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Abstract

Background: Electrocardiography is the first-choice technique for detecting left ven-

tricular hypertrophy in patients with arterial hypertension. It is necessary to know

the probable outcome for every patient during the treatment, with the aim of

improving cardiovascular event prevention.

Hypothesis: Certain electrocardiographic criteria for left ventricular hypertrophymay pre-

dict outcomes of patients with left ventricular hypertrophy during a 15-year follow-up.

Methods: Fifteen-year prospective study of 83 consecutive patients (53 male and

30 female; mean age 55.3 ± 8.1) with echocardiographic left ventricular hypertrophy

(left ventricular mass index 170.3 ± 31.6 g/m2). Electrocardiographic left ventricular

hypertrophy was determined by means of Gubner-Ungerleider voltage, Lewis volt-

age, voltage of R wave in aVL lead, Lyon-Sokolow voltage, Cornell voltage and Cor-

nell product, voltage RV6 and RV5 ratio, Romhilt-Estes score, Framingham criterion

and Perugia criterion.

Results: One or more composite events were registered in 32 (38.5%) patients during

15-year follow-up. Positive Lyon-Sokolow score (17.6% vs. 47.3%; P < 0.05), Lewis

voltage (9.8% vs. 21.9%; P < 0.05), Cornell voltage (15.7% vs. 37.5%; P < 0.05), and

Cornell product (9.8% vs. 34.4%; P < 0.01) were more frequent in a group of patients

with composite events. Odd ratio for Cornell product was 4.819 (95% CI

1.486-15.627).

Conclusion: Patients with echocardiographic left ventricular hypertrophy who had

positive Lewis voltage, Lyon-Sokolow voltage, Cornell voltage, and Cornell product

showed worse 15-year outcome. The strongest predictor of cardiovascular events

was positive result of Cornell product.
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1 | INTRODUCTION

Left ventricular mass is measured by accurate techniques, such as

echocardiography, computerized tomography, magnetic resonance,

and three-dimensional echocardiography. Electrocardiography (ECG)

is the first-choice technique for detecting left ventricular hypertrophy

(LVH) in patients with hypertension due to its wide-scale availability,

low cost, repeatability, and established value prognostic.1-3 Current

guidelines for diagnosis and treatment of hypertension strongly rec-

ommend ECG as the only examination to be performed in all hyper-

tensive subjects for detection of LVH.4 However, it is well known that

majority of LVH are left undetected. The presence of electrocardio-

graphic LVH predicts a several-fold increase cardiovascular morbidity

and mortality in patients with essential hypertension.5-7 The most

effective strategy for cardiovascular event prevention implies exten-

sive knowledge of the probable outcome for each patient during the

treatment.

The aim of the paper is to investigate clinical and prognostic sig-

nificance of electrocardiographic criteria of hypertensive left ventricu-

lar hypertrophy during 15-year follow-up period.

2 | METHODS

2.1 | Population study

This study represented an extension of our previously published

study which had analyzed the above stated criteria during 5-year

follow-up period.8 The study was conducted at the Institute for

Treatment and Rehabilitation “Niska Banja.” The current study is

part of the project “Prognostic significance of non-invasive parame-

ters at patients with hypertension and left ventricular hypertro-

phy.” The continuation of a 5-year research was approved on the

session of Ethical Committee of Institute “Niska Banja” held on

January 26, 2010. (Resolution No. 3-676/2). The primary criterion

for including patients in the study was the presence of echocardio-

graphic LVH without cardiovascular events. The patients were rec-

ruited in the period June 1998 to June 2001. Eighty-three patients

met the criterion for being included in the study (average age

55.3 ± 8.1; 53 male and 30 female). The patients were subjected to

15-year treatment and monitoring. Composite cardiovascular

events occurred in 32 (38.5%) patients during 15-year follow-up.

The total of 6 (7.2%) patients had myocardial infarction (death

occurred in 3 patients—3.6%), 14 (16.9%) patients had cerebrovas-

cular insult (6 patients died—7.2%), 6 (7.2%) patients had positive

exercise testing, one patient did not survive coronary revasculariza-

tion (1.2%), 3 (3.6%) patients died from sudden cardiac death, while

2 (2.4%) patients developed heart failure.

The diagnosis of hypertension, target values of systolic and dia-

stolic blood pressure, pharmacological therapy, exclusion criteria, and

verification of adverse events were the same as in our previously pub-

lished study.5

2.2 | Electrocardiogram and criteria for left
ventricular hypertrophy

LVH was determined by means of Gubner-Ungerleider voltage, Levis

voltage, voltage of R wave in aVL lead (positive >1.1 mV), Lyon-

Sokolow voltage, Cornell voltage and Cornell product, voltage RV6

and RV5 ratio (positive >1), Romhilt-Estes score, Framingham crite-

rion, and Perugia criterion (electrocardiograph EKG-300, EI Nis). Addi-

tionally, Gubner-Ungerleider voltage as RD1 + SD3 ≥ 2.5 mV, and

Lewis voltage as (RD1 + SD3) — (SD1+ RD3) ≥ 1.7 mV were used for

confirming LVH. Positive Lyon-Sokolow voltage was defined as

SV1 + RV5 or V6 ≥ 3.5 mV, or in accordance with European Society of

Cardiology Guidelines Committee as ≥3.8 mV.9 In line with Cornell

voltage criteria, the presence of LVH was defined as SV3 + RaVL > 2.0

for women and >2.8 for men. Positive Cornell product was defined as

SV3 + RaVL × QRS duration ≥244 mV × ms. Left ventricular strain

was defined as ST-segment depression ≥0.1 mV plus T-wave asym-

metric inversion in V2 to V6 and in peripheral leads (lateral or inferior).

Framingham criterion was positive if left ventricular (LV) strain plus ≥1

voltage criterion (RaVL > 1.1 mV, RD1 + SD3 ≥ 2.5 mV, SV1 or

V2 + RV5 or V6 ≥ 3.5 mV, SV1 or V2 ≥ 2.5 mV, RV5 or V6 ≥ 2.5 mV).

Perugia criterion was positive if SV3 + RaVL >2.4 mV (men), >2.0 mV

(women), and/or LV strain, and/or Romhilt-Estes score ≥5. Positive

Romhilt-Estes score was defined as ≥5 points and calculated from six

ECG features with a specific value of points for each feature: R or S

wave in any limb lead ≥2.0 mV or S wave in V1 or V2 ≥ 3.0 mV or R

wave in V5 or V6 ≥ 3.0 mV (three points); P-terminal force defined as

terminal negativity of P wave in V1 ≥ 0.10 mV in depth and ≥0.04 ms

in duration (three points); LV strain defined as ST segment and T wave

in opposite direction to QRS in V5 or V6, without digitalis (three

points); left axis deviation defined as QRS axis less than or equal to

−30� (two points); QRS duration ≥0.09 ms (one point); and intrinsicoid

deflection in V5 or V6 ≥ 0.05 ms (one point).10

2.3 | Detection of left ventricular hypertrophy

Detection of echocardiographic left ventricular hypertrophy was done

by means Acuson Sequoia C250 with 3.5 MHz, using M-mode tech-

nique.8 Measurements were carried out in accordance with the rules

of Penn convention, after which left ventricular mass was calcu-

lated.11,12 Left ventricular mass was indexed by body surface area,

while cut off values for left ventricular mass index were defined as

≥110 g/m2 for women and ≥134 g/m2 for men.11 All details of echo-

cardiographic examination were explained in our previously published

study.8

2.4 | Coronary artery disease detection

The first test for detecting coronary artery disease implied treadmill

Bruce protocol. Ergometric testing was performed every second year
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or at more frequent intervals, if necessary (clinically suspected coro-

nary artery disease). If the test data were not sufficient, stress echo-

cardiography was carried out. Patients with positive exercise test

(ST depression of ≥1 mm) were subjected to coronary angiography.

More details about exercise testing protocol could be seen in our pre-

viously published study.8

2.5 | Blood pressure measurement

In addition to continuous blood pressure monitoring in medical office,

each patient was subjected to 24-hour ambulatory blood pressure

monitoring (Del Mar Avionics, Irvine, CA equipment, model P-VA

and P6).5 Extreme values of blood pressure recorded during 24-hour

TABLE 1 Baseline characteristic of examined population and therapy at the end of the study

Characteristics All (N = 83) Without AE (N = 51) With AE (N = 32)

Gender (male/female) 53/30 32/19 21/11

Age (y) 53.3 ± 8.1 55.2 ± 8.1 55.4 ± 8.2

Body mass index (kg/m2) 29.1 ± 3.7 29.1 ± 4.0 29.2 ± 3.4

Duration of hypertension (y) 12.1 ± 7.7 12.5 ± 8.5 11.5 ± 6.7

Smoking (number/%) 31/37.3 18/35.3 13/40.6

Cholesterol >5 mmol/L (number/%) 64/77.1 38/74.5 26/81.2

Diabetes mellitus (number/%) 11/13.2 6/11.8 5/ 15.6

Therapy at the end of the study

Beta-blockers (number / %) 59/71.1 37/72.6 22/68.7

ACE inhibitors/ARB (number / %) 68/81.9 43/84.3 25/78.1

Calcium channel blockers (number / %) 43/51.8 26/51.0 17/53.1

Diuretics (number / %) 52/62.6 31/60.8 21/67.7

Note: Data are mean ± SD.

Abbreviation: AE, adverse events; ACE, angiotensin converting enzyme; ARB, angiotensin receptors blockers.

TABLE 2 Parameters of 24-hour ambulatory blood pressure monitoring and echocardiographic parameters in patients with and without
adverse cardiovascular events

Parameters All (N = 83) Without AE (N = 51) With AE (N = 32)

Average 24-h SBP (mm Hg) 139.0 ± 16.6 141.6 ± 15.7 134.9 ± 17.3

Average 24-h DBP (mm Hg) 85.8 ± 10.2 87.3 ± 9.3 83.4 ± 11.2

SD SBPD (mm Hg) 15.4 ± 3.9 15.8 ± 3.8 14.7 ± 3.9

SD SBPN (mm Hg) 11.7 ± 4.8 11.2 ± 4.8 12.4 ± 4.8

SD DBPD (mm Hg) 11.8 ± 3.0 12.3 ± 3.2 11.2 ± 2.4

SD DBPN (mm Hg) 10.3 ± 3.3 10.3 ± 3.4 10.2 ± 3.3

PFSBP (%) 7.4 ± 9.6 7.2 ± 9.6 7.8 ± 9.7

PFDBP (%) 9.6 ± 10.8 9.1 ± 11.2 10.5 ± 10.4

LVID (mm) 53.0 ± 4.7 52.9 ± 4.9 53.1 ± 4.5

SWT (mm) 13.6 ± 2.5 14.0 ± 2.3 13.1 ± 2.6

PWT (mm) 11.7 ± 1.2 11.9 ± 1.1 11.5 ± 1.3

LVM (g) 336.2 ± 75.1 345.0 ± 69.7 322.2 ± 82.2

LVMI (g/m2) 170.3 ± 31.6 170.7 ± 28.0 169.8 ± 37.1

RWT 0.45 ± 006 0.45 ± 0.06 0.44 ± 0.07

EF (%) 66.0 ± 5.9 65.6 ± 5.3 66.6 ± 6.8

LA (mm) 40.0 ± 5.2 30.7 ± 5.5 39.0 ± 4.6

E/A 1.00 ± 0.29 0.97 ± 0.26 1.06 ± 0.32

Note: Data are mean ± SD.

Abbreviations: AE, adverse events; DBP, diastolic blood pressure; E/A, early transmitral velocity/late transmitral velocity; EF, ejection fraction; LA, left

atrium; LVID, left ventricular internal dimension; LVM, left ventricular mass; LVMI, left ventricular mass index; PFDBP, percent of fall diastolic blood pres-

sure; PFSBP, percent of fall systolic blood pressure; PWT, posterior wall thickness; RWT, relative wall thickness; SBP, systolic blood pressure; SD DBPD,

SD of diastolic blood pressure during the day; SD DBPN, SD of diastolic blood pressure during the night; SD SBPD, SD of systolic blood pressure during

the day; SD SBPN, SD of systolic blood pressure during the night; SWT, septal wall thickness.
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measurement were not taken for statistical processing (more details in

Djordjevic et al.8).

2.6 | Statistical analysis

Statistical analysis was performed by means of SPSS software (SPSS

Inc., version 17.0). Average values and SDs were calculated. Percent-

ages were used for descriptive variables. Differences between groups

were tested by ANOVA and χ2 tests. Multiple regression analysis and

the odds ratio were calculated for all electrocardiographic criteria of

left ventricular hypertrophy in terms of presence of cardiovascular

events. Receiver operating characteristic curve analysis was

performed.

3 | RESULTS

Statistically, both groups, that is, group with adverse events and group

without adverse events, had the same basic characteristics and

received the same therapy at the end of the study (Table 1).

Parameters obtained by 24-hour ambulatory blood pressure mon-

itoring and the ones obtained by echocardiography were shown in

Table 2. The presented tables showed that there were no statistically

significant differences between groups in terms of blood pressure, as

well as in terms of echocardiographic parameters.

Both groups had similar functional capacity during exercise test-

ing measured by METs - metabolic equivalents (without adverse

events 6.9 ± 2.5 METs vs. with adverse events 6.3 ± 2.2 METs) and

by double product (155.1 ± 51.5 vs. 145.7 ± 63.2). Moreover, there

was no difference in terms of other parameters obtained by cardiac

stress test. The total of 32 (38.5%) patients had eccentric LVH,

31 (37.4%) patients had concentric LVH, and 20 (24.1%) patients had

disproportionate septal LVH.

Positive Lyon-Sokolow score, Lewis voltage and Cornell voltage

(Table 3) were more frequent in group with new cardiovascular events

as compared to group without cardiovascular events (P < 0.05). Posi-

tive Cornell product for LVH was statistically significant for patients

with cardiovascular events (P < 0.01). Multiple regression stepwise

analyses highlighted Cornell product (standardized coefficient beta

0.303; P < 0.001) as compared to other criteria of hypertrophy, after

adjustments in terms of gender, age, body mass index (BMI), and LVMI

(model: R 0.303, R2 0.092, adjusted R2 0.081, standardized error of

estimate 0.46951).

4 | DISCUSSION

The prevalence of arterial hypertension in Serbia is 42.7%.13 Left ven-

tricular hypertrophy has been a well-known complication of arterial

hypertension. It is actually a sign of primary hypertension organ dam-

age and indicates late-stage of the disease, which is a marker of bad

prognosis for the occurrence of cardiovascular and cerebrovascular

events. It can be diagnosed by radiography, ECG, echocardiography

and, recently, by nuclear magnetic resonance.

The incidence of left ventricular hypertrophy may vary and mostly

depends on diagnostic method. The standard ECG is reliable for diag-

nosing LV hypertrophy, regardless of the presence of atrial fibrillation

or sinus rhythm at the time of ECG recording.14 The newly proposed

ECG criteria (Peguero) are calculated by adding the amplitude of the

deepest S wave of D lead in any single lead to the S-wave amplitude

of lead V4. The criteria provide an improved sensitivity for the ECG

TABLE 3 Odds ratio and distribution of positive electrocariographic parameters in examined groups

Parameters Odds ratio (95% CI)

Without AE (N = 51) With AE (N = 32)

n (%) n (%)

Gubner-Ungerleider voltage ≥2.5 mV 1.143 (1.003-1.304) 0 (0.0%) 4 (12.5%)

Lewis voltage ≥1.7 mV 2.576 (0.740-8.961) 5 (9.8%) 7 (21.9.0%)*

R aVL > 1.1 mV 1.143 (1.003-1.303) 0 (0.0%) 4 (12.5%)

R V5 or V6 ≥ 2.5 mV 3.290 (0.878-12.326) 4 (7.8%) 7 (21.9%)

S V1 or V2 ≥ 2.5 mV 7.143 (0.761-67.069) 1 (2.0%) 4 (12.5%)

Lyon-Sokolow voltage ≥3.5 mV 3.630 (1.331-9.896) 9 (17.6%) 14 (43.7%)*

Lyon-Sokolow voltage ≥3.8 mV 2.500 (0.777-8.044) 6 (11.8%) 8 (25.0%)

Cornell voltage >2.8 mV (men); >2.0 mV (women) 3.225 (1.140-9.125) 8 (15.7%) 12 (37.5%)*

Cornell product ≥244 mV × ms 4.819 (1.486-15.627) 5 (9.8%) 11 (34.4%)**

RV6:RV5 ratio 0.740 (0.262-2.093) 14 (27.4%) 7 (21.9%)

Romhilt-Estes score ≥ 5 2.286 (1.076-10.963) 3 (5.9%) 4 (12.5%)

Framingham criterion 1.216 (0.254-5.824) 1 (2.0%) 1 (3.1%)

Perugia criterion 2.488 (0.942-6.570) 11 (2.0%) 13 (3.1%)

Note: Data are mean ± SD.

Abbreviation: AE, adverse events.

*P < 0.05.

**P < 0.01.
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diagnosis of LVH compared to existing criteria.15 Peguero ECG LVH is

predictive of increased risk of death similar to the traditional ECG-

LVH criteria.16

Additionally, prognostic significance of LVH may vary. Leigh

et al.17 monitored patients aged ≥65 during 10.6 years of follow-up

and found the frequency of ECG-LHV at 3.5% pts and echocardiogra-

phy hypertrophy at 11% pts. They concluded that the association of

ECG-LVH with CVD events did not depend on echocardiographic

LVH. This finding supported the perception that electrocardiographic

LVH was an electrophysiological marker with predictive properties

independent of LV anatomy. Similarly, the conclusion of Bacharova

et al.18 research was that discrepancy in LVH detection by ECG and

magnetic resonance imaging could be improved by taking participants'

characteristics into consideration. Discrepancy in diagnostic perfor-

mance and agreement on predictive ability suggested that LVH by

ECG and LVH by imaging were likely to be distinct, but related pheno-

types. Nuclear magnetic resonance was the most precise method of

identifying LVH, but since it was not always available, ECG represen-

ted a significant and most available method in daily clinical practice.

ECG had low sensitivity and high specificity.19

Nowadays, numerous experts attempt to redefine the existing

LVH criteria by using magnetic resonance as gold standard. Rodrigues

et al.19 noticed that obese individuals had less frequent LHV positive

results in terms of voltage criterion and suggested their correction.

The prognostic significance of this should be tested on large number

of patients. Each positive step in terms of increasing sensitivity and

preserving specificity had a significant clinical importance for this

inexpensive and widely available diagnostic method.20 Leese et al.21

pointed out that combination of ECG and selective use of echocardi-

ography could reduce the costs in the United States, which was

supported by cost-effectiveness analysis. On the other hand,

European guidelines recommended that each patient should be sub-

jected to echocardiography and electrocardiographic diagnosis of left

ventricular hypertrophy by means of corrected Lyon-Sokolow criteria

and Cornell product.9 This study tested prognostic significance of

large number of electrocardiographic criteria during a 15-year patient

treatment and follow-up. The patients were divided into two groups

based on cardiovascular and cerebrovascular events which occurred

during the study. All patients were treated in accordance with valid

recommendations for treating hypertension and thus there were no

statistically significant differences in terms of applied therapy. This

was very important, since the evidence showed that the regression of

LVH after hypertensive treatment was accompanied by improvement

in prognosis.22 This study showed no statistically significant differ-

ences between groups in terms of risk factors, BMI and blood pres-

sure parameters, despite the fact that these factors might be

responsible for the development of left ventricular hypertrophy.

Recently published study indicated that visit-to-visit blood pressure

variability was a predictor of cardiovascular risk category in general

population.23 Hansen et al.24 showed that correlation between

24-hour ambulatory blood pressure monitoring and LVH was better

than the correlation between office-measured blood pressure and

LVH. The values of blood pressure were not good predictors of

morbidity and mortality in patients with LVH, as it was shown in our

5-year study.4,25

After completing ergometric test, coronary heart disease was

excluded from this study. Patients included in the study showed no

difference in stress level or double product. The authors of numerous

studies showed that low achieved heart rate, exercise capacity and

Duke Treadmill score were dominant predictors of worst

prognosis.26,27

Even though there were no differences between the tested

groups in terms of basic features, medical treatment, blood pressure

level, echocardiography, and ergometric parameters, the study

showed difference in distribution of electrocardiographic markers of

left ventricular hypertrophy. Having in mind the sensitivity of specific

criteria and small number of cardiovascular events, which was a limita-

tion of this study, not all known criteria of electrocardiographic left

ventricular hypertrophy could undergo a valid statistical analysis. The

study of Estes et al.10 showed that complicated Romhilt-Estes crite-

rion for left ventricular hypertrophy was a good prognostic marker

during 21.7-year follow-up of general population. The score of ≥5 was

registered in only 1.4% of patients. Even though the patients included

in this study had electrocardiographic left ventricular hypertrophy, it

was present with very low percentage in both groups, that is, group

without adverse events and group with adverse events (5.9% vs.

12.5%). Complexity and low presence in the first hypertrophy made it

unfit for routine application. By using nuclear magnetic resonance as

gold standard, Courand et al.28 concluded that the voltage of R wave

in aVL lead between 0.5 and 1 mV was a strong indicator of left ven-

tricular hypertrophy. Similarly, Rodrigues et al.29 recognized that the

voltage of R wave in aVL lead ≥0.55 mV had good sensitivity (87%)

for detecting LVH with preserved specificity (75%). This study showed

no positive results of LVH based on R wave voltage (> 1.1 mV) in aVL

lead at patients without adverse events, while it was present in 12.5%

patients with composite events. However, the study highlighted four

electrocardiographic criteria (Lewis voltage, Lyon-Sokolow voltage,

Cornell voltage, and Cornell product) which were present in a group

of patients with new composite events and thus were statistically sig-

nificant. In the study of Levy et al.,30 Lyon-Sokolow score and Cornell

voltage QRS duration product were independent predictors of

adverse cardiovascular events. The study of Tan et al.31 concluded

that the Cornell product was easily applicable ECG marker of heart

failure with preserved ejection fraction and predicted poor outcome

by emphasizing the severity of diastolic dysfunction and LV hypertro-

phy. In the study of O'Neal et al.,32 the authors concluded that elec-

trocardiographic and echocardiographic LVH could be used

interchangeably in stroke risk scores (Harrell's concordance index).

The study of Japanese Trial to Assess Optimal Systolic Blood Pressure

in Elderly Hypertensive Patients (JATOS) found that ECG LVH was

strongly related to cardiovascular events in elderly hypertensive

patients.33 The study showed that hazard ratio for cardiovascular

events was 2.17 (95% CI: 1.54-3.05, P < 0.0001) and 2.83 (95% CI:

1.91-4.19, P < 0.0001) when SV1 + RV5 was classified into two groups

at threshold values of 35 and 40 mm, respectively. In terms of analyz-

ing Lyon-Sokolow voltage, odds ratio in this study was 3.630
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(1.331-9.896; P < 0.05) for composite cardiovascular events. Losartan

Intervention for Endpoint Reduction in Hypertension (LIFE) Study

proved that the reduction of electrocardiogram hypertension resulted

in the reduction of cardiovascular risk, regardless of the changes in

blood pressure.34

5 | CONCLUSION

Positive Lewis voltage, Lyon-Sokolow voltage, Cornell voltage and

Cornell product showed worse 15-year outcome in patients with

hypertensive heart. The strongest predictor of cardiovascular events

was positive result of Cornell product.

ACKNOWLEDGEMENTS

We hereby thank Jasmina Nedeljkovic for providing language and

proofreading assistance during the creation of this paper.

CONFLICT OF INTEREST

The authors certify that they have no affiliations with or involvement

in any organization or entity with any financial interest, or non-

financial interest, such as personal or professional relationships, affilia-

tions, knowledge or beliefs in the subject matter or materials dis-

cussed in this manuscript.

ORCID

Dragan B. Djordjevic https://orcid.org/0000-0003-4966-0168

REFERENCES

1. Schillaci G, Battista F, Pucci G. A review of the role of electrocardiog-

raphy in the diagnosis of left ventricular hypertrophy in hypertension.

J Electrocardiol. 2012;45:617-623.

2. Lovic D, Erdine S, Catakoglu BA. How to estimate left ventricular

hypertrophy in hypertensive patients. Anadolu Kardiyol Derg. 2014;

14:389-395.

3. Meyer ML, Soliman EZ, Drager D, et al. Short-term repeatability of

electrocardiographic criteria of left ventricular hypertrophy. Ann Non-

invasive Electrocardiol. 2019;25:e12688.

4. Williams B, Mancia G, Spiering W, et al. The task force for the man-

agement of arterial hypertension of the European Society of Cardiol-

ogy (ESC) and the European Society of Hypertension (ESH). 2018

ESC/ESH guidelines for the management of arterial hypertension. Eur

Heart J. 2018;39:3021-3104.

5. Verdecchia P, Schillaci G, Borgioni C, et al. Prognostic value of a new

electrocardiographic method for diagnosis of left ventricular hyper-

trophy in essential hypertension. J Am Coll Cardiol. 1998;31:383-390.

6. Djordjevi�c DB, Tasi�c IS, Kosti�c SI, Stamenkovi�c BN, Djordjevi�c AD,

Lovi�c DB. QTc dispersion and Cornell duration product can predict

10-year outcomes in hypertensive patients with left ventricular

hypertrophy. Clin Cardiol. 2017;40:1236-1241.

7. Porthan K, Kentta T, Niitanen TJ, et al. ECG left ventricular hypertro-

phy as a risk predictor of sudden cardiac death. Int J Cardiol. 2019;76:

125-129.

8. Djordjevic D, Tasic I, Stamenkovic B. Predictive value of non-invasive

parameters in patients with left ventricular hypertrophy during a five-

year follow-up period. Srp Arh Celok Lek. 2012;140:571-576.

9. Mancia G, Fagard R, Narkiewicz K, et al. ESH/ESC guidelines for the

management of arterial hypertension: the task force for the

Management of Arterial Hypertension of the European Society of

Hypertension (ESH) and of the European Society of Cardiology (ESC).

Eur Heart J. 2013;34(28):2159-2219.

10. Estes HE, Zhang MZ, Li Y, et al. The Romhilt-Estes left ventricular

hypertrophy score and its components predict all-cause mortality in

the general population. Am Heart J. 2015;170:104-109.

11. Devereux RB, Reichek N. Echocardiographyc determination of left

ventricular mass in man. Anatomic validation of the method. Circula-

tion. 1977;55:613-618.

12. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocar-

diographic volume determinations: echocardiographicangiographic

correlations in the presence of absence of asynergy. Am J Cardiol.

1976;37:7-11.

13. Lovic D, Stojanov V, Jakovljevi�c B, et al. Prevalence of arterial hyper-

tension in Serbia: PAHIS study. J Hypertens. 2013;31(11):2151-2157.

14. Angeli F, Verdecchia P, Cavallini C, et al. Electrocardiography for diag-

nosis of left ventricular hypertrophy in hypertensive patients with

atrial fibrillation. Int J Cardiol Hypertens. 2019;1:100004.

15. Shao Q, Meng L, Tse G, et al. Newly proposed electrocardiographic

criteria for the diagnosis of left ventricular hypertrophy in a Chinese

population. Ann Noninvasive Electrocardiol. 2019;24:e12602.

16. Afify HMA, Waits GS, Ghoneum AD, Cao X, Li Y, Soliman EZ.

Peguero electrocardiographic left ventricular hypertrophy criteria and

risk of mortality. Front Cardiovasc Med. 2018;5:75.

17. Leigh AJ, O'Neal TW, Soliman ZE. Electrocardiographic left ventricu-

lar hypertrophy as a predictor of cardiovascular disease independent

of left ventricular anatomy in subjects aged ≥65 years. Am J Cardiol.

2016;117:1831-1835.

18. Bacharova L, Chen H, Estes HE, et al. Determinants of discrepancies

in detection and comparison of the prognostic significance of left

ventricular hypertrophy by electrocardiogram and cardiac magnetic

resonance imaging. Am J Cardiol. 2015;115:515-522.

19. Rodrigues LCJ, McIntyre B, Dastidar GA, et al. The effect of obesity

on electrocardiographic detection of hypertensive left ventricular

hypertrophy: recalibration against cardiac magnetic resonance. J Hum

Hypertens. 2016;30:197-203.

20. Pewsner D, Juni P, Egger M, et al. Accuracy of electrocardiography in

diagnosis of left ventricular hypertrophy in arterial hypertension: sys-

temic review. BMJ. 2007;335:711-719.

21. Leese JP, Anthony J, Viera JA, et al. Cost-effectiveness of electrocar-

diography vs. electrocardiography plus limited echocardiography to

diagnose LVH in young, newly identified, hypertensives.

Am J Hypertens. 2010;23:592-598.

22. Artham MS, Lavie JC, Milani VR, et al. Clinical impact of left ventricu-

lar hypertrophy and implications for regression. Prog Cardiovasc Dis.

2009;52:153-167.

23. Darabont R, Tautu FO, Pop D, et al. Visit-to-visit blood pressure vari-

ability and arterial stiffness independently predict cardiovascular risk

category in a general population: results from the SEPHAR II study.

Hellenic J Cardiol. 2015;56:208-216.

24. Hansen TW, Kikuya M, Thijs L, et al. Prognostic superiority of daytime

ambulatory over conventional blood pressure in four populations: a

metaanalysis of 7030 individuals. J Hypertens. 2007;25:1554-1564.

25. Edison SE, Yano Y, Hoshide S, et al. Association of electrocardio-

graphic left ventricular hypertrophy with incident cardiovascular dis-

ease in Japanese older hypertensive patients. Am J Hypertens. 2015;

28:527-533.

26. Lauer SM, Okin P, Larson GM, et al. Impaired heart response to graded

exercise. Prognostic implications of chronotropic incompetence in the

Framnigham heart study. Circulation. 1996;93:1520-1526.

27. Leeper NJ, Dewey FE, Ashley EA, et al. Prognostic value of heart rate

increase at onset of exercise testing. Circulation. 2007;115:468-474.

28. Courand YP, Grandjean A, Charles P, et al. R wave in aVL Lead is a

robust index of left ventricular hypertrophy: a cardiac MRI study.

Am J Hypertens. 2015;28:1038-1048.

1022 DJORDJEVIC ET AL.

https://orcid.org/0000-0003-4966-0168
https://orcid.org/0000-0003-4966-0168


29. Rodrigues LS, Angelo SCL, Baldo PM, et al. Detection of left ventricu-

lar hypertrophy by the R-wave voltage in lead aVL: population-based

study. Clin Res Cardiol. 2013;102:653-659.

30. Levy D, Salomon M, D'Agostino RB, et al. Prognostic implications of

baseline electrocardiographic features and their serial changes in sub-

jects with left ventricular hypertrophy. Circulation. 1994;90:1786-1793.

31. Tan ESJ, Chan SP, Xu CF, et al. Cornell product is an ECG marker of

heart failure with preserved ejection fraction. Heart Asia. 2019;11:

e011108.

32. O'Neal TW, Almahmoud FM, Qureshi TW, et al. Electrocardiographic

and echocardiographic left ventricular hypertrophy in the prediction

of stroke in the elderly. J Stroke Cerebrovasc Dis. 2015;24:1991-1997.

33. Jissho S, Shimada K, Taguchi H, et al. Impact of electrocardiographic

left ventricular hypertrophy on the occurrence of cardiovascular

events in elderly hypertensive patients. The Japanese trial to assess

optimal systolic blood pressure in elderly hypertensive patients

(JATOS). Circ J. 2010;74:938-945.

34. Bang NC, Devereux BR, Okin MP. Regression of electrocardiographic

left ventricular hypertrophy or strain is associated with lower inci-

dence of cardiovascular morbidity and mortality in hypertensive

patients independent of blood pressure reduction – a LIFE review.

J Electrocardiol. 2014;47:630-635.

How to cite this article: Djordjevic DB, Tasic IS, Kostic ST,

et al. Electrocardiographic criteria which have the best

prognostic significance in hypertensive patients with

echocardiographic hypertrophy of left ventricle: 15-year

prospective study. Clin Cardiol. 2020;43:1017–1023. https://

doi.org/10.1002/clc.23402

DJORDJEVIC ET AL. 1023

https://doi.org/10.1002/clc.23402
https://doi.org/10.1002/clc.23402

	Electrocardiographic criteria which have the best prognostic significance in hypertensive patients with echocardiographic h...
	1  INTRODUCTION
	2  METHODS
	2.1  Population study
	2.2  Electrocardiogram and criteria for left ventricular hypertrophy
	2.3  Detection of left ventricular hypertrophy
	2.4  Coronary artery disease detection
	2.5  Blood pressure measurement
	2.6  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	REFERENCES


