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INTRODUCTION 

ypertension, commonly referred to as "high blood 

pressure" it is a medical condition in which the 

blood pressure is chronically elevated. 

Hypertension is considered to be present when a 

person's systolic blood pressure is consistently 140 

mmHg or greater, and/or their diastolic blood pressure 

is consistently 90 mmHg or greater. 

Hypertension is a disorder of the average level 

about which blood pressure is regulated and so it is of 

clinical importance because chronically elevated blood 

pressure damages the heart, blood vessels and 

kidneys(1). 

Also blood pressure is a continuous variable and 

whatever cutoff value is used to define hypertension is 

arbitrary in the past several decades, the definition of 

hypertension has changed from > 160/95 to > 140/90. 

Most authorities agree on several important principles  

Hypertension is defined by an elevation in either 

systolic or diastolic blood pressure. This is the 

classification of blood pressure for adults according to 

the seventh report of the joint national committee on 

prevention, detection, evaluation and treatment of high 

blood pressure(2). 
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Table (1): Classification of blood pressure for adults(2) 

 

Assessing the level of blood pressure alone is 

insufficient since the blood pressure should be 

interpreted in the context of the risk of the individual, 

which is most easily estimated by evaluating target –

organ damage and co morbidities (3).  

Also Hypertension is defined as a progressive 

cardiovascular syndrome arising from complex and 

interrelated etiologies. Early markers of the syndrome 

are often present before blood pressure elevation is 

observed; therefore hypertension cannot be classified 

solely by discrete blood pressure thresholds. Progression 

is strongly associated with functional and structural 

cardiac and vascular abnormalities that damage the 

heart, kidneys, brain, vasculature, and other organs, and 

lead to premature morbidity and death (4).  
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  Long standing hypertension leads to Increase in 

wall thickness with normal chamber sizes as seen by 

echocardiography resulting from pressure overload of 

systemic hypertension (5). It also leads to high QRS 

voltages and associated ST, T changes (strain pattern) (6).  

At a microscopic level, LVH is characterized by 

both myocyte hypertrophy and an increase in collagen 

interstitial matrix. Myocyte hypertrophy may cause 

lengthening of action potential duration, and an 

increase in interstitial fibrosis that may be associated 

with a reduced action potential amplitude and 

membrane potential, shortened action potential 

duration, or electrical quiescence. Either of these 

features could result in an increased QT dispersion if 

the changes in different parts of the ventricle are 

nonhomogeneous (7,8).  
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AIM OF THE WORK 

n a cross sectional study design we will try to explore 

the predictive power of QT interval dispersion (QTD) 

to predict the left ventricular hypertrophy in 

hypertension. 

 

 

I 
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Chapter  1 
   

 QT INTERVAL DISPERSION 

T interval is the distance between the beginning of 

the QRS complex to the end of the T wave . It 

primarily represents the returning of stimulated 

ventricles to their resting state (ventricular repolari-

zation). The normal values for the QT interval depend 

on the heart rate. As the heart rate increases (RR 

interval shortens) the QT normally shortens; as the 

heart rate decreases (RR interval lengthens), the QT 

interval lengthens. The following table shows the 

upper normal limits for the QT interval with different 

heart rates. Unfortunately, there is no simple rule for 

calculating the normal limits of the QT interval. 
 
Table (2): QT interval: upper limits of normal 

QT interval upper 
normal limits (sec) 

Heart rate 
(per min) 

Measured RR interval 
(sec) 

.50 40 1.5 

.45 50 1.2 

.42 60 1.0 

.40 70 .86 

.38 75 .80 

.37 80 .75 

.35 90 .67 

.34 100 .60 

.31 120 .50

.25 150 .40

Qouted from; Berne RM, Levy MN, Goldberger E. Basic concepts and patterns. In: Ary 
L.Goldberger Clinical Electrocardiography Maple-Vail book Manufacturing, USA, 
1999: pp 14. 

Q 
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Because of this problem another index of the QT 

has been devised. It is the rate corrected QT or QTc. 

The rate corrected QT is obtained by dividing the 

actual QT by the square root of the RR interval (both 

measured in seconds)(9). 

Normally the QTc is less than or equal to 0.44 

second. A number of factors can abnormally prolong the 

QT interval. For example, this interval can be prolonged 

by certain drugs (e.g., quinidine, procainamide, 

disopyramide, sotalol, amiodarone) and by electrolyte 

disturbances (hypokalemia, hypocalcaemia), it also may 

be prolonged by myocardial ischemia and infarction and 

with subarachnoid hemorrhage. 

The QT interval may also be shortened, for 

example by digitalis or by hypercalcemia(9). 

QT interval dispersion is the difference between 

the maximum and minimum QT intervals occurring in 

any of the 12 leads  

QT interval dispersion calculated from the 12-lead 

ECG has emerged as a noninvasive measurement for 

quantifying the degree of myocardial repolarization 

inhomogeneity(10). QT Dispersion has been linked as a 

risk indicator for arrhythmic cardiac death in patient 

populations having coronary artery disease11 myocardial 

infarction,12 acute myocardial infarction(13) sustained 
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ventricular arrhythmias, ventricular fibrillation(14), 

unstable angina pectoris and ischemia(15), long QT 

syndrome(16) chronic heart failure,(17) peripheral vascular 

disease,18 reperfusion therapy(19) drug arrhythmo-

genicity(20) and hypertrophic cardiomyopathy. 

Studies have shown that interlead variability of 

ventricular repolarization duration or QT dispersion, 

defined as the difference between the lead with the 

maximum QT interval and the lead with the minimum 

QT interval as measured from the 12 lead electrocardio-

gram has been suggested to give information about the 

spatial differences in myocardial recovery time. 

QT dispersion was originally proposed to measure 

spatial dispersion of ventricular recovery times. Later, 

it was shown that QT dispersion does not directly 

reflect the dispersion of recovery times and that it 

results mainly from variations in the T loop 

morphology and the error of QT measurement. The 

reliability of both automatic and manual measurement 

of QT dispersion is low and significantly lower than 

that of the QT interval. The measurement error is of 

the order of the differences between different patient 

groups. The agreement between automatic and manual 

measurement is poor. There is little to choose between 

various QT dispersion indices, as well as between 

different lead systems for their measurement. Reported 
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values of QT dispersion vary widely, e.g., normal 

values from 10 to 71 ms. Although QT dispersion is 

increased in cardiac patients compared with healthy 

subjects and prognostic value of QT dispersion has 

been reported, values are largely overlapping, both 

between healthy subjects and cardiac patients and 

between patients with and without adverse outcome. In 

reality, QT dispersion is a crude and approximate 

measure of abnormality of the complete course of 

repolarization. Probably only grossly abnormal values 

(e.g. 100 ms), outside the range of measurement error 

may potentially have practical value by pointing to a 

grossly abnormal repolarization.  

QT dispersion is an almost direct measure of the 

heterogeneity of myocardial repolarization.  

Pathophysiology of QT dispersion 

The initial concept of QT dispersion seemed to be 

based on a sound logic. The link between the dispersion 

of ventricular recovery times and arrhythmias had 

been demonstrated repeatedly (21). It was also believed 

that the standard surface ECG contains regional 

information. Therefore, finding increased QT dispersion 

in patient groups in whom the heterogeneity of the 

ventricular recovery times was previously established, 

it was assumed that QT dispersion is a reflection of the 

dispersion of ventricular recovery times. The validity of 
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the concept seemed to be further consolidated by 

studies correlating intracardiac monophasic action 

potentials (MAPs) with various QT dispersion indices.  

Higham et al. (22) recorded epicardial MAPs during 

cardiac surgery and measured directly the dispersion of 

recovery times as well as surface QT dispersion during 

sinus rhythm and during ventricular pacing. They found 

a high positive correlation between the MAPs and ECG 

dispersion indices. Later, using a custom-built rabbit 

heart setup with simultaneous recording of MAP and 12-

lead ECGs, Zabel et al. (23) showed that the dispersions of 

the QT and JT intervals were significantly correlated 

with the dispersion of 90% duration of the action 

potential duration (ADP90) and with the dispersion of 

recovery times. The same authors also confirmed this in 

patients with 12-lead ECGs recorded within 24 h of the 

MAPs (24). These studies were generally interpreted as a 

proof of QT dispersion representing regional variations in 

the duration of the ventricular action potentials.  

Serious arguments against this concept 

originated from the electrocardiographic lead theory. If 

the majority of the information about the ventricular 

electrical activity is contained in the spatial QRS and T 

loops, the major reason for the differences between 

separate leads has to be the loss of information from 

the projection of the loop into the separate leads (25). 
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Two original studies published in 1998 supported this 

idea.  

Macfarlane et al. (26) and Lee et al. (27) showed 

independently that QT dispersion can also be found in 

the so-called derived 12-lead ECGs, i.e., ECGs 

reconstructed from the XYZ leads, which naturally 

contain no regional information. In both studies the QT 

dispersion in the originally recorded and in the 

"derived" 12-leads was surprisingly similar (29.1 ± 10.2 

vs. 27.5 ± 10.8 ms and 41 ± 18 vs. 40 ± 20 ms, 

respectively).  

Kors et al. (28) further contributed to the 

understanding of the interlead differences. They found 

that QT dispersion was significantly different between 

patients with narrow (54.2 ± 27.1 ms) and wide T loops 

(69.5 ± 33.5 ms, p < 0.001). They also showed that in 

each of the six limb as well as the six precordial leads, 

the difference between the QT interval in a lead and 

the maximum QT interval was dependent on the angle 

between the axis of the lead and the axis of the 

terminal part of the T loop.  

Punske et al. (29) compared the spatial distribution 

of the QT intervals from high-resolution maps on (a) 

human body surface, (b) the surface of a tank containing 

an isolated canine heart, and (c) the surface of exposed 

canine hearts, with the potential distributions on cardiac 
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and body surfaces, and with recovery times on cardiac 

surfaces. They showed that on the body and tank surface, 

as well as on the epicardium, the "zero potential line" (no 

potential difference relative to a reference electrode) 

stabilizes for 10 to 30 ms at the end of repolarization. 

This stabilization of the zero line in a given location leads 

to isoelectric terminal portions of the T wave for leads in 

the vicinity. Regions of shortest QT intervals always 

coincided with the location of the zero line. In addition, 

there were no consistent regions of earliest recovery 

times on the cardiac surface that coincided with the 

location of the zero potential line or shortest QT 

intervals. These studies showed convincingly that the 

interlead differences of the QT intervals are a reflection 

of (and could be quantified from) the morphology of the T 

wave loop.  

Most recently, Malik et al. (30) proposed a new 

ECG processing technique to distinguish the T wave 

signals representing the three-dimensional movement 

of the ECG dipole from the nondipolar components 

likely to be related to regional heterogeneity of 

myocardial repolarization. Although the nondipolar 

components differed among the clinical groups, there 

was very little correlation between the relative amount 

of the nondipolar components and QT dispersion 

measured in the same ECGs (r = –0.046, 0.2805, –

0.1531, and 0.0771, in normal subjects, HCM patients, 
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DCM patients, and survivors of acute MI, respectively, 

p = 0.03 for HCM, others NS).  

Hence, it is reasonable to conclude that the 

dispersions of ventricular recovery times measured 

with MAPs and QT dispersion are direct and indirect 

expressions of repolarization abnormalities that are 

likely to correlate even without any mechanistic link. 

General abnormalities of ventricular repolarization, 

not only those leading to regional dispersion of recovery 

times, modify the spatial T wave loop. As a result of 

any abnormality, projections of the loop into the 

individual ECG leads may become less normal and the 

terminal points of the T wave in the ECG tracings 

become more difficult to be localized. The effect of local 

dispersion of repolarization on the morphology of the T 

wave loop explains the (indirect) link between MAP 

recordings and QT dispersion. Thus, T wave loop 

dynamics and the variable projections of the loop into 

individual ECG leads seem to be the true mechanistic 

background of QT dispersion.  

The studies of the link between the T loop 

morphology and QT dispersion also confirmed what 

was empirically known long ago: the more abnormal 

the T wave morphology in separate leads, the more 

difficult and unreliable the localization of the T wave 

offset in each lead and, consequently, the greater the 
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likelihood of an increased QT dispersion. As Kors et al. 
(28) demonstrated, variations of the T loop morphology 

lead to variations in the practically unmeasurable final 

part of the T wave, i.e., the proportion of the signal 

falling within the noise band. Thus, variations of the T 

loop morphology may lead to both true variations in the 

length of the projections of the T loop into the separate 

leads and to an increased measurement error  

Influence of heart rate. Many studies, including 

large prospective evaluations (31) used the so-called 

corrected QT dispersion, i.e., the dispersion of the QT 

intervals corrected for heart rate by some formula. 

Although the application of additive formulae for 

heart-rate correction, such as those proposed by Hodges 

et al. (32) and in the Framingham Study (33) renders 

identical values for QT dispersion and QTc dispersion, 

this is not true for the multiplicative formulae, which 

include the Bazett correction. Although experimental 

and clinical data show that the rate, the rhythmicity 

and the site of impulse origin can influence the 

dispersion of the ventricular recovery times (34), this has 

never been shown for QT dispersion. Clinical (35) and 

experimental (36) studies failed to find correlation 

between heart rate and the dispersion of ventricular 

recovery times measured with MAPs or QT dispersion.  
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The exact relation between the heart rate and the 

dispersion of recovery times is still an unresolved issue. 

It is certain, however, that QT dispersion measured in 

the standard 12-lead ECG does not depend on (and 

therefore should not be corrected for) the heart period 

in the same way as the QT interval. Even more 

importantly, it has been demonstrated that the 

dispersion of the corrected QT intervals may differ 

between different clinically defined groups simply from 

the application of Bazett formula in the presence of 

different heart rates (37).  

Meanwhile, many studies, including large 

prospective ones such as the Rotterdam (31) and the 

Strong Heart Study (38) continue to report statistically 

significant and physiologically meaningful differences 

in the "corrected" QT dispersion between different 

clinical groups, somewhat contributing to the credit of 

this parameter. The gross inappropriateness of such 

approaches should clearly be recognized, especially 

because the observation of these studies that increased 

QT dispersion (i.e., repolarization abnormality) predicts 

adverse outcome in a general population seems to be 

independent of the heart rate correction.  

Generally, it is incorrect to apply any heart-rate 

correction formula to a parameter, the dependence of 
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which on heart rate, let alone a mathematical model of 

such dependence, has never been demonstrated. 

We saw from other research that increased QT 

dispersion in the 12-lead ECG is found in those 

hypertensive patients, those with the greatest LVMI 

and blood pressure. This is confirmed by the significant 

positive relationship between grades-II and -III 

hypertension with LVH and QT dispersion(39). 

Diseases affecting QT interval dispersion 

The electrocardiographic QT interval has been 

extensively studied in ischaemic heart disease. 

Recently, there has been increasing interest in the 

relationship between diabetes and QT abnormalities. 

QT prolongation and increased QTd have been shown 

to predict cardiac death in both type 1 and type 2 

diabetes mellitus. Although there is general agreement 

that QT interval is affected by cardiac ischemia, the 

effect of hyperglycemia on QT measures is 

controversial. There are also problems surrounding 

QTd. First, there is controversy as to whether the 

measure has any physiological meaning; secondly, 

there is no universally accepted method of 

measurement and hence no consensus about the upper 

limit of normal. Nevertheless, several studies have 

shown increased QTd in diabetic patients suggesting 

that assessment of the QT interval could be a cost 


