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ABSTRACT

Introduction: Hypertensive left ventricular hypertrophy is 
one of the major prognostic indicators of cardiovascular mor-
bidity and mortality. If timely detected it helps in guiding fu-
ture therapeutic options to change the course of events to a 
significant measure. Electrocardiography and echocardiogra-
phy are few of the various modalities available to detect it. In 
this study we have tried to review the relationship of Electro-
cardiographic and Echocardiography criteria of Left Ventricu-
lar Hypertrophy diagnosis.
Material and methods: 151 Hypertensive patients were 
studied. History and examination was conducted in detail to 
evaluate the duration and complication of systemic arterial 
hypertension. Patients were subjected to 12-lead ELECTRO-
CARDIOGRAPHIC, chest X-ray and 2D/Colour Doppler 
Echocardiogram.
Results: Out of 151 patients 113 (74.8%) had Left Ventricu-
lar Hypertrophy by Echocardiography and 38 (25.2%) did not 
majority of which 79 patients (52.3%) were present in the age 
group of 50- 59years. Left Ventricular Hypertrophy was diag-
nosed by echocardiography in 40 females(95.2%) and absent 
in 2(4.8%), P<0.01 [More Left Ventricular Hypertrophy by 
echocardiography in females, statistically significant]. Max-
imum sensitivity was for Sokow-lyon index 43.4% P<0.001 
and maximum specificity for Gubner-Ungerleider Voltage.
Conclusions: This study confirms the poor Electrocardio-
graphic sensitivity, high specificity and correlation with echo-
cardiographic Left Ventricular mass and suggests: (1) further 
refinement of Electrocardiographic criteria alone is unlikely 
to improve its relationship with Left Ventricular mass; and (2) 
combining the electrocardiogram with other non-Electrocar-
diographic variables or non-invasive measurements offers the 
best strategy for improving Electrocardiographic sensitivity 
and its prognostic value.
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INTRODUCTION 
Hypertensive left ventricular hypertrophy is one of the major 
prognostic indicators of cardiovascular morbidity and mor-
tality.1 If timely detected it helps in guiding future therapeu-
tic options to change the course of events to a significant 
measure.2 LVH has many underlying causes one of which 
is hypertension. Hypertension is prevalent in 25% of the 
population. in spite of the magnitude of the problem, hyper-
tension remains undetected in about 50% of the population. 
Of those in whom it is newly diagnosed, less than 50% are 
adequately treated. Hypertension is a slow and a silent kill-
er. For most of the initial period it causes no hemodynamic 
problems or symptoms. The heart copes up with the excess 
after load by myocyte hypertrophy, wherein the individual 
muscle cells enlarges due to increase in the number of its 

components, myofibrils mitochondria and other constituents. 
This compensatory change can cope up with the excessive 
work load only up to a limit after which it fails. There oc-
curs morbid changes in the other systems of the body like 
vasculature of the heart, brain, kidney, eyes with imminent 
morbidity and ultimately death.3 The hypertrophied heart is 
particularly predisposed to morbid events. It is prone to an-
gina, myocardial infarction, arrhythmias and sudden cardiac 
death. LVH is prognostic indicator of future events in hyper-
tensive patients. Various modalities are available to detect it. 
ECG and Echocardigraphy are better tools. In this study we 
have tried to review the relationship of ECG and Echocar-
diography criteria of LVH diagnosis. The aim of this study 
is to evaluate the relationship between LVM/BSA [left ven-
tricular mass index], measured by echocardiography (Echo), 
and 12-lead ECG variables in hypertensive patients stratified 
by age, gender and BMI. Also we have reviewed the sensi-
tivity and specificities of the following ECG variables used 
in LVH diagnosis 1. Sokolow- Lyon index 2. RaVL 3. Cor-
nell voltage4. Gubner-Ungerleider Voltage 5. Romhilt-Estes 
point score

MATERIAL AND METHODS
The study was done at the author’s department of medicine 
for one year from January 2015 to December 2015. It was an 
observational cross-sectional study. The study group com-
prised of 151 hypertensive subjects fulfilling the inclusion 
criteria and giving informed consent. The institutional ethics 
committee approval was taken and patients were subjected 
to 12-lead Electrocardiographic, chest X-ray and 2D/Colour 
Doppler Echocardiogram.
History was taken in detail to evaluate the duration and 
complication of systemic arterial hypertension. A complete 
physical evaluation was recorded, care was taken to record 
height, weight, pulse rate and blood pressure which was 
measured manually with a mercury sphygmomanometer.4 
Three readings of blood pressure with gap of 2 minutes were 
measured in sitting position and the mean was taken. Hyper-
tension was defined according to JNC 7 criteria as systolic 
blood pressure ≥140 mmHg or diastolic blood pressure ≥ 90 
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mmHg or patient on antihypertensive medication irrespec-
tive of blood pressure.5

Detailed ECG Analysis was done following criteria for de-
tecting left ventricular hypertrophy were studied. 1)Sokolow- 
Lyon index:- >= 35mm 2)RaVL :- >=11mm 3) Cornell volt-
age :- RaVL+SV3 > 28mm in males and >20mm in females 
4) Gubner-Ungerleider Voltage :- >=25mm 5) Romhilt-Estes 
point score:- 5 points or more indicates LVH. Detailed Echo 
analysis was done as per standard protocol to see for valvular 
structure and function, chamber dimensions, wall motions 
and dimensions chamber clots, pericardial abnormality. Fol-
lowing parameters were specially noted 1. IVSD 2. LVED 
3. LVPWD

STATISTICAL ANALYSIS 
It was done as desired and Mean and Standard deviation 
was calculated in cases and control to characterize the study 
population stratified by age, sex, BMI. SPSS for windows, 
version 10.0 was used for all statistical analysis. A p- value 
<0.05 was considered significant.

RESULTS
Patients who fulfilled the criteria were stratified accorging 
the age, gender and BMI. In our study out of 151 patients, 
42 were females(27.8%) and 109 were males (72.2%), with 
male:female ratio of 2.59:1. In this LVH was diagnosed 
by echocardiography in 40 females(95.2%) and absent in 
2(4.8%), P<0.01 [ More LVH by echocardiography in fe-
males, statistically significant, fig-1]
Out of 151 patients 113 (74.8%) had LVH by Echocardiog-
raphy and 38 (25.2%) did not majority of which 79 patients 
(52.3%) were present in the age group of 50- 59years.
In our study 65 patients (43.0%) had BMI of >25. In this 53 
patients (81.5%) had LVH diagnosed by echocardiography
86 patients (57.0%) had BMI of <25. In this 60 patients 
(69.8%) had LVH diagnosed by echocardiography(fig. 2)
The sensitivity and specificities of the respective ECG varia-
bles used in LVH diagnosis were as follows
Sokolow- Lyon index:  Sensitivity=43.4 %
 Specificity=94.7 % 
RaVL:  Sensitivity=13.3 %
 Specificity=94.7 %
Cornell voltage:  Sensitivity=15.9 %
 Specificity=94.7 %
Gubner-Ungerleider Voltage:  Sensitivity=8.0 %
 Specificity=100.0 %
Romhilt-Estes point score:  Sensitivity=15.0%
 Specificity=92.1 %

DISCUSSION
Hypertension is a slow and a silent killer. For most of the ini-
tial period it causes no hemodynamic problems or symptoms. 
The heart copes up with the excess after load by myocyte hy-
pertrophy, wherein the individual muscle cells enlarges due 
to increase in the number of its components, myofibrils mito-
chondria and other constituents. This compensatory change 
can cope up with the excessive work load only up to a limit 
after which it fails. there occurs morbid changes in the oth-
er systems of the body like vasculature of the heart, brain, 
kidney, eyes with imminent morbidity and ultimately death. 

the hypertrophied heart is particularly predisposed to morbid 
events. It is prone to angina, myocardial infarction, arrhyth-
mias and sudden cardiac death. LVH is prognostic indicator 
of future events in hypertensive patients. various modalities 
are available to detect it. ECG and Echocardigraphy are bet-
ter tools. This study has been undertaken to see wheather left 
ventricular hypertrophy, as detected by echocardiography, 
has correlation with ecg variables or not.
151 hypertensive individuals fulfilling the inclusion criteria 
were studied, the cases were slected from Medicine, Cardiol-
ogy OPD and wards of Hamidia Hospital, Bhopal.
All patients were subjected to the same battery of investiga-
tions. Patients with hypertrophic cardiomyopathy, myocar-
dial infarction, valvular heart disease in whom pronounced 
variation in left ventricular wall thickness may occur were 
excluded from the study. In our study group, male female ra-
tio was 2.56:1. Majority of patients were in age group 50-59 
years. Left ventricular mass index was calculated in gm/m2.
In 1995 Richard S. Crow and colleagues studied the Rela-
tion between electrocardiography and echocardiography for 
left ventricular mass in mild systemic hypertension (results 
from Treatment of Mild Hypertension Study).6 They found 
that the correlations between ECG and echocardiographic 
LV mass index were modest (<0.40). ECG-LV hypertrophy 
sensitivity at 95% specificity was < 34%. Heighest sensitiv-
ity of 17% was shown by Casale/Devereux ECG criteria at 
95% specificity for all race-sex groups. LV mass indexed to 
body mass index and systolic blood pressure showed better 

Figure-1: Correlation of gender and LVH in echocardiography 

Figure-2: Correction of BMI and LVH in Echocardiography 
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correlation with ECG criteria. 
Dr. Lian Xie and colleagues worked on correlation between 
echocardiographic left ventricular mass index and electrocar-
diographic variables used in left ventricular hypertrophy cri-
teria in Chinese hypertensive patients.7 They concluded that 
Cornell product and Cornell voltage are the most convenient 
predictors for LVM/BSA with stratification only by gender. 
They were also the best parameters for predicting LVH in 
obese and overweight Chinese hypertensives, whereas es-
timation of LVM/BSA, LVM/H(2.7) by ECG is inaccurate 
in Chinese hypertensives without LVH. The cut-off point of 
BMI=24 kg/m(2) is suitable for stratification of bodyweight 
in further studies regarding Chinese hypertensives.
In 2012 J.K.Park and colleagues studied the comparison of 
Cornell and sokolow-lyon electrocardiographic criteria for 
left ventricular hypertrophy in Korean patients.8

The study showed better correlation of Cornell-based criteria 
with LVH than that of the Sokolow-Lyon criteria, however, 
revised cut-off values were suggested to improve accuracy.
In 2015 Ljuba Bacharova and collagues studied determi-
nants of discrepancies in detection and comparison of the 
Prognostic significance of left ventricular hypertrophy by 
electrocardiogram and cardiac magnetic resonance imag-
ing.9 In their study despite the low sensitivity of the ECG in 
detecting LVH, ECG was shown to be a strong predictor of 
cardiovascular risk.
The higher accuracy and reproducibility of LVM measured 
by cardiac magnetic resonance rather than M-mode echocar-
diography might explain the weak relationship of their study.
In our study maximum sensitivity was for Sokow-lyon index 
43.4% P<0.001 and maximum specificity for Gubner-Un-
gerleider Voltage. Also, more Left Ventricular Hypertrophy 
by echocardiography was found in females, P<0.01 [statisti-
cally significant].

CONCLUSIONS
This study confirms the poor electrocardiographic sensitiv-
ity, high specificity and correlation with echocardiographic 
left ventricular mass and suggests: (1) further refinement of 
electrocardiographic criteria alone in white men is unlikely 
to improve its relationship with Left Ventricular mass; and 
(2) combining the electrocardiogram with other non-Elec-
trocardiographic variables or non-invasive measurements 
offers the best strategy for improving Electrocardiographic 
sensitivity and its prognostic value.
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