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The exact diagnosis of left ventricular hypertrophy (LVH) is very important in the treatment of hypertension. The 
purpose of our study is to determine the relationship between left ventricular remodeling patterns and electrocardiography 
(ECG) findings in hypertensive patients. We divided 137 patients into four groups according to left ventricular mass index 
(LVMI) and the relative wall thickness: normal, concentric remodeling, concentric hypertrophy, eccentric hypertrophy. 
LVH on the ECG was defined by three ECG criteria: Sokolow-Lyon voltage criteria, Cornell voltage criteria and Romhilt-
Estes point score. LVH on the echocardiography was defined by LVMI. The prevalence of ECG LVH was increased in 
concentric hypertrophy and eccentric hypertrophy group. The QRS voltages by Sokolow-Lyon voltage criteria (r = 0.494, 
P = 0.002) and Cornell voltage criteria (r = 0.628, P < 0.001), and Romhilt-Estes point score (r = 0.689, P < 0.001) were 
positively correlated with LVMI. Also, the QRS voltages and point scores were significantly increased in the concentric 
hypertrophy and eccentric hypertrophy group with increased LVMI. The QRS voltage and Romhilt-Estes point scores 
were positively correlated with LVMI. The QRS voltages and Romhilt-Estes point scores were also increased in the left 
ventricular remodeling groups with increased LVMI. 
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INTRODUCTION 

 
Left ventricular hypertrophy (LVH) is the cardiac adaptive 

form to pressure overload in the hypertensive patients. 
Hypertrophy is defined as the increase in the volume and 
mass of the organ due to the enlargement of its component 
cells (Grossman et al., 1975). Hypertrophy of cardiac muscle 
results primarily in thickened wall and the chronic pressure 
overload progresses the structural remodeling which is 
characterized by chamber enlargement of the left ventricle 

(LV) (Devereux et al., 1994). The structural remodeling of 
LV is divided into four geometric patterns, as based on left 
ventricular mass index (LVMI) and the relative wall thickness 
(RWT) (Ganau et al., 1992). 

LVH is a strong and independent predictor of the cardio- 
vascular events, complications and survivals (Mathew et al., 
2001; Prineas et al., 2001; Okin et al., 2004a). It is also 
known that the cardiovascular prevalence and prognosis 
depends on the LV remodeling patterns (Korea et al., 1991). 
The increase of LV mass is an important risk factor for 
onset of the heart failure, and the regression of LV mass is 
a therapeutic target in hypertensive patients. So the exact 
diagnosis of LVH is very important in clinical trials. 

The two major methods for the diagnosis of LVH are 
electrocardiography (ECG) and echocardiography (Echo) 
(Levy et al., 1988; Verdecchia et al., 1998). Standard 12-lead 
ECG is recommended as the routine test for the detection 
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of LVH because of low cost, clinical value and broad 
availability. However, one major limitation of ECG is the 
low sensitivity (Levy et al., 1990a; Casiglia et al., 2008; Ahn 
et al., 2013), and LV mass cannot be diagnosed by ECG. 
Whereas Echo has high accuracy on the diagnosis of LVH by 
measurement of LV mass, and can evaluate LV remodeling 
patterns (Levy et al., 1990b; Radulescu et al., 2008). However, 
Echo is not routine test for LVH because of high cost. So it 
is necessary to make up for the weak points of ECG for the 
accurate diagnosis of LVH. The previous studies demon- 
strated the association between LV mass and ECG LVH 
(Budhwani et al., 2005; Okin et al., 2004b), and suggested 
the benefit Echo for diagnosis of LV remodeling patterns 
(Radulescu et al., 2008). So we compared electrocardiography 
voltage between four LV remodeling patterns of hypertensive 
patients to support the utility of cost-effective ECG for 
diagnosis of LVH. 

 
 
 

MATERIALS AND METHODS 

Patient population 

Using our database of the patients who underwent trans- 
thoracic Echo and standard 12-lead ECG between January 
2009 and December 2011, of the 196 patients screened for 
the study, 18 were excluded for arrhythmia, 12 for hyper- 
trophic cardiomyopathy, 21 for myocardial infarction, and 
8 for significant valve disease. The remaining 137 patients 
were eventually selected for the analysis. Body mass index 
(BMI) was obtained by the weight (kg) divided by two times 
height (m). Dyslipidemia was defined as total cholesterol 
≥ 230 mg/dL, LDL cholesterol ≥ 150 mg/dL, HDL chol- 
esterol < 40 mg/dL and triglyceride ≥ 200 mg/dL (Son 
et al., 2012). Diabetes mellitus was defined as glycated 
hemoglobin (HbA1c) ≥ 6.5% from ADA 2015 guidelines 
(American Diabetes Association, 2015). The prior medica- 
tions consisted of diuretics, calcium channel blockers, beta-
blockers, angiotensin converting enzyme inhibitors and angio- 
tensin receptor blocker. The study protocol was reviewed and 

Fig. 1. Four left ventricular remodeling patterns in hypertensive patients and M-mode echocardiography measurement. (Left) Normal
(RWT < 0.43, LVMI < 116 in male and < 104 in female), concentric remodeling (RWT ≥ 0.43, LVMI < 116 in male and < 104 in female),
concentric hypertrophy (RWT ≥ 0.43, LVMI ≥ 116 in male and ≥ 104 in female), eccentric hypertrophy (RWT < 0.43, LVMI ≥ 116 in male
and ≥ 104 in female). (Right) LVIDd, IVSd and LVPWd were measured at the onset of QRS complex. LVMI, left ventricular mass index;
RWT, relative wall thickness; LVH, left ventricular hypertrophy; LVIDd, left ventricular internal diameter at end-diastole; IVSd, interventricular
septal thickness at end-diastole; LVPWd, left ventricular posterior wall thickness at end-diastole. 
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approved (approval number: 15-216) by Dong-A University 
Hospital Institutional Review Board. 

Patient groups 

Based on LVMI and RWT, the patients were divided into 
four groups: normal with normal LVMI and RWT, con- 
centric remodeling group with normal LVMI and increased 
RWT, concentric hypertrophy group with increases in both 
LVMI and RWT and eccentric hypertrophy group with 
increased LVMI and normal RWT (Fig. 1, left). 

Echocardiography measurement 

Transthoracic Echo examinations were performed on IE33 
(Philips Ultrasound, Andover, MA, USA) with 2.5 MHz 
transducer. LV internal diameter at end-diastole (LVIDd), 
interventricular septal thickness at end-diastole (IVSd) and 

LV posterior wall thickness at end-diastole (LVPWd) were 
obtained on M-mode echocardiography, according to the 
recommendations of American Society of Echocardiography 
(Sahn et al., 1978) (Fig. 1, right). LV mass was measured 
using the corrected cube formula of the American Society 
of Echocardiography (Devereux et al., 1986), and was in- 
dexed by body surface area to obtain LVMI. RWT was 
obtained by the two times LVPWd divided by LVIDd, and 
increased RWT was defined as > 0.43 (Ganau et al., 1992). 
Echo LVH was defined as increased LVMI (≥ 116 g/m2 in 
male, ≥ 104 g/m2 in female) (Okin et al., 2001). 

 
LV mass (g) = 0.8 × 1.04 [(LVIDd + IVSd + LVPWd)3 
- LVIDd3] + 0.6 
LVMI (g/m2) = LV mass / BSA 
RWT = (2 × LVPWd) / LVIDd) 

Table 1. Baseline characteristics 

Variable Normal 
(n = 35) 

Concentric 
remodeling 

(n=32) 

Concentric 
hypertrophy 

(n = 35) 

Eccentric 
hypertrophy 

(n = 35) 
P value 

Age (year) 60 ± 9  63 ± 10 63 ± 11 55 ± 15 0.072 
Male, n (%) 11 (31) 14 (44) 16 (46) 24 (69) 0.079 
BMI (kg/m2) 25.3 ± 3.2 24.8 ± 2.6 24.5 ± 3.7 24.3 ± 4.3 0.763 
Dyslipidemia, n (%)  4 (11)  4 (13)  5 (14) 3 (9) 0.887 
Diabetes, n (%)  7 (20)  4 (13)  9 (26)  9 (26) 0.499 
CVA, n (%) 0 (0) 1 (3) 2 (6) 2 (6) 0.531 
Prior medication      

Diuretics 0 (0) 3(9)  7 (20)  7 (20) < 0.001 
CCB 0 (0)  6 (19) 10 (29)  7 (20) < 0.001 
BB 0 (0) 11 (34) 11 (31) 20 (57) < 0.001 
ARB 0 (0) 12 (38) 15 (43) 11 (31) < 0.001 
ACE inhibitor 0 (0) 0 (0)  4 (11)  6 (17) < 0.001 
Other hypertensive drug 0 (0) 2 (6) 1 (3) 0 (0) < 0.001 

LVIDd (mm) 45.7 ± 3.1   40.5 ± 3.4*** 46.6 ± 2.7  56.1 ± 6.8*** < 0.001 
IVSd (mm)  8.3 ± 1.2   9.7 ± 1.0**   12.3 ± 1.7***  10.0 ± 1.7*** < 0.001 
LVPWd (mm)  8.8 ± 1.0   9.9 ± 0.8*   11.7 ± 1.6***  10.4 ± 1.5*** < 0.001 
RWT  0.36 ± 0.06    0.47 ± 0.06***    0.48 ± 0.09*** 0.36 ± 0.07 < 0.001 
LVMI (g/m2)  91.9 ± 13.6  83.3 ± 15.7 147.1 ± 31.2***†   153.5 ± 36.4***† < 0.001 
The data are presented as mean ± standard deviation or percent (%). Statistical analysis was performed by one-way ANOVA with 
Bonferroni' test for post hoc analysis. *P < 0.05 vs. normal, **P < 0.01 vs. normal, ***P < 0.001 vs. normal, †P < 0.001 vs. concentric 
remodeling. BMI, body mass index; CVA, cerebrovascular accident; CCB, calcium channel blocker; BB, beta-blocker; ARB, angiotensin
receptor blocker; ACE inhibitor, angiotensin converting enzyme inhibitor; LVIDd, left ventricular internal diameter at end-diastole; IVSd,
interventricular septal thickness at end-diastole; LVPWT, left ventricular posterior wall thickness at end-diastole; RWT, relative wall 
thickness; LVMI, left ventricular mass index. 
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Electrocardiography measurement 

Standard 12-lead ECG was recorded by Page Writer TC30 
(Philips Electronics, Andover, MA, USA) at 25 mm/s with 
a gain setting of 10 mm/mV, according to the recommen- 
dations of American Heart Association (Kligfield et al., 
2007). The tracings were interpreted by two experienced 
investigator. We tested the following the ECG criteria for 
LVH: Sokolow-Lyon voltage criteria (SV1 + R V5/6 ≥ 35 
mV) (Sokolow and Lyon, 1949), Cornell voltage criteria 
(SV3 + RaVL ≥ 28 mV in male and 20 mV ≥ in female) 
(Molloy et al., 1992) and Romhilt-Estes point score (≥ 5 
points) (Romhilt and Estes, 1968). 

Statistical analysis 

Continuous variables are expressed as means ± standard 
deviations and were analyzed using Student's t-test. Cat- 
egorical variables were summarized in terms of number 
and percentages and were compared by using chi-square 
test. Pearson's correlation was performed to evaluate the 
correlation between LVMI and QRS voltages/Romhilt- 

Table 3. The prevalence of left ventricular hypertrophy by three different electrocardiography criteria in four left ventricular remodeling
patterns 

ECG criteria Normal 
(n = 35) 

Concentric 
remodeling 

(n = 32) 

Concentric 
hypertrophy 

(n = 35) 

Eccentric 
hypertrophy 

(n = 35) 
P value 

Sokolow-Lyon voltage, n (%)  5 (17%) 7 (22%) 18 (51%) 22 (63%) 0.001 
Cornell voltage, n (%) 0 (0%) 4 (13%) 15 (43%) 21 (60%) < 0.001 
Romhilt-Estes score, n (%) 0 (0%) 4 (13%) 15 (43%) 15 (43%) < 0.001 
P value 0.862 0.790 0.666 0.269  
Electrocardiography left ventricular hypertrophy is defined as Sokolow-Lyon voltage ≥ 35 mm, Cornell voltage ≥ 20 mm (female) and ≥ 
28 mm (male), Romhilt-Estes points score ≥ 5 score. ECG, electrocardiography. 

Table 2. The sensitivity and specificity of three different electrocardiography criteria for the diagnosis of left ventricular hyper- trophy in 
ROC curve analysis 

 Sokolow-Lyon voltage Cornell voltage Romhilt-Estes score 
AUC 0.686 0.722 0.686 
95% Confidence interval 0.584~0.777 0.622~0.808 0.581~0.774 
Sensitivity (%) 57 52 43 
Specificity (%) 80 94 94 
P value < 0.001 < 0.001 < 0.001 

Fig. 2. The comparison of left ventricular mass index between
four left ventricular remodeling patterns. There were significant
between-group differences in LVMI (P < 0.001). LVMI was in-
creased in group 3 (147.1 ± 31.2 g/m2) and group 4 (153.5 ±
36.4 g/m2) compared with group 1 (91.9 ± 13.6 g/m2) and group
2 (83.3 ± 15.7 g/m2) (P < 0.001), however there were no signifi-
cant differences between group 3 and group 4. Also, there was no
significant difference between group 1 and group 2. Group 1: nor-
mal, Group 2: concentric remodeling, Group 3: concentric hyper-
trophy, Group 4: eccentric hypertrophy. LVMI, left ventricular mass
index. 
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Estes score. One-way analysis of variance (ANOVA) with 
Bonferroni' test for post hoc analysis was performed for 
comparisons of continuous variables between four LV 
remodeling groups. The sensitivity and specificity of ECG 
for diagnosis of LVH were evaluated by ROC curve analysis 
using MedCalc Version 12.2.1 (MedCalc software, Mariakerke, 
Belgium). All statistical comparisons were two-sided and 
P-values of < 0.05 were regarded as statistically significant. 
All statistical analyses were performed using Statistical 
Package for Social Science 18.0 software (SPSS Inc., Chicago, 
IL, USA). 
 

RESULTS 

Baseline characteristics 

The baseline characteristics of the patients in this study are 
presented in Table 1. There were no significant differences 

of age, body mass index, dyslipidemia, diabetes, cerebro- 
vascular accident and duration of hypertension between four 
groups. The prior hypertensive medication was different 
between four groups. There were significant differences in 
LVIDd, IVSd and LVPWd between four groups (P < 0.001). 
RWT was significantly increased in concentric remodeling 
and concentric hypertrophy group (P < 0.001) compared 
with normal group, and LVMI was significantly increased 
in concentric hypertrophy and eccentric hypertrophy group 
compared with normal and concentric remodeling group (P 
< 0.001) (Table 1). 

The sensitivity and specificity of three electrocardio- 
graphy criteria for left ventricular hypertrophy 

We performed ROC curve analysis, which demonstrated 
the sensitivity and specificity of three ECG criteria for LVH. 
Sokolow-Lyon voltage criteria (AUC: O.686, 95% CI: 0.584 

Fig. 3. The electrocardiography findings in four left ventricular remodeling patterns. Group 1 (normal): the QRS voltages 20 mV by
Sokolow-Lyon criteria, the QRS voltages 20 mV (male) by Cornell criteria and 1 point by Romhilt-Estes scores. Group 2 (concentric
remodeling): the QRS voltages 17.5 mV by Sokolow-Lyon criteria, the QRS voltages 7.5 mV (female) by Cornell criteria and 1 point by
Romhilt-Estes scores. Group 3 (concentric hypertrophy): the QRS voltages 25 mV by Sokolow-Lyon criteria, the QRS voltages 20 mV
(female) by Cornell criteria and 4 points by Romhilt-Estes scores. Group 4 (eccentric hypertrophy): the QRS voltages 60 mV by Sokolow-
Lyon criteria, the QRS voltages 30 mV (female) by Cornell criteria and 5 points by Romhilt-Estes scores. 
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~0.777, P < 0.001), Cornell voltage criteria (AUC: 0.722, 
95% CI: 0.622~0.808, P < 0.001) and Romhilt-Estes point 
score (AUC: 0.686, 95% CI: 0.581~0.774, P < 0.001) were 
associated with Echo LVH in spite of low sensitivity. Area 
under the ROC curve (AUC), sensitivity and specificity are 
presented in Table 2. 

The prevalence of electrocardiography left ventricular 
hypertrophy in left ventricular remodeling patterns 

The prevalence of ECG LVH in normal, concentric 
remodeling, concentric hypertrophy and eccentric hyper- 
trophy group using Sokolow-Lyon voltage criteria was 17%, 
22%, 51%, 63% (P = 0.001), using Cornell voltage criteria 

was 0%, 13%, 43%, 60% (P < 0.001), and using Romhilt-
Estes point score was 0%, 13%, 43%, 43% (P < 0.001) 
(Table 3). 

The comparison of left ventricular mass index between 
four left ventricular remodeling patterns 

There were significant between-group differences in 
LVMI (normal: 91.9 ± 13.6 g/m2, concentric remodeling: 
83.3 ± 15.7 g/m2, concentric hypertrophy: 147.1 ± 31.2 
g/m2, eccentric remodeling: 153.5 ± 36.4 g/m2, P < 0.001). 
LVMI was increased in concentric hypertrophy and eccen- 
tric remodeling group compared to normal and concentric 
remodeling group (P < 0.001), however there was no 

Fig. 4. The correlation between left ventricular mass index and QRS voltages/Romhilt-Estes point score. (A) The QRS voltages by
Sokolow-Lyon criteria (r = 0.494, P = 0.002), (B) the QRS voltages by Cornell criteria (r = 0.628, P < 0.001), and (C) Romhilt-Estes
scores (r = 0.689, P < 0.001) were positively correlated with LVMI. LVMI, left ventricular mass index. 

A B

C 
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significant difference between concentric hypertrophy and 
eccentric remodeling group. Also, there was no significant 
difference between normal and concentric remodeling (Table 
1 and Fig. 2). 

The correlation between left ventricular mass index and 
the QRS voltages/Romhilt-Estes point scores 

The QRS voltages by Sokolow-Lyon voltage criteria (r = 
0.494, P = 0.002) or by Cornell voltage criteria (r = 0.628, 
P < 0.001) were positively correlated with LVMI. Also, 

Romhilt-Estes point scores (r = 0.689, P < 0.001) were 
positively correlated with LVMI (Fig. 4). 

The differences of electrocardiography findings between 
four left ventricular remodeling patterns 

The QRS voltages by Sokolow-Lyon voltage criteria were 
significantly different between four groups (normal: 27.1 ± 
6.9 mV, concentric remodeling: 30.1 ± 13.7 mV, concentric 
hypertrophy: 33.7 ± 11.7 mV, eccentric hypertrophy: 40.6 
± 15.9 mV, P = 0.002). The QRS voltages by Cornell 

Fig. 5. The differences of electrocardiography findings between four left ventricular remodeling patterns. (A) The QRS voltages by
Sokolow-Lyon criteria were significantly higher in group 4 (40.6 ± 15.9 mV) than group 1 (27.1 ± 6.9 mV) and group 2 (30.1 ± 13.7
mV). (B) The QRS voltages by Cornell criteria were significantly higher in group 3 (21.6 ± 8.6 mV) and group 4 (23.9 ± 9.9 mV) than
group 1 (8.8 ± 3.8 mV) and group 2 (13.3 ± 7.4 mV). (C) Romhilt-Estes score was significantly higher in group 3 (3.8 ± 2.7) and group
4 (4.6 ± 3.0) than group 1 (0.6 ± 1.2) and group 2 (1.0 ± 2.5). The data are presented as mean ± standard deviation. Statistical analysis
was performed by one-way ANOVA with Bonferroni' test for post hoc analysis. *P = 0.001 vs. group 1, **P < 0.001 vs. group 1, †P < 0.05
vs. group 2, ††P < 0.01 vs. group 2, †††P < 0.001 vs. group 2. Group 1: normal, Group 2: concentric remodeling, Group 3: concentric
hypertrophy, Group 4: eccentric hypertrophy. 

A B

C 
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voltage criteria were also significantly different between four 
groups (normal: 8.8 ± 3.8 mV, concentric remodeling: 13.3 
± 7.4 mV, concentric hypertrophy: 21.6 ± 8.6 mV, eccen- 
tric hypertrophy: 23.9 ± 9.9 mV, P < 0.001). Romhilt-
Estes point score were significantly different between four 
groups (normal: 0.6 ± 1.2, concentric remodeling: 1.0 ± 
2.5, concentric hypertrophy: 3.8 ± 2.7, eccentric hyper- 
trophy: 4.6 ± 3.0, P < 0.001). In Sokolow-Lyon voltage 
criteria, the QRS voltages of eccentric hypertrophy group 
were higher than the QRS voltages of normal group (P = 
0.001) and concentric remodeling group (P = 0.028). In 
Cornell voltage criteria, the QRS voltages of concentric 
hypertrophy group were higher than normal group (P < 
0.001) and concentric remodeling group (P = 0.003), and the 
QRS voltages of eccentric hypertrophy group were higher 
than normal group (P < 0.001) and concentric remodeling 
group (P < 0.001). Also, in Romhilt-Estes point score, the 
point score of concentric hypertrophy group were higher than 
normal group (P < 0.001) and concentric remodeling group 
(P = 0.001), and eccentric hypertrophy group were higher 
than normal group (P < 0.001) and concentric remodeling 
group (P < 0.001) (Fig. 5). 

 
DISCUSSION 

 
We compared ECG LVH and LVMI, and demonstrate 

that the QRS voltages and Romhilt-Estes point scores were 
increased in proportion to LVMI. Also, we suggest that the 
QRS voltages and Romhilt-Estes point score were increased 
in LV remodeling groups with increased LVMI. LVH is an 
adaptive response to pressure overload such as hypertension, 
and is defined as increase of LV mass (Grossman et al., 
1975). Chronic pressure overload also increases LV volume 
with more severe increase of LV mass as one of prognostic 
implications (Devereux et al., 1994). So, adaptive foam of 
LV to chronic hypertension develops with four different 
geometric remodeling patterns including normal, concentric 
remodeling, concentric hypertrophy and eccentric hyper- 
trophy (Ganau et al., 1992). The remodeling pattern, LVH 
is well known as independent risk factor for cardiovascular 
morbidity and mortality in patients with essential hyper- 
tension (Mathew et al., 2001; Prineas et al., 2001; Okin et 

al., 2004a), and is associated with arrhythmia (Siegel et al., 
1990), sudden death (Chiang et al., 1970). Also, the increase 
in LV mass is an important risk factor for the incidence and 
prognosis of cardiovascular disease. Furthermore, LV mass 
is an important parameter for therapy of hypertension 
(Schillaci et al., 2000; Levy et al., 1989). So, the accurate 
diagnosis of LVH is very important for the treatment of 
hypertensive patients. 

ECG is the most general method to detect LVH. However 
ECG cannot reflect LV mass, and has low sensitivity in 
detection of LVH compared with Echo. So, it is necessary to 
remedy the shortcomings of ECG for the accurate diagnosis 
of LVH. We conducted this clinical study to know the 
differences of ECG findings between four LV remodeling 
patterns. ECG LVH was diagnosed by three traditional criteria 
such as Sokolow-Lyon voltage criteria, Cornell voltage criteria 
and Romhilt-Estes point score. LVMI was measured by 
M-mode echocardiography, and Echo LVH was diagnosed 
by LVMI. 

The mean prevalence of ECG LVH by three ECG criteria 
was less than 60% in the increased LVMI groups (concentric 
hypertrophy and eccentric hypertrophy group). This result 
means low sensitivity of ECG for the detection of LVH 
like as prior studies (Casiglia et al., 2008; Ahn et al., 2013). 
Also the QRS voltages and point scores for LVH were 
positively correlated with the LVMI and this result was 
equal to prior studies (Budhwani et al., 2005; Okin et al., 
2004b). However, compared with normal LVMI groups 
(normal and concentric remodeling group), the QRS voltages 
and point scores were significantly higher in the increased 
LVMI groups (concentric hypertrophy and eccentric hyper- 
trophy group). These results show that high QRS voltages 
and point scores may reflect increased wall thickness and 
LV diameter as well as increased LVMI, in contrast with 
prior study that increased wall thickness and ventricular 
diameter failed to correlate with the overall ECG score 
(Budhwani et al., 2005), Furthermore, high QRS voltages 
and point scores may reflect the adverse prognosis of cardio- 
vascular disease in the hypertensive patients. We suggest that 
these ECG findings can help the clinicians and technicians 
in exact diagnosis of LVH and choice of effective medication 
for the hypertensive patients. In spite of our suggestions, we 
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note several limitations. First, the major limitation of our 
study is that it was a case control study and the data was 
obtained retrospectively by a review of the patients' records 
and echo images, although echo images were reviewed 
without knowledge of the clinical data. Second, we divided 
four groups using small populations. So, small subjects may 
not represent the majority. Finally, the duration of hyper- 
tension and antihypertensive drugs was not certain for some 
patients. However, most of patients were taking more than 
two types of drugs, so the effect of any specific drug on the 
cardiac remodeling could be minimized. 

In conclusion, the QRS voltages and Romhilt-Estes point 
scores were positively correlated with LVMI. The QRS 
voltages and Romhilt-Estes point scores were also increased 
in LV remodeling groups with increased LVMI. So, the high 
QRS voltages and Romhilt-Estes point scores may be one 
of risk factors for the adverse prognosis of cardiovascular 
disease in the hypertensive patients. 
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