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Summary

Invasive studies have demonstrated that regional differences in the ventricular recovery time reflected as differ-
encesin the QT intervals corresponded to different regions of the myocardium. This non-homogeneity is called QT
dispersion (QTd). It was proposed by Campbell's group as a non-invasive marker to assess ventricular repolar-
ization inhomogeneity. Increased QT interval dispersion decreases the threshold for ventricular tachycardias (VT)
and is associated with a risk of VT and sudden cardiac death (SCD). This simple, inexpensive, bed-side method has
become very popular in the last nine yearsfor risk stratification in patients with acute myocardial infarction (AMI),
congestive heart failure, aswell asdilated and hypertrophic cardiomyopathy, or for monitoring drug effects on ven-
tricular repolarization, etc. Controversial questions on the value of this popular method arise because of: a) a lack
of adequate standardization, b) an exact measurement of T-wave end, ¢) a manual or automatic computerized mea-
surement, d) reproducibility, €) the large standard deviation of QT dispersion in some patients, f) the fact that the
sensitivity and specificity is often low, g) and because most published papers on this subject have been based on
retrospective studies. Despite technical and methodological limitations of measuring the QTd may be useful and

relevant in the future.
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Introduction

The interval between the onset of the Q wave and the
end of the T-wave of the standard surface electrogram
(ECG) is considered to represent the time between the
cell depolarization and the electrical recovery or repo-
larization. The routine evaluation of the ventricular
repolarization is based on measurements of the QT
interval inlead Il or alead with the largest T-wave, as
well asthe calculation of amean QT interval from par-
ticular subset of leads [1].

Mirvis reported a significant spatial variation in QT
intervals in normal individuals and patients with AMI
[2]. Day et a. and later others suggested that the mea-
surement of the inter-lead variability in the duration of
the QT interval and the assessment of the so-called
QTd, defined as the greatest QT interval (QTmax)
minus the least QT interval (QTmin), was a more sen-
sitive marker of enhanced ventricular vulnerability
than the QT prolongation itself [3-5]. Recent clinical
studies refer to the fact that QTd accurately reflects

spatiotemporal heterogeneity of ventricular recovery
times, and that a QTd of 70-120 ms can be indicative
of increased arrhythmia risk. Furthermore, one may
assume that an increase in QTd predicts the proar-
rhythmic effect of antiarrhythmic agents influencing
cardiac repolarization and refractoriness [4][6-8].

Pathophysiological basis of an abnormal QT
dispersion

The pathophysiology underlying increased QTd is not
fully understood, but is likely to be multifactoral.
Arrhythmogeneity depends partly on modulations of
ion currents, partly on an abnormal ventricular struc-
ture and partly on the metabolism [9]. Increased dis-
persion of the refractoriness may be due to regional
differencesin ventricular wall stress (mechano-electric
or contraction-excitation feedback), caused by ventric-
ular dilatation and fibrosis. This hypothesis is
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supported by the findings of increased QTd in
patients with acquired long QT interval [10], AMI
[11,12], hypertrophic cardiomyopathy [13,14], hyper-
tension and left ventricular hypertrophy [15], as well
as in diabetic patients with autonomic neuropathy
[16], uremic neuropathy, and during hemodialysis
[17]. QTds are associated with an increased risk of
VT and SCD in patients with chronic heart failure [5],
mitral valve prolapse [18], AMI [19] as well as long
QT syndrome [3], and with an increased risk of car-
diac mortality in patients with peripheral arterial dis-
ease [20].

The cellular basis for QTd recorded on the body sur-
face is not completely understood. The heterogeneity
of the repolarization is due to regional differences in
the action potential duration, and the activation time.
Very recently, it has been demonstrated that the disper-
sion in repolarization may arise from differencesin the
action-potential duration between cell groups originat-
ing from different layers of the ventricular myocardi-
um. It was demonstrated that the presence of M-cells
(inthe mid-myocardial layer) is characterized by a pro-
longed repolarization in comparison to endocardiac or
epicardiac cell layers. The peak of the
T-wave in the body-surface ECG was found to reflect
the end of the action potential of the epicardiac layer,
and the T-wave offset represented the termination of
the repolarization in the mid-myocardial layer (con-
taining M-cells). From this point of view, the time dif-
ference between the T-wave peak (Tp) and the end of
the T-wave (Te) reflects the transmura dispersion of
repolarization [21].

Difficulties occurred during the measurement
of QT, JT, TpTeintervalsand dispersions

Twelve-lead ECGs are recorded by means of a 12-
channel ECG recorder at a paper speed of 25-50 mm/s
and 10 mm/mV gain. Theintervalsfor each lead can be
measured manually with calipers, a ruler or the
(semi-) automatic method. This method poses certain
difficulties:

1) The QT interval in the surface ECG is dlightly
shorter than the ventricular recovery time.

2) The onset of the QRS complex and the T-wave end
may be very difficult to define, thus very short or
long leads may have to be excluded from the
measurements.

3) The U wave may be hidden behind the T-wave or
T- and U-wave may be clearly separated.

4) The QTd is not only influenced by the number of
measured leads. If, in clinical practice, there are dif-
ficulties in determining the end of the T-wave, there
are two possibilities: either the T-wave peak or the
point where the maximal slope of the descending
part of the T-wave cuts the isoelectric line [22-24].

Heartrate correction, QTc

The most often used formula for heart-rate correction
is the Bazett formula. There are also several other cor-
rection formulas in use (Fridericia, Kawataki, Sagie,
Funck-Brenato, Kargjalninen, Hodges, etc.) [25].
In this context, Malik et a. suggested that QTd should
be preferred to QTc dispersion [26].

Reproducibility of measurements and computer-
assisted semiautomatic and automatic system for
the measurement of the QT dispersion

When a single QT interval is measured by different
observers, significant differences - up to 20 ms - can
occur. However, the reproducibility of the mean QT
interval is generally considered as good. Conversely,
the reproducibility of the manually measured QTd is
poor, with a relative error between 25% and 35%
[22,23,27]. There are major methodological problems
in measuring the QTd, resulting in low reproducibility
of results from the same investigator. These problems
are mainly related to difficulties in defining the end of
the T-wave. Y et, the paper speed a so affects the repro-
ducibility. The interobserver variability of visua QT
interval measurements is 30%. The interobserver bias
in the T-interval amounts to 20 ms [22]. Dabar et al.
found that in patients with vascular desease the QTd
appears to have a sensitivity of 92% and a specificity
of 43% in predicting cardiac death. In the same study
the borderline value of 80 mshad a 67% sensitivity and
89% specificity [20].

The automatic computerized methods for measuring
QTd can help to perform large studies and can exclude
the interobserver and/or intraobserver variability.
Glancy et a. found a 100% repeatability for their auto-
matic system [23,28]. The automatic QT interval mea-
surements are more stable and reproducible than man-
ual measurements, but the discrepancy between manu-
a and automatic measurement suggests that the
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clinical experience gained with manual assessment
cannot be applied blindly to data obtained from auto-
matic systems [28-30].

The QT dispersion in patients with varying cardiac
diseases

The normal range for QTd is 40-50 ms with a maxi-
mum of 65 ms. If the QTd values are greater than
65 ms, the patients risk serious ventricular arrhythmia
or SCD. Patients with structural heart disease and at
risk of VT have QTd values from 66 to 115 ms[3,21],
while values over 130 ms would be found amost
exclusively in patients with acongenital long QT inter-
val, who failed to respond to beta-adrenergic blocking
agents [31]. The long QT syndrome dramatically
demonstrates increased QTd. Probably, this variableis
related to SCD and VT. There are studies which show
no differencesin the degree of dispersion between long
QT syndrome groups with frequent or infrequent clin-
ical symptoms [3,10].

During AMI, QTd is increased and successful throm-
bolysis is associated with less QTd in postinfarction
patients [12]. The increased QTd isindependent of the
degree of left ventricular dysfunction or clinical char-
acteristics of patients[32]. The dynamics of QTd grad-
ualy increased from day 1, reaching a maximum on
day 3, and falling gradually at discharge. During coro-
nary angioplasty, no changes in QTd were found [33].
Other studies have shown that coronary angioplasty
significantly decreases QT dispersion [34]. The early
coronary reperfusion may reduce the electrophysiolog-
ical instability by lowering QTd in the recovery phase
after AMI [35]. QTd isdecreased after successful coro-
nary artery revascularization and increased with
restenosis [36]. Patients with vasospastic angina exhib-
it an increased QTc dispersion compared to patients
with atypical chest pain [37]. The QTd of the resting
ECG one month after an anterior-wall AMI is unrelat-
ed to the estimated infarct size and the degree of left
ventricular dysfunction [38]. Myocardial ischaemia
induced by incremental atrial pacing in patients with
coronary artery disease (CAD) caused an acute
increase in QTd. Such "inducible" QTd may prove to
be more useful than resting QTd in assessing the indi-
vidual risk of arrhythmic events[39]. In aretrospective
case control study, QTd in postinfarction patients who
died during the follow-up was compared with match-
ing survivors. At day 3, the increased QTd did not

show any risk of SCD, but as the QTd had not
decreased 4 weeks after the infarction, this was associ -
ated with a higher mortality risk [23]. Other studies
could neither find the risk marker of QTd and TpTe
dispersion in postinfarction patients. A very recently
published paper showed that QTd measurements were
significantly increased in those patients who died and
that QTd resulted in an independent predictor of all-
cause mortality on multivariate analysis in postinfarc-
tion patients. These patients all suffered from heart
failure [19]. Barr's study group showed that QTd taken
from standard ECG predicted SCD in 44 patients with
chronic heart failure secondary to ischaemic heart dis-
ease. Patientswith SCD had a significantly higher QTd
compared to the survivors [5]. The ACE inhibitor,
ramipiril, therapy after AMI complicated by heart fail-
ure, is associated with a significant reduction of QTd
after seven weeks [19]. Enalapril reduces QTc disper-
sion in mild congestive heart failure secondary to CAD
[40]. It was demonstrated that, in patients with CAD,
who had non-sustained VT, inducibility of monomor-
phic VT was associated with an increase in QTd [41].
Increased QTd was linked to an increased incidence of
fatal and non-fatal myocardial infarction in the 6,595
middle aged men included in the West of Scotland
Coronary Prevention study [42], and to an increased
incidence of cardiac death in the 5,812 patients of the
Rotterdam Study of the Elderly [43].

A prospective study demonstrated that QTd has no pre-
dictive value for arrhythmias and SCD, although the
QTd was higher in patients with idiopathic dilated car-
diomyopathy and arrhythmias at the 13 + 7 -month fol-
low-up [44]. The study of Fei et al. suggests that QTd
does not predict death in idiopathic cardiomyopathy
[45]. Others showed that JT dispersion was a better
predictor for SCD [46]. Another study showed that
QTd was significantly greater in patients with dilated
cardiomyopathy and SCD [47]. In a retrospective
study, QTd measured by Holter was higher in SCD
patients than in healthy subjects and matched control
patients during the entire day. QTd has a clear circadi-
an variation in normal subjects, whereas this variation
is blunted in SCD patients [30].

The QTd is significantly increased in patients with
hypertrophic cardiomyopathy compared with normal
subjects; it was also shown that QTd is significantly
increased in patients with serious VT or SCD [14].
Tielman showed that QTd was greater in patients with
mitral-valve prolapse and ventricular arrhythmia [18].
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There was a significant correlation between complex
premature ventricular complexes and QTd in patients
with mitral-valve prolapse [48]. Conti et a. demon-
strated that, after catheter ablation of AV junction, an
increase in QTd was associated with episodes of poly-
morphic VT in their patients and with significant high-
er risk of rhythm disturbance, especially in patients
with severely depressed left ventricular function [49].
The increased QTd in patients with aortic stenosis
requiring valve replacement was reduced after valve
replacement [50]. Thereis a strong link between QTc
dispersion and cardiac death in patients with peripher-
al vascular disease [20]. Increased QTd was shown in
hypertension with increased |eft ventricular mass [15],
while abnormalitiesin QTd could not be found in per-
sons with athletic left-ventricular hypertrophy [47].
Ramipiril, felodipine and enalapril reduced the QTd in
patients with hypertension [51].

QT dispersion and antiarrhythmic treatment

Priori et a. reported that b-blocking agents reduce
QTd and improve the survival rate of patients with a
congenital long QT syndrome, responsive to such a
pharmacotherapy [31]. There are al so datawith respect
to b-blocking agent-induced reduction of QTd in
patients with chronic heart failure [52]. Some observa-
tions suggest that b-blockers may diminish QT/QTc
dispersion, which isfor example the case with atenolol
in patients suffering from cardiac X-syndrome, a spe-
cial condition characterized by enhanced sympathetic
drive [53]. A retrospective study demonstrated that
both selective and nonselective b-blockade had equiv-
alent effect on reducing QTc dispersion. Prospective
studies of QTc dispersion - within large b-blocker mor-
tality studies using both selective and nonselective
agents - with a longer follow-up period are necessary
to confirm the clinical relevance of these findings.
These trials, including the ongoing head-to-head trial
of a selective and nonselective agent (Carvedilol or
METoprolol [COMET] tria), will hopefully elucidate
whether different effects on SCD and all-cause mortal-
ity do exist [54].

Increased QTd during Class I/A antiarrhythmic drug
therapy is occasionally associated with the develop-
ment of “torsade de pointes’ VT. A consistent reduc-
tion in QT and QTc dispersions was found only with
amiodarone, an agent clamed to be aso safe in
patients who had previous episodes of sotalol and/or

Class I/A drug-induced “torsades de pointes”
[3,4,7,55,56]. The chronic amiodarone therapy
increases the QT interval and causes a homogenous
prolongation of the repolarization, manifested in a
reduction of QTd [4]. Amiodarone reduces the trans-
mural heterogeneity of ventricular repolarization both
in canine and human hearts [57-59]. More specificaly,
amiodarone displays greater prolongation of action-
potential duration (APD) in the epicardiac and endo-
cardiac cells with less increase - or even a diminution
- of the repolarization of the mid-myocardial M cells
with intrinsically long APD [58,59]. In patients with
postinfarction ventricular arrhythmias, amiodarone
decreases QTd significantly [7]. In patients with d,I-
sotalol-induced “torsade de pointes’ ventricular
arrhythmias, amiodarone reduces QTd and does not
evoke proarrhythmia [8]. Additionally, amiodarone
administration is able to halt the amplification of QTd
in patients treated with Class I/A antiarrhythmic drugs
[4,55]. Moreover, amiodarone was found to lengthen
the QT interval and decrease QTd in patients with
hypertrophic cardiomyopathy [13].

There is evidence that d,|-sotalol prolongs the QT
interval and diminishes QTd [11]. In postinfarction
arrhythmic patients, d,I-sotalol, sematilide, and anovel
selective IKr-blocking Class Il agent, modestly
decreased QTd, while amiodarone caused a significant
reduction of this variable [7]. In a placebo-controlled
study, d,I-sotalol administration was associated with an
increased maximal QTc interval and a decreased QTc
dispersion in patients 6 months after AMI [60].
D,l-sotalol prolongs homogeneously the QT interval in
patients with structurally norma hearts, i.e., with a
concomitant decrease of QTd. Other recent studiesalso
suggest that the regional dispersion of ventricular repo-
larization may decrease during d,I-sotalol therapy [60].

Conclusion

The diagnostic and prognostic value of prolonged QTd
continues to be disputed. It is still an open question
whether the standard 12-lead surface ECG is a useful
tool to assess the risk. There is controversy about the
value of this method because of:

a) alack of adequate standardization,

b) an exact measurability of the T-wave end,

c) thediscrepancy of manual or automatic
measurement,
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d) reproducibility, and
e) the fact that most published papers have been
retrospective studies so far.

The available data suggest that it is a marker of mor-
tality after AMI associated with heart failure. It is not
clear if it adds much information in relation to other
prognostic markers and, more importantly, its sensitiv-
ity for predicting future adverse eventsisvery low. The
most published studies dealt with multivariate analy-
sis. Prospective studies are needed to avoid making
false decisions on the basis of fase results. Studies
with statistically large samples (Rotterdam, West
Scotland) had positive results, but their value for the
individual patient is still questionable.
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