenosis if no significantly discrete stenosis were present.
All patients were divided into 2 groups based on the result
of coronary angiography: patients with angiographic coro-
nary stenosis {250%), group I (n=101), and patients with-
out angiographic coronary stenosis {<50%), group II
(0=73).

3) QT measurements

A standard 12-lead ECG at a gain of 10 mm/mV and a
paper speed of 25 mm/s was obtained before coronary an-
giography was performed. Digitally stored ECG data on
the MUSE system (Marquette Medical Systems, Milwaukee,
WS) was used for analysis. The QT interval was com-
puted for all the patients by use of QT Guard software
{(Marquette Medical Systems, Milwaukee, WS). The QT
Guard software determines T-wave compliability by means
of principal component analysis.. T-wave offset, T peak,

and T end were computed by means of the “least square
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fit” algorithm and were threshold-based measurements[20].
All filters for analysis of QT dispersion were at default
settings as determied by means of Marquette Medical
Systems. QT dispersion was measured as the difference
between the longest and shortest QT intervals in the
12-lead ECG with at least 6 measurable leads. The heart
rate for each electrocardiogram was noted, and the cor-
rected QT interval and QTc dispersion were calculated ac-
cording to Bazatt's formula; QTc=QTv /RR.
QTc=corrected QT dispersion, RR=RR interval

4) Echocardiographic examinations

All patients underwent standard M-mode, 2-dimensional,
and Doppler scanning echocardiographic examinations by
university faculty using 3.0-MHz probes and an Sequior
C256 Ultrasound (Acuson Inc., Mountain View, CA) prior
to coronary angiography. Standard images were obtained
in parasternal long and short-axis and apical four and
two-chamber views with the patient in the left lateral de-
cubitus position. For the determination of LV ejection
fraction (EF) as a LV systolic function, end-systolic and
end-diastolic LV volumes were measured by planimetry of
the LV endocardium in the apical four-chamber view. For
the determination of LV dimension, end-diastolic LV di-
mension, end-systolic LV dimension, thickness of interven-
tricular septum, and thickness of LV posterior wall were
measured from M-mode image in the parasternal long or
short-axis view. LV mass was automatically calculated as
described by Devereux and associates; LV mass (gram) =
1.04((LVDd+LVPW+IVS)’ ~LVDd%)

LVDd=LV diastolic dimension

LVPW=thickness of LV posterior wall

IVS=thickness of interventricular septum
5) Statistical analysis

Results were presented as meantstandard deviation. QT
dispersion values and other numeric variables between the
2 groups were compared by using independent t-test.
Categoric variables were compared by the Chi-squared
test. Pearson correlation coefficient was used in determin-
ing univariate correlation between QT dispersion and LV

function, dimension, and mass in each group. Multivariate

#EY 9
R EAF A A9 QT Dispersion

Table 1. Baseline demographic characteristics of total study pop-
ulation

All patients Group I  Group II
(=178 @100 (=73 DV

Age (years) 5748 5847 55¢8  p<0.05
Sex (male %) 84 (483) 58 (574) 26 (35.6) p<0.01
Risk factor

Hypertension (%) 65 (37.4) 45 (44.6) 20 (27.4) p<0.05

Diabetes (%) 45 (259) 31 30.7) 14 (192) p=0.114

Hyperlipidemia (%) 70 (40.2) 44 (43.6) 26 (356) s

Smoking (%) 58 (333) 34 (340 24 (333 s
Lipid profile

Total cholesterole 196.6+49.1 200.1£56.6 191.5+35.1 ns

(mg/dL)

Triglyceride 192.24178.2 190.7£182.2 1943+173.9 ns

(mg/dL)

HDL-cholesterole 41.3+9.0  40.5£9.7  423#81 s

(mg/dL)

*=Group I vs. Group IL

analysis for independent correlated factor to predict in-
creased QT dispersion was evaluated by stepwise linear
regression analysis. All tests were two-sided and p value
<0.05 was considered statistically significant. All data

were analyzed with SPSS for windows 11.0 version.

1) Patient characteristics

The baseline demographic characteristics of the study
populations are shown in Table 1. The mean age of total
study population was 57+8 years and almost half of the
patients were male (48.3%). The patients in group I were
older (p<0.05) and more men and hypertension than
those of group II (p<0.01, p<0.05).

2) Echocardiographic examinations

The mean EF of all patients was 65.2+8.7%. Echo ex-
amination, and LV mass in group I were significantly in-
creased over those in group II (all p<0.05). Other echo-
cardiographic parameters were statistically similar in both

groups (Table 2).
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Table 2. Baseline echocardiographic characteristics of total study
population

Table 3. Baselne QT and QTc dispersion of fotal study pop-
ulation

All patients Group I  Group II All patients Group I Group II
p-value* p-value*
(n=174) (n=101} {n=73) ®=1749 (=101} (n=73)
LV systolic function Basal heart rate (bpm) 6911 68+12 70+10 ns
EF (%) 652187 639498  67.1+67 p<005 QT dispersion {msec) 37.0£21.0 39.8+21.7 3332195 p<0.05
LV Dimension QTc dispersion {msec) 3854212 412+21.9 347197 p<0.05
LVEDd (mm) 48152 48559 47540 8 QT dispersion=Longest QT interval —shortest QT interval; QTc
LVEDs (mm) 209454 30462  29.1+39 ns p .o . . .
ispersion=Longest QTc interval —shortest QTc interval. *=
IVS (mm) 100£2.1  102+2.2 9.6+1.8 p=0.79
Group I vs. Group I
LVPW (mm) 9.811.6 10116 95+1.5 p<005
LV Mass
Mass (gram) 170.3+459 178.6154.6 159.2+40.5 p<005

EF=Ejection fraction, LVEDd=Left ventricular end-diastolic di-
mension; LVEDs=Left ventricular end-systolic dimension; IVS=
Interventricular septum; LVPW=Left ventricular posterior wall.
*=Group I vs. Group IL

3) Automatic QT dispersion measurements

The mean baseline heart rate of all patients was 69+11,
mean QT and QTc dispersion of all patients were
37.0+21.0 msec and 38.5£21.2 msec. There was no stat-
istical difference of baseline heart rate between group I
and group II. The baseline QT dispersion of group I was
greater than that of group If (39.8421.7 msec vs 33.3+19.5
msec, p<0.05). The baseline QTc dispersion of group I
was also greater than that of group II (41.2+21.9 msec vs
34.7+19.7 msec, p<0.05) (Table 3).

4) Correlation of LV systolic function, LV dimension,
and LV mass to QT dispersion

All patients had a significant positive correlation of QT
dispersion to all parameters of LV dimension (LVDd:
=0.166, p<0.05; LVDs: =0.199, p<0.01; IVS: r=0.153,
p<0.05; LVPW: r=0.169, p<0.05) and LV mass (r=0.255,
p<0.001), but there was no correlation between QT dis-
persion and LV EF. LV mass was the only significantly in-
dependent parameter on increased QT dispersion in all pa-
tients (p<0.001}.

In group I, patients with significant coronary stenosis,
LV systolic function, LV dimension, and LV mass had no
significant correlation to QT dispersion. On the other

hand, in group II, patients without significant coronary

stenosis, LV dimension and LV mass had significantly
positive correlation to QT dispersion (LVDd: r=0.239, p
<0.05; LVDs: 1=0.249, p<0.05; IVS: r=0.322, p<0.01;
LVPW: r=0.282, p<0.05; LV mass: r=0.419, p<0.001).
However, LV mass was the only significant independent
parameter on increased QT dispersion in group II, same as
result of all patients (Table 4).

The relationship of LV function, LV dimension, and LV
mass to QTc dispersion was statistically similar to the re-
lationship of those to QT dispersion, except LVDd of LV

dimension parameter (Table 5).

DISCUSSION

In the present study, we found three main findings.
First, the QT dispersion had a significantly positive corre-
fation with LV dimension and LV mass but not LV sys-
tolic function in patients with stable angina. Second, the
QT dispersion was significantly increased in patients with
significant coronary stenosis compared with those without
significant coronary stenosis. Third, the correlation of LV
dimension and LV mass to QT dispersion was remarkably
different whether the study population has significant coro-
nary stenosis or not. In patients without significant coro-
nary stenosis, QT dispersion had a positive correlation
with LV dimension and mass. However, any parameters
had no correlation with QT dispersion in patients with sig-
nificant coronary stenosis.

Changes in QT dispersion related to AMI raised the
possibility that similar changes associated with transient is-

chemic episodes in patients with stable coronary artery
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Table 4. Comelation between QT dispersion and LV function, dimension,

AHEE 9
A EAZ gl A9 QT Dispersion

and mass of total study population

All patients Group | Group II
(n=174) @=101) (n=73)
T p-value r p-value T p-value

LV systolic function

EF —0.105 s —0.062 ns —0.119 ns
LY Dimension

LVDd 0.166 p<0.05 0.117 ns 0.239 p<0.05

LVDs 0.199 p<0.01 0.161 ns 0.249 p<0.05

I 0.153 p<0.05 0.036 ns 0.322 p<0.01

LVPW 0.169 p<0.05 0.062 ns 0.282 p<0.05
LV Mass

Mass 0.255 p<0.001* 0.142 ns 0419 p<0.001*

EF=Ejection fraction; LVEDd=Left ventricular end-diastolic dimension; LVDs=Left ventricular end-systolic dimension; IVS=
Interventricular septum; LVPW=Left ventricular posterior wall. *=Independent prognostic parameter (p<0.05).

Table 5. Cormelation between QTc dispersion and LV function, dimension, and mass of fotal study population

All patients Group 1 Group I
(n=174) (n=101) (n=73)
T p-value 13 p-value T p-value

LV systolic function

EF —0.124 ns —0.081 ns —0.142 ns
LV Dimension

LvDd 0.129 p=0.091 0.079 ns 0.203 p=0.086

LVDs 0.188 p<0.05 0.149 ns 0.237 p<0.05

Vs 0.156 p<0.05 0.052 ns 0.301 p<0.01

LVPW 0.182 p<0.05 0.083 ns 0.281 p<0.05
LV Mass

Mass 0.239 p <0.005* 0.133 ns 0.385 p<0.001*

EF=Ejection fraction; IVRT=Isovolumic recovery time, DT=Deceleration time; LVDd=Left ventricular end-diastolic dimension; LVDs=
Left ventricular end-systolic dimension; IVS=Interventricular septum; LVPW=Left ventricular posterior wall. *=Independent prognostic

parameter (p<0.05).

disease are of importance. This hypothesis seems partic-
ularly relevant because many instances of sudden cardiac
death in this patient population may be caused by ische-
mia-related arrhythmia[21]. Our present study shows that
QT dispersion in stable angina patients with significant
coronary stenosis was statistically greater compared to
those without significant coronary stenosis (average QT
dispersion 39.8 msec vs. 33.3 msec, p<0.05). This is con-
sistent with the finding of Roukema et al[22], Stoletniy et

al[23], and Lowe et al[24], although most of their patients
had multivessel disease. The important concern is that my-
ocardial ischemia may cause heterogeneity of ventricular
repolarization and can alter the regional QT interval, and
thus increased QT dispersion.

Several reports showed that in patients with myocardial
infarction, QT dispersion is associated with LV dilatation
and deterioration of diastolic function[25-27]. Nakamae H
et al suggested that QT dispersion correlates with LV sys-
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tolic function rather than diastolic function in patients re-
ceiving anthracycline treatment[28]. However, our study
demonstrates that LV dimension and LV mass, but not LV
systolic function, have a positive correlation with QT dis-
persion in total study population regardless of the ex-
istence of the significant coronary stenosis. This may sug-
gest that LV dilatation and hypertrophy are associated with
increased QT dispersion in stable angina population, espe-
cially in patients without significant coronary stenosis,
which is known to be associated with sudden death.

This present study shows a different pattern of correla-
tion of LV dimension and LV mass to QT dispersion ac-
cording to the existence of significant coronary stenosis.
In patients without significant coronary stenosis, LV di-
mension and LV mass were statistically positive correlated
with QT dispersion, but any parameters had no correlation
with QT dispersion in those with significant coronary
stenosis. Why is the different between QT dispersion and
LV dimension and/or LV mass in patients with or without
significant coronary stenosis? The answer to this question
is not clear. Presumably, in patients without significant
coronary stenosis, other factors such as LV dilatation
and/or hypertrophy rather than myocardial ischemia
with/without microinfarction by itself may affect QT
dispersion. On the other hand, in those with significant
coronary stenosis, myocardial ischemia with/without mi-
croinfarction by itself rather than environmental factors
such as LV dilatation and mass may be associated with in-
creased QT dispersion. For the further evaluation of corre-
lation of QT dispersion to LV dimension and LV mass, in
addition to LV systolic function, a randomized large study
would be needed.

The present study evaluated the correlation of LV sys-
tolic function, LV dimension, and LV mass to QT dis-
persion in a large group of patients with stable angina. In
this setting, our study demonstrates a significantly positive
correlation of QT dispersion to LV dimension and LV
mass in patients with stable angina. These findings are
present only in stable angina patients without significant
coronary stenosis. Larger studies are necessary to validate

our findings.

CONCLUSION

Major limitations of the present study are the small
number of patients with depressed LV systolic function in
each group. Nevertheless, the fact that the study experi-
ence represents a single-center experience implies that the
LV dimension and LV mass rather than LV systolic func-
tion were significantly correlated with increased QT dis-
persion in patients with stable angina, especially in pa-

tients without significant coronary stenosis.
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