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QT dispersion as a risk factor for sudden cardiac
death and fatal myocardial infarction in a

coronary risk population

Matti Mdntiiri, Lasse Oikarinen, Vesa Manninen, Matti Viitasalo

Abstract
Objective-To test in a prospective study
the hypothesis that increased QT disper-
sion in resting 12-lead ECG is a predictor
ofsudden cardiac death.
Design-A nested case-control study dur-
ing a mean (SD) follow up time of 6 5
(2.8) years.
Setting-A prospective, placebo con-
trolled, coronary prevention trial with
gemfibrozil among dyslipidaemic middle
aged men in primary (occupational)
health care units: the Helsinki heart
study.
Patients-24 victims of fatal myocardial
infarction, 48 victims of sudden cardiac
death without acute myocardial infarc-
tion, and their matched controls.
Main outcome measures-QT dispersion
in baseline and pre-event electrocardio-
grams.
Results-At study baseline, QT disper-
sion was similar in all victims and con-
trols. When estimated from the pre-event
ECG on average 14 months before death,
the risk of sudden cardiac death in the
highest QT,. (up to the peak of the T
wave) dispersion tertile (> 50 ms) was
6-2-fold (95% confidence interval 1-7 to
23.5) compared with the risk in the lowest
tertile (< 30 ms), and 4-9-fold (1-2 to 19.5)
after adjustment for the presence of left
ventricular hypertrophy, while QT,.
dispersion could not predict fatal myocar-
dial infarction. QT,;ND dispersion (up to
the end of the T wave) in pre-event ECGs
could not discriminate victims of either
sudden cardiac death or fatal myocardial
infarction from their matched controls.
Conclusions-In middle aged men with a
normal conventional QT interval in 12-
lead resting ECG, increased QT,. dis-
persion is an independent risk factor for
sudden cardiac death, but not for fatal
myocardial infarction.

(Heart 1997;78:268-272)
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With few exceptions, sudden cardiac death in
middle aged and elderly populations is associ-
ated with coronary heart disease. It is the first
manifestation in some 20% of cases and con-
stitutes about half of all coronary deaths. Most
sudden cardiac deaths are caused by arrhyth-

mias and 65% to 85% of victims of prehospital
cardiac arrest have ventricular fibrillation as
the causative arrhythmia. "- The prevalence of a
plaque rupture plus occluding thrombus as an
initiating factor varies from 10% to 75%,
depending on the population and definition of
sudden cardiac death.5-8 Most of the classical
coronary risk factors also predict sudden car-
diac death,9-'3 and several clinical and electro-
physiological variables, such as ejection
fraction,'4 presence of non-sustained ventricular
tachycardia,'5 late potentials,'6 heart rate vari-
ability,'7 T wave alternans,'8 or inducibility of
ventricular arrhythmias in electrophysiological
stimulation,'9 have been studied as predictors
of sudden cardiac death. However, low speci-
ficity or complicated recording procedures
have so far hindered their widespread use.
QT dispersion-that is, inter-lead variabil-

ity in the QT intervals-is considered to reflect
regional variation in ventricular recovery
times. This spatial dispersion of repolarisation
could offer an electrophysiological substrate
for malignant ventricular arrhythmias.'0"
Recent clinical data suggest that QT disper-
sion, as measured from a 12-lead surface elec-
trocardiogram, might offer a non-invasive
marker for susceptibility to life threatening
arrhythmias and hence sudden cardiac
death.'F'7 We tested this hypothesis in middle
aged dyslipidaemic male participants of the
Helsinki heart study. This particular study
cohort consisted of 24 victims of fatal myocar-
dial infarction, 48 sudden cardiac death vic-
tims without signs of acute myocardial
infarction, and matched controls, with a mean
(SD) follow up time of 6-5 (2 8) years. The
study design allowed us to measure the QT
dispersion in electrocardiograms recorded
both at study baseline and on average 14 (13)
months before death.

Methods
The study cohort originate from the Helsinki
heart studies, which were placebo controlled
coronary prevention trials28-30 among dyslipi-
daemic middle aged (40 to 55 years) male
employees of the Finnish State Railways, Posts
and Telecom, and five industrial companies.
The sudden cardiac death victims were sub-
jects who experienced by study protocol either
a sudden cardiac death or unwitnessed cardiac
death during 1981-92. A one hour limit for
the duration of symptoms was used in the def-
inition of sudden cardiac death, while unwit-
nessed cardiac death was diagnosed when
there was insufficient preterminal data for
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classification as sudden cardiac death. In this
paper these two end points are collectively
called sudden cardiac deaths.
Of the 241 cardiac end points occurring in

the Helsinki heart study primary prevention
trial during the extended follow up,30 189 con-
sisted of non-fatal myocardial infarctions, 24
were classified as fatal myocardial infarctions,
and 28 as sudden cardiac deaths. A diagnosis
of fatal myocardial infarction was based on
sufficient preterminal data (n = 7) or on
necropsy verification of an occluding throm-
bus and a fresh myocardial lesion (n = 17).
The matched controls for fatal myocardial
infarctions consisted of men who completed
the study period without coronary events.
Two matching variables, the geographical area
and the treatment group, were used. Sudden
cardiac death was diagnosed at necropsy when
myocardial infarction was excluded and the
ventricular wall appeared homogeneous in
cross sections and no occluding thrombi were
found. A detailed description of the criteria for
Helsinki heart study cardiac end points is
found elsewhere.28
Of the 28 sudden cardiac deaths in the pri-

mary prevention trial, one was excluded from
the analyses because of atrial fibrillation and a
second because of technical difficulties in the
interpretation of the electrocardiogram. The
primary sudden cardiac deaths (figure) thus
consisted of these 26 victims up to 1990 plus
five additional subjects with necropsy data
who experienced a sudden cardiac death as
their first coronary event in 1991-92. The
necropsy rate among victims of primary sud-
den cardiac death was 71% (22 out of 31).
The primary controls were men without coro-
nary events during the follow up, matched for
drug treatment (gemfibrozil/placebo) and geo-
graphical area. The latter was necessary to
ensure the use of the same ECG recorder for
both case and control.
The secondary cases of sudden cardiac

death (figure) consisted of 17 subjects who
suffered sudden cardiac death after first experi-
encing a non-fatal myocardial infarction.
Eleven subjects had their infarcts before the
start of the Helsinki heart study and were fol-
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lowed up in the secondary prevention study.29
The necropsy rate in victims of secondary sud-
den cardiac death was 65% (11 out of 17).
The secondary controls were men who experi-
enced a non-fatal myocardial infarct in the pri-
mary prevention trial but who remained alive
until the end of follow up. In addition to drug
treatment and geographical area, the sec-
ondary controls were also matched with regard
to the localisation of the myocardial infarct
(five anterior, 11 inferior, and one with unde-
fined localisation).

RECORDING OF THE ELECTROCARDIOGRAMS
AND QT MEASUREMENTS
A resting 12-lead electrocardiogram was
recorded at the second screening visit in
1981-82 and this is referred to as the baseline
electrocardiogram in this paper. During the
study period, a routine electrocardiogram was
recorded annually and whenever the subject
complained of symptoms suggesting myocar-
dial infarction. The last available recording
before death is referred to as a pre-event elec-
trocardiogram in this paper. The mean (SD)
time interval between pre-event electrocardio-
gram and death was 14 (13) months. The time
interval from nonfatal myocardial infarction to
pre-event electrocardiogram was 2-8 (1 9)
years in victims of secondary sudden cardiac
death. The electrocardiograms for the controls
were selected from the same visits as for the
cases, so the time intervals in all case-control
pairs are identical.

All QT intervals were measured from stan-
dard 12-lead electrocardiograms using a paper
speed of 50 mm/s and a calibration of
10 mm/mV. One blinded investigator (LO)
made all the measurements manually with the
recordings in random order and without any
clinical data. Three consecutive beats in each
lead was measured using accuracy of 10 ms
(10 ms = 0 5 mm when the paper speed is 50
mm/s) and the mean of these was used as the
QT interval.
The QTEND interval was measured from the

onset of the QRS complex to the end of the T
wave, defined as the return to the T-P base-
line. If the T wave was interrupted by a U
wave before return to the baseline, the QTEND
interval was measured to the nadir between T
and U waves. If the end of the T wave could
not be clearly determined, the lead was
excluded from the analyses. A mean of 11-3
leads (range 7 to 12) per ECG was measured
to estimate QTEND dispersion in sudden car-
diac death cases, while the corresponding
numbers in controls were 1 1 2 (range 8 to 12).
The QTpEAK interval was measured from the

onset of the QRS complex to the peak of the T
wave, defined as the centre of the highest
amplitude of the T wave. In cases of biphasic
T waves, no QTPEAK intervals were recorded in
those leads. The T wave was considered
biphasic if after the first T wave peak there was
a second T wave peak of opposite direction
(negative-positive or positive-negative), and
the time interval between these two was less
than 150 Mis.3 QTpEvK dispersion was esti-
mated from a mean of 10-7 (range 7 to 12)
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Table 1 QT dispersion in victims ofsudden cardiac death (SCD), fatal myocardial infarction (MI), and matched
controls. Findings in pre-event electrocardiograms

Primary SCD Secondary SCD Fatal MI

Victims Controls Victims Controls Victims Controls

Number 31 31 17 17 24 24
QTpEAK dispersion, mean (SD) ms 43 (18) 35 (14)* 56 (16) 44 (20)t 36 (13) 35 (1 t
QTEND dispersion, mean (SD) ms 45 (16) 43 (16)t 51 (19) 54 (30)t 41 (15) 43 (14)4

Primary indicates SCD as the first cardiac event and secondary after a non-fatal MI.
*P < 0-03 between cases and controls; tP < 0-04 between cases and controls; P < 0-01 between all SCD cases and controls
(ANOvA); tP = NS between cases and controls.

measured leads in sudden cardiac death cases
and from a mean of 10-6 (range 6 to 12) mea-
sured leads in controls. The longest and short-
est QT intervals in any of the 12 leads were
recorded and the difference between these two
is the QT dispersion. It should be noted, that
no bundle branch blocks were observed in the
study cohort.
The interobserver variability of the mea-

surements was estimated by comparing the
results in a random 25% sample of all electro-
cardiograms, which were blindly remeasured
by an experienced electrophysiologist (MV).
No differences emerged in the means of all
measured QT,ND intervals (369 v 370 ms) or
QTPEAK intervals (302 v 300 ms) between
observers, the corresponding coefficients of
variations being 1-9% in QTEND measurements
and 2-0% in QTpEAK measurements. The limits
of agreement calculated according to the
method of Bland and Altman32 were from
-11-4 to +13*8 ms for QT,ND measurements
and -11 8 to +86 ms for QTPEAK measure-
ments.

There was a close correlation between heart
rate and maximum QTPEAK interval (r =
-0-68, P < 0 001) and QTEND interval (r =
-0-73, P < 0 001) as well as between heart
rate and minimum QTpEAK interval (r =
-076, P < 0 001) and QTEND interval (r =
-0 74, P < 0 001). However, the association
between QTEND dispersion and heart rate was
weaker (r = -0-24, P < 0 02) and no correla-
tion existed between heart rate and QTPEAK
dispersion (r = 0-02, P = 0 7). For these rea-
sons, the data on maximum QT intervals in
this paper are corrected for heart rate using a
nomogram, tested in our population,33 while
QT dispersion is presented without rate cor-
rection.

STATISTICAL METHODS
Values are given as mean (SD). The differ-
ences in mean levels between the groups in
continuous variables were estimated using

Table 2 Maximum QTpE,K interval and QTpEAK dispersion in pre-event
electrocardiograms as risk factors for sudden cardiac death. Odds ratios and 95%
confidence intervals

Unadjusted Adjustedfor LVH*

QTPEAK dispersion
1st tertile ( 30 ms) 1 1
2nd tertile (40 ms) 3-4 (1-0 to 11-5) 3-5 (0 9 to 12-4)
3rd tertile () 50 ms) 6-2 (1-7 to 23 5) 4-9 (1-2 to 19-5)

P < 0-01 for trend
Maximum QTp,IK interval

1st tertile (< 339 ms) 1 1
2nd tertile (340-359 ms) 1 9 (0 7 to 5 4) 1-9 (0 7 to 5-0)
3rd tertile () 360 ms) 5-3 (1-5 to 18-6) 4-6 (1-2 to 17-0)

P < 0-02 for trend

Values are odds ratios (95% confidence intervals).
*Presence (yes/no) of left ventricular hypertrophy (SV1 + RV5 > 35mm).

either the t test or analysis of variance
(ANoVA). The differences in discrete variables
were estimated using either Fisher's exact test
or the X2 test. The significances of maximum
T intervals and QT dispersion indices as coro-
nary risk factors were estimated using a nested
case-control design and conditional logistic
regression analyses in the EGRET (Epi-
demiology and Statistics Corporation, Seattle,
Washington, USA). For the analyses, the
intervals and dispersion indices in the study
population were divided into tertiles and the
lowest was used as a reference (odds ratio =
1). The cut off limits for the highest tertiles
were at the levels of the 90th to 95th centiles
of those detected in primary controls.

Results
No significant differences between sudden car-
diac death victims and matched controls
emerged in any of the measured QT intervals or
QT dispersions determined from baseline elec-
trocardiograms (data not presented). In con-
trast, the victims of sudden cardiac death had
significantly longer maximum QTp,., intervals
(359 (24) v 344 (21) ms; P < 0.002) and signif-
icantly greater QTp,,, dispersion (table 1) in
pre-event electrocardiograms compared to con-
trols. The corresponding differences in maxi-
mum QTEND interval (421 v 414 ms) and
QTEND dispersions (47 v 47 ms) were not statis-
tically significant. No differences in any of the
determined QT intervals or QT dispersions
were found in either baseline or pre-event elec-
trocardiograms between subjects with fatal
myocardial infarction and matched controls.
The mean duration of the QRS complex was

similar in controls, 91 (12) ms, and in subjects
with sudden cardiac death, 95 (11) ms, or fatal
myocardial infarction, 94 (10) ms. No differ-
ence in systolic blood pressure was found
between sudden cardiac death victims and con-
trols, but diastolic blood pressure was higher, at
95 (12) v 89 (10) mm Hg (P < 0 01), and left
ventricular hypertrophy (defined as SV1 + RV5
> 35 mm) was more prevalent in victims (23%
v 4%; P < 0 02). The mean heart rate was simi-
lar in sudden cardiac death cases and controls
(66 v 66/min) and only two subjects had a rest-
ing heart rate of more than 90/min, a level
shown to discriminate between victims and
controls. 13

Alcohol consumption was higher in sudden
cardiac death victims than in controls (71% v
39% in the highest tertile of consumption; P <
0-01). Mean serum total and HDL cholesterol
were similar, while triglycerides, probably due
to alcohol consumption, were higher in victims,
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at 2-9 (3 0) v 1 9 (1-3) mmol/l; P < 0 04. The
prevalence of smoking was similar in both
groups (56% v 5 1%), as well as the mean ages
(48-6 v 49 0 years).
Of the potential confounding variables, the

presence of left ventricular hypertrophy had no
influence on QT,E,K dispersion, neither were
any associations found between QT dispersion
and the use of ,B blocking drugs. Alcohol con-
sumption increased the dispersion in controls,
while it had no effect in sudden cardiac death
victims (data not presented). A positive asso-
ciation (r = 0-36, P < 0-03) was detected
between the age at death and the QT,,, dis-
persion.

Conditional logistic regression analyses dis-
closed a significant "dose-response" pattern
between increasing maximum QTp,,, interval
or QTp,,, dispersion and the risk of sudden
cardiac death. (table 2). Adjustment for the
presence of left ventricular hypertrophy had
only marginal influence on the risk patterns,
and additional adjustment for age in the model
had no further impact.
The necropsy findings in 22 victims of pri-

mary sudden cardiac death showed that, with
the exception of three subjects, all had signifi-
cant coronary heart disease with atherosclerotic
lesions in coronary arteries. By definition, how-
ever, no occluding thrombi or fresh myocardial
lesions were detected. Five subjects had a scar
in the left ventricle, indicating a healed myocar-
dial infarct. None of these participants in the
primary prevention trial had ever revealed
either a history of a previous myocardial infarct
or electrocardiographic evidence of infarction.
The distribution of coronary disease was similar
in those who suffered either a sudden cardiac
death or an unwitnessed cardiac death accord-
ing to the original Helsinki heart study end
point definitions. By definition, all 17 necrop-
sied victims of primary fatal myocardial infarc-
tion showed significant coronary disease with
advanced atherosclerosis, occluding thrombi,
and fresh myocardial infarcts.

Discussion
Our results suggest that in middle aged men
with normal QT interval, increased QTpEA, dis-
persion and increased duration of the maxi-
mum QTp,,K interval are independent risk
factors for sudden cardiac death, but not for
fatal myocardial infarction.
QT interval is conventionally measured to

the end of the T wave and this time interval is
considered to represent electrical repolarisation
of the myocardium. The spatial dispersion of
the repolarisation times, a possible determinant
of malignant ventricular arrhythmias, is then
measured as inter-lead variability of these
QTEND intervals. In our prospective coronary
risk cohort neither QTEND interval nor the
QTEND dispersion could predict sudden cardiac
death, whereas prolonged QT,,,, interval and
increased QT,,AE dispersion were significant
predictors. Electrophysiologically, the peak of
the T wave is thought to represent the moment
ofmaximum net extracellular field produced by
spreading of the repolarisation wave throughout

the ventricular myocardium.34 Drug experi-
ments by El-Sherif et al have shown that the
dispersion of the myocardial rather than endo-
cardial or epicardial action potential durations
is critical for polymorphic ventricular tachycar-
dia.5 The present findings suggest that in a
population with normal repolarisation times,
the timing and the dispersion of the spatial
repolarisation force-that is, the repolarisation
of the myocardial layer-rather than the dura-
tion or dispersion of the whole repolarisation
are important in the genesis of malignant
arrhythmias in an ischaemic heart.
Our data suggest that increased QT,,,, dis-

persion might develop with coronary disease in
some individuals, predisposing them to sudden
cardiac death, although it seem probable that
the development of coronary disease alone does
not necessarily increase the QT,,., dispersion.
The lack of a unified protocol for necropsies
renders these conclusions only suggestive. An
argument against a simple association between
coronary heart disease and QT,,,, dispersion
derives from the fact that QTpEu< dispersion
was always greater in victims of sudden cardiac
death, irrespective of whether the death was the
first manifestation of coronary disease or a sec-
ondary event after a non-fatal myocardial
infarct. Another opposing argument arises from
the fact that QTp, dispersion could not dis-
criminate between victims of fatal myocardial
infarction and controls. Thrombolytic treat-
ment has been shown to reduce QT disper-

36 th
sion, but the Helsinki heart study was
conducted before the thrombolytic era, so only
one victim of secondary sudden cardiac death
had received streptokinase in conjunction with
acute myocardial infarction.
A problem in the study of sudden cardiac

death is the initiating events for arrhythmias.
Population based necropsy data suggest that in
10-75% of cases classified as sudden coronary
deaths the main cause is an unstable atheroscle-
rotic plaque, with disruption and accumulation
of a fresh thrombus.5-8 Because of the Helsinki
heart study criteria for sudden cardiac and
unwimessed deaths, our victims consisted of
subjects in whom an acute myocardial infarct as
the propagating event was excluded. Of course
we can never totally exclude the possibility of
an infarct in the one third of sudden cardiac
death victims without necropsy. Furthermore,
routine necropsy may not disclose hyperacute
changes of infarction, since several hours may
be required before myocardial infarction is
detectable histologically in routine samples.
When acute myocardial infarction is excluded
as an initiator, ventricular fibrillation can be
either a primary arrhythmic event or induced by
ischaemia. While the latter seems more relevant
in our population with coronary heart disease,
our data are insufficient for further speculations
of the eventual mechanisms.

In spite of the fact that our patient material
was highly selected, the classical risk factors of
sudden cardiac death detected in a general pop-
ulation, such as hypertension and left ventricular
hypertrophy, were also significant determinants
in our dyslipidaemic cohort, where even some
of the controls had suffered a previous myocar-
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dial infarction. Our results are also in agree-
ment with the concept of the time dependence
of the risk factors for sudden cardiac death,'011
with the classical coronary risk factors being
better long term predictors, while the electro-
cardiographic variables are more powerful for
short term prediction of sudden cardiac death.'2
The increased QT,,.,, dispersion in our popula-
tion is a short term risk factor since no differ-
ence in dispersion between victims and controls
could be detected in baseline electrocardio-
grams.
Our study has some shortcomings and

restrictions. The study population consisted of
middle aged Caucasian males, and the results
may not be applicable to other races or to
women. One might also argue against pooling
subjects with sudden cardiac death and unwit-
nessed cardiac deaths. However, in most cases
the victims of unwitnessed deaths were found
in circumstances suggesting normal daily activi-
ties before death, so it may not be unjustified to
categorise these as sudden cardiac deaths, pro-
vided that other vascular catastrophes and
causes of death are excluded. This view is sup-
ported by our necropsy data, which suggest that
at least in dyslipidaemic middle aged men the
prevalence of coronary heart disease is similar
in victims of unwitnessed and sudden cardiac
death.
The clinical relevance of increased QTPEAJ(

dispersion in routine ECG should be consid-
ered in the context of the eventual preventive
measures available. In a health care system with
relatively limited resources, like ours, increased
QT dispersion could be used as an additional
selection criterion for early coronary angiogra-
phy. While our data suggest no association
between the use of 1B blocking agents and QT
dispersion, additional studies with other com-
pounds, especially with those known to influ-
ence QT intervals, are clearly needed.

In conclusion, our results suggest that in
middle aged men with increased coronary risk
and normal QT interval in resting electrocar-
diogram, increased QTp,A, dispersion and pro-
longation of maximal QTPEAK interval are
independent risk factors for sudden cardiac
death, but not for fatal myocardial infarction.
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