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Abstract
Clinical and experimental electrophysiological studies have 

shown the importance of inhomogeneous myocardial repolarization in 
ventricular arrhythmias' genesis. Increased dispersion of repolarisation 
provides a substrate for ventricular arrhythmias by generating 
functional unidirectional block areas, thereby predisposing to reentry. 
QT dispersion, defined as the difference between the longest and 
the shortest QT interval on the surface ECG, is a validated measure of 
repolarisation dispersion. QT dispersion predicts sudden death and 
ventricular arrhythmias in patients with chronic heart failure from 
coronary heart disease and various cardiac diseases. 
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Introduction
The concept of QT dispersion was first introduced 

by Day et al. in 1990. It was proposed as the dispersion 
of various ventricular recovery times. Single ECG lead 
represents the regional myocardial position. Consequently, 
QT dispersion portrays myocardial repolarization. 
Clinically, homogenous repolarization on the myocardium 
is protective toward arrhythmia initiation. Since it was 
first proposed three decades ago, QT dispersion has been 
widely studied to assess its clinical applicability.

QT dispersion represents an indirect measurement 
of ventricular repolarization heterogeneity, with T 
wave interval is the primary determinant of QT interval 
duration. Ventricular repolarization abnormality may 
disrupt the dynamicity of T wave loop formation and 
projections toward ECG, forming variable QT intervals 
in different leads [1].

Pathophysiology of QT dispersion
T wave offset determines the end of the QT interval 

and, thus, QT dispersion. Therefore, the T wave loop shape 
and axis are the major factors leading to true variations in 
the T loop projections' length. Derangement from normal 
T loop and axis may significantly affect a single shape of 
QT interval. Figure 1 showed various T wave morphology 
and amplitude resulting from different axis projections. T 
wave variation results in different offset and formation of 
QT interval and dispersion.
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As a consequence of both different actual lengths 
and different measurable duration of QT intervals, QT 
dispersion, if the heart vector becomes perpendicular to 
one of the leads' axis, two imaginary T waves of the same 
magnitude have different offsets (dashed lines). "This results 
in the dispersion of the QT intervals "true (vertical dashed 
lines). In comparison, the two T waves' final component is 
below the threshold level, with different proportions (e.g., 
with an automatic threshold method). This refers to the 
measured dispersion (vertical solid line) of the QT intervals, 
which is separate from the actual dispersion (Figure 1) [2].

Figure 1 - QT Dispersion resulting from both measurable 
and real duration of QT intervals (5)
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QT dispersion measurement
Based on standard definition, electrocardiographic QT 

interval measurement start from the QRS onset to the end of 
the T wave, identified as the T wave returning to the isoelectric 
line. QT dispersion can be measured from the subtraction of the 
highest QT interval and lowest QT interval obtained from 12 
leads of the ECG simultaneous recording to avoid heart rate-
induced QT dynamicity. Determination of T wave offset using 
the manual method may result in high intra- and interobserver 
variability. Clinical utilities of automatic repolarization analysis 
are also not well defined. The intricacy of QT dispersion 
measurement lies on the T wave endpoint, especially when the 
T wave is abnormal such as biphasic T wave, T-U wave fusion, 
and U wave presence [3,4]. 

Several methods are commonly used for T wave end 
determination (Figure 2). Threshold methods point to T wave 
offset as an intercept of the T wave with an imaginary line drawn 
above the isoelectric line. Slope methods determine the T offset 
as an interception between an imaginary line drawn following 
the slope of the descending part of the T wave and the isoelectric 
line. An imaginary line on the T wave slope can be a straight line 
from the T wave peak or the steepest tangent line on that slope 
(Figure 2) [3].

Figure 2 - Methods in Determining T wave Offset (8)

Influence of heart rate on QT dispersion and 
measurement reliability

Numerous studies have analyzed the effect of heart rate 
influence on QT dispersion, known as corrected QT dispersion. 
Corrected QT dispersion can be calculated using Hodges and 
Framingham formula used for corrected QT calculation. Several 
variables, such as heart rate, rhythm, and origin of impulse, can 
affect QT dispersion. Clinical and experimental data concluded a 
non-significant correlation between monophasic action potential 
(MAP) and QT dispersion. It proves QT dispersion as a complex 
form of electrical impulse influenced by a wide array of factors 
correction solely toward heart rate may cause a bias [5].

Manual QT dispersion measurements are correlated with 
25–40% of intra and interobserver variability. Even using gold-
standard devices such as digitizing boards, the measurement can 
produce intraobserver variations in 20% and 10% of observers. 
The major source of error in QT dispersion measurement is the 
determination of the isoelectric line and threshold level [6].

Clinical utilities of QT dispersion
QT dispersion on a normal individual from literature 

reviews varies mostly between 40-65 ms [7]. Rotterdam study 
with 5,812 healthy adults [age ≥55 years], followed up for 3 

to 6.5 years, found its correlation between QT dispersion with 
cardiac mortality. Strong Heart Study, assessed 1,839 American 
Indians followed up for 3.7±0.9 years, showed the corrected 
QTc dispersion as a predictor of 34% of cardiovascular mortality 
for each 17ms increase in QTc dispersion [8].

Several studies have shown a tendency toward increased 
QT dispersion in various cardiac diseases. Pooled data from 
18 studies with a total of 2,525 post-MI patients have shown 
a tendency toward increased QT dispersion in various cardiac 
diseases compared to normal subjects [9]. Repolarization 
abnormalities expressed as QT dispersion might also be founded 
in ventricular hypertrophy of various origins, including the 
athlete's heart. However, similar studies have found abnormalities 
in QT dispersion due to physical training and left ventricular 
hypertrophy not significantly different from the healthy subjects 
[10].

Aggressive recommendation toward revascularization 
procedures in acute Myocardial Infarction (MI) modulates 
spontaneous dynamicity and regresses infarction size. QT 
dispersion is increased in acute MI, with mean values ranging 
from 40±18 to 162.3±64.8 ms. QT dispersion has a trend toward 
regression on chronic forms of coronary artery disease [11]. 
There is a significant association of increased QT dispersion 
on acute MI and ventricular tachycardia incidence (sensitivity 
68%, specificity 88%, relative risk 15.7 (p<0.001). The 
study supported these findings by evaluating the correlation 
between QT dispersion and infarction size by analyzing viable 
myocardium by Fluorodeoxyglucose [FDG] uptake and PET 
scan. Those subjects with increased QT dispersion have a 
significantly larger infarction size [12]. 

An indirect relationship of QT dispersion prolongation and 
infarction size may explain the increased incidence of arrhythmias 
in acute MI. Increased QT dispersion can be represented as 
inhomogenous repolarization in the myocardium area. This 
inhomogeneous as the area can form a substrate for reentrant 
arrhythmias initiation. Prolongation of the repolarization phase 
can also induce arrhythmia through the after depolarization 
mechanism [13].

Several treatments have been correlated with QT 
dispersion improvement, e.g., reperfusion therapy with the 
thrombolytic agent, revascularization with the percutaneous 
coronary intervention, or coronary artery bypass grafting. 
Restoration of epicardial coronary flow may improve stunned 
myocardium, reduce scar tissue formation, and induce 
homogenous repolarization on the myocardial [13–15]. Beta-
blocker treatment in a patient with the long-QT syndrome and 
candesartan for heart failure and hypertension has also decreased 
QT dispersion [16]. 

Prognostic Value of QT Dispersion
Data from 23 studies involving 1831 patients with 

various cardiac diseases with and without serious ventricular 
arrhythmias during their illness showed significantly dispersed 
QT in patients with arrhythmias, most of them with coronary 
artery disease. Contrary to Zabel et al., in his study involving 
280 consecutive MI survivors followed up for 32±10 months, it 
showed non-associative QT dispersion as a predictor of adverse 
outcome [15]. 

Analysis from the ELITE heart failure study comparing 
losartan and captopril showed a reduction of sudden cardiac 
death in the losartan arm [17]. The DAMOND-CHF Study's 
substudies, the UK-HEART study, showed a non-significant 
association of QT dispersion for outcome predictors in heart 
failure patients. An analysis of the effect of beta-blockers in 



6
Journal of Clinical Medicine of Kazakhstan: 2021 Volume 18, Issue 3

dilated cardiomyopathy by Oflaz et al. reported a better response 
in patients with higher QT dispersion (137±52 vs. 75±38 ms) 
[18].

Effect of drugs on QT dispersion and the 
Risk of Torsades de Pointes [TdP]

Class IA anti-arrhythmias have the effect of inducing 
prolongation of ventricular repolarization. In a patient 
who develops TdP, class IA antiarrhythmics may induce 
inhomogeneous prolongation of the repolarization phase 
expressed as increased QT dispersion. Propafenone, 
disopyramide, and almokalant (blocker of the rapid component 
of the delayed rectifier, I Kr) have been shown to increase QT 
dispersion, whereas, in one study, intravenous dofetilide did 
not produce increased QT dispersion [19]. The unique effect of 
amiodarone [class III antiarrhythmic agent] induced a global 
QT prolongation by its beta-blockade and potassium channel 
blocking ability, thereby protecting TdP risk and not being 
associated with increased QT dispersion [19,20]. 

Sotalol therapy for six months after acute infarction induces 
variation in QTc and QTc dispersion. Sotalol is associated with 
increased maximal QTc and reduced QTc dispersion compared 
to placebo. This effect is protective toward arrhythmia by 
inducing homogenous ventricular repolarization. A study 
by Grimm et al. analyzed QTc dispersion and adjusted QTc 
dispersion on 52 patients with ventricular arrhythmia receiving 
amiodarone. It is showed non-significant prolongation of QT 
dispersion before and after amiodarone administration. ECG 
and QT dispersion can monitor myocardium response during the 
drug administration with ventricular repolarization modulation 
activity. QT dispersion >100 ms during drug usage is an absolute 
parameter of severe repolarization prolongation and potentially 
induces arrhythmia by afterdepolarization mechanism [21].

Antiarrhythmic agents are the leading cause of drug-
induced TdP. As proposed earlier, the QT interval only 
represents the mean sum of repolarization activities in the 
ventricular myocardium. Measuring QT dispersion will give 
additional information on regional repolarization abnormalities 
that predispose to early afterdepolarization and TdP. Therefore, 
measurement of QT dispersion is essential during the 
administration of antiarrhythmics. Class IA agents (quinidine, 
procainamide, and disopyramide) block both Na and K channels, 
and TdP can occur either at therapeutic or subtherapeutic doses. 
Quinidine prolongs QT interval by an average of 10–15% within 
a week of therapy initiation and carries a 1.5% risk of inducing 
TdP. Class III agents are potent IKr blockers and prolong QT 
interval in a dose-dependent manner [22]. 

Although no single clinical manifestation can be presented 
by widely dispersed QT, its presence in the therapy of various 
antiarrhythmic drugs may signal a predisposition in arising of 
torsade de Pointes (TdP) or polymorphic ventricular tachycardia. 

Various studies have shown that therapy using amiodarone 
with its unique combination of all four antiarrhythmics classes 
is associated with the rarity of drug-induced TdP and superior 
choice in various arrhythmias [21]. 

Long QT Syndrome as Model of Congenital 
Prolong QT Interval

The long QT syndrome (LQTS) is considered a 
blueprint for studying repolarization anomalies in humans. 
Cardiac repolarization abnormalities in long QT syndrome is 
a pure electrical condition without corresponding structural 
abnormalities. Prolonged ventricular repolarization's 
arrhythmogenic ability has been extensively studied in 
both laboratory models and clinical LQTS patients. It is 
demonstrated that LQTS mutations can establish a fragile 
substrate with prolonged action potential duration, where early 
afterdepolarization and triggered activity can occur in the 
presence of beta-adrenergic stimulation [23].

These results were then verified in two additional studies, 
demonstrating that transmural variations in action potential 
recovery times are crucial in determining the heterogeneity of 
repolarization in a pharmacologically induced LQTS mode. 
Torsades-de-Pointes arise when this dispersion is exacerbated 
by the existence of an altered IKs current (as occurs in the LQT1 
subtype) and -adrenergic stimulation. It's worth noting that these 
latter observations, suggesting the pathogenetic significance 
of the adrenergic nervous system in LQTS, are consistent with 
our group's clinical evidence. The baseline inhomogenous 
repolarization of congenital long QT syndrome is a classic 
manifestation of QT dispersion. 

Conclusion
The overlapping of values QT dispersion values in normal 

and pathological cardiac states render any attempt at establishing 
reference values. Although theoretically, QT dispersion is a 
parameter in evaluating ventricular repolarization, conflicting 
study results hinder QT dispersion applicability as a clinical 
tool. Twelve lead ECGs may provide regional electrical data. 
However, simple measurement using QT dispersion has a poor 
ability to extract that information. Further study is needed to 
explore the difference between the duration of local, global, 
and interventricular dispersion. It provides information about a 
dispersed of the distance electrical impulse that is important for 
arrhythmogenesis.
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