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Abstract
Objective-To evaluate changes in QT
dispersion and components of the QT
interval in patients admitted with
unstable angina and acute myocardial
infarction and to study the dynamics of
these changes in patients with infarction.
Methods-Prospective study recording
electrocardiograms at 50 nmmis in
patients admitted with typical cardiac
chest pain. Subsequent confirmation of
acute myocardial infarction according to
standard criteria. Single blind analysis
for QT dispersion and QT components
using a digitiser and simple computer
program. Results are expressed as native
QT dispersion, QTc dispersion, and the
QT dispersion ratio defined as QT dis-
persion divided by cycle length and
expressed as a percentage.
Results-QT dispersion, QTc dispersion,
and QT dispersion ratio were all higher
in patients with acute myocardial infarc-
tion than in those with unstable angina
(mean (SD) 66 (18) ms, 75 (26) msi, and
8*1 (2.4) % compared with 38 (13) ms, 39
(13) msi, and 4 5 (1.7) % respectively).
Dynamic changes in QTc dispersion were
seen after acute infarction with signifi-
cant differences in the QT components
occurring between the different patient
groups. Levels of QT dispersion (87 (15)
ms), QTc dispersion (105 (17) msi), and
QT dispersion ratio (11.7 (0.8) %) in the
four patients with ventricular fibrillation
were significantly higher. Use of QT dis-
persion ratio gave a narrower confidence
interval.
Conclusion-QT dispersion is increased
after myocardial infarction and levels are
higher in patients with ventricular fibril-
lation. The changes in QT dispersion are
dynamic and may reflect the changing
pattern of underlying ventricular recov-
ery of ventricular excitability, which is
profoundly disturbed in the earliest
phase of acute infarction. Expressing QT
dispersion as a percentage of cycle length
(QT dispersion ratio) rather than using
standard rate correction may be superior
in identifying patients who develop
ventricular fibrillation.

the earliest phase of myocardial infarction.
This arrhythmia remains the major source of
mortality from myocardial infarction but with
continuous electrocardiographic monitoring
and the rapid availability of defibrillators, few
patients with infarction die from ventricular
fibrillation in hospital. Perhaps for this reason
or because of the lack of success in the predic-
tion of ventricular fibrillation, this problem
has attracted relatively little recent attention.

Various features are significantly associated
with primary ventricular fibrillation: time
from onset of symptoms,' size of infarction,2
potassium levels,3 etc, but none has clinically
useful positive predictive accuracy. R-on-T
ventricular extrasystoles have been investi-
gated as predictors of ventricular fibrillation.4
They appeared an attractive prospect given
their part in initiating primary ventricular fib-
rillation but their presence and frequency
proved neither specific nor sensitive in pre-
dicting this arrhythmia. Whilst the practical
clinical value of primary ventricular fibrilla-
tion prediction in acute myocardial infarction
may be debatable, accurate prediction of the
event would at least indicate a level of under-
standing of arrhythmogenesis that has, so far,
been lacking.

Dispersion of repolarisation is an important
electrophysiological feature which is consid-
ered fundamental for the initiation of ventricu-
lar fibrillation.56 Its predictive potential has
not been examined because, until recently,
measures of dispersion of repolarisation were
not available in clinical practice. With recent
evidence that differences in interlead QT
intervals on standard twelve lead electrocar-
diograms (ECGs) reflect not technical artefact
but regional variations in recovery of ventricu-
lar excitability,7 a method for examining repo-
larisation features as predictors of ventricular
fibrillation has become available. This study
examines QT dispersion in patients with acute
myocardial infarction and with unstable
angina. It explores the value of native versus
rate corrected QT values and compares these
with the use of a simple formula which
expresses QT dispersion as a percentage of
cycle length, thus obviating the need for rate
correction. It further examines the dynamic
behaviour of QT dispersion in acute myocar-
dial infarction and describes QT changes
which precede ventricular fibrillation.

(Br Heart J 1995;73:32-36)
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Great effort has been expended on attempts
to predict ventricular fibrillation in patients in

Patients and methods
Standard twelve lead ECGs recorded at 50
mm/s were obtained prospectively in patients
admitted to the coronary care unit who were
within 6 h of the onset of typical cardiac chest
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pain. Patients with manifest arrhythmia, bun-
dle branch block and those taking antiarrhyth-
mic agents or other medication likely to affect
the QT interval were excluded. QT analysis
was performed using a Calcomp 9000 digitiz-
ing tablet and a simple personal computer
based computer program, as previously
described.8 The end of the T wave was
defined visually as the point where the T wave
returned to the TP baseline. The apex of the
T wave was defined as the peak of the T wave
and in the case of biphasic T waves the peak
of the largest T wave component. Where the
T wave was interrupted by a U wave before a
return to baseline, the QT interval was mea-
sured to the nadir between the T and U
waves. These definitions are in accordance
with previously published work.8 As far as
possible three complexes were analysed for
each lead and all 12 leads were analysed.
Leads where the T wave end could not be dis-
cerned were excluded from the analysis.
ECGs with less than seven leads available for
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Figure 1 Electrocardiograms aligned to the onset of the QRS complexfrom patients with
unstable angina, myocardial infarction and ventricularfibrillation iUustrating dispersion of
the QTintervals.

analysis were excluded (n = 2). The second
ECG (usually performed the following day) in
patients with confirmed myocardial infarction
was also recorded at 50 mm/s to document
changes in QT dispersion with time.

Acute myocardial infarction was defined
according to at least two of the three World
Health Organisation criteria:

(a) typical cardiac chest pain for >30 min;
(b) serial ECG changes;
(c) peak creatine kinase >twice the upper

limit of normal.
Unstable angina was diagnosed on the basis

of typical acute cardiac chest pain with ST
segment changes but without either Q waves
or a rise in cardiac enzymes; or typical acute
chest pain with subsequent predischarge posi-
tive exercise test; or significant coronary artery
disease (defined as one or more stenoses
>70%) as shown by coronary angiography.

Results for QT dispersion are given as
native values (QT dispersion), rate corrected
using Bazett's formula (QTc dispersion), and
the QT dispersion ratio which we have
defined as QT dispersion divided by the cycle
length in milliseconds and expressed as a per-
centage. Results are given as mean (SD) with
statistical analysis performed using Student's t
test and the paired t test for comparisons
within patients.

Results
A total of 55 patients were enrolled into the
study. Twenty five patients had unstable
angina and 30 acute myocardial infarction,
four of whom had an episode of primary
ventricular fibrillation; all were successfully
resuscitated.
The mean (SD) (range) heart rate expressed

as cycle length in patients with unstable
angina was 887 (167) (640-1200) ms and in
those with acute infarction the values were
similar with a mean cycle length of 824 (169)
(610-1300) ms. The number of electro-
cardiography leads analysed in each group
was also similar, averaging 10-4 for patients
with unstable angina and 10-3 for those with
infarction.

QT DISPERSION IN ISCHAEMIA AND INFARCTION
The mean (SD) admission QT dispersion in
patients with unstable angina was significantly
lower (38 (13) ms) than in those with myocar-
dial infarction (69 (19) ms) (P < 0.001).
The results were similar using rate corrected
values with mean (SD) QTc dispersion values
of 39 (14) msi for patients with unstable
angina and 79 (27) msl for those with infarc-
tion (P < 0-001). The QT dispersion ratio
was considerably higher in patients with acute
infarction (8-6 (2-6) %) than in those with
unstable angina (4 5 (1-7) %) (P < 0.001).

There was no significant difference in QT
dispersion between anterior (n = 14) and
inferior (n = 16) infarcts with QT dispersion
values of 70 (21) ms versus 68 (18) ms; mean
QTc dispersion values of 84 msi and 79 msi;
and QT dispersion ratio values of 8-3 (3-5) %
versus 8-8 (2.8) % respectively.
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QT DISPERSION AND VENTRICULAR
FIBRILLATION
Figure 1 shows representative electrocardio
grams from patients with unstable angina
myocardial infarction, and myocardial infarc
tion complicated by ventricular fibrillatior
annotating the QT dispersion for each. Figure
2 shows the results for QT dispersion, QT(
dispersion, and the QT dispersion ratio illus
trating the means (SD) for each parameter foi
patients with unstable angina and acute
myocardial infarction with and without ven
tricular fibrillation. Native QT dispersion val
ues were greater in the four patients whc
developed ventricular fibrillation (mean (SD
87-5 (15) ms) than in those without ventriculai
fibrillation complicating their acute myocar
dial infarction (mean (SD) 66 (18) ms (P <

0.04). The results were again similar using
rate corrected values, with QTc dispersior
values of 75 (26) msi for patients without ven
tricular fibrillation and 105 (17) msi for those
with the arrhythmia (P < 0 04). The mear
QT dispersion ratio in patients with myocar-
dial infarction who developed ventricular fib
rillation was 11-7 (0 8)% versus 8-1 (2-4) 0X
in those patients with infarction who did no
have ventricular fibrillation. Figure 3 illus
trates the differences between the means anc
confidence intervals for each parameter fo:
comparison between patients with and with-
out ventricular fibrillation who had a myocar-
dial infarction. Four of seven patients with E

QT dispersion ratio of 11% or greater ha
ventricular fibrillation with no patient having
ventricular fibrillation below this value.

01
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Figure 2 Admission QT
dispersion, QTc dispersion,
and QTdispersion ratio in
patients with unstable
angina (UA), acute
myocardial infarction
(MI), and acute
myocardial infarction
complicated by ventricular
fibrillation (VF). Bars are
SD.

CHANGES IN QTc DISPERSION WITH TIME AFTER
ACUTE MYOCARDIAL INFARCTION
A second ECG was recorded within 24 h in
27 of the 30 patients with acute infarction.
Data for the three other patients were missing
because of non-collection for two patients and
the death of one from cardiogenic shock 3 h
after admission. ECGs from four of the 27
patients were not included in the analysis: the
ECG was taken during a further episode of
chest pain in two patients (QTc dispersion
increased in both by 30 msi) and the other
two patients developed right bundle branch
block (QT dispersion increased only by 10
msi). The ECGs from the remaining 23
patients were used to determine time depen-
dent changes in QTc dispersion after acute

QTc dispersion
QT dispersion QT dispersion ratio

E

Figure 3 Comparison of the differences between means
and confidence intervals for QT dispersion, QTc dispersion,
and QT dispersion ratio in patients with acute myocardial
infarction with and without ventricularfibrillation.

myocardial infarction. The ECG pairs were
a mean of 5 and 19 h after the onset of
symptoms. There was a small but significant
decrease in heart rate between the two
recordings (mean cycle length change = +57
(1 14) ms, P < 0 02). QTc dispersion fell in 18
patients (67%), remained unchanged in three
and rose by 10 msi in three (fig 4). The mean
change in the 24 patients was a significant
reduction of 24 msi (P < 0-01).

COMPONENTS OF QTc DISPERSION
Figure 5 shows the mean QTc minimum and
mean QTc maximum together with the rate
corrected dispersion values for both the apex
and end of the T wave in patients with unsta-
ble angina, myocardial infarction, and ventric-
ular fibrillation.
QTc end dispersion was increased in

patients with acute myocardial infarction and
was significantly higher in patients with ven-
tricular fibrillation. There was no significant
difference in QT end minimum in patients
with infarction compared with that in those
with ventricular fibrillation or unstable
angina. Thus, QTc end dispersion was largely
generated by prolongation of QTc end maxi-
mum.

Similar changes in QTc apex dispersion
were found-that is, QTc apex dispersion was
significantly greater in patients with infarction
than in those with unstable angina, but QTc
apex did not distinguish those patients who
would develop ventricular fibrillation. By
contrast with analysis of the minimum com-
ponent of QTc end dispersion, QTc apex
minimum was shorter in patients with infarc-
tion and largely responsible for the increased
QTc apex dispersion in that group.

Discussion
This paper represents a detailed examination
of QT dispersion parameters in patients
admitted to the coronary care unit in an
attempt to define whether refinement of mea-
surement of the traditional single QT interval
will identify patients at risk of ventricular fib-
rillation. In considering QT rate correction we
have elected to use Bazett's formula and to
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Figure 4 Changes in QTc dispersion with time after
acute myocardial infarction. ECG, electrocardiogram.
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Figure 5 Changes in
QTc components in
patients with ischaemia
and infarction. *P < 0 05;
**P < o 01; ***P < 0 001.
U, QTc end maximum;
O, QTc end minimum;
U, QTc apex maximum;
*, QTc apex minimum;
U, QTc apex dispersion;
12, QTc end dispersion.
Bars are SE.
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compare this with the native values and with a
newly defined parameter, namely, the QT dis-
persion ration. QT rate correction suffers
from many problems, not least the fact that
nearly all the methods have been derived from
observations made in healthy subjects and
thus are probably inappropriate in the context
of acute infarction.

This paper provides direct evidence of
important QT component changes with
infarction as compared with those of
ischaemia, suggesting that the approach is
invalid. The use of the QT dispersion ratio
may offer a better approach. It avoids the
need for rate correction and offers a direct
measurement of the time per cycle length for
which the underlying recovery of ventricular
excitability is disturbed.

This is also the first detailed examination of
QTc components (QTc end and QTc apex,
QTc maximum and QTc minimum) and QT
dynamics in a substantial ischaemic popula-
tion. The complexity of the changes associ-
ated with unstable angina, infarction, and
infarction complicated by ventricular fibrilla-
tion may help explain the often contradictory
descriptions of the QTc interval as a risk factor
after acute myocardial infarction. In some
studies,910 prolongation of the QTc interval
was associated with ventricular fibrillation.
Other work,'" however, however, has been
contradictory. The lack of standard criteria
for measuring QT intervals, the differing mea-
surement protocols used, and the failure to
take account of the differences between differ-
ent leads may explain these inconsistencies.

This study did not examine a normal popu-
lation group, but in other work,8 a normal
QTc end dispersion of about 50 msl has been
described. Patients with unstable angina show
admission values close to the normal range
(mean 39 msl). Patients with acute infarction
have higher admission QTc end dispersion
(mean 75 msi) with mean QTc end disper-
sion values of 105 msi in patients with ven-
tricular fibrillation. Prolongation of QTc end

maximum rather than shortening of QTc end
minimum was responsible for the increase in
QTc end dispersion in patients with myo-
cardial infarction. In those who developed
ventricular fibrillation greater prolongation of
QTc end maximum generated the increased
dispersion associated with this arrhythmia.
QTc end measures the completion of repolar-
isation from the body surface. It is influenced
by both myocardium that repolarises late or
even fails to repolarise, thus creating bound-
ary currents, and significant populations of
cells with after depolarisations. All of these
factors may contribute to the development of
fibrillation by disrupting the normally uniform
recovery of the ventricle.

It is difficult to explain the nuances of QTc
apex changes. QTc apex minimum shortens
after acute myocardial infarction compared
with that in patients with unstable angina.
This effect is still present after excluding the
two patients in either category who had bipha-
sic T waves. Little is understood of what QTc
apex represents but in the homogeneous
myocardium with a symmetrical T wave, the
T apex might be expected to represent the
point at which 50% of myocardium has repo-
larised. Thus QTc apex measurements will in
part be determined by shortening of action
potentials due to ischaemia and infarction.
This may explain the insensitivity of QTc
apex dispersion measurements to differentiate
patients with ventricular fibrillation.
QTc end dispersion falls quickly in most

patients after infarction. Twenty six of our
patients were treated with streptokinase and
some of the larger falls may have been the
result of reperfusion which reduces QTc dis-
persion."3 With the widespread use of throm-
bolytic agents it will be difficult to establish
the natural history of changes in QT disper-
sion after infarction but a study of retrospec-
tive data should be possible. Drugs may also
influence QT dispersion. Patients taking med-
ication known to affect the QT interval or
antiarrhythmic drugs were excluded from this
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study but nothing is known of the effect of fJ
blocking agents or other commonly used
drugs on QT dispersion.

In previous work Day et al'4 used adjusted
QTc dispersion to correct for the different
number of leads analysed. Adjusted disper-
sion is derived by dividing the QTc dispersion
value by the square root of the number of
leads analysed. We have not used this correc-
tion for two reasons. First, the number of
leads analysed was similar in all the groups
(mean = 10) and at least seven leads had to be
suitable for analysis, thus reducing the need to
perform such an adjustment. Second, the
mathematical basis of adjusted QTc disper-
sion assumes that all leads are equally likely to
contribute to QTc minimum and QTc
maximum; an assetion that may be flawed.

This study was not designed to be the
definitive examination of QT dispersion as a
risk factor for ventricular fibrillation but
rather to provide information that would per-
mit design of such a study. Only four of the
consecutively included ischaemic patients
developed ventricular fibrillation but even in
this very small group, significant QT measure-
ment deviations were seen. The confidence
limits are large for QT dispersion and QTc
dispersion and extend beyond zero but are
promising with the use of the QT dispersion
ratio. A larger study will be necessary to deter-
mine accurately its predictive power. The
dynamic nature of changes in QTc end dis-
persion imply that the admission ECG alone
may not provide sufficient information. Real
time monitoring of the interlead differences
between QT intervals may have greater value
as rapid changes in dispersion of ventricular
recovery are probably more important that a
single static value. Such a monitoring system
should accurately track changes in QT end
maximum and QT end minimum. Changes in
the lead position of QT maximum or QT
minimum with further ischaemia and/or
extension of infarction may provide added dif-
ficulties and thus determination of the opti-
mum number and position of leads to monitor
will be important. Combined monitoring of

both QT end dispersion and R-on-T ventricu-
lar extrasystolic activity may be an even more
sensitive method for prediction of ventricular
fibrillation with one method (QT dispersion)
focusing on the arrhythmia substrate and the
other (R-on-T extrasystokes) focusing on the
arrhythmia trigger. Automated systems are
necessary and improved algorithms for QT
end detection required, however, to perform
such monitoring.
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Research Fellowship. The Academic Department of
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supported by the British Heart Foundation.
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