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Abstract:

Left ventricular hypertrophy (LVH) is a disease that manifests as an increase in the mass of the left ventricle, 
secondary to an increase in wall and/or cavity size. Hypertrophic cardiomyopathy is a genetic condition that causes 
LVH with prevalence as high as 1 in 500. Adult EKG criteria are insensitive but highly specific, yet pediatric criteria
are neither sensitive nor specific.  The purpose of this study was to determine if there is a statistical correlation 
between commonly used EKG voltage criteria for LVH with 2D echocardiogram measurement of LV diameter and 
wall thickness. We investigated the relationship between EKG voltage, specifically the R wave in V5 and S wave in 
V2, and how they correlate with systolic blood pressure, BMI, and heart rate. We analyzed community data from the
Anthony Bates Foundation with 1351 people screened using both EKGs and echocardiograms. The study population
had an average age of 28, were majority Caucasian (73%), had an average systolic blood pressure of 125 and an 
average BMI of 24.1. We found that there is no significant correlation between the R wave in V5 and HR (p = 0.79) 
or LV outflow tract diameter (p = 0.82). There was, however, a significant relationship between the R wave in V5 
and septal thickness (p = 0.0002), BMI (p < 0.0001), and systolic blood pressure (p = 0.0172). There was only a 
significant relationship between the S wave in V2 and heart rate (p = 0.03). With these factors in mind, a better 
screening system may be developed that takes into account BMI and systolic blood pressure in the EKG screening 
for LVH. 
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Introduction:

Left ventricular hypertrophy (LVH) is a disease that manifests as an increase in the mass of the left ventricle, 
secondary to an increase in wall and/or cavity size. Hypertrophic obstructive cardiomyopathy (HOCM) is a genetic 
condition that causes LVH with an estimated prevalence as high as 1 in 200-500 [1]. Many cases go undetected and 
can lead to sudden cardiac death. Due to convenience and low cost, the EKG is often used to screen for LVH, yet the
sensitivity and specificity of the EKG in diagnosing LVH remain undefined [2,3].

The Romhilt and Estes scoring system and the Sokolow Lyon scoring system are a few of the most commonly 
utilized tools in screening for LVH using an EKG, and these formulas include S and R wave amplitudes in various 
leads. In adults, it has been shown that the Romhilt and Estes and Sokolow Lyon scoring systems have low 
sensitivity (~20-30%) but high specificity (~95%) in diagnosing adults with LVH. When other limb leads were 
added into the equation, such as S in V2, R in aVL, and T in V1, sensitivity increased to ~50% while maintaining 
high specificity [4]. In children, however, it has been shown consistently that these criteria do not significantly 
correlate with echocardiogram diagnosed LVH, with a study done at Rady Children’s Hospital showing overall 
accuracy of 65-75% [5]. EKG voltages also vary according to body mass index (BMI), as shown in a study of 1295 
patients at Oxford Centre for Clinical Magnetic Resonance Research in 2016. They utilized the Sokolow-Lyon index
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for EKG diagnosis of LVH and noted an overall 4mm reduction in the index in overweight participants and 8mm 
reduction in obese participants. Once this was adjusted for, the sensitivity of detecting LVH via the Sokolow-Lyon 
index increased (overweight: 12.8% to 30.8%, obese 3.1% to 27.2%), approaching that seen in normal weight 
(37.8%). Specificity remained excellent (>93.1%) [6]. This demonstrates the implication that, in an increasingly 
overweight society, sensitivity of EKG detection of LVH would be increased if BMI was accounted for by adding 
4mm to overweight and 8mm to obese patients’ scores. 

Another factor that can confound the accuracy of EKG prediction of LVH is hypertension. A systematic review 
conducted in 2007 demonstrated that in hypertensive patients, EKG could not reliably rule out LVH.  Even though 
specificity was relatively high (89-99%), since sensitivity was low (10-21%), EKG could not reliably rule in LVH, 
either [7].

The first question that this study seeks to answer is if the standard EKG criteria for LVH correlate with true left 
ventricular hypertrophy (as determined by LV outflow tract diameter and septal thickness) seen in an 
echocardiogram. It is hypothesized that there will not be a significant correlation based on the studies cited above. 
The second question is if there is a significant correlation between EKG voltages and BMI, systolic blood pressure, 
or heart rate. 

Materials And Methods:

In this study, we investigate the relationship between EKG voltage, specifically the S wave in V2 and the R wave in 
V5, and how they correlate with LV outflow tract (LVOT) diameter, septal wall thickness, BMI, systolic blood 
pressure (SBP), and heart rate (HR) while stratifying for race. This research was approved by the International 
Review Board. 

Data from the Anthony Bates Foundation
The data utilized in this study comes from the Anthony Bates Foundation, which is a 501 (c) (3) non-profit 
organization founded in 2002 in Phoenix, AZ to promote heart health education and awareness of HOCM through 
low cost screening events, including EKGs and echocardiograms. The data is stored in an electronic data base, and 
the following elements were extracted from the source: date of screening, patients’ age, ethnicity, amplitude of the S
wave in V2, amplitude of the R wave in V5, BMI, HR, SBP, septal wall thickness, and LVOT diameter.

Inclusion criteria: anyone screened in 2015-2016 who has EKG and echocardiogram reports from the Anthony Bates
Foundation. 

1351 individuals had both EKG and echocardiogram reports. The equipment used was the Cardea 20/20 ECG model
CS-2020. Linear regression (Spearman’s Rho) was performed to compare the relationship between the S wave in V2
to LVOT diameter, septal thickness, BMI, SBP, and HR while stratifying for race. The same analysis was repeated 
for the R wave in V5. LVH was defined as any patient having a septal wall thickness greater than 1.5 cm.
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Results:

Table 1: Study Population Demographics
Age (years), (mean, SD) 28.5 (17.7)
BMI (kg/m2), (mean, SD) 24.1 (5.78)
SBP (mmHg), (mean, SD) 121.5 (17.7)
HR (BPM), (mean, SD) 72.2 (12.5)
LVOT diameter (cm), (mean, SD) 1.84 (0.23)
Septal wall thickness (cm), (mean, SD) 0.93 (2.00)
Race distribution 73% Caucasian, 17% Hispanic, 5% Black, 5% Other

7 patients total were found to have LVH, as defined as a septal wall thickness >1.5cm. 

Table 2: Linear Regression for Association between S wave in V2 and outcomes, adjusted for age and race

Overall Caucasian Non-Caucasian
Beta (95% CI) P-value Beta (95% CI) P-value Beta (95% CI) P-value

BMI (kg/m  2  )  
S wave in V2

<= -1722.8 REF REF REF
> -1722.8- <= 1243.3 0.27 (-0.51, 1.05) 0.51 0.26 (-0.62, 1.15) 0.56 0.29 (-1.37, 1.95) 0.73
> 1243.3- <= 854.9 0.47 (-0.32, 1.25) 0.24 0.27 (-0.63, 1.17) 0.56 0.92 (-0.65, 2.50) 0.25

> 854.9 0.64 (-0.14, 1.42) 0.11 0.31 (-0.59, 1.20) 0.50 1.56 (-0.06, 3.17) 0.06

HR (bpm)
S wave in V2

<= -1722.8 REF REF REF
> -1722.8- <= 1243.3 -0.09 (-1.94, 1.77) 0.92 -1.34 (-3.45, 0.75) 0.21 3.61 (-0.34, 7.55) 0.07
> 1243.3- <= 854.9 0.79 (-1.07, 2.64) 0.41 0.16 (-1.97, 2.30) 0.88 2.61 (-1.12, 6.34) 0.17

> 854.9 1.64 (-0.21, 3.51) 0.08 0.54 (-1.59, 2.67) 0.62 4.59 (0.76, 8.42) 0.02

SBP (mmHg)
S wave in V2

<= -1722.8 REF REF REF
> -1722.8- <= 1243.3 -1.10 (-3.55, 1.34) 0.37 -3.35 (-6.25, -0.46) 0.023 5.72 (1.20, 10.2) 0.013
> 1243.3- <= 854.9 0.36 (-2.08 (2.81) 0.77 -2.51 (-5.45, 0.44) 0.09 7.97 (3.69, 12.3) <0.001

> 854.9 -0.46 (-2.91, 1.99) 0.71 -2.13 (-5.06, 0.80) 0.15 4.55 (0.18, 8.94) 0.042

Septal Wall Thickness (cm)
S wave in V2

<= -1722.8 REF REF REF
> -1722.8- <= 1243.3 -0.19 (-0.50, 0.10) 0.20 -0.27 (-0.69, 0.13) 0.18 0.014 (-0.04, 0.06) 0.57
> 1243.3- <= 854.9 -0.15 (-0.45, 0.16) 0.34 -0.20 (-0.62, 0.21) 0.34 0.024 (-0.02, 0.07) 0.31

> 854.9 -0.19 (-0.49, 0.12) 0.23 -0.27 (-0.68, 0.15) 0.21 0.006 (-0.04, 0.05) 0.80

LVOT Diameter (cm)  
S wave in V2

<= -1722.8 REF REF REF
> -1722.8- <= 1243.3 -0.001 (-0.03, 0.03) 0.95 -0.008 (-0.04, 0.03) 0.65 0.019 (-0.05, 0.09) 0.58
> 1243.3- <= 854.9 0.005 (-0.03, 0.04) 0.77 -0.012 (-0.05, 0.03) 0.52 0.049 (-0.02, 0.12) 0.14

> 854.9 0.01 (-0.02, 0.05) 0.38 0.006 (-0.03, 0.04) 0.76 0.038 (-0.03, 0.11) 0.27
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Figure 1: Linear Regression Plots of the S wave in V2 and Outcomes
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(D)

(E)

There is only a significant correlation between the S wave in V2 (SAmpZ) and the HR (p = 0.03) (B). There is no 
significant correlation between the S wave in V2 and BMI (p = 0.16) (A), SBP (p = 0.71) (C), septal wall thickness 
(p = 0.17) (D), and LVOT diameter (p = 0.27) (E). 
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Table 3: Linear Regression for Association between R wave in V5 and outcomes, adjusted for age and race

Overall Caucasian Non-Caucasian
Beta (95% CI) P-value Beta (95% CI) P-value Beta (95% CI) P-value

BMI (kg/m  2  )  
R wave in V5

<=1066.9 REF REF REF
>1066.9 - <=1403.5 -0.74 (-1.52, 0.04) 0.06 -1.46 (-2.36, -0.56) 0.001 1.07 (-0.48, 2.63) 0.17
>1403.5 - <=1809.8 -1.04 (1.86, -0.23) 0.012 -1.95 (-2.88, -1.02) <0.001 1.43 (-0.25, 3.10) 0.10

>1809.8 -2.40 (-3.31, -1.51) <0.001 -3.08 (-4.10, -2.06) <0.001 -0.60 (-2.44, 1.24) 0.52

HR (bpm)
R wave in V5

<=1066.9 REF REF REF
>1066.9 - <=1403.5 -0.72 (-2.59, 1.15) 0.45 0.24 (-1.92, 2.41) 0.82 -3.32 (-7.03, 0.38) 0.08
>1403.5 - <=1809.8 -0.34 (-2.28, 1.61) 0.74 1.11 (-1.12, 3.34) 0.33 -4.27 (-8.27, -0.28) 0.036

>1809.8 -2.47 (-4.61, -0.33) 0.024 -1.65 (-4.11, 0.80) 0.19 -4.57 (-8.95, -0.18) 0.041

SBP (mmHg)
R wave in V5

<=1066.9 REF REF REF
>1066.9 - <=1403.5 -0.21 (-2.68, 2.24) 0.86 0.56 (-2.43, 3.54) 0.71 -2.21 (-6.53, 2.10) 0.31
>1403.5 - <=1809.8 2.29 (-0.28, 4.86) 0.08 3.74 (0.66, 6.82) 0.017 -1.37 (-6.02, 3.27) 0.56

>1809.8 1.14 (-1.68, 3.97) 0.43 2.81 (-0.58, 6.20) 0.10 -3.09 (-8.19, 2.00) 0.23

Septal Wall Thickness (cm)
R wave in V5

<=1066.9 REF REF REF
>1066.9 - <=1403.5 -0.28 (-0.58, 0.03) 0.07 -0.41 (-0.83, 0.01) 0.057 0.04 (-0.003, 0.09) 0.07
>1403.5 - <=1809.8 -0.33 (-0.64, -0.02) 0.043 -0.45 (-0.89, -0.02) 0.039 0.001 (-0.04, 0.05) 0.95

>1809.8 -0.34 (-0.368, 0.01) 0.06 -0.48 (-0.96, -0.01) 0.049 0.02 (-0.03, 0.07) 0.45

LVOT Diameter (cm)
R wave in V5

<=1066.9 REF REF REF
>1066.9 - <=1403.5 -0.028 (-0.06, 0.004) 0.09 -0.027 (-0.07, 0.01) 0.15 -0.03 (-0.10, 0.04) 0.37
>1403.5 - <=1809.8 -0.021 (-0.06, 0.012) 0.21 -0.02 (-0.06, 0.02) 0.31 -0.026 (-0.10, 0.05) 0.47

>1809.8 -0.04 (-0.08, -0.002) 0.037 -0.042 (-0.09, 0.01) 0.05 -0.03 (-0.11, 0.04) 0.38
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Figure 2: Linear Regression Plots of the R wave in V5 and Outcomes
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(D)

(E)

There are significant correlations between the R wave in V5 (RAmpX) and BMI (p < 0.001) (A), SBP (p = 0.02) 
(C), and septal wall thickness (p < 0.001) (D). There is not a significant correlation between the R wave in V5 and 
HR (p = 0.79) (B) or LVOT diameter (p = 0.82) (E). 

Discussion:

There was a significant correlation between the S wave in V2 and the HR but no significant correlations with BMI, 
SBP, septal wall thickness, or LVOT diameter (Figure 1). There were significant correlations between the R wave in
V5 and BMI and SBP but no significant correlations with HR or LVOT diameter. 

With these factors in mind, it should be possible to develop a multivariate scoring system that takes into account 
BMI and systolic blood pressure in the EKG screening of LVH rather than the current criteria based on R-wave and 
S-wave amplitude alone, considering the current criteria are limited by their variability in parameters [2,3]. 
However, screening with EKG alone, even once incorporating these factors, is not a perfect system [6.7]. Due to the 
lack of significant correlation with just EKG alone and difficulty in determining which variables should go into the 
screening equation, a screening protocol with imaging should be initiated. Clinicians ordering EKGs for sports 
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screenings should also be aware that higher EKG voltages are actually more associated with lower SBP and leaner 
BMI than with LV wall thickness and utilize this information in their clinical judgment.

Limitations: 

There were few cases of true LVH or LV dilated cardiomyopathy in the data analyzed. Only 7 cases met the criteria 
for true LVH, defined as septal wall thickness >1.5cm. Since this study analyzed a “real world” dataset rather than a 
university cardiology referral dataset, it is likely to be more applicable to the general athlete population. Also, the 
equipment utilized in the screenings only has set variables that are collected, so not every EKG wave form can be 
analyzed. 
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