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QT interval dispersion in chronic heart failure and
left ventricular hypertrophy: relation to autonomic
nervous system and Holter tape abnormalities

P P Davey, J Bateman, I P Mulligan, C Forfar, C Barlow, G Hart

Abstract
Objective-To study QT dispersion in
left ventricular hypertrophy and chronic
heart failure and to determine the rela-
tion to ventricular arrhythmias.
Setting-Investigational laboratory of a
tertiary referral centre.
Study design-Patients with left ventric-
ular hypertrophy and normal systolic
function (n = 14) and patients with
chronic heart failure (n = 18) were
matched with controls (n = 17). The QT
dispersion was examined in relation to
abnormalities in resting mechanical and
autonomic function and to the findings of
24 hour Holter monitoring.
Main outcome measures-QT dispersion
is the difference between the maximum
and the minimum QT values from the 12
lead electrocardiogram. Mean(SD) QT
dispersion from the 10 lead electrocar-
diogram was also examined once the 12
lead minimum and maxmum values had
been removed. The QT distribution is
the curve describing the distance from
the mean for all QT intervals (ms).
Results-AU measures of QT dispersion
were increased significantly in left ven-
tricular hypertrophy and tended to
increase in those with heart failure. The
QT distribution was abnormal in both
heart failure and left ventricular hyper-
trophy. There was no relation between
the degree of change in QT dispersion
and the incidence of ventricular arrhyth-
mia on 24 hour Holter monitoring. Also
there was no relation between QT disper-
sion and autonomic or mechanical
abnormalities. The QT dispersion was
related to QRS duration.
Conclusion-Though QT dispersion and
distribution are abnormal in left ventric-
ular hypertrophy these findings do not
support the -hypothesis that QT disper-
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heterogeneous slowing of ventricular depolar-
isation. After myocardial infarction, and pos-
sibly in dilated cardiomyopathy,5 these
structural abnormalities may be reflected as
late potentials on the high gain signal aver-
aged electrocardiogram. Heterogeneous repo-
larisation may also cause ventricular re-entry.
The surface electrocardiogram QT interval
reflects duration of myocardial action poten-
tial, and it has been proposed that differences
in the QT interval between leads, termed QT
dispersion, may reflect regional variations in
duration of ventricular action potential, and
as such may be indicators of arrhythmogenic-
ity.6 We therefore hypothesised that in
chronic heart failure and in left ventricular
hypertrophy-conditions associated with an
increased incidence of ventricular arrhyth-
mias-there might be an increase in the sur-
face lead QT dispersion, and that this might
reflect the arrhythmic risk.

Patients and methods
Patients with stable heart failure (n = 18),
defined as left ventricular dysfunction requir-
ing diuretics for control of symptoms,
patients with left ventricular hypertrophy and
normal systolic function (n = 14) some of
whom were on diuretics but only for control
of blood pressure, and control patients (n =
17) who had normal left ventricular dimen-
sions and wall thicknesses were recruited. All
patients had QRS complexes of normal dura-
tion. Serum electrolytes were all within clini-
cally acceptable limits. Cross sectional and M
mode echocardiograms were performed and
measurements taken for wall thickness, inter-
nal ventricular dimensions at both end dias-
tole (LVIDd) and at end systole (LVIDs),
and the index of fractional shortening was
derived as (LVIDs/LVIDd). Fractional short-
ening was used as a measure of the severity of
mechanical impairment. Groups were
matched for age, weight, and cardiac surgical
intervention, except that the hypertrophy
group had had less coronary surgery (table 1).

Twelve of the 18 patients with heart failure
and 11 of the 17 controls had ischaemic heart
disease. Those with heart failure had all had
anterior myocardial infarctions. The controls
who had ischaemic heart disease as detected
by ultrasound had normal left ventricular sys-
tolic function and no regional wall motion
abnormalities. The hypertrophy group (n =
14) was either hypertensive (n = 6) or had
had valve replacement (n-; 5) and the rest
had idiopathic hypertrophy (n 3), although
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Table 1 Demographic details

Control Hyperophy Chronic heartfailure
(n =18) (n =14) (n = 17)

Age(yr) 59(2) 56(3) 62(2)
Coronary surgery 9(50%) 0(0%)*** 7(41%)
Frusemide dose(mg) 0 29(1 1)*** 76(5)***
QRS duration(ms) 99(2) 103(4) 103(3),
LVIDd(cm) 4-6(0-1) 5 6(0 4) 6-1(0 2)***
LVISs(cm) 2.9(0.2) 3 5(0 4) 4 8(0 3)***
Posterior wall(cm) 1-0(0-04) 1-3(0-02)*** 1 1(0 06)
LVIDs/LVIDd 0-61(0-04) 0-61(0-03) 0-79(0-01)***
BRS ms/mm Hg 11-3(2-1) 9.2(2.2) 2-8(0 2)**
[Noradrenaline] pmolll 286(33) 231(64) 448(68)*
[Adrenaline] pmol/l 207(57) 159(43) 212(64)
Extrasystoles/24h 120(66) 1069(492)* 1044(273)***
Patients withVT 0 3 1

*p < 0 05 v control
**p < 0-01 v control
***p < 0-005 v control
LVIDd, internal diameter of left ventricle at end diastole; LVIDs, internal diameter of left
ventricle at end systole; BRS, baroreflex sensitivity; VT, non-sustained ventricular tachycardia
(> 3 beats).

two patients had been treated for ischaemia.
All patients with ischaemia had been fully
treated either through percutaneous trans-
luminal coronary angioplasty or through
coronary artery grafting, and there were no
patients in any of the groups who had either
clinical or exercise electrocardiographic evi-
dence of remaining ischaemia. Patients were
not on any drugs known to affect the QT
interval. The study was approved by the local
ethics committee. Informed consent was
obtained.
An indwelling venous line was inserted.

Standard electrocardiographic leads were
attached and patients were rested for 30 min-
utes on a bed -in a quiet room. Venous sam-
ples were then taken for later estimation of
catecholamines by high performance liquid
chromatography. High speed (50 mmIs) and
high gain (20 mm/mV) electrocardiographic
recordings were then taken on a Marquette
CASE 15 machine and analysed later.
Arterial baroreflex sensitivity was measured
by venous injection of incremental doses of
phenylephrine, with the arterial pressure con-
tinuously measured by a finger Finapress
(Ohmeda 2300) device. The baroreflex sensi-
tivity was taken as the slope of the increase in
RR interval against the increase in arterial
pressure. For each patient the baroreflex sen-
sitivity was measured four times, and the
average value of these measurements taken.

Electrocardiographic records were digitised
with a SAC (Science Accessories Corporation
Graf Pen GP7) digitising tablet connected to
a Compaq Deskpro 286e PC. The QT inter-
val was taken from the start of- the QRS
complex to the end of the T wave. The QT
interval was measured from each of the 12
leads of the high speed high gain 12 lead
electrocardiograph five times and the data
transferred to a Macintosh SC30 computer
for further analysis with the Microsoft Excel
and the Statview and Graphics software pack-
age. The QRS duration was automatically
measured by the Marquette CASE 15.
We attempted to minimise any inaccuracy

in the measurement of the QT interval by
multiple sampling of each QT interval stud-
ied.7 Thus for each of the electrocardio-
graphic records we took five measurements of
the QT interval from each lead. The arith-

metic mean of the QT interval was obtained
for each of the 12 leads by averaging the five
values. This value was used in all later calcu-
lations. The minimum and maximum QT
intervals were obtained from the averaged
data. The QT dispersion can be defined in a
number of different ways. We obtained sev-
eral different measures. QT 12 lead range
was defined as the difference between the
mimimum and the maximum QT intervals
from the 12 lead data. In those patients with
damaged left ventricles low voltage T wave
amplitudes are common and may result in
poor determination of the end of the T wave.
This may result in an important systematic
error in the determination of QT dispersion
if either the minimum or maximum were
affected. Thus we removed the extreme maxi-
mum and minimum points to obtain a 10
lead set of data and from this determined QT
10 lead range-that is, the difference between
the minimum and the maximum values of
QT interval from the 10 lead data set.
Maximum and minimum values do not
include data on the first 10 and 8 points
respectively in each set of data, and it may be
that early data points are important. We thus
included more of these points by taking the
SD of the 12 and 10 lead sets of data, the QT
12 lead SD, and QT 10 lead SD. The data
were then reanalysed after a rate correction
had been applied to the QT interval by the
use of the formula QTc = QT/4 RR interval,
thus obtaining QTc 12 lead range etc. Finally
to correct for intrinsic differences in the QT
interval between controls and the other
groups the QT 12 lead range was divided into
the QT obtained from lead II.
We further examined the possible bias

from end point measurement by determining
the interval between the maximum and next
maximum point and the interval between the
minimum and the next point. If there was no
significant difference in the different groups
between the maximum or minimum point
and the next maximum or minimum point it
would be unlikely that within group system-
atic error had occurred at the extremes ofQT
measurement. This was indeed the case, with
the mean distance between the minimum and
next point being 14(2) ms and between the
maximum and next point being 22(5), with
no significant between group difference.
We also considered the distribution of QT

intervals around the mean. The time from the
12 lead QTc mean of each lead's QTc inter-
val was obtained, and the modulus derived.
The proportion of the set of data contained
within 5 ms batches was then plotted against
time from the mean. We also plotted the
position of each of the data points from the
mean against time from the mean.

Holter monitoring for 24 hours was per-
formed with subsequent analysis for 24 hour
frequency of ventricular extra systoles and
episodes of non-sustained ventricular tachy-
cardia.

STATISTICAL ANALYSIS
For between group comparisons 1 and 2 way
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analysis of variance (ANOVA) was used and
for direct between variable comparison simple
linear regression tests were used. For direct
comparison between two groups unpaired t
tests were used. Significance was at the 5%
level.

Results
Table 1 shows patient details. Patients with
heart failure received more diuretics, had
larger hearts at both end diastole and at end
systole, depressed baroreflex sensitivity, and
higher noradrenaline concentrations than
controls. Both hypertrophy and heart failure
groups had more ventricular.-crasystoles
than controls.
The different QT dispersion measures

were related to one another with the 12 and
10 lead QT data being well related to their
respective SDs with an r 0 97 and p <
0-0001: thus analysis of the SD provided no
extra information than did the range data.
The 12 lead data were less well related to the
10 lead data with r = 0-58 and p < 0000 1.
The QT lead II range data were effectively
the same as the 12 lead data with r = 0-98
and p < 0 0001. The different measures of
QT dispersion all produced the same qualita-
tive results. The mean distance between the
minimum and next point was 14(2) ms and
between the maxmum and next point was
22(5), with no significant between group dif-
ference, thus suggesting that end point bias
had not occurred.

All measures of QT dispersion were
increased (table 3) in left ventricular hyper-
trophy compared with controls. There was a
tendency for QT dispersion to be increased in
heart failure, although this did not reach sig-
nificance. Not surprisingly, once Bazett's cor-
rection was applied the mean dispersion
increased in the heart failure group due to a
higher mean heart rate, though the compari-
son with the control group still did not reach
significance. When disease classification and
position from the mean QT interval were
tested against time from the mean QT inter-
val in a two-factor ANOVA, disease classifi-
cation significantly affected time from the
mean QT interval (p < 0-001). When patients
with hypertrophy or heart failure were sepa-
rately tested against the control both hyper-
trophy (p < 0-0001) and heart failure (p <
0 02) were still separately significant determi-

Table 2 QTdispersin
Control Hypernrophy CHF

QT 12 lead range(ms) 71(7) 113(14)** 81(8)
QT 12 lead (SD, ms) 20(2) 32(4)*** 23(2)
Range/QT lead II 0-19(0-02) 0-30(0-05)** 0-21(0-02)
QT 10 lead range(ms) 43(3) 67(7)*** 46(4)
QT 10 lead (SD, ms) 14(1) 21(2)*** 15(1)
A to minimum(ms) 12(4) 13(3) 15(3)
A to maximum(ms) 16(3) 33(13) 20(7)
QTc 12 lead range (ms-12) 78(8) 114(14)* 93(10)
QTc 12 lead(SD, ms-'2) 22(2) 33(3)** 26(2)
QTc 10 lead range (ms-"') 47(4) 67(6)*** 52(5)
QTc 10 lead(SD, ms-"'2) 15(1) 21(2)* 17(1)

*p < 0 05 v control; **p < 0 01 v control; ***p < 0 005 v control. A to minimum, difference
between shortest and the next shortest QT interval from 12 lead data; A to maximum, differ-
ence between longest and next longest QT interval from 12 lead data.
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Figure I QT distribution around the mean expressed as a
cumulative percentage.

nants of time from the mean QT interval.
Thus QT intervals around the mean was
influenced by left ventricular disease (fig 1).
Presence of ischaemic heart disease non-sig-
nificantly increased measures of QT distribu-
tion in both controls and patients with heart
failure.

Figure 1 shows the cumulative plot of the
difference between QT duration and its
mean: though this suggests that the increase
in QT dispersion in patients with hypertrophy
occurs throughout the range, further analysis
showed that this was not the case. The time
from the mean that contained 50% of the
data points was not significantly different
between the groups (12.9(1-2) ms in controls,
16-6(2-1) ms in hypertrophy, and 14A4(1-4)
ms in heart failure). Thus the first six QT
intervals from each patient's electrocardio-
gram show an identical pattern spread around
the mean QT interval. The separation
between the hypertrophy group and the
others only reaches significance on the eighth
point, and remains significant through to the
12th point (fig 2).
The autonomic and mechanical factors

associated with QT dispersion were then
examined. Fractional shortening, an index of
resting cardiac mechanical function, was not
related by linear regression analysis to any of
the indices of QT dispersion, although left
ventricular end diastolic dimension was
related to the 10 lead SD with r = 0-38 and p
< 0-05. There was no relation between end
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Figure 2 QT distribution around the mean expressed as
absolute time.
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Figure 3 The relation between QRS duration and QT
(12 lead range).

systolic dimension and any measure of QT
dispersion, with the lowest p value 0-26.
Although baroreflex sensitivity was also not
related to QT dispersion, there was a relation
between the 10 lead SD and baroreflex sensi-
tivity (r = 0-318, p = 0 09) that approached
significance. Resting noradrenaline or resting
adrenaline concentrations were not related to
QT dispersion. Resting noradrenaline was
dichotomised at its mean value and tested
against QT dispersion. There was no differ-
ence in any measure of QT dispersion
between the high and the low noradrenaline
group. Likewise when resting adrenaline or
baroreflex sensitivity were dichotomised at
their mean points there was still no relation
with any measure ofQT dispersion.
To examine further the relation between

QT dispersion and electrical, mechanical,
and autonomic dysfunction, the population
was dichotomised at 93-8 ms (the mean
point) for the QTc 12 lead range, and was
tested against the mechanical, electrical, and
autonomic abnormalities. No significant
correlation was found except with QRS dura-
tion (QTc 12 lead range < 93-8, QRS =
98&6(2) ms: QTc 12 lead range > 93-8, QRS
= 106(3) ms, p < 0 03). Overall with simple
linear regression analysis, although there was
a significant relation between QTc 12 lead
range and QRS duration, it was weak with
r = 0 34, and p = 0 03 (fig 3).
The relation of QT dispersion to abnor-

malities on the Holter monitoring was

Table 3 Relation between extrasystolic frequency, mechanical perfornance, and QT
dispersion

<120124 h >120124 h p Value

LVIDd(cm) 4.7(0.2) 6 0(0 3) 0-003
LVIDs(cm) 3-1(0.2) 4 2(0 3) 0-02
LVIDs/LVIDd 0 64(0 03) 0-69(0-12) NS
BRS(ms/mm Hg) 12-2(2) 4-4(0-5) 0-002
Resting noradrenaline pmol/l 311(45) 339(46) NS
Resting adrenaline pmol/l 162(36) 192(41) NS
QT 12 lead range(ms) 77(8) 93(8) NS
QT 12 lead(SD, ms) 22(2) 26(2) NS
QT 10 lead range(ms) 46(4) 54(4) NS
QT 10 lead(SD, ms) 15(2) 17(1) NS
QT 12 lead range QT lead II 0 20(0 02) 0 25(0 03) NS
QTc 12 lead range(ms-"2) 83(8) 101(9) NS
QT 12 lead(SD, ms-11) 24(2) 29(2) NS

QTc 10 lead range(ms-112) 50(4) 58(4) NS
QTc 10 lead(SD, ms-"72) 16(1) 19(1) NS

Abbreviations as for table 1.

studied. Although the mean number of extra-
systoles did not differ between the hyper-
trophy and heart failure groups, this was
largely caused by two patients with hyper-
trophy who had 5929 and 4054 extra-
systoles/24 hours. The mode of extrasystole
frequency in the control group was <120/24 h
(83%), < 480/24 h for the hypertrophy group
(71%), and > 480/24 h for the heart failure
group (61%).
The relation between extrasystole fre-

quency and QT dispersion was examined.
With simple linear regression analysis there
was no relation between any measure of QT
dispersion and extrasystole frequency. When
extrasystole frequency was dichotomised at
120 extrasystoles/24 h (the midpoint of the
CAST extrasystolic frequency to mortality
dose-response curve) the controls separated
from the hypertrophy and heart failure groups
(p < 0-001) and when dichotomised at 480
extrasystoles/24 h the heart failure group sep-
arated from the other two groups (p <
0-005). As the 480 extrasystoles/24 h data
produced qualitatively similar results to the
data of 120 extrasystoles/24 h only the 120
extrasystoles/24 h data are presented. The
relation of the dichotomised extrasystolic fre-
quency to mechanical impairment, auto-
nomic abnormalities, and the different
measures of QT dispersion was studied (table
3). The groups successfully dichotomised on
the basis of left ventricular dimensions and
baroreflex sensitivity. There were, however,
no significant differences in any of the mea-
sures of QT dispersion at either of the two
levels. There was a trend at the 120 extrasys-
'-toles/24 h level for those with the higher
extrasystolic frequency to have greater QT
dispersion, although this was not significant.
The relation between the presence of non-

sustained ventricular tachycardia (n = 4) and
our measures of QT dispersion was studied.
Patients with ventricular tachycardia had sig-
nificantly larger end diastolic volumes, but
did not differ significantly in any measure of
QT dispersion.

Discussion
These data show that QT dispersion is
increased in patients with left ventricular
hypertrophy, and tends to increase in patients
with chronic heart failure. The overall distrib-
ution of QT intervals around the mean is
altered significantly in patients with left ven-
tricular hypertrophy or heart failure. The QT
dispersion has been reported to be increased
after myocardial infarction8 and unchanged in
heart failure without sustained tachycardias.9
Different measures of QT dispersion do not
seem to correlate well with incidence of
arrhythmias on 24 hour Holter monitoring in
chronic heart failure, or after myocardial
infarction,8 or with the frequency of extrasys-
toles in left ventricular hypertrophy. Others
have found that QT dispersion in hyper-
trophic cardiomyopathy does not relate to the
presence of ventricular tachycardias.10 Despite
the lack of relation with these surrogate
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clinical end points, it is not known whether
the increase in QT dispersion may be of
pathophysiological or prognostic significance.
The QT interval reflects the duration of

the action potential of the ventricular
myocytes" and interventions-such as, amio-
darone-that alter durations of cellular action
potentials also similarly alter the QT interval.
Whether QT dispersion accurately reflects
regional abnormalities is not yet established.
Studies comparing duration of the epicardial
action potential with surface lead QT disper-
sion support this concept'2 as does the finding
that QT dispersion increases in the hereditary
long QT syndrome.61213 Our finding of
increased QT dispersion in patients with left
ventricular hypertrophy may reflect the
increased range of duration of ventricular
action potentials'4 and activation times.'5
A relation between QT dispersion and

arrhythmias is not supported by our data. We
found no relation between QT dispersion and
frequency of extrasystoles, ventricular tachy-
cardia, or the degree of mechanical impair-
ment (an arrhythmic risk factor),'6 and at best
we found a weak relation between QT disper-
sion and baroreflex sensitivity (an indicator
for future arrhythmic events). Furthermore
our finding of a greater QT dispersion in left
ventricular hypertrophy than in heart failure,
given that the incidence of arrhythmic deaths
is higher in chronic heart failure'8 19 than in
left ventricular hypertrophy,220 is another
argument against duration of dispersion of
the action potential being important2l in
arrhythmogenesis in chronic heart failure.
The absence of a relation between QT dis-

persion and 24 h arrhythmias found on
Holter monitoring does not necessarily pre-
clude a relation between QT dispersion and
subsequent lethal arrhythmias given the rela-
tively low predictive accuracy of 24 hour
Holter monitoring.22 Repolarisation changes
including increased QT dispersion24 during
acute myocardial infarction have been related
to ventricular fibrillation in the acute phase of
myocardial infarction and sustained or
inducible monomorphic ventricular tachycar-
dia in the chronic phase.9 In hypertrophic car-
diomyopathy with inducible polymorphic
ventricular tachycardia and subsequent ven-
tricular fibrillation there were differences
between the refractory periods of the right
ventricular apex and outflow tract26 that were
thought to be important pathophysiologically.
Additional experimental evidence suggests a
role for QT dispersion in ventricular arrhyth-
mias complicating intracoronary contrast
injections.26 In a different experiment a criti-
cal dispersion threshold of duration of the
action potential of around 100 Ms27 was nec-
essary before ventricular arrhythmias could
be induced. This may suggest that QT dis-
persion is important pathophysiologically in
the generation of ventricular arrhythmias. If
this is the case our finding of an increased
QT dispersion in left ventricular hypertrophy
might explain the poor prognosis of left ven-
tricular hypertrophy found in community
based studies.

The aetiology of the increase in QT disper-
sion is not clear. The finding of increased
QRS duration in those with greater QT dis-
persion suggests that clinically minor degrees
of conducting tissue disease, as is commonly
found either in hypertrophy (delayed intrinsi-
coid deflection) or ischaemic heart disease,
might have important consequences for the
uniformity of repolarisation. The small
increase in the QRS duration (7 ms) would
by itself only produce a small increase in QT
dispersion: it is therefore likely that the
increase in QRS duration is an indicator of
the underlying disease process rather than the
cause of the increase in QT dispersion. The
greater increase in QT dispersion in hypertro-
phy than in heart failure may be a reflection
of changes in basic cellular electrophysiology,
some of which (in guinea pig models)2829 are
greater in hypertrophy than in heart failure.

It is possible that the increase in QT dis-
persion is an artefact caused by the difficulty
of reading electrocardiograms from diseased
hearts. In part we have minimised this by
multiple readings of each QT interval. About
3000 digitised QT values were obtained. This
technique minimises random but not system-
atic reading errors: these may occur in heart
failure due to flat T waves (underestimate) or
in left ventricular hypertrophy due to promi-
nent U waves (overestimate). These reading
difficulties are unlikely to affect more than a
few leads: thus it was reassuring to see that
the 10 lead data produced results that were
empirically identical to the 12 lead data, sug-
gesting that this finding was not an artefact.
The QT distribution around the mean plot,
with deviations consistently greater than the
control early on, reaching significance by the
eighth data point, also strongly suggest that
these findings are not due to spurious end
point bias, but represent a more generalised
abnormality in QT distribution.

In summary, these data suggest that there
is a significant increase in the QT dispersion
between leads in left ventricular hypertrophy
and a non-significant tendency to increase in
chronic heart failure. The QT dispersion did
not correlate with indices of mechanical
impairment or autonomic function. Also,
there seemed to be no connection between
increases in QT dispersion and arrhythmia as
measured on 24 hour Holter monitoring.
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