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Abstract

Context: In clinical practice, left ventricular hypertrophy is best detected by echocardiography because its sensitivity
exceeds that of the electrocardiography at the usual level of specificity. However, the greater availability, lower cost and
relative simplicity of operation, the ECG continue to support its much wider use as a diagnostic instrument for this purpose.
Aims: To study the correlation between ECG and Echocardiography findings in left ventricular hypertrophy secondary to
systemic hypertension. Settings and Design: A hospital based cross sectional diagnostic evaluation study. Department of
Physiology, Lt. BRKM Government Medical College. Methods and Material: The present study was conducted for a period of
two years among 60 randomly selected patients from medical inpatient wards of this tertiary centre. Echocardiography was
taken as gold standard to evaluation the performance of ECG. Statistical Analysis: Sensitivity, specificity, positive predictive
value and negative predictive value were calculated for ECG to study its effectiveness. Results: Cornell voltage criteria
(RavL + SV,) has given significantly better sensitivity of 44% (p=0.042) compared to Sokolow-Lyon voltage criteria
(SLV=SV_ +RV,) which gave 26% sensitivity. Although Sokolow-Lyon voltage criteria have shown specificity of 100% compared
to 90% of Cornell voltage criteria, difference was statistically not significant (p > 0.05). Cornell voltage criteria had a better
correlation with LVM and LVMI compared to Sokolow-Lyon voltage criteria. Conclusion: Cornell voltage criteria are better
than Sokolow-Lyon voltage criteria. It can be easily applicable in clinical practice in cases where echocardiography is not

available.
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Introduction

Hypertension is vastly an asymptomatic chronic
disorder [1]. It is the commonest cardiovascular
disorder, posing a major public health challenge to
population in socio-economic and epidemiological
transition. It is one of the major risk factors for
cardiovascular mortality, which accounts for 20-50%
of all deaths. There is also a direct relation between
cardiovascular risk and blood pressure: the higher
the blood pressure, the higher the risk of both stroke
and coronary events [2].

Currently hypertension is staged as normal,
pre-hypertension or hypertension based on the
average of two or more readings taken at two or
more visits. Isolated systolic hypertension is
defined as a systolic blood pressure of 140 mmHg
or more and a diastolic blood pressure of less than
90 mmHg [3].

Hypertension is typically associated with
concentric hypertrophy of the ventricles. Grossman
in 1975 proposed that the hypertrophic response was
evoked by increased wall stress, the result of an
increased intra-ventricular pressure. The pressure
overload causes myocytes to grow wider and to
thicken and according to the Laplace law, the
increased wall thickness and even normalize the
increased wall stress [4].

According to Devereux et al the increase in left
ventricular mass represents a common final
pathology towards the adverse effect on the
cardiovascular system and higher vulnerability to
complication [4].

ECG changes result from abnormal thickening of
the left ventricular free wall or ventricular septum,
left ventricular chamber dilatation or increased left
ventricular wall tension. Echocardiography provides
direct information concerning left ventricular wall
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thickness and chamber size [5-7]. In clinical practice,
left ventricular hypertrophy is best detected by
echocardiography because its sensitivity exceeds that
of the electrocardiography at the usual level of
specificity. However, the greater availability, lower
cost and relative simplicity of operation, the ECG
continue to support its much wider use as a
diagnostic instrument for this purpose [8].

Hence present study was carried out to study the
correlation between ECG and Echocardiography
findings in left ventricular hypertrophy secondary to
systemic hypertension.

Material and Methods

The present hospital based cross sectional
diagnostic evaluation study was conducted for a
period of two years at Department of Physiology, Lt.
B.R. K. M. Government Medical College, Jagdalpur,
Chhattisgarh, India for a period of two years among
60 randomly selected patients from medical inpatient
wards of this tertiary centre. Echocardiography was
taken as gold standard to evaluation the performance
of ECG. Before the start of the study, Institutional
Ethics Committee Permission was taken. Also the
individual patient consent was taken.

The study was conducted at Department of
Physiology from June 2015 to November 2016. The
patients admitted in the General Medicine Wards
during the study period were listed and a total of 60
eligible patients were selected randomly who showed
the echocardiography evidence of left ventricular
hypertrophy. The patients showing any evidence of
multiple diseases or its complications, not willing
patients and patients not able to participate in the
study were excluded after careful discussion about
the patient.

All patients underwent blood pressure
measurement, 12 lead ECG and echocardiography.
The idea was to evaluate the diagnostic efficacy of
ECG and hence echocardiography was taken as gold
standard for comparing the findings of ECG against
echocardiography.

Blood pressure was classified using JNC VII
criteria of classification [3].

ECG Ceriteria for Left Ventricular Hypertrophy

The electrocardiograph is a sophisticated
galvanometer, a sensitive electromagnet, which can
detect and record changes in electromagnetic
potential. Cardiac hypertrophy result in changes at

the cellular, tissue and volume conductor levels, all
of which contribute to the electrocardiographic
changes characteristics of left ventricular hypertrophy
[9]. There are 12 standard electrocardiographic leads
which may be physiologically divided into two
groups [9].

1. The frontal plane leads - Itincludes leads I, Il and

IIT and leads AVR, AVL and AVF.

2. The horizontal plane leads - It includes leads V,
toV,.

Principle

The S wave of a right oriented lead and the R wave
of a left oriented lead represent, in effect, the resultant
and dominant right to left QRS vector of ventricular
depolarization. These deflections constitute an
indirect representation of free left wall activation. This
is due to domination of free left ventricular wall
activation over free right ventricular wall activation.
So hypertrophy of the free wall of the left ventricle
will be expressed by an increase in the depth of the S
wave in the leads V, and V, and an increase in the
height if the R wave in leads V,and V, [9]

Sokolow - Lyon Index: [10] SV1+ (RV,orRV,) >3.5
mV

Or

RavL>1.1mV

Cornell Voltage Criteria: [1,11]
SV, +RavL >2.8mV (males)
SV, +RavL >2.0mV (females)

Echocardiographic Criteria for Left Ventricular
Hypertrophy

Principle

Left ventricular dimensions usually are measured
from two dimensional guided M mode
echocardiograms of the left ventricle at the papillary
muscle level, using the parasternal short axis view.
Left ventricle dimensions measured from this view
consists of thickness of the left ventricle posterior wall
(PWT), thickness of inter-ventricular septum (IVST),
left ventricular internal diastolic diameter (LVID) and
left ventricular internal systolic diameter (LVIS). The
values of IVST, LVID and PWT are used for Teichholz
formula.

There is another formula known as relative wall
thickness (RWT) which differentiates concentric LVH
(due to hypertension) from eccentric LVH (due to
overload) [12].
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A. Cubed (Teichholz) Formula [12]

LV mass (g) = {(IVST + LVID + PWT)? - LVID?} X
1.05.

Left ventricular hypertrophy is said to be present if
LV mass is > 163 gm in females or > 224 gm in males
[13].

Left ventricular mass index (LVMI) = LV mass /
BSA.

Left ventricular hypertrophy is said to be present if
LVMIis > 96 gm in females or 2116 gm in males [13].

B. Relative wall thickness (RWT) = PWT +IVST /
LVID

RWT > 0.45 indicates concentric hypertrophy [14].

Normal values of echocardiographic parameters
for left ventricle are as follows [13].

PWT=06tolcm,IVST=0.6to1cm, LVID =4.2
cm to 5.3 cm

Statistical Analysis

Sensitivity, specificity, positive predictive value
and negative predictive value were calculated for
ECG to study its effectiveness.

Results

Table 1 shows the characteristics of the patients.
The various characteristics like mean values of
age, weight, height, BMI, SBP, DBP were studied
and compared between males and females. It was
found that weight and height was significantly
more in males than females. DBP was more in
females and this difference was slightly
significant. But age, BMI and SBP were similar
among the males and females.

Table 2 shows echocardiographic findings among
the study subjects. All parameters like PWT, IVST,

Table 1: Characteristics of the patients

LVID, LV mass and RWT were found to be similar
among males and females. Only one parameter i.e.
LVMI was significantly more among females
compared to males. (p <0.05).

Table 3 shows the diagnostic accuracy of Sokolow-
Lyon voltage criteria. Overall it gave only 26% of
sensitivity but had 100% specificity.

The overall positive predictive value was 100%
which means that the patients diagnosed using these
criteria surely have left ventricular hypertrophy. The
sensitivity ranged from 11.11% for regular treatment
to 34.08% for irregular treatment. But the specificity
remained at 100% for all parameters.

Table 4 shows that there was poor correlation of
Sokolow-Lyon criteria with that of LVM (0.202) and
that of LVMI (0.189). Both were statistically not
significant also (p > 0.05). Thus these criteria did not
correlate well with echocardiography findings. There
was slight variation in correlation in terms of gender,
BMI, treatment history and duration of hypertension.
But again this was not found to be statistically
significant.

Table 5 shows the diagnostic accuracy of Cornell
voltage criteria. Overall it gave a better sensitivity of
44% and the specificity was also 90%. This was also
found to be statistically significant (p < 0.05). There
was slight variation in sensitivity on the basis of
gender, BMI, treatment history and duration of
hypertension, but they were not found to be
statistically significant.

Overall positive predictive value was 95.65% which
means that the patients diagnosed using these criteria
surely have left ventricular hypertrophy.

Table 6 shows that there was very good correlation
of Cornell criteria with echocardiographic findings
like LVM (0.55) and LVMI (0.45). Both were statistically
significant (p < 0.05). Thus these criteria correlated
well with echocardiography findings.

Characteristic Male Female T test P value Interpretation
Mean SD Mean SD
Age (years) 62.68 10.75 60.27 11.8 1.1695 0.2446 Not significant
Weight (kg) 69.21 4.17 63.11 2.8 9.4071 0.0001 Significant
Height (cm) 166.71 2.67 157.05 2.85 19.1605 0.0001 Significant
BMI (kg/m?) 24.94 1.45 24.65 1.38 1.1222 0.2641 Not significant
SBP (mmHg) 167.0 21.39 160.33 17.27 1.8793 0.0627 Not significant
DBP (mmHg) 86.5 15.34 91.44 10.37 2.0666 0.0410 Significant

BMI = Body Mass Index, SBP= Systolic Blood Pressure, DBP = Diastolic Blood Pressure
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Table 2: Echocardiographic findings among the study subjects

Echocardiographic Male Female T test P value Interpretation
findings Mean SD Mean SD

PWT (cm) 1.33 0.16 1.29 0.29 0.8937 0.3733 Not significant

IVST (cm) 1.33 0.26 1.28 0.32 0.9393 0.3495 Not Significant

LVID (cm) 4.49 0.35 4.5 0.13 0.2075 0.8360 Not Significant

LV mass (gm) 293.6 78.35 285.37 110.82 0.4695 0.6394 Not significant
LVMI (gm/m?) 142.99 29.9 168.05 63.67 2.7596 0.0067 Significant

RWT 0.59 0.15 0.57 0.13 0.7805 0.4367 Not Significant

Table 3: Diagnostic accuracy of Sokolow-Lyon voltage criteria on the basis of gender, BMI, treatment history and duration of
hypertension

Determinants Sensitivity ~ Specificity = Positive predictive value =~ Negative predictive value P value
Total 26 100 100 21.28 0.099
Male 28.12 100 100 28.12 0.166
Female 2222 100 100 6.67 0.99
BMI > 25 19.05 100 100 32 0.55
BMI < 25 31.03 100 100 9.09 0.99
Irregular treatment 34.38 100 100 12.5 0.53
Regular treatment 1111 100 100 30.43 0.99
Hypertensive of > 5 years 30 100 100 16 0.55
Hypertensive of < 5 years 20 100 100 27.27 0.54

Table 4: Correlation between Sokolow-Lyon voltage criteria and LVM & LVMI on the basis of gender, BMI, treatment history and
duration of hypertension

Determinants Correlation coefficient (r) with LVM Correlation coefficient (r) with LVMI

r p value 95% C.I. r p value 95% C.I.
Total 0.202 0.507 -0.392 to 0.671 0.189 0.535 -0.403 to 0.670
Male 0.218 0.571 -0.521 to 0.77 0.205 0.596 -0.531 to 0.765
Female 0.633 0.367 -0.837 to 0.991 0.844 0.156 -0.620 to 0.996

BMI > 25 0.028 0.971 0.958 to 0.963 0.009 0.990 -0.96 to 0.96

BMI > 25 0.390 0.298 -0.369 to 0.837 0.466 0.205 -0.286 to 0.863
Irregular treatment 0.292 0.382 -0.372 to0 0.759 0.256 0.447 -0.406 to 0.741
Regular treatment 0.121 0.423 -0.267 to 0.238 0.112 0.512 -0.282 to 0.212
Hypertensive > 5 years 0.268 0.484 -0.481 to 0.795 0.274 0.474 -0.476 to 0.793
Hypertensive <5 years 0.25 0.74 -0.076 to 0.935 0.240 0.659 -0.980 to 0.922

Table 5: Diagnostic accuracy of Cornell voltage criteria on the basis of gender, BMI, treatment history and duration of hypertension

Determinants Sensitivity ~ Specificity = Positive predictive value Negative predictive value P value
Total 44 90 95.65 24.32 0.042
Male 40.63 88.89 92.86 29.63 0.13
Female 50 100 100 10 0.99
BMI > 25 28.57 87.5 85.71 31.82 0.634
BMI < 25 55.17 100 100 13.33 0.225
Irregular treatment 53.13 66.67 94.44 11.76 0.602
Regular treatment 27.78 100 100 35 0.27
Hypertensive of > 5 years 53.33 100 100 22.22 0.105
Hypertensive of <5 years 30 100 100 30 0.28

Table 6: Correlation between Cornell voltage criteria and LVM & LVMI on the basis of gender, BMI, treatment history and
duration of hypertension

Determinants Correlation coefficient (r) with LVM Correlation coefficient (r) with LVMI
r p value 95% C.I. r p value 95% C.I.
Total 0.55 0.007 0.171 to 0.790 0.45 0.033 0.04 to 0.735
Male 0.433 0.138 0.154 to 0.794 0.5 0.075 -0.057 to 0.828
Female 0.309 0.0418 -0.446 to 0.807 0.483 0/186 -0.265 to 0.918
BMI > 25 0.416 0.411 -0.596 to 0.917 0.054 0.918 -0.792 to 0.829
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BMI < 25 0.563 0.023 0.092 to 0.828 0.497 0.049 0.002 to 0.796
Irregular treatment 0.587 0.013 0.148 to 0.832 0.512 0.035 0.042 to 0.797
Regular treatment 0.922 0.025 0.215 to 0.995 0.994 0.004 0.922 to 0.999
Hypertensive > 5 years 0.425 0.1 -0.089 to 0.760 0.396 0.128 -0.123 to 0.745
Hypertensive <5 years 0.863 0.026 0.171 to 0.984 0.615 0.193 -0.391 to 0.951

Discussion

In the present study, 60 hypertensive patients were
studied. They were examined by taking their
presenting complaints, past history of hypertension
and treatment history. The routine investigations
were done. 12 lead ECG and echocardiography was
done and findings were noted.

An attempt was made to correlate the routine 12
lead ECG findings in cases of left ventricular
hypertrophy, with that of echocardiographic findings,
taking echocardiographic measurements as
guidelines for left ventricular hypertrophy.

Although there are various criteria of ECG for the
diagnosis of left ventricular hypertrophy, the voltage
criteria are commonly used and had been selected for
comparison with the echocardiographic
measurements in the present study.

According to Sokolow-Lyon voltage criteria, it was
found that overall the sensitivity of the ECG was 26%
and specificity was 100%. The sensitivity was more
in males compared to females. It was also observed
that as obesity increased, the sensitivity decreased.
Sensitivity was also affected by the regularity of the
treatment. Sensitivity was also more among those with
duration of hypertension of more than five years. The
correlation coefficient of these criteria with LVM was
0.202 and with LVMI was 0.189.

Casale PN et al reported similar findings with
sensitivity of 22% and specificity of 100% with
Sokolow-Lyon voltage criteria [11]. Holt JH Jr et al
found a sensitivity of 29% and a specificity of 100%.
They also noted a correlation coefficient with LVM
of 0.46 [15].

Reichek N et al found that the sensitivity was 21%
but the specificity was little less of 95%. The
correlation with LVM was poor [16]. Prakash O etal
noted more sensitivity of 34% but a lesser specificity
of 88%. Their correlation with LVMI was 0.076 [17].
Levy D et al observed an overall sensitivity of only
6.9% but the specificity was 98.8% [18].

As per Cornell voltage criteria we found that overall
sensitivity was 44% and the specificity was 90%. The
correlation with LVM was 0.55 and with that of LVMI
was 0.45. The sensitivity was more in case of females
compared to males. As the obesity increased, the

sensitivity decreased. Patients having history of
irregular treatment, showed a higher sensitivity
than those on regular treatment. As the duration
of hypertension increased, sensitivity also
increased.

Similar findings were reported by various studies.
Casale PN et al found a sensitivity of 42% and a
specificity of 96% using Cornell voltage criteria [11].
Sobolev AV et al observed that the amplitude
parameters of ECG provide the sensitivity of 58.8%
and a specificity of 94.6% [19].

Pannarale G et al reported that the sensitivity and
specificity of Cornell voltage criteria was 54.5% and
82% respectively [20]. Schillaci G et al observed that
the sensitivity of electrocardiographic criteria of left
ventricular hypertrophy varied between 9% and 33 %
and the specificity was generally more than or equal
t0 90%. The Cornell voltage criteria showed the closest
association with echocardiographic left ventricular
mass. (r =0.48) [21].

Overall we observed that the Cornell voltage criteria
(RavL +SV,) has given better sensitivity of 44% (p =
0.042) compared to Sokolow-Lyon voltage criteria
(SLV =SV, + RV ) which had given the 26% sensitivity.
This difference was statistically found to be significant
(p <0.05). Although the Sokolow-Lyon voltage criteria
has shown absolute specificity of 100% compared to
90% as given by Cornell voltage criteria, but the
difference was not found to be statistically significant
(p > 0.05). Cornell voltage criteria had a better
correlation with LVM and LVMI compared to
Sokolow-Lyon voltage criteria. Similar findings were
reported by Casale PN etal [11].

Conclusion

The Cornell voltage criteria showed better
sensitivity and more correlation with
echocardiographic findings than Sokolow-Lyon
voltage criteria of ECG. So it can be concluded that
Cornell voltage criteria of ECG improves the
sensitivity of the ECG for detection of Left Ventricular
Hypertrophy and it can be easily applicable in
clinical practice to diagnose Left ventricular
hypertrophy in case, where echocardiography is not
available.
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Key Messages

Where echocardiography is not available, Cornell

voltage criteria should be used.

10.

11.
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