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Abstract 

Background: Left ventricular hypertrophy (LVH) is an important indicator of target organ damage in chronic arterial 

hypertension. An increased risk for life-threatening arrhythmias and sudden death have been observed in hypertensive patients, 

associated with either left ventricular hypertrophy (LVH) or prolonged QT interval. Present study was conducted to compare 

QT dispersion in hypertensive patients with LVH & without LVH. Methods: Forty male subjects affected by essential 

hypertension with & without LVH, underwent 12 lead ECG recording for QT dispersion and 2D echocardiography performed 

to measure interventricular septal thickness, posterior wall thickness and left ventricular internal diameter & compared with 

normal age & sex matched control. Results: There was statistically significant increase in QT dispersion (p<0.05) in 

hypertensive subjects with LVH as compared to non-LVH group.  Multivariate analysis demonstrated significant relationship 

between QT dispersion and systolic, diastolic & mean blood pressure, Left ventricular mass & Left ventricular mass index. 

Conclusion: Sympatho-vagal imbalance in hypertensive patients with LVH could contribute to abnormal ventricular 

repolarization process leading to prolongation of QT dispersion. Manual measurement of QT dispersion might be a simple, 

non-invasive screening procedure to identify the hypertensive at greatest risk of sudden cardiac death.  
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Introduction  

Hypertension is a complex public health problem. It 

adversely affects the heart & blood vessels. It increases the 

work of the heart & produces hypertrophy of left ventricle1. 

Left ventricular hypertrophy (LVH) is an important 

indicator of target organ damage in chronic arterial 

hypertension2. Electrocardiographically and 

Echocardiographically detected LVH independently 

predict increased morbidity and mortality including sudden 

cardiac death3,4  and further the relative risk of these events 
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increases with increasing left ventricular mass4. 

Experimentally, LVH in hypertension delays ventricular 

conduction and prolongs action potential duration4.  

Electrocardiographic QRS duration and QT interval 

measures reflect these changes.Ventricular wall thickness 

& inhomogeneity in ventricular repolarization process has 

been speculated. Increase in QT dispersion is an 

electrocardiographic measure of ventricular repolarization 

and also a risk marker for ventricular tachyarrhythmias5.  

If this hypothesis is correct, measurement of QT dispersion 

might be a simple, non-invasive screening procedure to 

identify hypertensive patients who may be at increased risk 
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of sudden cardiac death. There is paucity of information on 

QT dispersion in systemic hypertensive patients with LVH. 

Therefore,  the present study was conducted to evaluate QT 

dispersion in hypertensive patients & control group; to find 

the association between QT dispersion in hypertensive 

patients with LVH & without LVH and further to study  the 

association between  QT dispersion and various parameters 

like age, BMI, systolic, diastolic & mean blood pressure, 

left ventricular mass (LVM) & left ventricular mass index 

(LVMI). 

Material & Methods 

Study population consisted of forty chronic essential 

hypertensive male patients seen at the cardiology clinic & 

medical outpatient department at Sassoon General 

Hospital, Pune. All subjects of age group between 38 & 60 

years were evaluated for 12 lead ECG   & compared with 

those of forty healthy age & sex matched control (Group I). 

All hypertensive subjects were categorized into Group IIA 

(hypertension without LVH, n=20) & Group IIB   

(hypertension with LVH, n=20).   

 

Exclusion criteria include diabetes mellitus, stroke, 

obesity, renal insufficiency, concomitant cardiovascular 

disease such as rheumatic valvular heart disease, ischemic 

heart disease or corpulmonale and alcohol consumption, 

cigarette smoking, history of any drug known to prolong 

QT interval & affect LVH 

Data collection  

All subjects underwent thorough clinical examination, 

detailed history & also they were evaluated for vital 

parameters like blood pressure, heart rate, BMI. 

Participants were instructed not to consume tea or caffeine 

or to engage in strenuous physical activity 12 hours prior 

to testing. Resting 12 lead ECG was taken in a room with 

comfortable temperature (22 to 25 0 C) at the speed of 

25mm/sec with gain of 10 mm/ mV.  

Uncorrected QT interval, Corrected QT interval (QTc), QT 

dispersion (QTd) was calculated from 12 lead ECG.  

 

Uncorrected QT interval was calculated as beginning of 

Q wave to the end of T wave i.e. reaching of T wave to 

isoelectric line. 

 

Corrected QT interval (QTc) was calculated by Bezett’s 

formula QTc = QT/√RR  

 

QT dispersion (QTd) was calculated as difference 

between shortest & longest QT interval recorded from 12 

lead ECG.  At least three consecutive cycles were measured 

for each lead and then averaged.  

 

LVH was diagnosed using a 12-lead ECG by following 

criteria: For example- The R wave in V5 or V6 plus the S 

wave in V1 or V2 exceeds 35 mm. 

 

Figure 1: ECG Diagnosis of LVH 
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The sensitivity of the ECG in detecting LVH is poor; it tends to underdiagnose. (False negative is more.) Therefore 2D Echo 

was also performed in CVTS department, Sassoon Hospital to confirm the diagnosis. 

 

2D Echocardiographic examination was performed with Philips iE33 SSD 1700 using a 3.5-MHz transducer. According to the 

Penn convention7, two-dimensional measurements were taken of interventricular septal wall thickness (IVSD), posterior wall 

thickness (PWT) and left ventricular internal diameter (LVID) at end of diastole in a parasternal long axis view at the level of 

the mitral valve tips.  

Left ventricular mass (LVM) was then calculated according to the formula of Devereux and Reichek 22 and then indexed to 

body surface area to give left ventricular mass index (LVMI).  Left ventricular mass index > 134g/m2 was considered 

significant. Diagnosis of LVH by 2D echo is more sensitive and specific (i.e. True positive is more) 

 

Figure 2: 2D echo of normal and LVH patient 

Statistical analysis 

All variables are expressed as mean + SD.  Unpaired ‘t’ test was applied to compare quantitative variables between subjects 

and control. The level of statistical significance in each case was taken as P<0.05. Pearson's correlation coefficient analysis 

was performed between QTd & all variables.  

Results 

Table 1: Study Group Characteristics 

Parameters Group I          

(Control) 

Group IIA 

(hypertension without 

LVH) 

Group IIB 

(hypertension with 

LVH) 

P  value 

Sample size 40 20 20  

Age (years) 49.5+ 15.3 51.7+13.6 49.8+16.1  

BMI (Kg/m2) 22.2+4.92 26.9+5.20 26.2+5.81 <0.05 

SBP (mmHg) 125.6+10.3 170.5+23.2 179.9+25.2 <0.05 

DBP (mmHg) 79.5+6.0 98.6+21.21 103.5+23.6 <0.05 

MAP(mmHg) 96.23+4.3 109.3+4.75 112.9+6.9 <0.05 

      LVM (g) 170.10+19.5 259.2+56.2 307.10+60.0 <0.001 

LVMI (g/m2) 97.3+20.53 155.3+60.12 180.6+70.3 <0.001 
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The age range of the study population was 30-60 years. More than 55% were in the fifth decade. BMI was more in hypertensive 

overweight subjects (p<0.05) than the control group. Systolic, diastolic & mean blood pressure was significantly higher in 

hypertensive than control group. (p<0.05) Left ventricular mass & left ventricular mass index was higher in group IIB 

hypertensive (P<0.001) as compared to group IIA 

Table 2: Uncorrected, corrected QT interval and QT dispersion in control and hypertensive group 

Parameters 
Group I          

(Control) 

Group IIA 

(hypertension 

without LVH) 

Group IIB 

(hypertension  with 

LVH) 

P Value 

Uncorrected QT   interval (ms) 
283.50+20.5 362.9+23.2 402.8+20.3 (p<0.05) 

Corrected QT interval  (ms) 305.60+23.9 396.10+24.9 440.9+23.5 (p<0.05) 

QT dispersion (ms) 31.9+ 9.7 49.2 + 9.5 64.0+23.7 (p<0.05) 

 

As per the table Uncorrected QT interval, Corrected QT interval & QT dispersion was significantly higher in hypertensive than 

control group (p<0.05) & also higher in group IIB as compared to group IIA (p<0.05) 

Table 3: Pearson’s correlation coefficient between QT dispersion with age, BMI, Systolic, Diastolic & mean blood 

pressure, left ventricular mass, left ventricular mass index 

Parameters Group IIA Group IIB Group I 

Age (years) 0.052 0.056 0.049 

BMI(Kg/m2) 0.083 0.098 0.067 

Systolic BP(mmHg) 0.179** 0.198*** 0.098 

Diastolic BP(mmHg) 0.193** 0.203** 0.123 

Mean BP(mmHg) 0.198** 0.211** 0.098 

Left ventricular mass (gm) 0.169** 0.298*** 0.102 

Left ventricular Mass index (g/m2) 0.189** 0.308*** 0.105 

 *P<0.05    **P<0.01     *** P<0.001 

This table summarizes the correlation between QT dispersion and other variables. Significant positive correlation existed 

between QT dispersion and SBP (p<0.001),   DBP (p<0.05), MAP (p<0.05), LV mass(p<0.001) and LVMI (p<0.001). 

Discussion 

The present study shows following statistically significant 

findings which need to be addressed 

1. Increased QT dispersion in hypertensive patients 

compared to control group. 

2. Comparatively further increase in QT dispersion in 

hypertensive patients with LVH as compared to Non LVH 

group. 

3. Positive correlation of QT dispersion with systolic & 

diastolic blood pressure, Left ventricular mass & left 

ventricular mass index. 
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Hypertension & prolonged QT dispersion  

The main finding of this study is that QT interval is 

prolonged in hypertensive patients as compared to 

normotensive. Hypertension is associated with sympatho-

vagal imbalance characterized by vagal withdrawal and 

relative sympathetic dominance which can trigger 

ventricular arrhythmias8.  

 

The QT interval is considered as a marker of ventricular 

repolarization. The lengthening of QT interval corrected 

for heart rate (QTc) has been associated with increased risk 

for either ventricular arrhythmias or sudden cardiac 

death4,5. Prolonged QT interval has been associated with 

sympathetic predominance or decreased vagal drive8.  

 

Sympathetic predominance found in hypertensive patients 

would indicate a role of autonomic dysfunction in 

determining abnormal ventricular repolarization, 

independently that of LVH. Hypertension is therefore 

associated with prolonged maximum QT interval and 

increased QT dispersion in a similar way it is associated 

with the increased risk of left ventricular hypertrophy and 

clustering of other cardiovascular risk factors. 

Hypertensive subjects with prolonged QT interval and QT 

dispersion are therefore at an increased cardiovascular risk 

compared to others with normal QT intervals9. 

 

Some studies have suggested that prolonged QTd is an 

independent and stronger risk factor for cardiac mortality  

 

in the elderly, stronger than left ventricular hypertrophy 

and systemic hypertension.10  

 

Left ventricular hypertrophy & prolonged QT 

Dispersion  

A central role of left ventricular hypertrophy in altering 

ventricular repolarization has been proposed to explain 

either QTc lengthening or higher QT dispersion in 

hypertensive patients 11, possibly related to structural 

changes in the hypertrophied myocardium, altering the ion 

channels operating during the early repolarization phase, 

and to fibrotic changes in the myocardium leading to 

electrophysiological heterogeneity 12-14.  

 

Previous study corroborates similar conclusions by other 

authors that newly diagnosed hypertensive subjects in 

developing nations like Nigeria are already more likely to 

have more target organ damage and excessive 

cardiovascular morbidity. 15 The same study also reported 

that QTd was well correlated with systolic blood pressure 

and left ventricular mass index among treated hypertensive 

subjects16.   

 

At a microscopic level, LVH is characterized by both 

myocyte hypertrophy and an increase in collagen 

interstitial matrix17. Myocyte hypertrophy may cause a 

lengthening of action potential duration, and an increase in 

interstitial fibrosis may be associated with reduced action 

potential amplitude and membrane potential, shortened 

action potential duration18. These features could result in an 

increased QT dispersion if the changes in different parts of 

the ventricle are nonhomogeneous.  

 

In experimental studies, chronic LVH delays ventricular 

conduction which seems to be related to an increase in 

intracellular resistivity caused by increased gap junctional 

resistance between adjacent cells and to loss of conduction 

anisotropy.17,18  

 

Elevated systemic arterial pressure plays a role in the 

pathogenesis of left ventricular hypertrophy, the extent of 

cardiac growth and response to increased pressure loading 

is not uniform among patients suggesting genetic 

mechanisms in cardiac hypertrophy 5. 

 

Antihypertensive therapy has been shown to cause 

regression of left ventricular hypertrophy, but the effect on 

left ventricular fibrosis is not well documented.19  

 

Early diagnosis & effective Antihypertensive therapy is the 

mainstay of preventing cardiovascular morbidity and 

mortality. 
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 Echocardiography has been shown to be a very important 

non-invasive diagnostic tool, but its use in screening all 

hypertensive for LVH may not be possible, especially in 

developing countries such as ours, due to cost. 

 

 Antihypertensive therapy with an angiotensin-converting 

enzyme inhibitor and calcium antagonist can reduce QT 

dispersion. This improvement would seem to be mediated 

by a reduction in LVMI rather than a direct antiarrhythmic 

effect of the drugs, since QT dispersion did not increase 

again after drug washout 19-20.   

 

However, some evidence suggests that angiotensin-

converting enzyme inhibitors may be particularly good at 

reversing changes in the collagen interstitial matrix of the 

left ventricle20 . If this fibrosis is the important mediator in 

the increase in QT dispersion in LVH, simply reducing LV 

mass by reversing the myocyte hypertrophy is sufficient to 

reduce QT dispersion.  

 

In the present study, we have found positive correlation 

between QT dispersion, blood pressure & LVMI which 

indicate a more severe form of hypertension, making them 

more vulnerable to the risk of developing any of the 

repolarization-related ventricular arrhythmias and 

therefore sudden cardiac death.  

 

Thus it is recommended that early diagnosis of LVH by 2D 

echo & use of ACE inhibitors & calcium channel blockers 

would help to reduce morbidity & mortality. 

 
Limitations 

One limitation of the present study is the possibility of 

some subjects having ischemic heart disease, which might 

influence QT dispersion but no subjects had a suggestive 

history.  

Although all had normal ECGs and no regional wall motion 

abnormalities on echocardiography, silent ischemia cannot 

be totally excluded. Second, all of the ECGs were recorded 

with a standard 12-lead machine. Thus, the leads were not 

all recorded simultaneously, and this affects both QT 

dispersion and RR interval measurement. 24 hour ECG 

monitoring is essential. 

Conclusions 

1. QT dispersion is increased in association with an 

increased LVMI in hypertensive individuals.  

2. As an increased QT dispersion is a predictor of sudden 

death in this group of individuals, then the importance of 

its reduction is evident. 
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