
World Journal of Cardiovascular Diseases, 2013, 3, 210-214                                                  WJCD 
http://dx.doi.org/10.4236/wjcd.2013.32030 Published Online April 2013 (http://www.scirp.org/journal/wjcd/) 

Refinement of total 12-lead QRS voltage criteria for 
diagnosing left ventricular hypertrophy 

Deepti Kumar1, Rishi Bajaj2, Lovely Chhabra2*, David H. Spodick1 
 

1Department of Cardiovascular Medicine, Saint Vincent Hospital, University of Massachusetts Medical School, Worcester, USA 
2Department of Internal Medicine, Saint Vincent Hospital, University of Massachusetts Medical School, Worcester, USA 
Email: *lovids@hotmail.com 
 
Received 14 January 2013; revised 6 March 2013; accepted 10 April 2013 
 
Copyright © 2013 Deepti Kumar et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 
Objective: We sought to test the hypothesis that the 
total QRS voltage without either set of the limb leads 
(I, II, III) or (R, L, F) may be a better indicator of 
LVH as compared to the total QRS voltage. Back- 
ground: The total 12 lead QRS voltage has been a 
validated electrocardiographic criterion for left ven- 
tricular hypertrophy (LVH), with an upper limit of 
175 mm. However, there is some redundancy in this 
measurement as the output of the limb leads is re- 
peated because leads I, II, III, and R, L, F use the 
same three electrodes. Methods: 43 unselected, con- 
secutive echocardiograms were examined for evi- 
dence of LVH by wall thickness. Electrocardiogram 
(ECG) of these patients within a week of the echocar- 
diogram were then examined for the total 12 leads 
QRS voltage, minus I, II, III and total minus R, L, F 
voltages. ECG findings were then compared with cor- 
responding echocardiographic dimensions. Results: A 
total QRS voltage of 123 mm on ECG yielded a sensi- 
tivity of 73% and specificity of 67% for diagnosing 
LVH with 95% CI = 0.59 - 0.89, p = 0.007. Total minus 
(R, L and F) value of 110 mm on ECG appears to give 
the best sensitivity (73%), specificity (72%), and ac- 
curacy (64% negative predictive value and 82% posi- 
tive predictive value) for LVH. Conclusion: It appears 
that total QRS voltage minus either set of the limb 
leads, especially the total minus R, L and F is a better 
criterion, with 110 mm being the best specific, sensi-
tive and accurate index for diagnosing LVH. 
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1. INTRODUCTION 

There are many electrocardiographic (ECG) criteria for 

diagnosing left ventricular hypertrophy (LVH), nearly all 
voltage based. The total 12 lead QRS voltage has been 
validated as a criterion in different disease states [1-8], 
most of these have been necropsy studies. The normal 
upper limit for total QRS amplitude of 175 mm was first 
determined by Roberts and Day [3] and later validated by 
Odom et al. [4] in their study of men free of cardiopul- 
monary disease. Odom et al. [4] found that the upper li- 
mit of 175 mm yielded specificity of 100% for diagnos- 
ing LVH in subjects with heart weight less than 400 g. 

Their study established that a total QRS voltage of 127 ± 
29 mm as an average range on autopsied men free of 
cardiopulmonary disease. In another study, Rodriguez 
established that a total 12-lead QRS voltage >120 mm is 
a good ECG criterion for LVH among patients with es- 
sential hypertension [7]. 

In measuring total QRS voltage, the output of the limb 
lead electrodes (bipolar plus unipolar leads) is repeated 
because leads I, II, III, R, L and F use the same three 
electrodes. Hence, there may be some redundancy in this 
measurement. We sought to test the hypothesis that the 
total QRS voltage without either set of the limb leads is a 
more accurate indicator of LVH as compared to total 
QRS voltage. 

2. MATERIALS AND METHODS 

Electrocardiograms and comprehensive 2D and doppler 
echocardiograms of 70 unselected, consecutive patients 
admitted at Saint Vincent Hospital over one month pe- 
riod were reviewed. ECGs with artifacts, paced rhythms, 
technically unsatisfactory or poor quality tracings, com- 
plete left or right bundle branch block and Wolf-Parkin- 
son-White syndrome were excluded. Patients with ische- 
mic heart disease and any inconclusive echocardio- 
grams were also excluded. In all, 27 patients were thus 
excluded. Echocardiographic and electrocardiographic 
data in the remaining 43 patients were studied. *Corresponding author. 
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Echocardiographic dimensions including intervene- 
tricular septum (IVS) and posterior wall thickness (PWT) 
were noted. LVH was characterized by IVS and PWT > 
11 mm or no LVH by IVS and PWT of ≤11 mm (Figure 
1). All measurements were made at the end-diastole. 

Technically satisfactory ECGs of these patients, ob- 
tained within a week period of the echocardiogram were 
then examined. The QRS amplitude from each lead was 
then measured from the peak of the R wave to the nadir 
of either the Q or S whichever was deeper, according to 
the method of Siegel and Roberts [1-3]. Further, the sum 
of leads I, II and III was subtracted from the total voltage. 
Similarly, the sum of leads R, L and F was also sub- 
tracted from the total voltage. Total QRS voltage, total 
minus I, II, III and total minus R, L, F voltages were then 
compared with corresponding echocardiographic dimen- 
sions for the wall thickness. 

Out of the total forty-three echocardiograms, twenty- 
two were classified in the LVH group and twenty-one in 
the no LVH group based on the IVS and PWT thickness. 
Differences between groups were assessed using Chi- 
square analysis for categorical variables and analysis of 
variance for continuous variables. A p-value (2-tailed) of 
<0.05 was considered to represent statistical significance. 
Statistical analysis was performed by using the SPSS 
software, version 15.0. 

3. RESULTS 

Table 1 summarizes the baseline characteristics of 43 
patients included in the study. Their mean age group was 
68 ± 18.3 years (range 28 - 98) and 20 (46.5%) were 
males. Mean total voltage was 137.2 ± 49 mV (range 44 
- 256), mean IVS was 13 ± 4 mm, and mean PWT was 
13 ± 3 mm. Table 2 shows the comparison between pa- 
tients with and without LVH. 22 patients had LVH and 
 

 

Figure 1. 2-dimensional transthoracic echocardiogram with 
signs of LVH (Interventricular septum (IVS) thickness of 13 
mm and posterior wall thickness (PWT) of 12 mm). 

Table 1. Baseline characteristics of the study population and 
ECG data. 

Variables Value 

Age (mean ± SD) 68 ± 18.3 (Range 28 - 98) 

Male (N, %) 20 (46.5%) 

LVH (N, %) 22 (51.2%) 

IVS (mm) 13 ± 4 

PWT (mm) 13 ± 3 

Lead I (mV) 9.3 ± 5 

Lead II (mV) 8.8 ± 4 

Lead III (mV) 8.2 ± 5 

Lead aVR (mV) 7.7 ± 4 

Lead aVL (mV) 7.7 ± 5 

Lead aVF (mV) 7.3 ± 4 

Lead V1 (mV) 10.6 ± 4 

Lead V2 (mV) 18.5 ± 6 

Lead V3 (mV) 16.3 ± 8 

Lead V4 (mV) 16.7 ± 9 

Lead V5 (mV) 15.8 ± 8 

Lead V6 (mV) 12.8 ± 6 

Total Voltage (mV) 137.2 ± 49 (Range 44 - 256) 

Combined Voltage of Lead  
I, II, and III (mV) 

26.3 ± 12 

Combined Voltage of Lead  
aVR, aVL, and aVF (mV) 

22.7 ± 11 

Data are presented as n, n (%) or mean ± standard deviation. 

 
Table 2. Comparison of IVS, PWT total voltage, total minus I, 
II, III and total minus R, L, F voltage in LVH and no LVH 
groups. 

Variables LVH (N = 22) No LVH (N = 21) p-Value (2-sided)

Age 78 ± 9 58 ± 20 0.0002 

IVS 16 ± 2 9.7 ± 1 <0.0001 

PWT 15.7 ± 2 9.6 ± 1 <0.0001 

Total Voltage 157.5 ± 57 116 ± 27 0.004 

I, II, and III 28.5 ± 16 23.8 ± 7 0.2 

R, L, and F 25.1 ± 14 20.3 ± 6 0.1 

Total—(I, II, III) 128.9 ± 44 95.6 ± 23 0.001 

Total—(R, L, F) 132.3 ± 46 95.6 ± 23 0.002 

Data are presented as mean ± standard deviation. 
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21 patients had no LVH based on IVS and PWT. Mean 
IVS and PWT were 16 ± 2 mm and 15.7 ± 2 mm respec- 
tively in LVH group, whereas mean IVS and PWT were 
9.7 ± 1 mm and 9.6 ± 1 respectively in no LVH group. 
Clearly, the group with LVH had higher IVS and PWT 
than the group with no LVH (p < 0.0001). Mean total 
voltage was 157.5 ± 57 in LVH group and 116 ± 27 in no 
LVH group (p = 0.004). Mean total voltage minus I,II,III 
was 128.9 ± 44 in LVH group and 95.6 ± 23 in no LVH 
group (p = 0.001). Mean total voltage minus R,L,F was 
132.3 ± 46 in LVH group and 95.6 ± 23 in no LVH group 
(p = 0.002). 

Table 3 generated on the basis of receiver operating 
characteristic (ROC) curve shows the sensitivity and 
specificity cutoff points of the total QRS voltage. A total 
voltage of 123 mm yielded a sensitivity of 73% and a 
specificity of 67% for diagnosing LVH (95% CI = 0.59 - 
0.89; p = 0.007). Figure 2 shows the corresponding ROC 
curve for LVH versus total voltage (p = 0.007). Table 4 
generated on the basis of the ROC curve shows the sen- 
sitivity and specificity cutoff points of total minus (R, L 
and F) voltage. A voltage of 104 mm had the best sensi- 
tivity (73%) and specificity (72%) for diagnosing LVH 
(95% CI = 0.62 - 0.91; p = 0.003). Figure 3 shows the 
corresponding area under the curve (AUC) for the total 
minus (R, L and F) voltage (p = 0.003). 

Table 5 generated on the basis of ROC curve shows 
the sensitivity and specificity cutoff points for total mi- 
nus (I, II and III). A voltage of 101 mm had the best sen- 
sitivity (73%) and specificity (69%) for diagnosing LVH 
(95% CI = 0.62 - 0.91; p = 0.003). Figure 4 shows the 
corresponding area under the curve (AUC) for the total 
minus (I, II and III) voltage (p = 0.003). From the results 
represented in Tables 3-5, it becomes apparent that the 
total minus R, L and F voltage has the best sensitivity 
and specificity for diagnosing LVH. 

Table 6 generated on the basis of ROC curve repre- 
sents the sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and accuracy for 
 
Table 3. Sensitivity and specificity cutoff point studied in the 
total QRS voltage. 

Voltage (mV)  Sensitivity Specificity 

110 0.82 0.33 

112 0.73 0.48 

119 0.73 0.57 

123 0.73 0.67 

128 0.64 0.71 

144 0.59 0.85 

156 0.5 0.91 

Data are presented as fraction. 

ROC Curve. LVH vs. Total Vlotage. 
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Figure 2. ROC curve showing LVH versus total voltage. Area 
under the curve (AUC) = 0.74 (95% confidence interval (CI) = 
0.59 - 0.89), p = 0.007). 
 
Table 4. Sensitivity and specificity cutoff point for total QRS 
voltage minus R, L and F. 

Voltage (mV)  Sensitivity Specificity 

88 0.86 0.38 

96 0.73 0.43 

102 0.73 0.67 

104 0.73 0.72 

110 0.68 0.81 

113 0.59 0.81 

125 0.59 0.91 

Data are presented as fraction. 
 
various values of the total minus (R, L and F) voltage in 
cases of LVH. A total minus (R, L and F) value of 110 
mm appears to give the best accuracy, sensitivity and 
specificity for LVH diagnosed by wall thickness on 
echocardiogram. 

Figure 5 shows the area under the curve of the total 
voltage, total minus R, L and F voltage and total minus I, 
II and III voltage together in cases of LVH. It is evident 
that for LVH, all three criteria are excellent but the total 
voltage minus R, L and F with a value above 110 mm 
seems to be the best indicator (p-value = 0.017). 

4. DISCUSSION 

The electrocardiogram is an accessible and inexpensive 
method for the diagnosis of left ventricular hypertrophy  
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ROC Curve. LVH vs. Total Voltage minus (R, L and F) 

LVH vs Total  
Voltage minus 
R,L, F 

Reference Line 

 

Figure 3. Corresponding AUC for the total voltage minus (R, L 
and F). AUC = 0.76 (95% CI = 0.62 - 0.91), p = 0.003. 
 
Table 5. Sensitivity and specificity cutoff point for total QRS 
voltage minus I, II and III. 

Voltage (mV)  Sensitivity Specificity 

89 0.73 0.38 

96 0.73 0.62 

98 0.73 0.67 

101 0.73 0.69 

105 0.68 0.81 

110 0.63 0.81 

122 0.59 0.91 

Data are presented as fraction. 
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Diagonal segments are produced by ties. 

ROC Curve. LVH vs. Total Voltage minus (I, II and III) 

LVH vs total Voltage
Minus I,II and III 

Reference Line 

 

Figure 4. Corresponding AUC for the total voltage minus (I, II 
and II). AUC = 0.76 (95% CI = 0.62 - 0.91), p = 0.003. 
 
(Figure 6). Since left ventricular hypertrophy is associ- 
ated with an increase in the risk of cardiovascular mor- 
bidity and mortality [9]; we decided to find the most  

Table 6. Sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) for various values of the 
total minus (R, L and F) in cases of LVH.  

Value Sensitivity Specificity PPV NPV Accuracy

88 0.83 0.64 0.63 0.64 0.63 

98 0.69 0.55 0.67 0.58 0.63 

102 0.65 0.67 0.71 0.6 0.66 

104 0.61 0.67 0.70 0.57 0.63 

108 0.61 0.78 0.78 0.61 0.68 

110 0.61 0.83 0.82 0.63 0.71 

112 0.56 0.89 0.87 0.62 0.71 

125 0.52 0.89 0.86 0.59 0.68 

Data are presented as fraction. 
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ROC for total voltage, total minus R, L and F and total minus I, II and III 

 

Figure 5. Area under the curve of the total voltage, total minus 
R, L and F and total minus I, II and III together in cases of 
LVH. 
 

 

Figure 6. ECG of a patient illustrating typical changes of left 
ventricular hypertrophy. 
 
accurate index to diagnose left ventricular hypertrophy 
on the ECG. In a study done by Dollar et al. [10], the 
Sokolow-Lyon index had a sensitivity of only 39%; the 
Romhilt-Estes voltage criteria of 37%; the Romhilt-Estes 
point score system of 49%; and the criterion of RV6 
more than RV5 of 39%. Various other studies such as the 
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one by Pewsner et al. [11] have also shown low diag- 
nosetic value of these electrocardiographic criteria to 
interpret left ventricular hypertrophy. 

Our study clearly indicates that 12 lead ECG criteria 
have a better sensitivity than the above stated criteria. 
Moreover, this study is the first to compare total 12-lead 
voltage with total minus each set of limb leads as the 
criteria for predicting LVH. From this study, though it 
appears that a total 12 lead QRS voltage of >123 mm 
(73% sensitivity and 67% specificity) is a good electro- 
cardiographic criterion for LVH; it is associated with 
redundancy given the duplication of the limb lead output 
because leads I, II, III, R, L and F use the same three 
electrodes. Thus, the total QRS voltage minus either set 
of the limb leads, especially total voltage minus (R, L, F 
voltage) is an even better criterion, with ≥110 mm cutoff 
serving as the most accurate index (i.e. best sensitivity, 
specificity, NPV and PPV) when LVH is diagnosed by 
wall thickness on echocardiography. 
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