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Abstract

Background:  Hypertension is the leading cause of cardiovascular disease and premature death worldwide. Left ventricular 
hypertrophy (LVH), a measure of hypertensive target organ damage in the heart is associated with increased morbidity, 
mortality and development of arrhythmias. This study was designed to identify the more accurate ECG criteria for identifying 
LVH taking LVH by echocardiography as reference. 

Methods:  A cross sectional study was conducted at Shahid Gangalal National Heart Centre. A total of 252 patients were 
included. A 12-lead ECG and Echocardiography were done. Analysis done by SPSS 25. Stata-14 software was used for ROC 
(Receiver operating characteristics) comparison and P<0.05 considered statistically significant. 

Results: Sensitivity, specificity, PPV, NPV and accuracy of Sokolow-Lyon criteria in diagnosis LVH was 41.8%, 80.8%, 
67.1%, 59.7% and 61.9% respectively. The results of the test parameters taking Cornell Voltage criteria to detect LVH was 
65.6%, 73.1%, 69.6% 69.3% and 69.4%. Likewise, the test parameters of cornell voltage duration measurement was 57.4%, 
84.6%, 77.8%, 67.9% and 71.4% respectively. Similarly results of the test parameters by Romhilt-Estes system was 36.9%, 
88.5%, 75%, 59.9% and 63.5% respectively. Area under the curve(AUC) of Sokolow-Lyon index, Cornell voltage criteria, 
Cornell voltage duration measurement and Romhilt- Estes system was 0.613, 0.693, 0.71 and 0.627 respectively.  

Conclusion: In our study Cornell Voltage duration measurement criteria had a higher sensitivity and higher AUC to detect 
LVH. The different ECG criteria must be integrated with the clinical scenario. Isolated interpretation of LVH using a single 
ECG criteria has a low diagnostic value. 
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Introduction
Hypertension is the leading cause of cardiovascular disease 

and premature death worldwide.1 Hypertension affects 1 billion 
worldwide and it remains the most common, readily identifiable, 
and reversible risk factor for myocardial infarction (MI), stroke, 
heart failure, atrial fibrillation, aortic dissection, peripheral arterial 
disease, and cognitive decline.2 Left ventricular hypertrophy (LVH), 
a measure of hypertensive target organ damage in the heart, has been 
reported to be associated with increased morbidity and mortality and 
development of atrial arrhythmias.3,4 

The presence of left ventricular hypertrophy, in addition to 
hypertension, thus has important implications for assessing risk and 
managing patients, including decisions on interventions other than 
antihypertensive treatment, such as lipid lowering treatment and life- 
style modifications.5 

ECG LVH also provides unique prognostic information for 
increased risk of SCD, even when adjusted for echocardiographic 
LVH.6 Electrocardiography (ECG) and echocardiography 
(ECHO) can be applied to detect LVH in clinical practice. The 
diagnosis of LVH should preferably be made by ECHO because 
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it can visually measure every parameter of cardiac structure in a 
noninvasive method.7 The greater convenience and lower cost of 
the ECG continue to support its widespread use for the diagnosis of 
ventricular hypertrophy in clinical practice, epidemiological studies, 
and clinical trials. 

Several ECG criteria, such as the Sokolow–Lyon index, Cornell 
voltage or Cornell voltage duration product, and RavL are available 
to assess LVH. Most of previous studies have been conducted in 
Caucasians and the diagnostic performance of ECG criteria for 
Asians remains under investigation.8,9 We believe that this study 
will aid in identifying the more accurate ECG criteria for identifying 
LVH taking LVH by echocardiography as reference and will help in 
identifying, assessing risk and managing such patients. 

OBJECTIVES 
To compare four different ECG criteria’s of left 

ventricular hypertrophy in terms of diagnostic accuracy taking 
echocardiographically diagnosed left ventricular hypertrophy as 
reference standard. 

OPERATIONAL DEFINITION 

Hypertension: Hypertension be diagnosed when a person’s sys-
tolic blood pressure (SBP) in the office or clinicis≥140mmHg and/
or their diastolic blood pressure (DBP) is ≥90mmHg following re-
peated examination in accordance with the methods and guidelines 
provided by the internationals society of hypertension10 or patients 
taking anti- hypertensive medications for more than 6 months.

Left Ventricular Hypertrophy: LVH as defined 
by echocardiographic or electrocardiographic criteria. 
Electrocardiographically Sokolow-Lyon index, Cornell voltage 
criterion, Cornell voltage duration measurement and Romhilt-Estes 
point score system was applied to diagnose LVH. LVH is diagnosed as 
1.	 Sokolow-Lyonindex-SV1+RV5>3.5mVorRaVL>1.1mV
2.	 Cornell voltage criterion - SV3 + RaVL > 2.8 mV in males and 

> 2.0 mV in females 
3.	 Cornell voltage duration measurement- Cornellvoltage × QRS 

duration > 2436 mm-sec 
4.	 Romhilt-Estes point score system 

Any limb lead R wave or S wave >2mV (3 points) 
SV1 or SV2 ≥ 3.0 mV (3 points)
RV5 to RV6 ≥ 3.0 mV (3 points)
ST-T wave abnormality, no digitalis therapy (3 points) 
ST-T wave abnormality, digitalis therapy (1 point) 
Left atrial abnormality (3 points) 
Left axis deviation ≥ −30 degrees (2 points) 
QRS duration ≥ 90 m sec (1 point) 
Intrinsicoid deflection in V 5 or V 6 ≥ 50 msec (1 point) 
Points of 5 or more was taken as LVH. 

Echocardiographically LVH is diagnosed as LVM/BSA > 95 
g/m2 in females and > 115 g/m2 in males and LVM/ height > 51 g/
m2 in males and > 47 g/m2 in females according to the European 
Association of Cardiovascular Imaging (EACVI) and American 
Society of Echocardiography (ASE) recommendations.11 

Obesity: Obesity is defined as abnormal or excessive fat 
accumulation that may impair health. Western Pacific Regional 
Office of WHO (WPRO) defined as overweight (BMI 23.0–24.9) 
and obesity (BMI ≥25.0) for Asian populations.12

The formula to calculate BMI = kg/m2 where kg is a person’s 
weight in kilograms and m2 is their height in metres squared. 

Smoking Status-As defined by CDC.

Current smoker-An adult who has smoked 100 cigarettes in 
his or her lifetime and who currently smokes cigarettes every day 
or some days. 

Former smoker- An adult who has smoked at least 100 
cigarettes in his or her lifetime but who currently do not smoke.

Never smokers- An adult who has never smoked, or who has 
smoked less than 100 cigarettes in his or her lifetime.

MATERIALS AND METHODS 
Setting: Cardiology Department of Shahid Gangalal National Heart 
Centre, Kathmandu, Nepal.
Duration of the study: - 6 months from August 2021 to February 
2022. 
Sample size: 252
Calculated using Dr. Lin Naing calculator.

Sample selection

Inclusion criteria 
1.	 All the patients presenting to the OPD diagnosed with 

hypertension or under anti-hypertensive medications 
irrespective of the presenting complain or duration of therapy. 

2.	 Patient’sageshouldbefrom 35-65 years of age. 
3.	 Patients willing to take part with consent in the study. 

Exclusion criteria 

1.	 Patients with cardiomyopathies. 
2.	 Patients with valvular heart diseases. 
3.	 Patients with left/right bundle branch block 
4.	 Patients with left anterior fascicular block 
5.	 Patients with valvular heart diseases 
6.	 Patients with any underlying kidney disease 
7.	 Patients with other secondary causes of hypertension 
8.	 Patients with gestational hypertension or pre-eclampsia. 
9.	 Patients unwilling to participate 

STUDY DESIGN: Cross sectional study 
Following the ethical clearance from the Institutional Review 

Board (IRB) of the Shahid Gangalal National Heart Centre, a cross 
sectional study was conducted. Cases diagnosed with hypertension 
or under anti- hypertensive medications and fulfilling the inclusion 
criteria was enrolled as cases. They were explained about the 
purpose of the study and the methods used. Informed written consent 
was taken in either Nepali or English language whichever they feel 
comfortable assuring full confidentiality. All patients underwent full 
history taking and physical examination. A 12-lead resting ECG was 
recorded at 25 mm/s and 1 mV/cm standardization. The 12-lead 
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ECG was read by two independent cardiologists and findings were 
recorded. 

Defined electrocardiographic indices was applied to diagnose 
LVH. Echocardiography was done by using GE healthcare Vivid 
E95 echocardiography machine.

Echocardiographic measurement performed by the investigator 
measuring inter ventricular septum (IVS), left ventricular internal 
diameter (LVID), and posterior wall thickness (PWT) and left 
ventricular mass (LVM) was calculated using the American Society 
of Echocardiography (ASE) recommended formula: 

LVM (g) = 0.8{1.04[(LVIDd + PW + IVSd)3 - (LVIDd)3]} + 
0.6 g.10

LVM was standardized by body surface area (BSA) and body 
height as LVM/BSA and LVM/height respectively. 

LVH was diagnosed as LVM/BSA > 95 g/m2 in females and > 
115 g/m2 in males and LVM/ height > 51 g/m2 in males and > 47 g/m2 
in females according to the EACVI and ASE recommendations.12

All the information such as age, gender, height, weight, BMI, 
SBP, DBP, origin, smoking status, LVH on ECG criteria, LVH on 
echocardiography was noted in a predesigned proforma. 

DATA ANALYSIS PROCEDURE 
The collected data was entered using data validation tool (MS-

Excel worksheet 2010). Statistical analyses were performed with 
statistical software (IBM SPSS®statistics 25 for Windows). The 
data was presented in tables and diagrams. All measured values were 
reported as means ±SD for continuous variables like age, height, 
weight, BMI, SBP, DBP and BSA. Frequency and percentages for 
categorical variables like gender, area of origin, smoking status. 

Sensitivity, specificity, PPV NPV and diagnostic accuracy of 
ECG different criteria like Sokolow-Lyon, Cornell criteria, Cornell 
voltage duration measurement, Romhis-Estes point scoring system 
for LVH was computed and echocardiography was taken as gold 
standard. 

Receiver operating characteristic (ROC) curves and the areas 
under the curves analyses were conducted to compare diagnostic 
accuracy for the four ECG criteria using conventional cut-off values. 
Stata-14 software was used for ROC comparison and P<0.05 was 
considered of statistical significance. 

RESULTS 
A total of 252 patients diagnosed with hypertension or under 

anti- hypertensive medications irrespective of the presenting 
complain were included in this study. The average age of the patients 
was 50.32±6.95 years. There were 157(62.3%) male and 95(37.7%) 
female participants The mean systolic and diastolic blood pressure 
was 139.92 ± 26.97 and 88.37 ± 9.61 respectively. Almost 52% 
patients were from urban and 48% from rural areas (figure 5). Out 
of 252, 50%(126) of the population were nonsmokers; 28.2% were 
currently smoking and 21.8% had previously smoked. Almost 78% 
were currently taking anti hypertensive medications. The baseline 
characteristics of the patients are reported in Table 1. 

Out of 252 study cases, 122(48.4%) of them had left ventricular 
hypertrophy on Echocardiography. According to ECG criteria, left 
ventricular hypertrophy was observed as defined by Sokolow-Lyon 

criteria on 76(30.2%), as Cornell voltage criteria on 115(45.6%), 
as Cornell voltage duration measurement on 90(35.7%) and as 
Romhilt- Estes point score system on 60(23.8%) as shown in table 2. 

Sensitivity, specificity, PPV, NPV and accuracy of Sokolow-
Lyon criteria in diagnosis of left ventricular hypertrophy was 
41.8%, 80.8%, 67.1%, 59.7% and 61.9% respectively. Likewise, 
diagnostics parameter of ECG by Cornell Voltage to detect LVH 
was 5.6%, 73.1%, 69.6% 69.3% and 69.4% respectively. Similar 
diagnostics parameter of ECG as defined by Cornell voltage 
duration measurement was 57.4%, 84.6%, 77.8%, 67.9% and 71.4% 
respectively and diagnostic parameters of ECG by Romhilt- Estes 
point score system was 36.9%, 88.5%, 75%, 59.9% and 63.5% 
respectively as shown in table 3. The different ECG criteria also 
seemed to have a better diagnostic accuracy in patients younger than 
50 years of age as shown in supplementary table 1.

Receiver operating characteristic (ROC) curve for four criteria 
of Echocardiography to detect LVH is represented in figure 1. Area 
under the curve(AUC) of Sokolow-Lyon index, Cornell voltage 
criteria, Cornell voltage duration measurement and Romhilt-Estes 
point (score system was 0.613, 0.693, 0.71 and 0.627 respectively. 
Comparison of AUC among the ECG criteria is shown in table 
4. AUC of Cornell voltage criteria and Cornell voltage duration 
measurement was significantly high in all criteria (p=0.038, p=0.047 
and p=0.004).  Our study also showed that the combined analysis 
of the 4 ECG criteria may have a higher diagnostic value than each 
ECG criterion alone as shown in supplementary table 2.

Table 1: Baseline characteristics of the patients 	 Total: 252

 Males  157 (62.3%)

Age (years) 50.32 ± 6.95

BMI(kg/m2)  25.26 ± 2.66

BSA(m2)  1.77 ± 0.12

SBP (mmHg)  139.92 ± 26.97

DBP (mmHg)  88.37 ± 9.61

Current use of anti-hypertensive  
medications(%)  77.78 %

 Urban residence(%)  51.98 % 

Smoking status
   Current
   Ex-smoker
   None

28.2%
21.8% 
50%
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Table 2: Frequency of patients with left ventricular hypertrophy 
detected by electrocardiography And echocardiography

Diagnostic criteria LVH 
Positive

LVH 
Negative

Sokolow-Lyon index 76(30.2%) 176(69.8%)

Cornell voltage criteria 115(45.6%) 137(54.4%)

Cornell voltage duration mea-
surement 90(35.7%) 162(64.3%)

Romhilt-Estes point score system 60(23.8%) 192(76.2%)

Echocardiography 122(48.4%) 130(51.6%)

Table 3: Four different ecg criterias of left ventricular hypertrophy 
in terms of diagnostic accuracy taking echocardiographically as 
reference standard

Diagnostic
Criteria of 

ECG

Sensi-
tivity

Speci-
ficity PPV NPV Accu-

racy

Sokolow-Lyon 
index 41.8% 80.8% 67.1% 59.7% 61.9%

Cornell volt-
age criteria 65.6% 73.1% 69.6% 69.3% 69.4%

Cornell volt-
age duration 
measurement

57.4% 84.6% 77.8% 67.9% 71.4%

Romhilt-Estes 
point score 
system

36.9% 88.5% 75% 59.9% 63.5

Table 4: Pair wise comparison of four electrocardiography finding 
taking echocardiographically as reference standard

ECG diagnostic criteria
for LVH AUC P-Val-

ue

Sokolow-Lyon index 
vs.

Cornell voltage 
criteria

0.613 vs. 
0.693 0.038*

Cornell voltage 
duration mea-
surement

0.613 vs. 
0.71 0.011*

Romhilt-Estes 
point score 
system

0.613 vs. 
0.627 0.706

Cornell voltage criteria 
vs.

Cornell voltage 
duration mea-
surement

0.693 vs. 
0.71 0.456

Romhilt-Estes 
point score 
system

0.693 vs. 
0.627 0.047*

Cornell voltage dura-
tion measurement vs.

Romhilt-Estes 
point score 
system

0.71 vs. 
0.627 0.004*

This comparison was done by Stata-14 software

Figure 1: receiver operating characteristic (roc) curves for four 
different ecg criteria in prediction of lvh
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DISCUSSION 
LVH is mainly determined by an increase in left ventricular 

mass, which can be estimated by the electrical voltage changes 
detected on the surface electrocardiogram. Because of this, the 
ECG is a good proxy for detecting changes in left ventricular mass. 
However, the electrical voltage of the heart is not only determined 
by the amount of myocardium present. It is instead reliant on active 
and passive electrical connections between the heart and torsum. 
These are influenced by variables such as the distance between 
the left ventricular cavity and the electrode, the position of the 
surface electrode, individual anthropometric variations, conduction 
problems, myocardial fibrosis, and pulmonary pathology.13 
Furthermore, the ECG voltage has been shown to vary dramatically 
from day to day, between patients, and even between individuals. 

The only way to clarify whether or not ECG criteria are reliable 
in diagnosing LVH is to test them against echocardiography. In view 
of this, the present study evaluated the four more commonly used 
electrocardiographic criteria’s for left ventricular hypertrophy, using 
echocardiography as diagnostic standard. 

Our data confirms the high incidence of electrocardiographically-
defined LV hypertrophy, 30.2% had LV hypertrophy as defined 
by Sokolow-Lyon criteria, Cornell voltage criteria 45.6%, Cornell 
voltage duration measurement 35.7% and Romhilt-Estes point score 
system 23.8%. 

Certain groups of the population have showed even a higher 
prevalence of ECG defined Sokolow-Lyon criteria for left ventricular 
hypertrophy. In a study done by Sharma et al. the Sokolow-Lyon 
criteria was positive among 45% of 1000 young atheletes.14. Our 
study also showed similar findings that the ECG criteria seemed to 
have a better diagnostic accuracy in patients younger than 50 years 
of age.

Few previous studies investigated the accuracy of ECG criteria 
in the detection of LVH in Asians.15-17 In 546 Chinese patients with 
hypertension, Xie et al. found that the Cornell voltage and product 
criteria had a higher sensitivity to detect echocardiographic LVH 
(28% and 36.6%, respectively).15 

In our study Cornell Voltage and cornell voltage duration 
measurement criteria had had a higher sensitivity to detect 
echocardiographic LVH (65.6% and 57.4%) respectively. In a study 
done by Su et al. in Taiwan, among 539 young army men the Cornell 
voltage and cornell voltage duration product criteria had better 
performance for the echocardiographic LVH than the Sokolow–Lyon 
criteria, with a sensitivity of 22.2%, 27.8%, and 8.3%, respectively.16 
In 332 Korean patients, Park et al. demonstrated that the Cornell 
product criterion was superior to the Sokolow–Lyon voltage criterion 
in women, but the opposite was true in men.17 It has been shown that 
QRS duration had a stronger association with Echo- LVH among all 
other single- lead components18 which may have driven the better 
performances of Cornell- product- related criteria. QRS duration was 
reported to be an independent predictor for LVH in previous studies 
(Okin et al., 2002; Palmieri et al., 2007). Potential mechanisms 
included the longer time required to activate myocardium that was 
increasingly distant from specialized conduction tissue and the 
decreased conduction velocity in hypertrophied myocardium. 

In the systematic review done by Pewnser et al the accuracy 
of different electrocardiographic indexes for the diagnosis of left 
ventricular hypertrophy had sensitivity ranging from 10.5-21% and 

median specificity of 89-99%.5 In our study area under the curve of 
Cornell voltage criteria and Cornell voltage duration measurement 
was significantly high in all criteria (p=0.038, p=0.047 and p=0.004) 
and this is in accordance with previous studies by Salles et al19 and 
by Xie et al.15 

Previous studies often focused on the diagnostic sensitivity 
and specificity of single ECG criterion.20,21 Our study found that 
the combined analysis of the 4 ECG criteria may have a higher 
diagnostic value than each ECG criterion alone. Also these criteria 
appear to have a higher diagnostic accuracy in those patients aged 
less than 50 years of age. 

As the diagnostic accuracy of the Sokolow-Lyon criteria is 
comparably low, Cornell criteria and Cornell voltage duration 
measurement, should be implemented in routine clinical practice. 
In a resource-limited setting like ours where echocardiography 
facilities are not accessible in all rural settings, using ECG criteria 
such as Cornell voltage and Cornell voltage duration measurement 
can be considered to be standard investigations in the future for 
diagnosis of LVH based on the strength of their cost- effectiveness 
and availability. Also it has been reported that ECG-LVH can predict 
the outcome of heart failure outperforming MRI-LVH.22 We also 
would recommend that the Cornell voltage duration algorithm be 
applied to the in-built software in ECG which would aid in decision 
making to physicians. 

Our research must be understood in light of its limitations. 
Firstly, we just looked at four of the several ECG criteria’s validated 
for diagnosis of LVH. Second, it was conducted in a single center. 
As a result, our study may be less representative than a larger 
multicenter study. Also left ventricular mass was established using 
echocardiography, cardiac magnetic resonance imaging is known to 
be more accurate. Nonetheless, the current study paved the way for 
future research in Nepal on the use of the current ECG crteria’s for 
LVH and possibly the need of a better ECG LVH diagnosis criteria. 

CONCLUSION 
In our study Cornell Voltage criteria and cornell voltage duration 

measurement had the higher sensitivity to detect echocardiographic 
LVH (65.6% and 57.4% respectively. All of the ECG criteria must 
be integrated with the clinical scenario. Isolated interpretation of 
LVH using a single ECG criteria has a low diagnostic value. In the 
evaluation of hypertensive patients for LVH, echocardiography is 
still the method of choice. However, in resource limited settings 
where echocardiography might not be readily available, ECG criteria 
such as cornell voltage and cornell voltage duration measurement 
can be used regularly as screening investigation for LVH because of 
its cost-effectiveness and easy availability. 
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